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FOREWORD 

This   FY  1971 Annual  Progress  Report   Is a  general  review of  research 
activities  of  the  U,  S.  Army Medical  Research  Institute  of   Infectious 
Diseases,   Frederick,  Maryland,  conducted under Project   1B662711A096, 
Medical  Defense Aspects of Biological  Agents   (U)  and a  small  effort 
under  the   In-house  Laboratory Independent Research  Program  (ILIR). 
The project   is divided  into  three   tasks: 

1B662 711A096 01  -  Pathogenesis  of  Infection of Military  Importance. 
1B662711A096 02  -   Prevention and Treatment of Biological Agent 

Casualties. 
1B662711A096 03 -  Laboratory  Identification of Biological Agents. 

Nine  contracts are currently   in effect with educational   institutions 
or  industrial   firms.     Reports are available  through DDC. 

Tasks  of  the basic project are  subdivided  into work units,   each identi- 
fied by a   three digit suffix.     Numbers  have been assigned   in accordance 
with  the   following scheme: 

General 001-099 
Bacterial Diseases 100-299 
Rlckettsial Diseases 300-399 
Viral Diseases 400-699 
Mycotlc Diseases 700-799 
Intoxications 8r )-899 
Contracts 900-999 

Four  appendices are  included  covering the Guest Lecture  Series, 
Professional  Staff Meetings,  Formal  Presentations and Briefings  and a 
list of publications of the   Institute   for  the Fiscal  Year.     An  index 
by authors   follows   the main report. 

In conducting the research described  in this  report,   the   investigators 
adhered   to  the   "Guide  for Laboratory Animal Facilities and  Care," as 
promulgated by  the  Committee on  the  Guide  for Laboratory Animal  Facilities 
and Care  of  the  Institute of Laboratory Animal Resources,   National Academy 
of Sciences-National Research Council. 

1  July  1971 
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BODY OF REPORT 

Project No. 1B662711A096: 

Task No. 1B662711A096 01: 

Work Unit No. 096 01 001: 

Description: 

Medical Defense Aspects of Biological Agents (U) 

Pathogenesis of Infection of Military Importance 

Metabolic and Physiological Studies in Experimental 
Infectious Diseases 

Study early changes in metabolism and physiology Induced by 
experimental disease. 

Progress, Part I; 

Alteration of renal function during systemic infectious illnesses in 
man has been evaluated in a retrospective fashion. A depression of glomerular 
filtration rate (GFR) has been demonstrated in cholera even after adequate 
fluid replacementi' (Amer. J. Med. 35:58, 1963). Normal GFR, as measured by 
creatinine clearance, was demonstrated In most patients with malaria, even in 
severe cases-^-^ (Amer. J. Med. 43:735,745, 1967).  Renal function declines 
In parallel with mean arterial blood pressure In staphylococcal sepsisz/ 
(Ann. Surg. 162:161, 1965). Numerous studies have demonstrated the decline 
of urinary Na excretion and a fall in serum Na concentration occurring once 
certain infections are clinically apparent5»-6^ (J. Clin. Invest. 5:229, 1928; 
Amer. J. Dis. Child. 107:476, 1964). 

Previous studies at this Institute have surveyed the sequential changes 
in urinary volume and electrolyte excretion which occur in volunteers 
Inoculated with sandfly fever virusZ/ (Ann. Intern. Med. 67:744, 1967). 
Urinary electrolyte excretion was markedl> decreased by the 3rd day after 
Inoculation, and appeared to be related to decreased dietary intake.  These 
studies did not contain specific measurements ct  renal function. 

Concentrating defects have also been described.  Free water reabsorptlon 
Induced with vasopressin during human staphylococcal pneumonia—' (Metabolism 
11:1181, 1962).  Also, renal concentration defects have been demonstrated in 
the rat during several types of infectionf/ (J. clin. Invest. 49:1427, 1970) 
and were thought to be directly related to the degree of renal invasion by 
the infecting organism. 

Thus, both animal and human studies have shown changes in renal 
filtration and concentrating ability and urinary excretion of water and 
electrolytes during infection. 



Thi' work 11) he ilfsr r I hi'd ^oiicorns prospective stiulii's pi'rformt'd In 
rlusus nuMikfv, with li loiwJ bornt' bacterial Infections. 

Kenal Functlun Studies—dross parameters of renal function were measured 
In i2 conscious chaired monkeys.  Following volume expansion with hypotonic 
saline, b monkeys were inoculated intravenously (IV) with virulent 
Uiplococcus pneumonlae; 6 control monkeys wire sham-inoculated with saline. 
In the bacteremlc group, CFR remained stable and effective renal plasma flow 
(ERPF) showed a mild rise.  Free water clearance (Cu Q) became markedly 
depressed (p < .01) within 1 hr of inoculation and remained depressed for 
several hours; this depression was shown to be independent of GFR, plasma 
osmolality, temperature or changes in extracellular volume (ECV); it was 
thought to be mediated by infect ion-stimulated antidiuretic hormone (ADH) 
release. 

Body Composition Studies—Seven conscious chained monkeys were studied befote 
and after IV inoculation wi^h 1.0 x 108 Salmonella typhimurium organisms over 
a 9-day p^iod.  After inoculatin, GFR and ERPF declined significantly.  Cardiac 
index increased but stroke volume remained unchanged.  Monkeys became 
edematous and body weight increased approximately 10% from control levels 
despite a dietary intake below normal.  Plasma volume and ECV rose significantly 
but could not entirely account for the increase in body weight.  Total body 
water studies are incomplete at this time.  Serial muscle biopsy studies were 
also performed but results are not yet available.  Total exchangeable K was 
measured in 3 monkeys with no significant change from control levels.  These 
data are being compared with control non-intected monkeys studied in an 
identical fashion before drawing final conclusions. 

Sum'Tiary^ Part I: 

Depression of free water clearance via the kidney occurs within 1 hr of 
pneumococcal bacteremla. Excessive water retention has been demonstrated in 
monkeys Infected with S. typhimurium studied over an 8-day period. 

Progress, Part II: 

Many authors have reported normal values for blood gas-acid base balance 
in rhesus monkeys—"~/ (Radiat. Res. 6:4',0, 1957; Temas de Medlcina. p. 61, 
1965; Proc. Soc. Exp. Bid. Med. 128:118!, 1968; J. Appl. Physio]. 28:108, 
1970).  However, no attempt has been made to (a) sample a large number of 
monkeys, (b) study sequential changes in blood gas-acid base balance, (c) 
study the response to surgery or (d) study the effects of infection.  In » ' 
addition, normal lactate values have not been established for the rhesus 
monkey. 

The purpose, then, for this study Is to correct these deficiencies. 

Ml^,^——MMf I  I    ^fa^^Ugg^^H^gg^mim 



Rhesus monkeys of both sexes, weighing 2.2 - 5.0 kg, were used. 
Blood samples were taken percutaneously from a femoral artery (in 
noncatheterized monkeys) into a heparinlzed glass syringe.  The monkeys 
were given phencyclidine HC1 (1.5 mg/kg) and atropine sulfate for the 
sampling procedures. 

Blood for lartate determinations was immediately deprotelnated in 
ice cold 10% tricholoroacetic acid, centrifuged, and the supernatant fluid 
was stored in a CO2 freezer until the determinations could be made. 

pH, pC02 and p02 values were immediately determined on the remaining 
blood sample using an Instrumentation Laboratories Model 113 pH/blood gas 
analyzer. Hemoglobin, temperature and white cell count (WBC) and 
differential were also monitored. pH was corrected for temperature and 
bicarbonate concentration ([HCO3]) was determined using a nomogramLz' 
(Scand. J. Clln. Lab. Invest. 15 (Suppl 70), 1963). 

Effects of surgery — Early attempts to determine normal pH and blood gas 
values were accomplished using monkeys in restraint chairs; arterial catheters 
and thermocouples (for temperature measurement) had bten Installed surgically. 
It was noted that the catheterizatlon procedure alone caused a rise in pH 
and drop in pC02.  These values returned to normal or near normal (relative 
to published normal values-±£-Ld')but Hid so only after a period of 10-15 
days; some never returned to normal.  This same phenomenon was seen after 
surgery in monkeys whose normal blood values were known.  In addition, some 
animals seemed to "do poorly" after catheterizatlon. Thus, to save time and 
animals, it was decided to perform all future studies using noncatheterized 
monkeys. 

Normal values — Normal values for pH, pC02,p02, [HCOö], and lactate were 
determined on 30 caged monkeys from the Animal Resources (USAMRIID) primate 
colony and on 16 monkeys from the same source that had been sitting in 
restraint chairs for 2-10 days.  [The number of monkeys in the chair- 
restrained group will continue to grow as this study proceeds].  Normal values 
for caged monkeys are shown in Table I and those for chair-restrained monkeys 
in Table II (each value is the mean + SD). As can be seen, the values for 
these 4 parameters agree closely. pC02 and [HCO3] are only slightly lower 
in the caged group. 

—, —J 



TABU-   r 
NORMAL   VAMfKS   FOR   )0   CAGED  RHKSUS   MONKEYS, 

PARAMETER 

PH 

PCO2 

mm  Hg 

HOUR 
OF 

DAY 

0800 
loon 
1400 
1600 
1900 
2100 

0800 
1000 
1400 
1600 
1900 
2100 

MUMHER 
OF 

SAALES 

2 5 
26 
27 
27 
27 
28 

160 

2 5 
26 
27 
27 
27 
28 

160 

MEAN + SD 

7.41  + 0.06 
7.40 + 0.08 
7.41 + 0.07 
7.42 + 0.06 
7.46 + 0.07 
7.46 + 0.04 

7 .T3" + 0.07 

27.4 + 4.0 
28.8 + 3.9 
29.4 + 2.8 
27.5 + 2.8 
29.8 + 5.2 
31.5 + 5.1 

29.1 + ü.T 

RANGE 

7.223 
7.157 
7.174 
7.238 
7.239 
7.36f 

T.157~ 

20.8 
21.2 
24.2 
22.8 
21.1 
20.3 

7.514 
7.525 
7.530 
7.526 
7.596 
7.572 

77596" 

■    36.0 
•    34.9 

33.5 
32.6 
37.9 

 39.9 

20.3      -   l97r 

PO2 

mm Hg 

0800 
1000 
1400 
l.oOO 
1900 
2100 

25 
26 
27 
27 
27 
28 

160 

73.9 + 5.7 
68.0 + 5.8 
76.8 + 9.9 
75.6 + 6.7 

76.0+7.3 
74.9 + 7.3 

777 

63.0 
60.5 
61.0 
64.0 
65.5 
60.0 

74.2 + 60.0 

85.5 
78.5 
94.0 
90.5 
94.0 
91.0 

"9470"" 

[HCOjJ 

mEq/L 

LacL.'ite 

0800 
1000 
1400 
1600 
1900 
2100 

0800 
1000 
1400 
1600 
1900 
2100 

25 
26 
27 
27 
27 
28 

360 

24 
25 
27 
27 
27 
28 

16.9 + 3.6 
17.6 + 3.7 
18.3 + 3.4 
17.3 + 3.1 
20.6 + 5.3 
22.3 + 4.0 

158 

18.9 + 4.3 

3.5 + 2.4 
4.5 + 3.5 
3.2 + 2.8 
3.9 + 2.9 
2.7 + 2.4 
2.5 + 1.4 

3.4 T"277~ 

- 23.0 
- 22.9 
- 25.0 
- 23.5 
- 31.9 
- 31.6 

-^TlTT 

0.5 
0.8 
0.6 
0.9 
0.6 
0.7 

IT.T 



TAHI.K   11.     NOKMAI- VAI.MKS   FOK   \h  CIIAI RKl),   RJi STRAINKI)  WIKSUS   MONKKYS 

PARAMETER HOUR NUMBER OF 
OF SAMPLES MONKEYS MEAN + SD RANGE 

DAY 

PH 0800 51 13 7.41 + 0.06 7.241     - 7.519 
1000 37 12 7.44 + 0.06 7.341    - 7.566 
1400 69 16 7.43 + 0.04 7.333    - 7.547 
1500 20 7 7.43 + 0.05 7.349    - 7.564 

177 7.42 + 0.05 7.241    - 7.566 

PCO7 0800 51 13 32.7 + 3.1 24.9      - 41.2 
1000 37 12 33.5 + 5.4 24.4      - 43.8 

mm Hg 1400 69 16 33.5 + 4.9 24.5 46.0 
1500 20 7 31.7 + 4.8 25.2      - 39.7 

177 33.1 + 4.6 24.4       - 46.0 

P02-/ 0800 45 13 75.6 + 9.3 60.0      - 99.5 
1000 35 10 75.7 + 5.9 62.5      - 89.0 

mm Hg 1400 67 15 76.0 + 7.8 61.0      - 95.5 
1500 18 

165 

8 75.1 + 7.4 62.5      - 90.5 

75.7 + 7.8 60.0      - 99.5 

[HCO3] 0800 51 13 20.0 + 3.7 10.4       - 29.5 
1000 37 12 22.1 + 5.1 14,1 31.6 

mEq/L 1400 69 16 21.8 + 4.2 14.2      - 33.7 
1500 20 

177 

7 20.7 + 4.3 15.4      - 28.7 

21.3 + 4.3 10.4 33.7 

Lactate 0800 42 13 2.0 + 1.2 0.3      - 8.3 
1000 34 10 1.6 + 1.7 0.4      - 8.9 

mEq/L 1400 59 16 1.5 + 1.0 0.4       - 5.6 
1500 17 

152 

7 1.9 + 1.3 0.6      - 4.8 

1.7 + 1.4 0.3 8.9 

a.     17 animals  In  the group 

I ■ --^-    .^MMMMMa* 



Values on individual monkeys varied considerably over different time 
periods on different days (Table III).  However, the average value for 30 
monkeys for 6 time periods (0800, 1000, 1400, 1600, 1900 and 2100 hours) 
and for 16 monkeys for 4 time periods (0800, 1000, 1400, 1500 hours) showed 
no significant variation.  This indicates that although individual monkeys 
vary in their hourly and dally levels, this variation does not form a 
cyclic pattern. 

The larger difference noted in mean lactate levels between the 2 
groups is possibly due to the difference in activity.  Caged animals were 
still free to roam about the cage, while chair restrained monkeys tended 
to sit quietly throughout the day.  This difference In muscular work would 
be expected to result in a higher lactate level in caged monkeys.  None of 
the monkeys were hypoxic, and none showed evidence of frank disease so these 
causes of hyperlactatemla can probably be discarded. 

In both caged and restrained monkeys, values for pH agreed well with 
previously published values for the rhesus monkey. Values for pC02. 
[HCO3] and p02 agreed with some published data for the rhesus, but are 
somewhat lower than corresponding human values (Table IV). Blood lactate 
levels in monkeys appear to be higher than In humans at rest. 

The higher lactate levels in monkeys can probably be explained on the 
basis of increased exercise relative to resting humans, but the low pC02 and 
[HCO3] levels found in both groups are harder to explain. These may be the 
result of unknown prior conditions which have caused a loss of total CO2, or 
may reflect the fact that monkeys have lower levels for pCX^ and [HCO3]. 
The latter possibility seems unlikely. 

It is interesting to note that variation In Individual parameters as 
reflected in their standard deviations was equal to or less than the 
variation in those same parameters as measured by most other Investigators. 
This may be due to the larger number of monkeys used in this study. 

Effects of Infection — In chaired, noncatheterlzed rhesus monkeys Infected 
IV with D. pneumonlae resulted In a variable rise in pH, i drop in pC02 and 
a drop in [HCO3].  The rise in pH coupled with a drop in pC02 indicates the 
presence of respiratory alkalosls. However, this relationship does not have 
a quantitative correlation.  The drop in [HCO-j] may be due to: (a) a loss of 
total CO2 due to "blowing off" of CO2 or (b) a response to some metabolic 
change which is reflected in the [HCO3] level.  Although (a) is favored by 
this investigator on a subjective basis, neither cause can be ruled out. 

Blood lactate values were variably Increased after D. pneumonlae 
infection.  The rise varied from 165% to 580% of the individual's control 
values; this large variability is reflected in the large standard 
deviations given for each time period.  The rise did not have a 
quantitative correlation with any other acid-base parameter although its 
occurrence corresponded to the changes in pH, pC02 and [HCOö].  The rise In 

mm 



TABLE  III.     VALUES FOR SELECTED MONKEYS SHOWING THE VARIATION 
POSSIBLE IN BLOOD GAS-ACID BASE PARAMETERS 

MONKEYS 
Condition (//) Hour PH 

p COp 
mmHg 

P02 
mmHg 

[HCOJ] 
mEq/L 

Lactate 
mEq/L 

Chaired (547) 0800 7.36 
1000 7.34 
1400 7.38 
1500 7.40 

30.9 
37.3 
39.4 
39.4 

78.0 
80.5 
84.5 
73.0 

16.8 
19.6 
22.7 
23.3 

1.2 
1.9 
1.3 
0.8 

(610) 0800 7.46 
1000 7.37 
1400 7.49 
1500 7.48 

31.7 
42.8 
28.2 
39.3 

86.5 
78.0 
85.0 
79.5 

21.5 
23.0 
21.0 
28.7 

0.9 
0.9 
2.1 

Caged (788) 0800 7.22 
1000 7.46 
1600 7.41 
2100 7.47 

20.3 
24.3 
27.8 
28.3 

82.5 
77.5 
80.0 
81.0 

7.9 
16.9 
17.0 
20.4 

5.3 
2.2 
5.9 
1.6 

(804) 0800 
1000 
1400 
1600 
1900 
2100 

7.41 
7.39 
7.49 
7.40 
7.39 
7.45 

32.2 
34.4 
33.5 
28.4 
36.1 
39.0 

72.5 
62.5 
80.0 
67.0 
72.5 
81.0 

19.6 
20.4 
25.0 
16.7 
21.0 
26.1 

6.7 
5.8 
1.2 
7.6 
1.1 
2.9 
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TAIU.F.   IV.     NORMAL   VALUES   FDR MONKEYS  COMPARED  TO  DATA   FROM OTHER 
INVESTIGATORS   (MEAN + SD) 

SOURCE; 
(no     )1 pH 
spe^x^s)  

RHESUS 

pCÜ2 

mm Hg 
r02 
mm Hg 

[HOTJ] 
mEq/L 

LACTATE 
mEq/L 

Prosent   Study 
Chaired    ~   7.42  +0.05 

(30) 
Caged 7.A3 + 0.07 

(16) 

Ref.   11 7.43 + 0.07 
(1A) 

Ref.   13 7.46  + 0,04 
(6) 

Ref.   10 
(4) 

33.1 + 4.6 75.7 + 7.8        21.3 + 4.3      1.7 + 1.4 

29.1 + 4.3 74.2 +  7.7 18.9 + 4.3      3.4 + 2.7 

42.9 + 8.5 

42.6 + 1.0       100.8 +  7.0 

31 65 

26.7 + 4.25- a/ 

CYNOMOLCUS 

Ref.   12 7.25 + 0,08 
(45) 

Ref.   13 7.47  + 0.02 
(6) 

28      +5 109      + 10 

38.8 + 2.7       100.7 +    4.2 

HUMANÜ/ 7.35  -  7.45 35   - 45 75  -  100 24 0.6  - 1.8 

a.     standard HCO' 
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TABLE V,  EFFECT OF D. PNEUMONIAE INFECTION ON pH, pCO-,  HCO5  AND LACTATE 
OF MONKEYS 

e -                  ^ > 

am 
pm 

7. OF CONTROL (10070 

TIME 
DAY PH pC02 

Infe cted Controls Infe cted  Controls 

0 pm 99.7 + 0.6 100.1  ± 0.5 103.8 + 21.9 97.2 -+- 22.9 

1 am 100.1 + 0.0 99.7 ± 0.3 75.3 + 10.3 91.8 ± 8.6 
pm 100.5 + 0.6 99.9 ± 0.7 70.2 + 13.0 85.3 ± 10.2 

2 am 100.1 + 0.7 99.7 ± 0.6 72.5 + 12.9 93.6 ± 10.6 
pm 100.8 i 0.6 99.9 ± 1.0 65.5 + 15.5 89.3 + 11.2 

3 am 100.8 + 0.7 100.3 ± 0.7 77.1 + 14.4 97.3 ± 14.1 
pm 100.8 ± 0.8 100.3 ± 0.7 70.6 + 11.4 92.9 ± 9.1 

4 am 1OO.O ± 0.9 89.6 + 24.1 110.0 ± 23.8 
pm 100.7 ± 1.4 100.5 + 1.8 81.2 + 17.0 96.4 + 19.2 

[HCOg] Lactate 

0 pm 99.2 ± 20.1 96.1 + 18.2 137.8 + 55.8 152.4 + 163.7 

1 am 73.1 ± 13.8 85.6 + 13.0 96.6 + 42.3 86.2 + 83.8 
pm 76.1 ± 13.1 82.1 + 16.7 177.7 + 33.8 114.7 + 18.5 

2 am 74.4 ± 15.4 84.0 + 8.3 323.4 + 163.7 188.3 + 141.1 
pm 76.4 ± 22.1 87.7 + 28.7 185.5 + 5.4 

3 am 89,5 + 21.3 99.3 + 23.2 
pm 83.5 ± 23.9 94.5 ± 23.4 160.9 + 93.7 79.9 1 20.2 

4 am 112.5 + 40.7 
pm 96.1 ± 34.6 112,6 l 49.4 181.6 ± 61.2 161.8 + 140,8 
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blood liictate  also corresponded to postinfectlon swelling and edema of 
the  legs and feet of the infected monkeys.  Although this appears to be the 
closest to a quantitative correlation when viewed subjectively, no objective 
measurements have been made.  Thus the cause of the rise of lactate values 
post infection lr still undetermined. 

Since this study is not yet completed, no attempt has been made to apply 
statistical analysis to the data.  Future work will include an attempt to 
elucidate the causes of these acid base-blood gas changes.  In addition the 
study will br expanded to include a gram negative infectious organism, e.g., 
Salmonella. 

Summa.y, ''art II: 

Normal  values   for  acid base-blood  gas  parameters  have  been determined 
for  individuals' in   •ihe   USAMRIID primate  colony.     Values were determined  for 
6  time  periods on caged  rhesus monkeys and 4   time periods on chair-restrained 
monkeys.    The overall  average values  for pH, PCO2, PO2, HCO3 and lactate did 
not  differ  for the  2  groups. 

The procedure  of arterial  catheterizatlon  resulted  in a respiratory 
alkalosis  lasting 10-12  days or  longer.     Infection of rhesus monkeys with 
D.   pneumoniae resulted   in a  respiratory alkalosis  plus  a variable rise  in 
lactate  levels.     Mechanisms   for   these changes  have  not  been determined. 

Presentations: 

1.     Bellanti,   J.  A.,  M.   C.  Yang,  R.  I.   Krasner,  P.  J.  Bartelloni,  and 
W.   R.   Beisel.     Studies  of  leukocyte  function  in  the  human during experimental 
sandfly  fever virus   infection.     Presented at  Annual Meeting of the  Federation 
of American Societies   for  Experimental   Biology,   Chicago,   111.   12-17  April  1971, 

Publications: 

1. Bilbrey,   G.   L.,   and  W.   R.   Beisel.     Nov.   1970.     Depression  of   free 
water  clearance   (Cu  Q)   during pneumococcal bacteremia.     Proc.   Am.   Soc. 
Nephrology,   p.8  (abstract). 

2. Bellanti,  J.   A.,   M.   C.   Yang,  R.   I.   Krasner,  P.   J.   Bartelloni, and 
W.   R.   Beisel.     1971.     Studies  of  leukocyte   function   in   the  numan during 
experimental  sandfly  fever  virus   infection.     Fed.   Proc.   30:396   (abstract). 

3.     Bilbrey,  G.   L.,   and W.   R.   Beisel, 
clearance during pneumococcal  bacteremia. 

1971.     Depression of free water 
J.   Infect.   Dis.     In  press. 
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BODY  OF REPORT 

Project No.   1B662711A096:     Medical Defense Aspects  of Biological   Agents   ([') 

Task No.   1B662711A096 01      Pathogenesls  of  Infection of Military Impovtance 

Work Unit No.   096 01 002:     Role of Hormones  in Infectious Disease 

Description; 

Study  the  role of hormones in host  response to Infection. 

Progress: 

Increased metabolic clearance of both L-thyroxine  (T4)   and 
L-trllodothyronine (T3)  has been observed during acute pneumococcal   infection 
in maul/  (J.  Clin.  Endocr.  27:93,  1967)   an''  the rhesus monkeyl'   (J.  Clin. 
Invest.   50:378,  1971) accompanied by probable Increased glandular hormonal 
secretion.—'     In  the rhesus monkey  the concurrent  increased  clearance c* T4 
and T3 and   the absence of changes  in the distribution of T4  among its major 
serum binding protein early in the  course of  this  infection  suggested an 
enhanced  cellular binding of  thyroid hormone.—'     The latter event might 
initiate  the observed acceleration of peripheral hormonal  clearance and  the 
subsequent   Increase  in glandular secretion.    The present studies were 
conducted  In an attempt  to evaluate  (a)   cellular uptake and  binding of TA 
in vivo early  in  the course of acute pneumococcal  infection,   (b)   to identify 
differences  in  Infection,   if any.   In the uptake of hormone by   the major 
binding organs   (liver and kidney),   (c)   to identify differences  If any,   in 
the subcellular distribution of hormone,   and   (d)   to assess whether  the 
increased  metabolic clearance of thyroid  hormone which occurs  during   meumo- 
coccal  infection  is accompanied by  evidence of enhanced  biologic  action of 
hormone at   the  cellular level. 

Studies were conducted  in chaired male rhesus  monkeys who  after a 
period of adaptation were intravenously   (IV)   Inoculated with  either 10 
viable or heat killed Diplococcus  pneumonlae.  Cellular uptake  of  thyroxine 
(CTU) was assessed using a double  isotope   (albumin - ^^1  and  T4  - ^ I) 
two-compartmental   (albumin space and cellular space)  kinetic  model   previously 
described.!/     (J.   Clin.   Invest. A6:762,   1967).    At either  12  or  24  hr after 
inoculation with  pneumococcl monkeys were  given 10  uCl each of albumin  - 
I"! and x4  - 131i  iv;  blood samples  were  obtained at 10-min  intervals  for 
the next 60 min.     CT4 was calculated  from the difference in  the 
instantaneous distribution volumes of  the  2 isotopes.     Hepatic  and  renal 
uptakes were estimated by whole organ counting and by a biopsy  technique,!' 
both methods  yielding similar  results.     In more  recent experiments  hepatic 
subcellular distribution of T4-1-^I was evaluated employing a  standard 
cell  separation  procedure^.'   (Blochem.   J.   92:179,  1964)  and appropriately 



corn-ctinn SL'rum contamination of each subcellular  fraction—    (Endocrinology 
84:270,   l'ö1^).     To assess  extracellular T4 protein binding,  the proportion 
of   free T4   (FTA)   in serum was measured by equilibrium dialysis^'   (J.  Clin. 
Invest.   47:1710,   1968)   and  absolute serum free T4  values  (AFT4)  calculated 
from the product of  total  serum T4 concentration and percentage FT4. 

CT4 calculated 60 min  after  isotope  injection was  significantly 
increased in monkeys studied  12  and 24 hr after  infection.     The Increased 
CT4  in  the infected monkeys was apparent within 10 min.    Analysis of the 
albumin  - 125j ancj x4  - l-^I serum disappearance curves indicated that 
the  Increased CT4  in  the  control and  infected monkeys was due to a more 
rapid disappearance of  T4-  l^lj  in the  infected population.     The early 
appearance of this change made it unlikely that metabolism of hormone 
contributed  importantly  to  the accelerated T4 disappearance. 

Increased CT4  In  the  infected monkeys was not  accounted  for by 
either increased hepatic or  renal uptake, which expressed as % administered 
dose of T4  - l^lj Were not  statistically different  in control and infected 
groups.     These results suggest  that other cellular sites may be Involved  In 
the enhanced CT4 observed during this  infection.     However, with the 
currently employed techniques  the specific sites   involved could not be 
identified. 

FT4 and AFT4 at  12 hr were not significantly different  in control and 
infected monkeys.    Thus  in  the infected monkeys  the increased CT4 appeared 
to  precede any detectable decrease in extracellular protein binding of T4, 
suggesting an increase  in cellular binding of hormone e«rly in this 
infection. 

Only preliminary data  has been obtained on the hepatic subcellular 
distribution of T4 - l31i  in pneumococcal  infection  in  the rhesus.    No 
marked changes have been  observed.     Initial experiments suggest and  a small 
decrease  in the  proportion of labeled hormone  found  in  the soluble  fraction. 
However,  no conclusions are warranted  at present. 

An attempt was made  to determine whether the accelerated peripheral 
turnover of thyroid hormone  during pneamococcal  Infection was associated 
with  evidence of  Increased cellular biologic  action of hormone by measuring 
the  activity of  hepatic mitochondrlal a-glycerophosphate dehydrogenase 
(HMGPD).     This  enzyme  Is known to be quire readily  and rapidly induced by 
thyroid hormone  administration in  the  rat.7./  (J.  Blol.   Chem.   240:1427, 
1965)  and   is known not   to be  induced by glucosterolds.     It thus appeared to 
be  an appropriate  tool  to employ  in acute infection.     The method of 
Ruegamer et al—'   (Endocrlno.logy 75:908,  1964)  was  used  in assaying enzyme 
activity.     In our hands  increased activity of HMGPD  in rats could be 
demonstrated with  this method within 12 hr after a single parenteral dose 
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of T3.     Unfortunately no  Increase   in HMGPD could be  demonstrated  in  the 
rhesus  monkey even after  prolonged   administration of  large  doses  of T4 and 
T3.     Similarly  no  increase   in  activity of  this enzyme was   observed  in monkeys 
examined  24  and  48 hr after  IV pneumococcal  infection.     When,  however, 
HMGPD activity was examined  in  rats   24 hr after pneumococcal   infection a 
small   Increase was noted.     This  observation is being examined  further. 

Summa ry:' 

Evidence  for enhanced cellular  thyroxine binding was   obtained   In vivo 
during acute pneumococcal infection  in the rhesus monkey.     This phenomenon 
might  contribute  to the  increased  turnover of thyroxine  previously reported 
and suggests  early alteration  in peripheral avidity  for  thyroxine as a 
mechanism initiating enhanced  turnover and secretion. 

Publications; 

1. Woeber,  K.  A.     1971.     Alterations  in thyroid hormone  economy during 
acute  infection with Dlplococcus pneumoniae  in  the  rhesus  monkey.     J.   Clin. 
Invest.   50:378-387. 

2. DeRubertis,   F,   R.,   and K.   A.   Woeber.     1971.     Evidence   for enhanced 
cellular   thyroxine binding  in  vivo   in pneumococcal   infection.     Clin.   Re:;. 
19:371   (abstract). 

3. Winnacker, J. L. 1971. Regulation of growth hormone secretion in 
acute   infection.     Clin.   Res.   19:70   (abstract). 

4. Winnacker,  J.   L.     1971.     Augmented  growth  hromone   secretion  in acute 
infection - A specific  response.     Clin.   Res.   19:469   (abstract). 
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To study serial  changes  in  tissue enzyme  systems during the  course  of 
experimental  infection. 

Progress and Summary: 

The principal   Investigator  for  this work unit was  separated  from  the 
Army.     No further work has been carried out.     If the condition  is  still 
the  same   in January  1972,   the work unit will  be  terminated. 
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25 (U)   70  n7  -   71   06   -  Animal  Resources  Section  received   533  monkeys.     More   than 3,200 
tuberculin   tests   were   done   of  which   only   1   was   suspect,   but  no   gross   or   histopathologic 
evidence  of  Mycobacterlum  tuberculosis was   found at  necropsy.     Blood  culture,   hemo- 
globin and  hematocvit  determinations,  white  blood  cell  and differential  counts were 
obtained  on  all   animals   Issued   from   the   Section.     Sixteen  per   cent   of   the   monkeys 
received had  natural   antiboiJles  against   staphylococcal  enterotoxln  B. 

Gastroenteritis   continued   to he   the  most  common disease problem   in   the  colony; 
165  monkeys  were   treated   for diarrhea.     Shigella   spp.   were   isolated   from  73.2% of the 
diarrhea  cases   in  which  cultures  were  attempted. 
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BODY OF REPORT 

Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U) 

Task No. 1B662711A096 01: Pathogenesis of Infection of Military Importance 

Work Unit No. 096 01 005: Evaluation of Normal Colony Animals 

Description: 

Obtain baseline clinical values, search for pathological lesions, and 
establish patterns of disease in normal colony animals. 

Progress. Part I: 

Goats and burros were screened for parasitic infestations and given anti- 
helminthic drugs as indicated. Strongylosis was the most frequently occurring 
infestation encountered. 

Burros were branded; goats were identified with neck chain and tag. 

Monkeys - A total of 533 rhesus monkeys (Macaca mulatta) was received by 
Animal Resources Section (AR), 537 was the greatest number and 373 the small- 
est maintained at one time in the Section. Monkeys were received from Divi- 
sions of the U. S. Army Biological Defense Research Center, Fort Detrick, as 
follows: 366 from the Animal Farm, 50 from Pathology, 28 from Special Opera- 
tions, and 89 from Medical Bacteriology. Of these, 16.7% had natural anti- 
bodies against staphylococcal enterotoxin B (SEB). 

A total of 165 monkeys was treated for diarrhea, 127 of which were bloody. 
Shigella was isolated in 10A of 142 (73.2%) of the diarrhea cases from which 
cultures were obtained and identified as follows:  97 as Sh. flexneri 4; 5, 
Sh. dysenteriae; and 2, Sh. sonnei. Deaths occurred as follows:  shigellosis-- 
3 monkeys; unexpected--9 monkeys, 1 goat, 1 burro foal; euthanitized--7 monkeys 
1 goat, and 1 adult burro. 

In December 1970 one monkey with signs of severe muscle atrophy and ap- 
parent fibrosis was euthanitized and necropsied. The only significant histo- 
logical finding was a severe infestation with Sarcosporidia and severe cosino- 
philic myositis. 

It is evident that the isolation of sick monkeys in a hospital room in 
each suite and treatment for a minimum of 3 or 5 days after apparent recovery, 
whichever is longer, is helping to reduce the disease problem in relation to 
diarrhea. 

Eighty monkeys were received from the Fort Detrick Animal Farm Division 
on 27 Aug 70. Upon receipt, 32 of the monkeys were placed on 25.0 mg tetra- 
cycline HC1 intramuscularly (IM), twice a day for 5 days. In the first 30 
days after they arrived, there was no diarrhea in the animals placed on pro- 
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phvlacLii l liai >> i i in .  During the  same period, in the 48 monkeys not placed 
on propliylactic tetracyclino therapy, there were 14 cas^s of diarrhea, one of 
which Lerminated in death. At the termination of the 30-day holding period, 
the 32 monkeys placed on  the prophylactic tetracycline underwent a scries of 
10 rectal cultures in an attempt to determine if they were harboring Shigella 
organisms in a carrier state.  Sh. flexneri 4 was isolated 1-4 times in 12 of 
these 32 monkeys.  It was noted that during the second 30-day period, the 
c.roup that had not been on tetracycline prophylaxis had relatively no diar- 
rhea, while the group that had been on prophylaxis had an increased incidence 
of diarrhea. 

Koch's Old Tuberculin (KOT) was used for 3223 intrapalpebral tests of mon- 
keys; of which all ^ut one were negative. The one suspect (Monkey No. A-627) 
was euthanitized.  There was no evidence of infection with Mycobacterium tu- 
berculosis by gross or microscopic examination of tissue. 

AR is presently ordering and delivering feed and bedding for all divi- 
sions of the Institute. 

Summary, Part I: 

Gastroenteritis continued to be the most common disease problem. Prophy- 
lactic therapy with tetracycline HC1 immediately after an animal was received 
by AR appears to decrease the diarrhea incidence for the first 30 days, al- 
though it appears to have no effect on the animal as a carrier of Shigella 
organisms.  Due to the diatrhea in this group, it  is felt that after the 
first 30 days, oven though the diarrhea was reduced, the tetracycline acted 
merely as a delaying factor. 

Progress, Part II: 

Blood culture, hemoglobin and hematocrit determinations, and white blood 
cell and differential counts were done on all M. mulatta being issued from AR 
Section. 

A study is in progress to determine baseline levels of the following pa- 
rameters in conditioned M. mulatta:  serum proteins and glycoproteins; serun 
protein-bound hexese, hexosamine, sialic acid and fucose; haptoglobin-types 
and quantities; and serum Zn, Fe and Cu.  One hundred and seventy M. mulatta 
/ill be bled for 6 tasting blood samples; and quantitative procedures will be 
carried out by physical Sciences Division. 

Summary, Part II: 

•jiood cultures and hematology are being done routinely on monkeys leaving 
Bldg, 1425. A study is in progress to determine baseline levels for a number 
of serum levels of interest to the Institute. 

■ - - 



1 

29 

Progress and Summary. Part III: 

As previously discussed elsewhere in this report, 20 normal colony ani- 
mals of various species were nocropsiod. These represent animals from the 
normal colony which either died spontaneously, or were euthanitized because 
of various illnesses or disorders.  In addition to these animals, members of 
the Pathology Division necropsied and accessioned 678 animals of various 
species from other divisions in the Institute. These animals also represent 
normal colony animals, although they had been issued and subjected to experi- 
mental procedures. 

The most significant accomplishment of the year, as far as the M. mulatta 
colony was concerned, was the absence of tuberculosis. The vigorous eradica- 
tion program following last year's outbrcaki' (USAMRIID Annual Progress Re- 
port, FY 1970, p. 21) was apparently effective in eliminating this disease 
from the primate colony. 

Except for the enteric disorders previously mentioned in the monkeys, the 
general health of all species of laboratory animals appears to be markedly 
improved. Many diseases previously described— were not observed this year. 

Publications: 

1. Rollins, J. B., C. H. Hobbs, R. 0. Spertzel, and S. McConnell.  1970. 
Hematologic studies of the rhesus monkey (Macaca mulatta). Lab. Anim. Care 
20:681-685. " 

2. Weil, Jerry D., M. K. Ward, and R. 0. Spertzel.  1971. Incidence of 
Shigellae in conditioned rhesus monkeys (Macaca mulatta). Lab. Anim. Sei. 
In press. ' ~ "' 
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Project No. li66271lA096: 

Task Mo. 1B662711A096 01: 

Work Unit No. 096 01 009: 

Description: 

BODY OF REPORT 

Mec'lcal Defense Aspects of Biological \gents (U) 

Pathogenesi.. of Infection of Military Importance 

Host Amino Acid, Protein and RNA Metabolism 
During Infectious Disease 

Study changes in amino acids of blood and tissues in infectious 
disease or in conditions induced by other variables. 

Progress, Part I: 

Earlier data obtained by paper Chromatographie separations of whole 
blood amino acids revealed that both vacterial and viral infections in 
man resulted in a drop in total blood amino acids^~JL' (J. Infect. Dis. 117. 
346, 1967; Amer. J. Trop. Med. 16:769, 1967; New Eng. J. Med. 278:293, 19Cd; 
USAMU Annual Progress Rep. FY 1968, p. 36; USAMRIID Annual Progress Rep. 
FY 1969, p.37). 

At 0730 hours fasting concentrations of 21 individual plasma amino 
acids were determined by ion exchange chromatography in daily serial samples 
from 8 volunteers infected with sandfly fever virus and compared to values 
obtained in 6 separate daily preexposure baseline measurements in each 
volunteer as well as to serial measurements in 3 unexposed control subjects 
(Medical Divisior. Project No. FY 70-1 and 70-3).  By 47 hr after inoculation 
and before the onsei: of fever or other clinical indications of infection, 
most individual plasma amino acids were significantly depressed below 
preexposure values^/(USAMRIID Annual Progress Rep. FY 1970, p. 35).  Such 
changes in plasma amino acids did not occur in control subjects.  Reduction 
in amino acid concentrations persisted until after the lysis of fever and 
did not coincide in timing with alterations in white blood counts or serum Zn 
and Fe values.  Since, urinary total nitrogen, urea and a-amino N were not 
altered during the course of sandfly fever in these subjects, the early 
decrease in plasma amino acid is not related to increased catabolism or 
excretion of amino acids.  The observed depression in plasma amino acids 
began before any reduction in food intake due to anorexia.  The magnitude 
of the amino acid depression during sandfly fever was far greater than that 
reported during starvation or protein deprivation in nonin^ected t;ubjects-LLx' 
(J. Appl. Physiol. 25:52, 1968; Amer. J. Clin. Nutr. 23:986, 1970) and the 
sequence of changes in plasma valine, alanine, and glycine followed 
patterns different from those reported during starvation.  It is postulated 
that unusually large quantities of certain plasma amino acids were taken up 
by the cells of key tissues during this infection and rapidly utilized for 

mmammmm m 



34 

protein synthesis, gluconeogenesls, and/or ketogenesis.  Depression of those 
amlno acids wi.ich are thought to be essential for protein synthesis— 
(Biochera. J. 111:703, 1969), especially the branch-chain group (valine, 
leucine and isoleucine) was somewhat greater than that observed for other 
araino acid groups. 

Plasma phcnylaianine responded in a manner different from that of 
the other amlno acids; It was decreased on day 2 but hv lay 4 and ' was 
significantly increased above preinfection values.  This resulted in a 
significant increase in the phenylalaninc-to-tyrosine ratio from 0.90 
(range 0.62-1.17) in the preexposure period to 1.78 (raupe 1.37-2.64), during 
Che febrile phase of sandfly fever.  This measurement may be of value in 
detection of infectious illness. 

In another study (Medical Division Project No. FY 70-8) the volunteers 
were given aspirin and propoxyphene HC1 (Darvon^) during the illness phase 
of ciie sandfly fever virus infection.  Under these conditions, the clinical 
symptoms, as assessed by degree of febrile response mid   general malaise, 
were significantly reduced but the changes in plasma anino acids were similar 
to those observed In untreated volunteers exposed to the virus.  Thus, the 
changes in plasma amino acid are not related to elevated body temperature. 

Sequential changes in the concentration of individual serum free amino 
acids have, also, been determined in 11 volunteers who were exposed to 
10' Salmonella typhosa organisms (a cooperative study with the Division of 
Infectious Diseases, I'niversity of Maryland School of Medicine, Contract No. 
DA49-193-MD-2867).  On day 1 the concentratici of total serum amlno acid was 
significantly reduced below preexposure values.  The levels returned to 
control values on day 3 but were again significantly depressed during the 
illness phase of the infection.  On day 1 the branch-chain amino acids were 
significantly depressed but at all other time periods they, as well as the 
sum of the amino acid which are essential for protein synthesis, were at 
preexposure values.  Serum alanine, glycine glutamine, proline and threonlne 
were decreased at all time periods during the infection and did not return 
to normal concentrations until day 27.  The marked depression of the serum 
glucogem'c and ketogenic amino acids and the lesser affect on amino acids 
that are essential for protein synthesis were the opposite of the changes 
observed in volunteers Infected with sandflv fever virus.  It is postulated 
that during S. typhosa infection, gluconeogenesis and ketogenesis of amino 
acids are greater than during sandfly fever virus infection.  It is also 
hypothesized that the flow of amino acids from muscle to liver is greater 
in vo1unteers infected with S. typhosa than with sandfly fever virus. 

\s  was observed in the volunteers exposed to sandfly fever virus the 
phonylalaniiie-to-tyrosinc ratio was significantly increase'' from 0.99 
(range 0,64 - 1.18) during the control period to 2.04 (range 1.23 - 3.20) 
during the illness phase of typhoid fever.  Thus, the changes in 
phenylalanine-tyrosine ratio were similar in both acute bacterial and 
viral infections. 
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Nine volunteers (Medical Division Project No. FY 71-2) exposed to 
10 '^ media tissue culture infectious doses of adenovirus type 21 (ADV-21) 
excreted virus in stools and developed specific neutralizing antibodies. 
All of the volunteers remained atebrile and had no abnormalities in 
hematocrit, complete blood count, platelet count, total, direct and 
indirect hillrubin, serum glutamic oxaloacetic or pyruvic transaminases, 
alkaline phosphatase, blood urea nitrogen or urinalyses throughout the 
28-day study. Tne plasma amino acids were depressed throughout the post- 
exposure period with maximal depressions on days 6 and 7,  The greatest 
depression was observed in prlone, 40% of preexposure concentrations in 
some volunteers.  Plasma alanlne, glutamine, valine and threonine were 
also depressed, especially during the later stages of the study.  Plasma 
aspartate, tryptophan, phenylalanlne, methionine and isoleucine were 
slightly elevated during the same period.  The phenylalanine-to-tyrosine 
ratio was not significantly elevated In this study. 

These data irdicate that a mild asymptomatic viral infection can 
stimulate the movement of amino acids into certain cells with subsequent 
synthesis of proteins. 

Summary, Part I: 

Both viral and bacterial Infections in man are characterized b> an 
early depression in plasma free amino acids. The pattern of change in 
individual amino acids appears to be characteristic for the particular 
infection under study.  The depression appears to result from a flow of 
these acids into cells of certain tissues.  In acute bacterial and viral 
infections the plasma phenylalanine-to-tyrosine ratio is elevated during 
the height of illness. 

Progress, Part II: 

In order to understand the significance of the infection-induced 
depression of plasma amino acids, tissue levels were measured during 
infection in experimental animal models. The first model employed was 
subcutaneous injection of rats with Diplococcus pneumoniae. A 
statistical analysis of individual free amino acids of serum, liver and 
muscle was calculated from samp3.es obtained at 4, 28 and 52 hr after 
exposure to 10" cells.  Total fvoe amino acids wore significantly lower 
than control values at 28 and 52 hours.  Those amino acids that are 
essential for protein synthesis—' were decreased at all 3 time periods 
tested.  In liver, total free amino acids were decreased at 4 and 28 hr, 
but those acids involved in protein synthesis were increased at these 
time periods.  In muscle, total free amino acids were markedly depressed 
at 4 and 28, with the greatest decreases being in glucogenic and ketogenic 
amino acids.  From these observations, it is concluded that amino acids 
are being shunted from skeletal muscle to viscera where they are rapidly 
synthesized into proteins.  To test this hypothesis, infected and noninfec»"ed 
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rats were injected with  C-1-amlnocyclopentane (cycloleucine) (an amlno acid 
analogue which is transported into cells but is not incorporated into protein) 
and with -Tl-leucine.  At various times after exposure to D. pneumonlac, tlie 
rats were killed and tissue concentrations of labeled cyclü]cnlc^lu,, and both 
tree and protein bound leuclne were measured.  As the Infection progressed, 
the concentration of hepatic cvcloleucine increased while that In serum 
and muscle decreased. At 28 hr the livers from infected rats had 2 to 3 
times as much cycloleucine as controls. The free -fy-ieucine content of liver, 
serum, and muscle was not significantly altered by infection. The amount of 
tritiated leucine bound to liver protein was slightly increased in infected 
animals; 3 times as much -^H-leucine was incorporated into serum protein of 
infected rats and only half as much leucine was incorporated into muscle 
protein in the experimental group as compared to controls.  These data 
support the conclusion that in infected animals amino acids are being shunted 
from muscle to tissues, such as liver, and are being rapidly synthesized into 
proteins.  Since muscle protein synthesis is markedly reduced, a normal rate 
of catabolism would result in the breakdown of muscle protein and could 
supply the amino acids for rapid transport to liver. 

Monkeys and rats were infected with Salmonella typhimurium, as the 
second model infection; sequential changes in Individual serum amino acids 
were measured by ion exchange chromatography.  The pattern of change 
observed in monkeys and rats was similar to that in volunteers exposed to 
S.   typhosa.  Rats infected with £. typhimurium and noninfected controls 
were injected with -^C-cycloleuclne.  At 8 hr the liver of the infected rats 
had 3 to 4 times as much cycloleucine as controls, at 24 hr, 7-8 times.  In 
rats infected with D. pneumonlae, an infection characterized by serum amino 
acid changes similar to those seen in volunteers exposed to sandfly fever 
virus, the maximum increase in cycloleucine content was only 2 to 3 times 
that of controls. These data support the hypothesis that during the course 
of an infection with S^ typhosa the flow of amino acids from muscle to liver 
is much greater than in volunteers infected with sandfly fever virus. 

In cooperation with the Animal Assessment Division we have developed a 
mask that will., allow the measurement of the conversion of -'- C-alanine or 
pyruvate into  C labeled CO? and glucose. By these procedures we hope to 
assess the effect of an infection with D. pueumoniae and S^. typhimurium on 
gluconeogenesis and ketogenesls. 

Recently, it has been reported that a saline wash from incubated 
leukocytes will depress serum Zn^0'11/ (Fed. Proc. 29:297, 1970; Proc. Soc. k 
Exp. Biol. Med. 133:128, 1970) and Felhll/   (Pioc. Soc. Exp. Biol. Med. 134: 
1150, 1970) and will elicit a pyrogenic response in rabbitsi^' (Physiol. Rev. 
40:580, 1960). The transport of l2*C-cycloleucine into liver cells of rats 
was significantly stimulated by injection of a crude extract of leukocvtes; 
1 hr postinoculation, the labeled cycloleucine content of liver was 
significantly elevated above control levels.  Its concentration continued 
to increase at a logarthmic rate for the next 2 hr, at which time the 
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cycloleuclne content of   the  liver was  twice  that  of controls.     These  data 
suggest  that   the leukocytic  extract  stimulates  active  transport  of  the 
amlno acids  and   that   i.he  process   follows   first   order  kinetics.     A heat 
inactivated  (90C  for  30  min)   leukocytic  extract  or a  homogenate of   leukocytes 
did  not  stimulate  the   transport  of  cycloleuclne   into   liver cells.     Studies  are 
currently  in progress  to   isolate and characterize  the mediator  that will 
stimulate amlno acid  transport  into liver cells. 

Filtered  serum from volunteers  infected with  S^.   typhosa was  Injected 
into recipient  rats  and  stimulated the  transport  of cycloleuclne  into  liver 
cells when compared  to control sera similarly  injected.     Thus,  the mediator 
was  present   in   the  serum of   the  Infected  volunteers.     Procedures  are 
currently being developed  to allow for more sensitive detection of  this 
mediator  in the serum of  infected individuals. 

In contrast  to changes  in serum iron and  zincilill'   (Appl.   Microbiol. 
18:482,   1969;  Proc.   Soc.   Exp.  Biol.  Med.   136:584,   1971),  endotoxin of 
Escherichia coll or  the double-stranded polynucleotldes,  poly I:C or 
poly A:U,  did not stimulate  the transport of cycloleuclne  into liver  cells. 
These results suggest  that  the mediator for the stimulation of amlno acids 
is  different  from the one  that affects  the depression  of serum Zn and Fe. 

Summary,  Part  II: 

Evidence  obtained  from 2 model  infections,  D.   pneumoniae and 
S^   typhlmurium in rats,   support  the hypothesis  that  infection-related  changes 
in  plasma amlno acids   reflect a  flow of amlno  acids  from muscle  to tissues, 
such  as  liver,  and  their  rapid utilization for protein synthesis, 
gluconeogenesls,  and/or ketogenesis.    This flow of  amlno acids  is stimulated 
b" a mediator that  is  released  from leukocytes.     Sera  from volunteers  exposed 
to  S^.   typhosa contained a  similar mediator  for  amlno  acid  transport. 

Progress,   Part  III: 

Recently,   it has been demonstrated that  amlno acids can stimulate 
formation of  hepatic  polyribosomes  and  the rate  of   U\  vitro protein 
synthesis16»17'1*:/  (J.  Molec.   Biol.   34:199,  I960;  J.   Biol.  Chem.   243:1123,  1968; 
Proc.   Soc.  Exp.  Biol.  Med.   135:180,   1970).    When weanling rats were  fed a  low 
protein diet for 28 days,   the concentration of hepatic   free amlno acid was 
significantly reduced1?.'   (Blochem.   J.   107:615,   1968).     A similar model  was 
utilized  to determine whether  the reduced hepatic amlno acid content  ^ould 
have an in^ vivo effect on protein and RNA synthesis. 

Weanling  (23-day old)   rats were  fed either an  amino  acid-deficient 
diet   (6% casein)  or a diet  containing an adequate amount of  protein   (18%  casein) 
for  28 days.     Hepatic   cells  from animals  fed  the deficient  diet were 
characterized  by markedly   lower concentrations  of  protein  and RNA  in ali 
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i-olliil,!'-   fractions   as   compared  with   cells   from  control   rats.     The   hound 
ribusomal   RNA   tract Inn was  decreased  to   the  greatest   degree,  while   the 
tree   rlbosomal   concentrations  were   ;>". Iv   sllghtlv  less   than   in  control 
a;ilmals.      A   good   correlation  was  observed  between   the   in   v_i vo   rate  of 
hepatic   protein   synthesis  and   the   cellular   protein  content   of   the   liver. 
Both   in  vivo  and   in   vitro   rates   of   protein  synthesis  were   directly 
correlated with   the  hepatic  concentration  of   individual   free  amino acids 
whicii   are  essential   for  protein  synthesis.-'     The   reduced   protein 
synthetic   ability   of   the   ribosorpes   from   the   liver  of   protein-deprived 
rats  was   related   to   a  decrease   in   the  number  of   active   ri^nsones   and 
heavy  polyribosomes.     The   lower  rlbosomal   content of   the   hopatocytes was 
correlated  with   the   reduced  concentration  of  essential   free  amino   acids. 
in   the   protein-deprived   rats,   the   rate  uf  accumulation   of   newly 
synthesized   cytoplasmic   r-RNA  was   markedly  decreased   as   compared   to 
control   animals.     From  these  data   it  was  concluded  that   amino  acids 
regulate   protein  synthesis   (1)   by   affecting  the  number  of   ribosomes   that 
actively  synthesize  protein and   (2)   by   Inhibiting the  rate  of  synthesis 
of  new   ribosomes.     Both  of   these  processes  may  involve   the   synthesis  of 
proteins   which   have  a   rapid   rate   of   turnover. 

Studies  were   initiated  in   rats   infected with D.   pneumoniae,   to 
determine  whether   the   flow of   amino  acids   into  liver had   similar  effects 
on  protein  and  RNA metabolism.     Preliminary observations   indicate   that 
the  percentage  of hepatic  polyribosomes was  decreased   4  hr  postexposure but 
had  returned   to  control   period  concentrations  at  28 and   52   hr.     Pair-fed 
controls  had   gradual  decreases   in  percentages  of hepatic   polyribosomes.     At 
23 and   52   hr   in  vitro protein  synthetic  ability of ribosomes,   the number of 
active   ribosomes,   and   the concentrations   of  ribosomes   In  liver were all 
increased  above  control   values.     These data  suggest   that   the  increased   flow 
of  amino   acids   into   liver stimulated  protein  and  RNA synthesis. 

Summary,   Part   111: 

Amino   acids   have  a   marked   in   vivo   regulatory  effect   on  both  hepatic 
protein   and   ribosome   synthesis.     A  similar mechanism appears   to  explain  tin: 
infection   related  stimulation  of  hepatic   and  serum proteins. 
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BODY OF REPORT 

Medical Defense Aspects of Biological Agents  (U) 

Pathogenesis of Infection of Military Importance 

Effect of Ionizing Radiation on Infection and 
Xmmmity 

Investigate interrelationships between acute and chronic irradiation and 
disease processes. 

Progress. Part I: 

Several investigators have observed altered host resistance to infection 
following irradiation.    Many have shown that animal host systems were more 
susceptible to infection when they were irradiated^. ^  (Probl. Med. Virol. 
5:138,   1953; Med. Radiol.  7(7):62,   1962).    Other investigators have shown the 
opposite to be true; that is,  irradiation of the host animal has seemed to 
increase the animal's resistance to virulent organ!smslzU'  (Med. Radiol. 
5(8):82,   1960;  J.  Inmun.  87:682,   1961; Proc. Soc. Exp.  Blol. Med.   108:183, 
1961; J. Hyg.  66:355,  1968).    Similarly,  irradiation has been reported to en- 
hance antibody response!'   (J.  Inanun.  91:761,  1963),  depress the antibody re- 
sponse^'   (Radiat. Res.  20:383,   1963), or merely delay antibody response^/ 
(Contract 3A-014501 Final Report.   1 Sep 1969), which varies with time of ir- 
radiation,-'  dose of irradiatlonZ/ or state of the antigenl2'   (Radiat. Res. 
36:98,   1968).    Thus, in a situation where personnel have been exposed to 
acute irradiation, we must know:    when will a vaccine be effective, and is a 
live attenuated or a killed  .'accine preferable?    To answer some of these 
questions relative to protective immunization, a program has been established 
to study the interrelationships of vaccine administration,  dose of irradiation 
and time-dose relationship of vaccine and irradiation to immunity. 

White Swiss mice were irradiated at exactly 30 days of age and Inoculated 
with live,  attenuated Venezuelan equine encephalorayelitis   (VEE) vaccine strain 
virus  (National Drug Co.  Lot 4 or 5) at various days postirradiation.    Irradi- 
ation was accomplished as a single whole-body exposure,  employing a 1-MEV 
unit operated at 3 MA, at a distance of approximately 117 cm, and a dose rate 
with inherent filtration of 50 r/min  (air dose).    The mice were irradiated in 
a plexiglas  chamber; each mouse was placed in an individual compartment  to 
inhibit radiation avoidance.     Following irradiation,  the mice were given 
water containing 5 ppm Cl.    Water and water bottles were changed daily.    Ir- 
radiation dose-response curves of mice were obtained  (Table  I) and the mean 
lethal dose   (LD50(30))  that will kill mice within 30 days was determined to 
be 670 r by probit analysis.    Thus,   in these initial studies,  a dose of 600 r 
irradiation was selected.    Lower doses of irradiation will be studied later. 
To eliminate some of the variation between experiments,  the days of irradi- 
ation were always varied,  but all vaccinations and challenges  for each par- 
ticular experiment were accomplished on the same day. 
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TABU:   1.      IRRADIATION  ÜOSK   RF.SPOrSK   lAi'.I.K  OF JO-DAV-ÜID MICK 

AIR  DOSE   Li;   ROHNTCL1JS Üi:\D/TOTAL LD 50(30) 

300 

530 

600 

650 

700 

7 50 

800 

Controls 

2/24 

A/24 

4/24 

15/24 

2J/24 

24/24 

0/24 

670 

In order   tor  us   to  clarity and  broaden previous  data,   the   first  set of 
experiments   was  designed  so  that  groups   of mic^   were   irradiated  at  intervals 
of time  that  ranged  from 21  days  before  vaccination  to  I day after vaccination 
with 5 x  10    nean guinea pig   i ntraperitoneal  immunizing dose   (GPIPID5Q)  of 
attenuated  VEE.     The   iramunlzed mice  were  challenged witli   10J mean mouse   intra- 
cranial   (IC)   lethal  dose   (MICLDsg)   of  Trinidad  strain VEE   from   1-2B days   post- 
vaccinatiun.     The  results  arc   summarised   in Tab U   II. 

From these results, it appears that 600 r of irradiation delay the onset 
oi protection in mice, followed by a general trend to return to control lev- 
els. It also appears that the shorter the time interval between irradiation 
and vaccination,   the   longer  the onset   of  protection  is  delayed. 

MMU 
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Sintv it was apparent that immunity was delayed when irradiation preceded 
vaccination, tlio alternate experiment of irradiation following vaccination 
was performed.  The results are summarized in Table III. 

TABLE III.  EFFECT OF POSTVACCINATION IRRADIATION ON THE IMMUNITY PRODUCED BY 
ATTENUATED VEE IN MICE AGAINST TRINIDAD VEE CHALLENGE 

DAY OF VEE SURVIVORS/TOTAL BY DAY OF IRRADIATION POSTVACCINATION 
CHALLENGE Vaccine 
POSTVACCINATION 0 +1 +2 +3 +4 Control 

+ 5 4/11 1/12 3/12 5/12 10/12 11/12 

+ 7 5/8 9/12 7/12 3/11 7/12 12/12 

+14 5/9 3/7 3/7 4/7 4/7 13/14 

It can be seen that irradiation following vaccination also depresses the 
immune response produced by this attenuated virus. 

An ancillary observation made throughout the experiments was that the at- 
tenuated form of VEE causes some deaths in irradiated mice. To pursue this 
observation, experiments were designed in which irradiated mice were inocu- 
lated with 50 and 5000 GPIPIDCQ of live VEE vaccine and then observed for 14 
days for deaths.  Pooled results are summarized in Table IV. 

To determine if the mortality induced by the attenuated form of VEE was 
dose-dependent, an experiment was designed in which attenuated VEE at concen- 
trations from 101 to 10 GPIPIDCQ w^re inoculated into irradiated mice. 
Table V presents the results. 

It appears from the data that TC-83-VEE-induced mortality in irradiated 
mice is a sporadic, but significant, occurrence; it is not TC-83-dosc-depen- 
dent. 

It is unknown what the role of Interferon is in the resistance produced 
by the VEE vaccine strain. Virology Division has found resistance in guinea 
pigs and hamsters as early as 8 hr after immunization against an intraperi- 
toneal (IP) challenge with Trinidad VEE.  Our data suggest that protection 
against an IP challenge of Trinidad VEE can be seen as early as 2 days fol- 
lowing administration of the vaccine (Table VI). 

Previous studios—' have shown that 500 r of irradiation doiinitely in- 
hibited resistance to Trinidad VEE at 1 and 3 days postiramunizatioi .  It is 
unknown what effect irradiation has on VEE-vaccinc-strain-induced Interferon. 
To evaluate this, a project was designed in which mice were irradiated 0-14 
days before vaccination with 5 x IG3 GPIPID3Q.  These mice were then bled out 
1-5 days postvaccination; the sera were sent to Virology Division for Inter- 
feron assay; results are not yet available.  Additional groups of mice, simi- 
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larly  irradiated,  will  In- evaluated with respect  to  survival  to virulent 
challenge,   so  that  Interferon  levels and protection can be correlated. 

TABLE V.     DOSE-RESPONSE CURVE OF VKE VACCINE-INDUCED MORTALITY IN  IRRADIATED 
MICE 

VEE VACCINE 
DOSE 

(GPIPID50) •10 
DAY OF IRRADIATION PREVACCINATION 

-6 -5 ■1 

VACCINE 
CONTROLS 

10v 

ICT 

io- 

10 

0 

1 

Survivors/Total 

7/9  11/12  11/12  10/11  11/12 11/12 10/12 

7/11 12/12 10/12  9/12  11/12 8/12 5/12 

10/12  9/11  8/12  8/12  9/12 7/12 6/12 

11/12  8/12  10/11 11/11  8/12 7/12 10/12 

8/12  8/12  9/9   9/11  9/12 11/12 9/12 

12/12 

11/12 

12/12 

12/12 

10' 

io- 

io- 

10J 

%  Survival 

77 92 92 91 92 92 83 100 

64 100 83 75 92 67 42 92 

83 82 67 67 75 58 50 100 

92 67 91 100 67 58 83 100 

67 67 100 82 75 92 75 

The effect of irradiation on hemagglutination-inhibition (HI) antibody 
titers produced by the vaccine strain in mice had been previously done in 
this Institute in 1963.i±/ (USAMU Annual Progress Report, FY 1963, p. 233) and 
1966JL2/ (USAMU Annual Progress Report, FY 1966, p. 147). On both occasions, 
the irradiation preceded vaccination by 1 day or less. They found that the 
HI titers of pooled mouse sera were lower in irradiated animals than in non- 
irradiated controls. The time of inoculation of the virus as related to ir- 
radiation did not influence the HI response significantly, in contrast to the 
quantity of virus inoculated in their experiments. To expand on these re- 
sults, a preliminary experiment was designed where mice were irradiated with 
600 r 0-14 days before administration of 5 x 10 GPIFID5Q of VEE vaccine 
strain virus. Groups of mice were then bled out on days 6-14 postvaccination 
(Table VII). 

■MHMM 
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TAUl.i; VI.  COMPARISON OF KARLY VEE-1NDUCED RESISTANCE AGAINST AN IP AND IC 
CHALLENGE OF ma:  WITH TRINIDAD VIRUS 

SURVIVORS/6 MICE BY DAY OF CHALLENGE POSTVACCINATION 
1      2      3      4      5      6 CHALLENGE ROUTE 

Vaccinated 

IC 

IP 

Control 

0/4 

0 

0 

3 

0/5 

6 

2 

5 

0 

5 

5/5 

5 

IC 

IP 

0/5 

0 

0 

1/5 

0 

0 

1 

0 

0 

0 

TABU-: VII.  EFFECT OF PRIOR IRRADIATION ON VEE HI ANTIBODY TITERS 

DAY OF IRRADIATION RECIPROCAL MEAN HI TITER BY DAY OF 
BEFORE ADMINISTRATION BLEEDING POSTVACCINATION 
OF TC-83 VEE +6 +7 +8 +9 +10 +11 +12 +13 +14 

-14 160 35 57 204 243 279 279 279 160 

-12 28 90 320 113 320 320 160 139 279 

-10 25 105 121 106 211 171 211 320 260 

- 8 25 20 36 130 98 171 184 121 130 

- 1 25 20 21 368£/ 24 43 25 70 65 

0 24 11 20 1352/ 23 28 26 21 33 

Vaccine Controls 1810 3880 2390 2150 905 1280 1190 1940 1080 

a.  These seem to be aberrant figures. 

The data show that irradiation very markedly decreases HI titers in mice. 
As expected, in contrast to the previous work, the shorter the time interval 
between irradiation and inoculation of TC-83, the lower the titer observed. 
Further work will be done in this area to attempt to correlate HI titer 

«■MMHMI 
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studies with scrum neutralization and survivor studies. 

Previous studicsift/ (USAMU Annual Progress Report, FY 1964, p. 17) showjd 
that when mice were irradiated and then challenged with Trinidad strain VE'-i, 
the mice became slightly more resistant to the challenge, as shown by median 
dose response, A similar project was designed in which mice were irradiated 
at varying times between 2 and 14 days before being challenged with serial 
10-fold dilutions of Trinidad strain VEE. 

In contrast to the previous data, we showed a general trend, albeit not a 
statistically significant effect, of increased susceptibility as the irradi- 
ation-to-challenge time interval decreased. 

An LD50C3O') stutty was done on 30-day-old Swiss Webster mice, obtained 
from the Fort Detrick Animal Farm Division, to determine if they were suitable 
for acute radiation studies (Table VIII). 

TABLE VIII.  DOSE-RESPONSE TABLE OF FORT DETRICK 30-DAY-OLD MICE 

AIR DOSE (ROENTGENS) DEAD/TOTAL LD50(30) 

500 

550 

600 

650 

700 

750 

Room Controls 

6/48 

16/48 

30/48 

28/48 

40/48 

44/48 

0/8 

615 r 

By probit analysis, the LD5Q/30) was determined to bo 615 r for the Fort 
Detrick mice. Because the moan ^650(30) ^s approximately 55 r lower than on 
the mice currently being used, we are unable to utilize the Fort Detrick mice, 

Similarly, because of an abundance of adult (2-9-mon-old) CD-I mice, an 
^50(30) study was carried out with them (Table IX). 

j/i{jx for the adult mice was approximately 760 r, 
ir the 30-dav-old mice. The adult micc 

As expected, the LDCQ, 
about 85 r higher than for the 30-day-old mice. The adult mice will bo used 
in future experiments, but the irradiation dose will be increased to 650 r. 
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TABLK   IX.     DOSK-RKSPONSK  TAhLi:  OF ADULT MICE 

A IK   HUSK   (.KOKNTCMNS) DIAD/'I'Ol'Al, ]'{)50O0) 

650 3/24 

700 6/24 

750 9/24 

800 23/24 

850 24/24 

Controls 0/8 

760 r 

Summary. Part I: 

Studies have been conducted to determine the effects of sublethal, acute, 
total-body irradiation on the immune response of mice to an attenuated strain 
of VEE virus. Our work indicates that irradiation before or after vaccina- 
tion delays the onset of protection from the parent Trinidad strain VEE. The 
shorter the time interval between irradiation and vaccination, the longer the 
delay of onset of protection. 

Irradiation markedly depresses the HI response in mice immunized with 
live, attenuated VEE vaccine. As observed in the survivor studies, the 
shorter the time interval between irradiation and vaccination, the greater the 
depression of the HI titers. 

It has also been noted that when the attenuated form of VEE is inoculated 
into irradiated mice, sporadic, but significant numbers of, deaths occur. 
These deaths do not appear to be dependent on the VEE dose administered. 

Irradiation seems to have no effect on a mouse's susceptibility to the 
virulent form of VEE, as indicated by the median lethal dose. 

Progress and Summary, Part II: 

In chronic radiation studies, no work is being conducted pending approval 
and completion of modifications to the °0Co irradiator. 

Publications: 

None. 
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Particles 

Description: 

To develop a rapid electron microscopic assay for virun particles. 

Progress and Summary; 

Experimental work on the electron microscopic assay for virus particles 
has been temporarily halted, pending completion of a series of papers on the 
model for the mechanism of membrane transport.  As predicted earlier, much 
of the literature survey conducted in connection with the model for transport 
across biological membranes has provided numerous ideas concerning the 
probable relative importance of, and means of dealing with, various factors 
which have been found to affect the ability of a salt solution, particularly 
one with a large, highly charged anion such as phosphotungstate, to pass 
through a small pored membrane such as a millipore filter. Transfer of the 
virus from some sort of small-pored, rigid filter by flow through the filter 
of the "negative stain" solution is an essential step in making the virus 
assay suitable for diagnosis. As pointed out in earlier reports it should 
be feasible to concentrate the virus enough, by funneling it down into the 
filter through a tiny hole in a conical centrifuge cell, to detect virus at 
a concentration as low as 10^ particles/ml using, 1 ml of infected serum. 

Publications: 

None 
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Description; 

Character re ariouc 
biological ar ivity. 

Progress; 

Medical  Defense Aspects of Biological Agents   (U) 

Pathogenesis of Infection of Military Importance 

Biophysical  Study of Membrane Transport  in 
Infection 

to/ins or other  inert molecules which have 

1/ Work has  continued on  the  theoretical model of the biological  membrane^ 
(USAMRIID Annual Progress Rep.   FY 1970,   p.  49)   In which  the mechanism for 
cation transport  is a soap micelle enclosed by linear micelles of 
phosphatldic acid joined by Ca  ions, with ATPase nearby  to control  transport 
of Ma or K  ions by compressing the  soap.     Accordingly,  t1     enzyme, which is 
tightly bound  in  the membrane phospholipid, would not   luve  to shuttle across 
the membrane as  in the carrier protein theory—    (Ann. Rev.  Physlol.   32;21, 
1970).    Basic and long-chain neutral amino acids, which share a common route 
of entry—'   (Science 151;1010,   1966),   should also be able  to pass  throueh the 
soap.    An extension of the cation transport model,  described elsewhere^' 
(CES Annual Rep.   FY 1970,  p.   75)   can also account for the  final  stages of 
assembly of myxovlrus particles visible by electron microscopy. 

The model has  now been developed  to  Include transport  systems  for other 
materials  based on the structure of  the  phospholipid portion of  the membrane. 
The basic idea for lecithin membranes,  as described earlier,—    was a  linear 
micelle made up of dlmers linked by hydrogen bonding between the  phosphate 
residues,   the dlmers being spaced by  the kinks  in unsaturated chains  of  the 
fatty acid residues.    The micelles,  being fringed by amines,  could  serve  to 
anchor the negatively charged  "zippered" soap micelle.     Since  cholesterol 
and phosphollplds combine  in definite  proportions  to  form stable membranes 
in vitro and since cholesterol  is  hydrophobic, bulky and  uncharged,   the 
molecule  seemed  likely to function  in vivo as a  spacer between  highly 
charged phospholipid micelles.     Furthermore,  observations   in vitro  indicate 
that cholesterol  forms a definite complex-L'   (Biochim.  Biophys.   Acta 135:11, 
1967),  possibly using its  lone hydroxyl  group to  form a hydrogen bond with  the 
charged phosphate residues of the phospholipid dlmers.    Hydrogen bonding  to the 
neutral phosphate residue being weaker,  pores would bo  left  in  the membrane, 
having in  the  case of lecithin a  rim of positive charges  to attract  anions 
to the entry site.     Specificitv of anion  transport can be accounted  for by 
well known differences between the properties of quaternary and  primary 
amines on phosphatldyl ethanolamlne. 
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U'iti.   the   recent  acquisition  of atomic models   the   proposed arrangement 
for   the   linear  micelles   could be   tested directly.     The  optimum arrangement 
found   for   lecithin dimers with   fatty  acid chains   In   the  stable "zig-zag" 
configuration do  have kinked  chains directed  properly   for  linear micelle 
formation,  when  unsaturated   fatty acids  are  in   the  central  position,   as  is 
the  case  for   lecithin.     It   is  noteworthy  that proper direction of  the kink 
also   requires   the odd  number  of   ClU   residues  between   the  carboxyl and  the 
unsaturated  bond which  is   characteristic of  the  fattv  acids   in phospholipids. 
Also,   the   dimer  configuration   leaves  exposed only  the  ester bond of  the 
central   fatty acid,   in accord with  the susceptibility  of  this  fatty acid   to 
phospholipase  action--    (Ann.   Rev.   Blochem.   35:157,   1966).     A model of 
cholesterol,   hydrogen bonded   to   the   free phosphate  oxygen,   can be  oriented 
so   that   it   fits  snugly  in   the  niche   formed by  the   fatty  acid chains at  the 
side   of   the dimer,   the   lone  unsaturated bond of  cholesterol being needed 
for  best   fit.     Lecithin  pores  constructed with  oleic  acid  spacing  the dimers 
and  cholesterol   spacing  the  micelles  proved big enough   to  admit Cl  ions,   but 
not   Br,   as would  be  required   for   the  membranes  of many  cells. 

In dimers  of phosphatidyl  serine  the serine  residues  can be rotated 
to exchange  positions of  the  amine and carboxyl.     However,  with dimers 
spaced by oleic  acid,  hydrogen  bonding  is possible  between  carboxyls and 
amines  of neighboring dimers  in  the micelle.     With  this arrangement  the 
positions  of   the  remaining  amines  and carboxyls   are   fixed  so as  to permit 
attachment of amino acids,   oriented over the pore  and  retdy  for entry when 
loosened by some motion of   the  membrane.     Furthermore,   staric hindrance 
would  limit  this route  to L-isomers with short chains.     If serine residues 
are  rotated  to bring both carboxyls between the dimers,  chelatlon of divalent 
cations  can occur, with a  specificity and pH dependence   in accord with 
known data. 

The orientation of hydroxyls  in inositol pairs,  with   ring planes 
parallel,  attached  to hydrogen bonded phosphatidyl  inositol  (PI)  dimers 
can account  in every detail   for  the  specificity of sugar  transport  in  the 
gutZ'   (Physlol.   Rev.   40:789,   1961),   if dimers  of neighboring micelles are 
located  opposite one another,   an arrangement  to be  expected  if glycoprotein 
molecules  are  inserted between  the ends of  the micelles with side chains 
attached  to  the  terminal  inositol  pairs-'.    Glycoproteins  may also be needed 
as  spacers  at  the edge of  PI   regions,  since  PI micelles  cannot mesh charges 
with   those of other phospholipids,   the PI dimers being spaced  far apart  by 
the highly kinked chains  of  arachadonic acid,  a  spacing needed  to  prevent 
misattachment  of  the  sugars.     Attachment  of  glycoprotein  to  the  inositol ^ 
pairs  changes  their orientation,  which would alter   the  specificity of 
sugar  transport  making  it   similar  to  that observed  in  red blood cells-' 
(Pharmacol.   Rev.   13:39,   1961),  which have relatively  little PI. 

< 
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Cholesterol  binding  to  phospholipids   containing  arachadonic  acid 
is weak,—'   so  the  gap between  PI  micelles,  being empty,   could   be regulated 
by nearby  soap micelles—'   through  cation binding.-'     Actively     ransported 
sugars   require Na,   and are  blocked by K,  suggesting  that  size  of  a  sugar 
determines whether   it  will   accumulate  against  a   concentration  gradient   in 
gut  ceils,   where  K concentration  is  high;   transport   specificity  does   indeed 
show  that   these  sugars  must  attach with   the long  axis   across   the gap.     In 
membranes with PI micelles  too  far apart,   insulin might   increase  sugar 
transport  by penetrating  the  soap.     The polypeptide would of course be 
ineffective.in gut cells where entry of amino acids  inhibits sugar 
transport.— 

Summary: 

The basic  features  of  the  theoretical model of  the biological membram 
required to account for transport of all  types of ions and of cell metabolit-L 
are now complete.    Transport  of monovalent  cations   (and exclusion of 
divalent)   can be accounted  for  by a  soap micelle  enclosed by  linear micelles 
of phosphatidic acid which are closed  in  zipper-fashion by Ca  ions.     Transport 
of  long chain neutral and basic amino acids can also be explained by this 
mechanism and a number of polypeptide hormones insulin  in particular may 
affect  the cell at  this site.     Transport  of other materials  can be accounted 
for quantitatively by the sort  of  oores  to be expected  in a membrane built 
up of   linear micelles of  the  other phospholipids with  cholesterol  acting as  a 
spacer.     Molecular models  have  been built of such micelles  for all   the 
principal  phospholipids  and  the  pores constructed with  them do have  the 
properties required to account  quantitatively for the  transport of anions, 
small neutral and acidic  amino acids and  sugars. 

Publications: 

None 
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23 (U)  Study early  changes  in  lipid metabolism during infectious  and  toxic   Illness, 

24 (U) Measure  serum  lipids and  lipoprotelns during induced  illness and examine the 
kinetics  of  fatty rcld  -netabolism. 

25 (U)   70 07 -   71    \t  -   In volunteers   Infected with sandfly fever virus,  altered patterns 
of  lipid  transport  preceded the onset  of  clinical  illness.     Marked effects  of both  carbD 
hydrate and  lipid  fuel  stores were  seen;   these  varied with the stage  of  the  illness. 
The data are consistent with an increased  utilization and dependence  on body fat stores 
for energy during this mild viral  illness. 

Monkeys  Infected with either Diplococcus pneuraonlae or Salmonella  typhimurtum or 
intoxicated with endotoxin derived  from S.   typhlmurium exhibited an   increased  turnover 
of free   fatty acids,   triglycerides and cholesterol.    The differences   in each of  these 
condltionü were  primarily due   to differing effects  on peripheral   tissue  metabolism 
concerned with either uptake,   utilization  or degradation. 

Publications: Amer.   J.  Clin.  Nutr.   23:1069-1079,   1970; 
Clin.   Res.   19:45,   1971; 
Program,  Amcr.   Soc.   Clin.   Nutr.,  p.   3,   1971; 
Fed.   Proc.   30:348,   1971; 
Prograrr.,  Soc.   Pedlat.   Res.,   p.   235,   1971. 

*A*»il*Mt la conlfAclof« upon ongmmlor*» »pyrovmi '£2^"^* mäm 
DD,rR"J498 PREVIOUS EDITION» OF 'H1J FORM ARE OBSOLETE  DO FORM» 1 4»i A  I NOV «6 

AMD M»> I  I MAR «•  FOR ARMY U»E' ARC OBIOLETE 



67 

BODY  OF REPORT 

Project No.   1B66271LA096: Medical Defense Aspects  of Biological Agents   (U) 

Task No.  1B662711A096 01: Pathogenesis of Infection of Military Importance 

Work Unit No.   096 01 013: Host Lipids  in Infectious and Toxic  Illness 

Description: 

Study early changes   in  lipid metabolism during infectious and  toxic 
illnesses. 

Progress,  Part  I: 

Although  the body must depend chiefly on stored  fat to meet  its  needs 
for eiergy during acute  or severe infections,   little  is known concerning 
lipid metabolism during such  illnessesi'   (Amer.   J.  Clin.  Nutr.  23:1069,   1970) 
Recent studies?-'   (New Eng.   J.  Med.  281:1081,   1969)  which have shown 
increased mobilization of serum lipid  during  certain  infections  suggest  that 
body lipids may respond  in a somewhat different manner according to the 
etiologlc agent Involved. 

Work has been completed on the  first prospective study of serial 
measurement of  serum lipids  during experimentally  induced infection using 
sandfly fever  in volunteers.    These studies   (Medical  Division Projects  No. 
FY 70-3 and  71-1) were carried out ar nart of a cooperative study with 
Dr.  Robert S.  Lees  of the Massachusetts of Institute of Technology. 

Following hospitallzation,  10 healthy young males were equilibrated  for 
17 days on a constant  liquid diet  containing 40% of total calories  as   fat. 
Blood lipid and lipoprotein concentrations were measured serially throughout 
the illness using methods previously described!'   (USAMRIID Annual Progress 
Rep.   FY 1969,  p,   35).     Quantitative  lipid  fractionating studies were   carried 
out by ultracentrlfugation by Dr.  Lees. 

After  the equilibration period,   7 men were   inoculated intravenously   (iv) 
with sandfly  fever virus  and 3 with  isotonic  saline.     No chemical  or 
laboratory abnormalities occurred in sham-inoculated  subjects.     In the 
others,  a typical brief, benign,   febrile illness  appeared  2.5  - 2.8 days 
after Inoculation with  virus.    Fever,  anorexia and  reduced caloric   intake 
contributed to an average weight  loss of 5  pounds. 
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Biochemical   changes appearing  at   the  height of the   illness   Included 
an   increase   in   fasting blood sugar  averaging  20 mg/lOO ml   above baseline 
control   values  and  a  decrease  of   30 mg/100 ml   in  total   plasma  cholesterol. 
A reduction of  similar magnitude  occurred concomitantly   in  plasma 
phospholipid  and  triglycerlde concentrations;  the  former  remained  low 
during  convalescence  and   the   latter  increased above baseline  control values. 
Additional  changes  became evident with   the  remission of   fever;   free  fatty 
acids   (FFA) ,   cholesterol  esters  and  plasma  glycerol values  declined, while 
-hydroxybutyrate concentrations   increased.     Lactate and  pyruvate  levels 

were  unchanged. 

Lipoprotein eiecr.roplioresis   revealed a  late increase  in  the  percentage 
of plasma  pre-,-   (VLDL)   lipoprotein with a corresponding decrease  in the 
i  (HDL)   fraction.     Ultraccntrifugation  lipoprotein analysis   revealed a decline 
in  the cholesterol  content  of  the   ß   (LDL)   fraction which began during  the 
Incubation period. 

Summary,   Part  I: 

In volunteers  infected with  sandfly fever virus, altered  patterns of 
lipid transport preceded the onset  of  clinical illness.     A marked effect 
on both  carbohydrate and  lipid fuel  stores was seen and varied with the 
stage of   the  infectious illness.     The data are consistent with  increased 
utilization and dependence on body fat stores  for energy during this mild 
viral  illness. 

Progress,   Part  II; 

Altered  lipid responses occur  in patients suffering severe bacterial 
disease.±.'     The  causes of  the differing plasma lipid responses  induced by 
gram positive and negative  infections have yet to be explained.     To explore 
the mechanism of such changes,  sequential determinations were made of the 
lipid responses of  rhesus monkeys  to  Diplococcus pneumoniae and  Salmonella 
typhimurium infections.    FFA metabolism was studied using 3H-palmitic acid 
as previously described-'   (USAMRIID Annual Progress Rep.   FY  1970,  p.55). 

Kinetic data were subjected  to multicompartmental computer analysis. 

The disappearance of  labeled FFA  from plasma and its  incorporation 
into  the   triglycerlde  fraction in  infected animals as compared  to that  in 
the noninfected control animals was  increased.    While increased plasma 
triglycerlde  concentrations developed  in both infections,   gram positive 
infections   led  to  increases  In plasma concentrations of FFA,   phospholipid, 
and  6  lipoproteins and decreases   in  cholesterol.     In contrast,   gram negative 
infections  led  to decreased plasma concentrations of FFA,   phospholipids, 
:'   lipoprotein  and  cholestero'... 
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Although   tlu'   effect   of   both   infuotions   on  l'KA  d isappe.-'.ranct'   and 
trlglvcLTidi«   incorporation  and  concentrations were  similar,   the  changes  in 
serum  lipid   fractions were cliaracTcrist ic.     This   suggests   that   these   infections 
differ   in either  their effect on uptake  or utilization,  or both,   of  lipid by 
peripheral   tissue. 

As  hyperlipidemia during gram negative sepsis has  largely been 
attributed to  the  effect  of bacterial endotoxin,  further work was  done  to 
determine  if other  infection related  factors were  involved.    Lipid  metabolism 
was studied during S^.   typhimurium septicemia or endotoxin induced  by the  toxin 
of the same  species.     Kinetic  studies were  performed. 

Plasma  triglyceride concentrations  increased  in both experimental 
groups.     The  rate  of FFA disappearance  from plasma and  its subsequent 
incorporation  into  the  triglyceride  fraction increased in both  the   infection 
and endotoxemia.     Plasma FFA concentrations were elevated during  endotoxemia 
but were depressed  during sepsis.     During endotoxemia,  IV administered 
glucose  resulted in prolonged hyperglycemia,  decreased disappearance  rate of 
FFA and decreased  incorporation of FFA  into  triglycerides.    Similar  glucose 
effects were not  observed in Salmonella-in fee ted monkeys. 

Thus,  acute  gram negative septicemia  induced changes  in both  fasted 
and  glucose  loaded monkeys which differed   from that  due  to endotoxin. 
Similar kinetic  data,   in the face of differing plasma FFA concentrations 
suggest  that  the differences  result   from dissimilar effects on peripheral 
tissue metabolism that  involve FFA uptake,   its utilization,  or both. 

The experimental  monkey model was expanded to examine more closely the 
dynamics  of  cholesterol metabolism during  infection.    The  incorporation of 
^H-mevalonate  into  squalene  (an intermediary product  in cholesterol 
synthesis),  cholesterol,  and cholesterol  ester was  studied sequentially in 
fasted rhesus  monkeys  acutely infected with D.   pneumoniae  or S^.   typhimurium. 

During infection with either bacterium,   there was an  increased  rate 
of incorporation of the labeled mevalonate  into plasma free cholesterol  in 
comparison  to values  observed in fasted,   normal  control monkeys.     When 
studied early  in  either  infection,   there was no evidence  for an  inhibition 
of squalene synthesis or  its  conversion  into  cholesterol.     The  estimated 
volume of cholesterol  did not change,  although  total hepatic  cholesterol 
did change.     Although total hepatic cholesterol decreased significantly  in 
Salmonella-infected monkeys,   the specific  activity of hepatic  cholesterol 
did not differ  from control values  in either  infection.     Entrv  of   radio- 
activity  into  plasma cholesterol ester was  reduced  in  the Salmonella  infection. 

These data are  suggestive of an  increase  in both synthesis  and 
utilization  of  cholesterol during these  acute bacterial   infections,   with more 
marked effect  occurring during  the gram negative  infections. 
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SLutlics  aro   In progress using  the  nonlonlc  detergent WR  1339 which 
blocks   the  utilization of   triglyceride by  peripheral  tissues.     Tt   is  hoped 
that   the mechanisms  responsible  for   fuel   utilization bv peripheral   tissues 
in botli   the   fasted  and   fed  states can  he   defined. 

Summary.   Part   I1: 

The monkey model  for infection and endotoxemia has been  expanded;   it 
enables  us   to  examine more closely   the  dynamics of  lipid metabolism during 
infection.     These  studies  point  to  the  importance of  sequential determination 
of  serum lipids   and  increased   turnover of   FFA,   triglycerides   and  cholesterol 
during each  state.     The primary differences  appear  to be due   to differing 
effects on peripheral  tissue metabolism,  uptake,  utilization,  or degradation 
or  all  of   them. 

Presentations: 

1. Fiser,  R.   H.    Host  1ipid response during infectious   illness. 
Presented at  Southern Society  - American Federation for Clinical  Research, 
New Orleans,   La.   27-29 January  1971. 

2. Fiser,  R.   H.     Effect of acute  infection on cholesterogenesis  in the 
rhesus monkey.     Presented at Annual  Meeting of Federation of  American 
Societies  for  Experimental Biology,   Chicago,  111.   12-17 April 1971. 

3. Fiser,  R.   H.     Sequential  changes  in plasma lipid and lipoproteins 
during sandfly  fever.     Presented at  Annual Meeting American Society for 
Clinical Nutrition,   Atlantic City,  N.   J.     1 May  1971. 

Publications: 

1. Beisel,   W.   R.,  and R.   H.   Fiser,   Jr.     1970.     Lipid  metabolism during 
infectious   illness.    Amer.  J.  Clin.   Nutr.   23:1069-1079. 

2. Fiser,   R.   H.,  J.   C.   Denniston,   and W.   R.   Beisel.     1971.     Host  lipid 
response during infectious illness.     Clin.   Res.   19:45   (abstract). 

3. Fiser,   R.   H.,  J.   C.   Denniston,   R.   B.   Rindsig,   and  W.   P..   Belsel. 
1971.     Effect   of   acute   infection of   cholesterogenesis   in  the   rhesus monkey. 
Fed.   Proc.   30:348   (abstract). 

4. Fiser.   R.   H.,  J.   C.   Denniston,   and W.   R.   Belsel.     1971.     Gram 
negative septicemia versus endotoxemia:   Differential  effects  on  lipid 
metabolism.     Society of  Pediatric  Research,  Program and Abstracts   p.   353 
(abstract). 

5. Fiser,   R.   H.,  R.   S.   Lees,   W.   R.   Belsel,   and   P.   J.   Bartellonl. 
1971.     Sequential  changes   in  plasma  lipids  and  lipoproteins   during  sandfly 
fever.     Amer.   Soc.   Clin.   Nutr.     Program p.3   (abstract). 
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23 (U)   Prepare   specialized  equipment   for  use   In aerosol exposures of man and   laboratory 
animals   to biological  materials  and   their  products. 

24 (U)   Based  upon specific   requests  and  criteria,   testing will  be performed  of all 
facets  of aerosol exposure with   the  view of  obtaining accurate  and precise data, 

25 (U)   70 07 -   71  06   -   One  hundred and  one   in vitro  calibration  runs were made  with   the 
modified  Henderson apparatus  using sodium  fluoresceln,   Francisella   tularensis  and 
Diplococcus  pneumoniae;   a monkey aerosol exposur" was  conducted  using D.   pneunonlae. 
Good  reliability and  predictability were attained with   little  day-to-day variation. 

One  hundred  and  six   in  vitro  calibration  runs were  made with   the  newly acquired 
standard  Henderson apparatus   using sodium  fluoresceln;   a   guinea  pig aerosol  exposure 
to  bovine   gamma  globulin was  cot ducted.     Effective  control   of variables was accom- 
plished,   resulting  in  good  reproduclblllty. 
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BODY OF REPORT 

Project No.  1B662711A096:  Medical Defense Aspects of Biological Agents (U) 

Task No,  1B662711A096 01:  Pathogenesis of Infection of Military Importance 

Work Unit No.  096 01 01A:  Development, Calibration and Standardization of 
Aerosol Equipment and Model Systems 

Description: 

Prepare specialized equipment for use in aerosol exposures cf man 
and laboratory animals to biological materials and their products. 

Progress: 

Background--In order to protect troops against the incapacitating effects 
of respiratory disease, a thorough understanding of the pathogenesis of 
the disease, as naturally acquired and transmitted, and the role of 
immunity must be accomplished.  To ascertain this and to develop 
effective prophylaxis and therapy, animals and man must be experimentally 
exposed to definitive dosages of the organism by the natural port of 
entry, i.e., the respiratory route. Developed vaccines must al'ic be 
evaluated periodically for protection against aerosol challenge to 
assure efficacy after prolonged storage prior to being administered 
to military personnel. 

The aerosol equipment of the Institute is predominately used to 
support the work of other investigators. As a result, requests are often 
made for the aerosolization, exposure and assay of a wide variety of 
materials.  For many of these materials, no previous experience is 
available, necessitating the development of model systems.  This often 
requires determination of the optimal spray menstruum, the optimal 
recovery medium, the physical and biological decay rates, and the develop- 
ment of an assay system based on the most meaningful criteria to the 
investigator, e.g., viability, virulence, immunizing capacity, protein 
integrity, etc.  In addition, in vitro calibration runs must be con- 
ducted to determine a spray factor in order to deliver exposure doses 
desired, even with materials for which a model system already exists. 
Calibration trials must also be performed each time the exposure 
apparatus is reassembled after sterilization and whenever a new stock 
culture is received. This work unit allows for the inclusion of data 
related to the development of systems and assays and calibration trials 
prior to actual requested exposures. 
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Part I: 

Upon inscallaLion of the modified Henderson aerosol exposure apparatus 
in Animal Assessment Division Suite 5, 6A initial aerosol recovery trials 
were conducted with sodium fluorescein, utilizing a range of secondary air 
volumes (1-20 ft /min).  A solution of sodium fluorescein in water for 
injection was disseminated at 80% relative himidity (RH), and the resultant 
aerosol sampled at one tube-sampling port with all-glass impingers (AGI-30), 
containing 20 ml water for injection and operating at 12,5 L/min for 10 min„ 
Impinger fluids were assayed for dye content with a Photovolt fluorescence 
meter; for each trial^ a spray factor was determined, which represents 
the logarithmic ratio of the concentration/ml of dye in the spray suspension 
to the concentiation/L of dye recovered in the generated aerosol. The 
derived recovery curves resulted in the ability to predict recoveries in 
terms of amount of secondary air introduced into the system. This is a 
valuable technique which can be used to increase or decrease concentration 
in order to deliver a particular dosage without having to change the 
length of exposure or the concentration of the fill suspension. 

Following these trials, a total of ^0 recovery determinations were 
conducted at a constant secondary air input of 20 ft^/min. For these 
trials, the human exposure panel was attached and sampling took place as 
previously, with one AGI-30 sampling directly off the tube and another from 
the exposure mask. The purpose of tnese trials was to determine reliability 
of tube-sampling during a volunteer exposure, to compare actual versus theo- 
retical recoveries and to measure the degree of day-to-day variability. The 
theoretical physical spray factor was previously calculated to be about 3.55. 
Experimentally, the mean of 20 recoveries from the mask was 3.52, with a 
range of 3.44-3.59, and 20 tube recoveries averaged 3.50, ranging from 3.51- 
3.60.  Recoveries were remarkably close to theoretical; there was no appreci- 
able day-to-day variation, and there was no significant difference between 
the tube-and mask-sampliag points. 

In preparation for an impending volunteer study, 56 calibration 
runs were made using Francisella tularensis. strain SCHU-S4. Fill suspensions 
were, made in tryptose saline and aerosolized at 80% RH.  AGI-30,s contained 
20 ml tryptose saline, plus one drop of Dow Corning antifoam A (DCA); fluids 
were plated on glucose cysteina blood agar.  Sampling took place at the ex- 
posure mask and directly from the aerosol tube; there was good agreement 
between the 2 sampling points.  Sixteen runs were conducted co establish re- 
coveries at various airflows; the remaining 40 trials were all made at 20 
ft /min.  The mean spray factor of the latter 40 trials was 3.87, with a 
range of 3.66-4.25.  This value is higher than the value obtained with 
sodium fluorescein, since the parameter of biological decay is added to that 
of physical decay.  This compares favorably with recoveries obtained with 
F. tularensis when this apparatus was located in Bldg, 522 and indicates 
that good replication and predictability are feasible. 

i 
Prior to an exposure of Macaca mulatta to Diplococcus pneumoniae. 

Type I. 5 calibration runs were made to determine a spray factor.  The 
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fill suspension consisted of 50 ml of an 18-hr culture in brain heart 
infusion broth plus 3 drops sheep blood plus 0.5 ml normal rabbit serum 
(NRS) plus 2 drops DCA.  Impinger fluids consisted of 20 ml tryptose 
saline plus TL  NRS plus one drop DCA, and were plated on blood agar 
(5% sheep blood). The mean spray factor was 4.18 (range 4.11-4.33), 
indicating less aerosol stability than for F, tularensis.  Six monkeys 
were subsequently exposed to D, pneumoniae for 10 min under similar 
conditions. Estimated presented doses ranged from 1.00-3.04 x 10^ 
with a mean of 1.74 x 105. 

Summary. Part I: 

The modified Henderson apparatus has been installed in Bldg. 1425. 
One hundred and one ^jl vitro calibration trials were conducted using 
sodium fluorescein^ F. tularensis. and D. pneumoniae. and a monkey 
aerosol exposure was accomplished using D. pneumoniae. The apparatus 
showed good reliability, predictability and little day-to-day variation^ 
with physical decay close to theoretical and biological decay comparable 
to that observed prior to relocation. 

Progress. Part II: 

A small (standard) Henderson aerosol exposure apparatus was received 
from the manufacturer and installed in the Class III biological safety 
cabinet system in AA Suite 4. Considerable modification was necessary 
before the apparatus was even in a workable condition and further 
modifications and additions (e.g., gauges, valves, etc.) were made to 
assure maximum efficiency and reproducibility. There were 106 calibration 
runs conducted with sodium fluorescein:  27 trials at various airflows 
and the remaining at a secondary air input of 16 L/min. Thirty of these 
latter trials were made using the guinea pig exposure tube, resulting 
in a mean spray factor of 2.73 logs, ranging from 2.65-2.80. When the 
monkey exposure box was substituted for the guinea pig tube, the mean 
spray factor of 49 trials was 2.82, with a range of 2.71-2,97.  In both 
cases, the variation is about "t 0.1 log, which is considered to be 
indicative of excellent reproducibility and shows that good control of 
airflows, pressures, and other variables can be effectively maintained. 
Although the 0.1-log difference in the mean spray factor between the 
guinea pig tube and the monkey box is small, it can, nevertheless, 
probably be explained on the basis of the larger volume of the monkey 
box, resulting in a slightly greater dilution of the aerosol with a 
concomitant higher spray factor. 

Following these trials, 36 Hartley guinea pigs were exposeo to an 
aerosol of bovine gamma globulin (BGG) with sodium fluorescein added. 
Exposures of 20-min duration and impinger fluids were assayed for dye 
content, multiplied by the globulin:dye ratio and presented doses 
calculated for each group of 3 animals,  A dose of 50-100 \i%  was desired. 
The original fill material consisted of 45 ml sterile water for injection, 
containing 14,05 mg/ml BGG and 10 \i%lm\   sodium fluorescein.  Due to 
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tuaming and clogging of the generator nozzle, the first group of 3 animals 
received 46.3 (jg and the 2nd group received only 21.1 ng.  The fill was 
then diluted to 7.02 mg/ml BGG plus 10 |ig/ml fluorescein and the remaining 
60 guinea pigs received doses from 59.3 ^g to 80.2 ng, with a mean of 
66.1 ng. 

Summary. Part II: 

A standard Henderson apparatus has been purchased and installed in the 
Class III system.  One hundred and six In  vitro calibration trials were 
conducted using sodium fluorescein; a guinea pig aerosol exposure to 
bovine gamma globulin was performed.  Effective control of variable was 
attained, resulting in good reproducibility. 

Publications: 

None. 
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BODY OF REPORT 

Project No. 1B662711A096:  Medical Defense Aspects of Biological Agents (U) 

Task No. 1B662711A096 01:  Pathogenesls of Infection of Military Importance 

Work Unit No. 096 01 015: Evaluation of Myocardial Contractility During 
Infectious Disease 

Description; 

Determine to what extent various infectious diseases cause changes in 
myocardial function. 

Progress; 

The initial 8 months work (previously carried under Work Unit 096 01 002) 
was devoted to surgical techniques, instrumentation, and project development 
of a study concerning the myocardial dynamics of thyrotoxic dogs.  This 
study did not materialize due to the failure of such dogs to survive extensive 
amounts of instrumentation.  Even after long recovery periods following 
surgery, dogs that were made thyrotoxic developed septicemia before experiments 
could be performed. Thyrotoxic dogs appeared to be much less capable of 
resisting infection than normal dogs.  Due to these circumstances, a more 
productive project was sought and the present study was developed. 

Assessment of the intrinsic myocardial functions, heart rate and 
myocardial contractility, during various stresses before and after autonomic 
blockage in conscious dogs was the primary objective.  It was felt that by 
eliminating the heart's nervous supply, a sensitive evaluation of subcellul^r 
myocardial function could be obtainedlii/ (Amer. J. Cardiol. 24:198, 1969; 
Fed. Proc. 30:660, 1971). 

Before this study could be initiated, there were important 
considerations which required 3 adjunctive studies.  The first unknown was 
the optimum dose of Sotalol" (a new ß-blocker produced by Mead Johnson 
Laboratories) to be combined with atropine; the second was the duration of 
effective blockade; and finally, the heart rate (HR) effects on contractility 
needed evaluation.  These points were investigated in separate studios. 

All studies were conducted on fully conscious dogs in which 
Dynasciences Model 1017 pressure microtransducers were implanted into the 
left ventricle at least 2 weeks earlier. They were trained to lie quietly 
on their sides while minimally restrained.  Six to eight dogs per dose were 
used in the dose-response study, 8 dogs in the extent and duration study, 
and 6-8 dogs in the contractility-HR increment study.  The dose or  atropine 
that was combined with all Sotalol dosages was 0.2 mg/kg.  The paired t test 
was used for significance determinations. 

••BMUMUanMHMMIWI 
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Myocardial   contractility was  measured by  an estimation  of   the maximum 
velocity  of   contractile  element  shortening  (Vmax)-'   (Amer.   .1.   Cardiol, 
26:248,   1970)   using the developed  pressure n   thod which  corrects   for muscle 
pre-load—     (Fed.   Proc.   29:719,   1970).     To  compute  this   variable  requires 
high  fidelity   left  ventricular  pressure   (LVP)   and  its corresponding first 
derivative,   "dp/df,   which  is  obtained   by  passing the  pressure  signal 
through  an active,   noninverting differential  which  then  measures  the  rate 
cf pressure  development   (figure  1).     Recorder paper speed  Is   200 mm/sec. 
Mitral  valve  closure   is   instantaneous with  the point where   left  ventricular 
end-diastolic  pressure   (LVEDP)   is  measured.     Aortic valve  opening  (Po)   occurs 
.it   the  point   on   LVP so marked  and   is   instantaneous with  peak  dp/dt.     This 
point,   Po,   is   "maximum  isovolumic  pressure".     The period between LVEDP  and 
Po  is   isovolumic   contraction,   during which  time  the ventricle  is  a closed 
chamber  rapidly  developing pressure.     Contractile element velocity  (Vce)   is 
calculated  at   5-msec   intervals  during  the  Isovolumic period as   (dp/dt)/32(DP) . 
A pressure-velocity  curve relating Vce   to DP  is  constructed.     It was 
extrapolated by   linear  regression  to 0  pressure   co obtain an  estimation of 
Vnax,   measured   in muscle  length per second   (ML/sec). 

Table   I   presents  data  for determination of the adrenergic  blockade 
induced by  Sotalol +  atropine   (S + A)   subsequently  challenged with 
isoproterenol.     A  similar  calculation   is  used  for Vmax blockade. 

TABLE  I.     EFFECT OF SOTALOL   (8.0 mg/kg)   and ATROPINE   (0.2  mg/kg)  ON HEART 
RATE  CHANGE  DUE TO   ISOPROTERENOL,   WITH  RESULTING ESTIMATION OF 
CHRÜN0TR0PIC BLOCKADE. 

ISOPROTERENOL 
DOSAGE 

HEART RATE  CHANGE   (mean + SEM) 
%   BLOCKADEi/ 

■g/kg After S + A                           Without  S + A mean + SEM 

0.1 

0.3 

1.0 

3.0 

10.0 

6 + 4 2 

19 + 4 4 

36 + 4 1 

64 + 4.2 

97 + 3.8 

131 + 3.8 

147 + 4.6 

166 + 4.8 

9 3 + 3.1 

86 + 3.7 

69  +6.3 

r a.   %   Blockade  =  100 
HR change  after  S + A 

HR change without  S + A; 
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!), SL -responsi.'  relationship   fur  Sotalcl--Sotalol,   given   In  6 
logarlthmicilly  spared  doses,   0.5,   1.0,   2.0,   4.0,   8.0  and   16.0  mg/kg, 
was   evaluated   in   this   study.      Kach   dug   received   no   more   than  one  dose 
every   48   hr.     A baseline   observation  of   the   control   group  was   followed 
by  r>   isoproterenol  stimulatory   log Joses,  0.1   to   10.0   i.g/kg given at 
lO-miii   intervals,     A dose   level   of S  + A was  given   intravenously   (IV) 
during a   3-inln   infusion.     After  a  stabilization period  of   7 min,   an 
autonomii;   blockade  baseline   observation  was   made.     This  was   followed by 
a   repeat   ei   the   isoproterenol  doses.     The  purpose  of   the   isoproterenol 
administration  u-as   to  change  heart   rate   (HR)   and myocardial  contractility 
bv  selective     -receptor  stimulation   in  order  to  c^'culate  percentage  of 
chronotropie   and   inotroptc  blockade. 

Isoproterenol was  given  as   a bolus   Injection and  exactly 25  sec  later 
observations   were made     Column   2  of Table  I   shows  the  effect   of 
isoproterenol   alone. 

Dose-response curves  were   constructed  for  oach   Isoproterenol dose 
level   as   the  relationship between Sotalol combined with atropine sulfate 
and   percentage  chronotropie   blockade   (Table   II). 

TABLE   II.     TITRATION OF  CHR0N0TRÜP1C  BLOCKADE  BY   ISOPROTERENOL GIVEN IN 
LOG  DOSES 

SOTALOL 
mg/kg 

%BLOCKADE BY ISOPROTERENOL (ug /kg) 

+ ATROPINE 
(0.2 mg/kg) 

0.1 0.3 1 0 3.0 10.0 

0.5 84 + 2.1 50 + 10.3 38 + 4.2 34 + 9.9 31 + 6 9 

1.0 35 + 5.2 56 + 8.2 43 + 3.6 36 + 5.9 29 + 9 3 

2.0 95 + 1.8 84 + 4.6 60 + 4.1 51 + 5.0 32 + 7 6 

4.0 % + 2.1 8 5 + 3.5 70 + 6.1 50 + 6.0 32 + 5 3 

8.0 93 + 3.1 86 + 3.7 69+6.3 

16.0 96 + 1.8 9 3 + 2.7 73 _+ 4.9 

It   can   be   seen   that  as  Sotalol   dosage   increased   there   is   greater blockade 
at   the  A   lower  doses  of   isoproterenol.     At   10   ug/kg  there   is  no  change 
induced   by  Sotalol;   two   factors  should  be  considered:   one   is  the  near- 
maximum  stimulation caused  by   this  dose  and the  second   is   the   interaction 
of  chollnerglc  blockade which   is   impossible   to  evaluate  without   further  study 
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When varying doses of Sotalol were  combined with  atropine  and percentage 
change   from  control  Vmax was determined,   16.0 mg/kg was   the  only dose which 
produced a  significant  percentage  change  from controls,   indicating myoc"-dial 
depression   (Table  III). 

TABLE  III.      INOTROPIC BLOCKADE  INDUCED BY VARYING DOSES  OF  SOTALOL WITH 
0.2  mg/kg ATROPINE  ON fTCOCARDIAL CONTRACTILITY   (Vmax   in MI./sec) 

SOTALOL 
mg/kg 

+ 
ATROPINE 

X  CHANGE  FROM CONTROL 
mean + SEM 

PROBABILITY 
P 

0.5 

1.0 

2.0 

4.0 

8.0 

16.0 

- 14 +    8.0 

9 + 10.6 

4 + 12.7 

- 6+6.3 

- 4  +    2.9 

- 11 +    3.1 <  0.05 

From these  two titrations,   8.0 mg/kg Sotalol was  chosen as  optimal  for 
the extent-and-duratlon-of-blockade  study since it produced  >90% chronotropic 
blockade  to 0.3  ug/kg isoproterenol  stimulation without myocardial  depression. 
This was  the  lowest dosage level  of  Sotalol  that satisfied  the  requirements 
and was  chosen in spite of its high  concentration,   "> 2.5  times   the usual 
amount used  experimentally in dogs. 

Extent  and duration of ß-blockade  in conscious,  atropinized dogs— 
Baseline observations were obtained  on 8 dogs;  they were  then  stimulated with 
0.3  pg/kg isoproterenol,   for control values.     This was  followed  by  a 
3-min  IV infusion of 8 mg/kg Sotalol  combined with atropine  sulfate.     After 
a stabilization period of 10 mln an  autonomlc blockade baseline observation 
was made.     This was followed by 6  repeat   isoproterenol  challenges of 0.3  pg/kg 
at  10 min intervals from 10-60 min. 

Th control isoproterenol  stimulation increased  the heart  rate  74% and 
Vmax  38%  from the baseline values.     The extent of chronotropic  blockade 
(HR)  was  greater than Inotropic blockade  (Vmax)  and was  relatively constant 
at about  85%,  whereas,  inotropic blockade was more erratic  throughout the 
60 min  (Table IV). 
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1AH1.K   IV. :XTENT AND Dl'RATION OF AUTONOMTC BLOCKADH ON  HR AND Vmax 

TIME 
min 

+ 10 

+^0 

+ 30 

+40 

+30 

+60 

::   BLOCKADE   (mean  +  SEM) 

HR   Vmax   __ 

87 +  10.4 76 + 12.8 

92 +    2.4 86 + 11.9 

87 +    7.5 76 + 16.6 

86 +    4.7 55 +  19.2 

76 +    8.2 64 + 18.6 

83 +    8.6 59 + 12.3 

Xeiciier  L:ie  chronotropic  nor  the  inotroplc mean blockade values at  any of 
the   time  periods were   significantly different   from the  mean blockade  value 
at   10 min,   indicating   that  effective  and  relatively constant  blockade was 
maintained   for   the   entire   time. 

The  heart  rate   following a  3-min  infusion of  S + A was presumed   to  be 
the   intrinsic  rate.     The  mean value  for all   time  periods  from 0-10  min 
was  significantly  greater  than the mean control  rate of  114 +9.9 
beats/min  (Table V).     The  extent  and duration of   the  intrinsic  rate was 
stabilized at   145  beats/min at  30 min,   gradually   falling to about   132 
beats/min at  the  end of  60  min. 
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TABLE V.  INTRINSIC HEART RATE FOLLOWING AUTONOMIC BLOCKADE 

TIME 
min 

Control 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

BEATS/MIN 
Mean (+ SEM) 

11A + 9.9 

145 + 11.6 

146 + 8.8 

144 + 9.3 

147 ^ 11.2 

147 + 10.8 

144 + 11.9 

147 +10.7 

147 + 11.6 

152 + 12.8 

148 + 11.6 

146 + 12.0 

From the dose-response  and the extent-and-duration studies  It was concluded 
that   Sotalol,   in  the high dose used,  produced an effective  f<-blockade which 
persisted  for at  least 60 tnin,  but  did not have myocardial  depressant activity 
when administered  in combination with atropine  to  conscious dogs. 

Quantitation of myocardial contractility with  increments  in HR— 
Recent  reports are  contradictory regarding the  influence of HR on myocardial 
contractility.    All  studies   found  in the  literature   in which contractility 
was measured in anesthetized patientliA'   (Circulation  33:945,  1966 and 42 
Suppl.   III):45,  1970)   or animalsZil/  (Amer.  J.   Physiol.   205:30,  1963; 
Cardiovasc.  Res.   i.:2,  1967),   or isolated cardiac muscleiziL'   (Saechs.  Akad. 
Wiss.   Leipzig.  Ber.   23:652,   1871;   Fed.  Proc.  21:975,   1962;   Circulation 42 
(Suppl.  III):163,   1970)   showed that heart  rate had a  positive  influence  on 
contractility.     In  the  only   two papers  found  in which  dogs were conscious, 
heart   rate was shown not   to  have an  influence on   contractilityi£iLl'   (Circ. 
Res.   19:206,  1966;  24:285,   1969).     The purpose of  this study was  to assess 
chronotropic  inotropism  in order  to separate the  two  influences on myocardial 
contractility,  as measured by Vmax. 
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The  heart  was  paced by means of an   Impulse  generation connected   to an 
electrode   implanted  surgically  in  the  right   atrial  epicardium.     Heart   rate 
was   increased  by   10-20  beats/mln  from  the  control  rate  to  slightly more 
than  200 boats/min.     Bolus   Injections  of  5   isoproterenol  log doses 
(0,03,  0.1,   0.3,   1.0,   and   3.0   ug/kg)   were  given  IV at   3-10 min   intervals. 
This   resulted   in  a  graded   increase  in  HR to    •   250  beats/min.     Isoproterenol 
challenges were   repeated   following a   3-min  infusion of Sotalol  + atropine. 
S + A produced  both   r-adrenergic  and  cholinergic blockade and  allowed  study 
of  the  intrinsic  myocardla]   response   to   increases  in heart  rate.     During 
these HR pacing  studies   there was no  correlation between  frequency of 
contraction  and  Vmax  either before or  after   autonomic  blockade.     There was, 
however,   a significant   correlation between  HR and  Vmax  (P  < 0.05),  without 
autonomic  blockade   (Table VI)   produced  by   Isoproterenol. 

TABU-   VI.     CORRKLATION  OF HEART RATE  AND  Vmax   INDUCED  BY  ISOPROTERENOL 

HR Vmax 
beats/min ML/sec 

93 2.01 
129 2.51 
129 2.26 
132 2.44 
135 2.19 
138 2.34 
138 2.39 
147 2.61 
150 2.45 
153 2.61 
153 2.63 
156 2.43 
160 2.20 
165 2.45 
184 2.38 
186 2.49 
190 3.59 
192 2.31 
192 2.47 
195 2.77 
198 3.00 
201 3.66 
204 2.56 
210 2.39 
210 2.60 
216 3.45 
222 2.58 
222 2.68 
223 2.73 
234 2.74 

REGRESSION ANALYSIS 

r = 0.52 

Y =  1.634  + 0.006X, 

where Y =  a + bX 

SEM, 0.002 
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A correlation between HR and Vmax did not occur during isoproterenol dose 
increments after autonomic blockade, in spite of the fact that HR Increased 
> 40 beats/mln.  Thus, the contractile stntc of the unblocked myocardium 
was augmented by isoproterenol, but after autonomic blockade the Inotropic 
effects were Inactive and the positive chronotropism did not Influence 
contractility.  This verifies that the absence of chronotroplc Inotroplsm 
during heart rate pacing was not artlfactual.  It was concluded that HR 
does not have an Influence on the myocardlal contractile state in conscious 
dogs. 

Future studies will utilize the rhesus monkeys (Macaca mulatta) 
in order to determine if similar quantitatlon of myocardlal contractility, 
is possible and practical in the intact, conscious animal. 

Summary; 

Sotalol  (a new ß-adrenergic  receptor blocker)  was found  to be 
effective, with no myocardial depression when given at  a dose of 8.0 mg/kg 
to  conscious  dogs.     This effect was found to persist   for at  least  60 min 
following a 3-min IV infusion of Sotalol and atroplne. 

Increases  in heart  rate both by right  atrial  pacing and by 
isoproterenol  stimulation had no effect  on myocardial contractility as 
measured by the Vmax method. 

Presentations: 

Boucher,  J.  H".     Effective ß-adrenergic  receptor blockade with Sotalol 
in the absence of myocardial depression.    Presented at Federation of American 
Societies for Experimental  Biology,  Chicago,   111.   12-17 April  1971. 

Publication: 

Boucher,  J.  H.,  W.  H.  Zech,  and A.  L.  Stagg.     1971.    Effect  of ß-adenergic 
receptor blockade with Sotalol  in the absence of myocardial depression.     Fed. 
Proc.   30:228 (abstract). 
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Project No. 1B662711A096 

Task No. 1B662711A096 01 

Work Unit No. 096 01 105 

Description: 

Medical Defense Aspects of Biological Agents (U) 

Pathogenesis of Infection of Military Importance 

Capillary Ultrastructure  in Bacterial   Infection 

Investigate ultrastructure and  permeability changes of capillaries 
resulting  from bacterial infection. 

Progress.   Part  I: 

The ultrastructural basis  for  capillary permeability has  been studied 
using exogenous,  water soluble protein  tracers  (either horseradish peroxidase 
with a molecular diameter of approximately 500 nm or ferritin,   1100 nm in 
normal   tissues.     Studies performed on normal  liveri'(Lab.   Invest.   20:298, 

.2/ 37/ 1969),  musclei/tJ.   Cell Blol.   37:277,   1968),  and guti^J.   Cell Biol.   41:33, 
1969),   indicate  the existence of  several regional differences  in  the 
permeability  of blood capillaries   to  these  large protein molecules.     The 
authors  also  demonstrated  several mechanisms   for the movement of water 
soluble  proteins   through capillary walls.     The  requirements  of various 
organs  for  serum proteins remain  relatively constant  In  the healthy organism. 
However,   during  the course of an  infection  these priorities are  shuffled. 
The permeability of the capillaries   to  serum proteins during an   infection 
must also be  changed.     It is  the  ultrastructure of  this change which is  the 
subject  of this   study. 

The development of a technique  for the ultrastructural   localization of 
horseradish peroxidase  (HRP)  and  ferritin  in Diplococcus pneumoniae-infected 
mice was examined.     A variety of fixatives were  tried,  with both  good tissue 
fixation  and  preservation of enzymatic  peroxidase activity  being  the 
criteria   for  choosing  the best.     A combination of gluteraldehyde  and 
formaldehyde—'(J.   Histochem.   Cytochem.   14:291,   1966),  gave  the  best  fixation 
while retaining HRP activity.    Because of the high osmolality of  this 
fixative   (approximately 2000 mllliosmols),   tissues removed  from infected 
mice and  placed  directly into this  solution  showed varying degrees of cell 
destruction.     This  drawback was overcome by  injecting 8 ml  of  the  cold 
fixative  into   the peritoneum of anesthetized animals.    After  3 min  the 
animals were  opened and  tissues removed,   placed  in modified   (diluted  by half) 
Karnovsky's   fixative.-'  Fixation was  carried out at: 0 C for 3-4 hr.     The 
tissues were washed  in buffer overnight.     HRP  (3-5 mg in 0.5 ml  of  saline) 
or  ferritin   (90 mg) was  injected  through  the  tail vein of normal  mice.     These 
animals were sacrificed  from 0.5-60 min  after introduction  of the  tracer 
proteins.     After HRP injection,   1.25 min was  chosen as  the  best  time  for 
fixation  to observe  the passage of  the protein across  the capillary wall. 
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Alter ferritin injection, 3 min was considered most advantageous. 

After fixation, as described above, the tissues were cut into 50-100 n 
sections on the crvostat.  The slices were incubated in the Grahaai-Karnovsky 
mediumi^O.OS M Tris-HCl buffer, pH 7.6, 10 ml, containing O.OIX H2O2 and 10 mg 
of 3-3'-diaminohenzldlne tetrahydrochloride) then washes 3 times in distilled 
water and postfixed in 0SÜ4 and processed for electron microscopy.  Tissues 
from ferritin-injected animals were processed as above except for incubation in 
the peroxidase medium. 

Summarv, Part 1: 

A satisfactory method for fixation and ultrastructural localization of HRP 
and ferritin in normal and Diplococcus infected mice has been developed 

Progress, Part II: 

A series of mice were injected intraperitoneally with 6 D. pneumoniae. Type 
I, organisms.  Two animals each at 4, 8, 12, 24, and 36 hr postinfection were 
injected intravenously with HRP and sacrificed 1.25 mln later.  Intestine, liver, 
muscle, and lung were prepared as described but only liver and muscle were 
examined.  During the entire time range of the experiment the amount of HRP in 
the space of Disse of infected mouse liver was greater than control mice.  The 
movement of HRP across infected muscle capillaries did not show a substantial 
change from the control mice. 

Summary, Part II: 

The liver capillaries increase their permeability to HRP some time during 
the first 4 hr after infection, and maintain this increase through 9 hr of 
infection.  Muscle capillaries do not seem to change their permeabilities to HRP. 

Progress. Part III: 

A series of mice wer^ injected with  ferritin and HRP simultaneously and 
fixed 1-3 min after injection.  After processing for HRP localization, the 
ultrastructure of liver and muscle was studied.  Initial observations show 
HRP passing through the capillary wall at a greater rate than ferritin. 

Summary, Part III: 

Passage of protein through capillary walls seems to be related to the 
size of the molecule. 

Publications : 

None. 
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23 (U)  Study alterations   in nucleotlde metabolism,  RNA biosynthesis,  and  template 
activity of  Isolated chromatin In host cells during Infection. 

24 (U)  Total nicotine-adenine dinucleotlde   (NAD)   Is measured  in  the  tissues  of mice 
subjected to a variety of conditions  including  infection with pneumococcus.     The 
incorporation of radioactivity  labeled precursors  of RNA  into RNA isolated  from 
various  subcellular  fractions   is  measured  In  the  host during  infection. 

25 (U)   70 07 -   71 06  -   There were no significant changes  in hepatic TO activity, 
tryptophan content or pyrldine nucleotlde concentrations during  the early stages  of 
pneumococcal  Infection  in  the  rat.     Once,  however,  bacteremla becomes well  developed, 
there were   increases   in TO activity and   liver  tryptophan.     The   latter  observation 
coupled with   the  demonstration of an  Increased   flux  of amino acids   from muscle and 
liver during pneumococcal  sepsis  in  the  rat,  strongly suggest  that  the   Increased  urinary 
excretion of  tryptophan metabolites  seen  in  infection of various etiologies   result   from 
increased availability of   tryptophan rather  than  from elevated  TO activity. 

The  early rise   in   liver  chromatin  template  activity of pneumococcus   infected  mice   is 
absent   in adrenalectomized  animals   indicating  the  need  for   intact adrenals   for  the host 
to  respond.     Liver  chromatin   isolated   5 hr after pneumococcus   infectlor.'  has  an  increased 
capacity   to  hold actinomycin D,   further evidence   that   there   is  a   functional  alteration 
in  transcription during   infection. 
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Host Cell Biosynthetic Mechanisms 

Description: 

Study alterations in tryptophan metabolism and nucleic acid synthesis 
in animals during infection. 

Progress, Part I; 

A study of the urinary metabolites of volunteers with experimentally 
Induced sandfly fever, typhoid fever, tularemia or Rocky Mountain spotted 
fever indicated that the catabolism of tryptophan via the kynurenine 
pathway was increased irrespective of the etiology of the illness and 
appeared to be correlated with the extent of fever— (J. Infect. Dis. 122: 
159, 1970). In order to explore the mechanism of this generalized host 
response, animal models were selected. Mice infected with Diplococcus 
pneumoniae exhibited a marked but transient rise in hepatic tryptophan 
oxygenase (TO) activity during the first 24 hr after infection; it was 
thus suggested that the increase in enzyme activity brought about the 
increased catabolism of tryptophan^' (Arch. Intern. Med. 121:11, 1968). 
However, because of the controversy as to whether TO activity!' (J. Clin. 
Invest. 45:1527, 1966) or tryptophan availability^' (J. Blol. Chem. 244: 
1410, 1969) regulates the functioning of the kynurenine pathway In normal 
animals, fundamental studies had to be conducted before the effect of 
infection itself could be ascertained. Only the liver was analyzed for 
TO activity and tryptophan content because this tissue contains the 
preponderant amount of TO activity^  (J. Blol. Chem. 240:1395, 1965). 
Nlcotlnamide adenine dinucleotide (NAD) which can be formed in the liver 
from tryptophan^/ (J. Blol. Chem. 238:3369, 1963) was chosen as an index 
of tryptophan catabolism rather than urinary metabolites, because of Its 
highly significant role in both synthetic and degradative metabolism. 

Dietary studies conducted in ratsZ/ (J. Nutr. 100:1471, 1970) 
indicated a high degree of correlation between liver cell NAD concentration 
and the tryptophan content of the diet.  Because evening values for TO 
activity also demonstrated a correlation with Intake of tryptophan, this 
approach did not provide an answer as to whether enzyme activity or 
substrate availability was the controlling factor.  Further studies making 
use of pulse doses of tryptophan alone or in combination with agents which 
would either lower or raise TO activity had to be carried out—' (Fed. Proc. 
30:232, 1971).  Mice were given single intraperitoneal (IP) injections of 
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vnvinK ..nnuiut'. i>l I i vpl oph.m (/r)-S()() m^/kx) In s.illin'.  After this 
hi Icri Inn llu'iv w.is in Im'tvaso In hi'patlc tryptnplwui i'onti'tit within 
mlnnli'M wiili'h win qtilcklv li'lloueJ liy a rapid rise In TO activity and 
an mumi'ntai Ion of NAD somowliat later (2~'i  lir).  All of those changes 
were proport lunal to ttu1 amount of t ryptophan admlnlst cn-d .  Al lopnr Inol, 
in Inhibitor of the TO systom, ^Ivon either simultaneously or 1 hr before 
tryptopban decreased enzyme activity from 35 to 70% without markedly 
affecting the concentration of NAD.  A pbarraacologic dose of hydrocortlsone 
almost tripled oxygenase activity without noticeably increasing NAD content. 

The conclusion to be drawn from both the dietary and pulse dose 
experiments is that the NAD concentration in liver is both responsive to 
and regulated by the availability of substrate, under normal conditions. 
By extrapolation one might presume that all tryptopban metabolism via 
kynurenine is also so regulated. 

With these fundamental experiments completed, studies were then 
conducted in rats infected with D. pneumoniac.  Infection was accomplished 
by the subcutaneous injection of 10b pneumococci.  Controls were given a 
similar volume of heat-killed organisms.  All animals were fasted after 
inoculation.  Fever was apparent by 14 hr and maximal at 28. Bacteremia 
was evident by 14 hr, became massive by 28 hr and persisted thereafter. 
Control animals displayed a diurnal variation in hepatic tryptopban content, 
TO activity and NAD concentration.  Infected animals, however, did not 
display such rhythmicity in either NAD concentration or enzyme activity and 
this accounts in part for some of the alterations seen in these entities when 
compared to control values. 

There were no significant changes in hepatic TO activity, tryptopban 
content or pyridine nucleotide concentrations (NAD, NADH, NADP, NADPH) during 
the early stages of pneumococcal infection.  Once, however, bacteremia became 
well developed, there was an increase iri TO activity and a rise in liver 
tryptopban concentration.  Thus the increased urinary excretion of tryptopban 
metabolites seen in infections of various etiologies could result from an 
increased availability of tryptopban as well as from elevated TO activity. 
Recent observations which have demonstrated an increased flow of amlno acids 
from muscle to tissue such as liver during pneumococcal infection (manuscript 
in preparation) lend further support to the suggestion that is the 
availability of tryptopban which regulates its catabollsm. 

There was also a transient increase in hepatic NAD 24 hr post infection 
which does not appear to emanate from the enhanced TO activity since the 
rate of NAD synthesis from a standard dose of L-tryptophan was the same in 
both control and infected animals. 

Whether or not the above changes are an intentional part of host defense 
or merely indicators of a generalized host response cannot, at the moment, 
be ascertained. 
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■Summary, l'art I: 

By manipulating the dietary tryptophan content of rats and by the 
use of pulse doses of tryptophan in mice, alone and in combination with 
agents which will alter TO activity, evidence was amassed indicating 
that the hepatic NAD concentration was both responsive to and regulated 
by the availability of tryptophan rather than by alterations in TO activity. 
There were no significant changes in hepatic TO activity, tryptophan content 
or pyridlne nucleotide concentration during the early stages of pneumococcal 
infection in the rat.  Once bacteremia was well developed, there was an 
increase in TO activity and a rise in liver tryptophan.  The latter 
observations coupled with the demonstration of an increased flux of amino 
acids from muscle to liver during pneumococcal sepsis in the rat, strongly 
suggest that the increased urinary excretion of tryptophan metabolites seen 
in infection of various etiologies results from increased availability of 
tryptophan rather than from elevated TO activity. 

Progress, Part II: 

The assay of liver chromatin template activity in our generalized 
Infection model of D.   pneumonlae in mice has suggested an involvement of 
gene transcription in the early response of the liverlxiH/ (Fed, Proc. 
30:517, 1971; Proc. Soc. Exp. Blol. Med., 137:619, 1971).  The early 
increase in template activity has been found to be absent in adrenalectomized, 
infected mice. »  '  Intact adrenal glands also appear to be essential for 
the full, nocturnal increase normally found in control miceü' (Biochim. 
Blophys. Acta 228:301, 1971).  Mice starved for 29 hr prior to injection with 
pneumococci still maintain the nocturnal, rhythmic increase,—' demonstrating 
that the infection-related decrease in chromatin template activity at 14 hr 
is not due simply to self-imposed starvation among the sick animals. 

The binding of -Hl-actinomycin D to isolated chromatin was used as an 
assay of unrestricted chromosomal regijns-L?/ (Arch. Biochem. Biophys., 138: 
272, 1970).  Examination of the binding capacity of chromatin isolated 5 hr 
postinfection showed that binding increased over that of controls.  These 
results support our earlier hypothesis that more sites on the liver 
chromatin are available for transcription vor/ e. ly during the infectious 
process. 

Techniques for the electrophoretic analysis of ribonucleic acid species 
have been worked out.  Using 32p labeling and polvacrylamldo gel electro- 
phoresis, we hope to define in size and functional class the RNA molecules 
whose synthesis is stimulated early in infection. 

Summary, Part II: 

The eörly rise in liver chromatin template activity of pneumococcus- 
infected mice is absent in adrenalectomized animals. Starvation does not 
eliminate the normal, nocturnal rise in chromatin template activity. 
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Adronalcctomy partially obliterates it.  Liver chromatln isolated 5 hr after 
pneumococcus injection has an Increased capacity to bind the drug actlnomycin 
D. 

Presentations: 

1. Powanda, M. C. Relationship between tryptophan oxygenase activity 
and hepatic nicotinamide adenine dinucleotide concentration.  Presented at 
Annual Meeting, Federation of American Societies for Experimental Biology, 
Chicago, 111. 12-17 April 1971. 

2. Steinhart, W. L.  Role of the chromatin template during protein 
synthesis in mouse liver.  Presented at Annual Meeting, Federation of 
American Societies for Experimental Biology, Chicago, 111. 12-17 April 1971. 
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2. Steinhart, W. L.  1971.  Diurnal rhythmicity in template activity 
of mouse liver chromatin.  Biochira. Biophys. Acta 228:301-305. 

3. Powanda, M. C, and R. W. Wannemacher, Jr.  1971.  Relationship 
between tryptophan oxygenase activity and hepatic nicotinamide adenine 
dinucleotide concentration.  Fed. Proc. 30:232 (abstract). 

4. Steinhart, W. L.  1971.  Role of the chromatin template during protein 
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BODY  OF  REPORT 

I'ruJL'cL Nx, I KooJ/ 1 lAO'U,: 

Task No. 1B6627UAÜ96 01: 

Work Unit  No.  09b  01  403: 

Mciiieal  ÜoltMisc  Aspects   of   Biological  AgcMits   (U) 

PaLhogenesis  oL   Infection  of Military  Importance, 

Host-parasite   Relationships   ir. Pathogenesis  of 
Virus   Jniections 

üescription: 

Identify  and   study   factors   involved   in  the  pathogenesis  of virus 
diseases, 

Progress: 

The  outcome  of  viral   infection  is  dependent  upon a number  of variables. 
The  host-parasite  relationship may be expressed  as  clinical disease, 
subclinical,   inapparent   infection,   or as   latent   infection.     This 
relationship   involves  reactions  between host cell   populations  on  the 
one  hand and virus   populations  on   the  other. 

This  work unit   is  a continuing  project which  has been under  active 
investigation  for more   than   7  years.     Present  efforts are directed   toward 
finalizing earlier  work  on   the   transplacental   transmission of   live, 
attenuated Venezuelan  equine  encephalomyelitis  virus  vaccine  (a   tissue 
culture   strain  in   the  83rd   passage   level)  and   its  effect  on  the  fetuses 
of   pregnant mice. 

Studies  were   initiated  recently   to determine  relative viremia   levels 
in   the dams  and   their  fetuses  when   the  former  were   inoculated  with virus 
on   the   10th  day  of  gestation.     Previous   studies   had   shown   the maximum 
detrimental  effect  on   the   fetuses  and  newborn   to  occur  when dams  were 
inoculated  at   this   time   of   gestationi'   (CES  Annual   Report,   FY   1970, 
p.   275).     Additional   studies,   to  determine  whether   the  attenuated virus 
acts  directly  on   the   fetuses   or   the  placentae   to   produce   the   observed 
results,   arc  planned   in   the  near   future. 

Summary: 

Work  was   resumed   late   in   the  4th  quarter   of   the  year.     Studies   are 
[preliminary at   this   time   and   will   not  be   reported   until   next   liscal  year. 
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brains examined  by electron microscopy. 
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their brains  prepared   for electron microscopy.     Thus   far,   all   phases   c   the   replicative 
cycle of  the  virus   have been  Identified  with   the electron  microscope. 
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Task No. 1B662711A096 01 

Work Unit   No,   096 01 404 

Medical Defense Aspects of Biological Agents (I') 

Pathogenesis of Infection of Military Importance 

Mouse  Brain Ultrastructure  in Viral   Infections 

Description : 

Study   the ultrastructure of  VEE  vlru 

P rog re s s : 

■ction of  the mouse  brain. 

Background   -   The ultrastructure  of ian equine  encephalomyelitIF 

(VEE)   virus   has  been  studied   in   tissue   culture  cells  and   in   preparations  of 
isolated  virus   but  not   in  the  intact   animal.     The  purpose  of   this   investi- 
gation   is   to  examine  the virus within  neurons,   in all   stages  of  its 
replicative   cycle,   and  to note   the  changes  in the host  cells.     The  informa- 
tion  gained   should  provide  insight   into  the  pathogenesis  of  the  encephalitis 
caused   by   this   virus. 

In  order  to  see  this virus   In   tissue with   the electron microscope, 
one must   attain a   tlter of  10'  median  mouse  Intracerebral   lethal  doses 
(MICLnr„')   per  gram of tissue.     As   this   Is  not  possible  In  the   adult mouse, 
suckling mice were used.     Twenty-four   litters were  injected   Intraperitoneally 
with  1000 LD50  of Trinidad  strain  VEE  virus.     They were  killed   at   12-hr 
intervals   through 48 hr   (when all   surviving mice were moribund).     At   24,   36, 
and  48  hr   the  mouse  brains had  viral   tlters  higher   than   10 weanling MICLI^Q/gm 
tissue.     The   brains  have  been processed   for electron microscopy. 

In  preliminary work on mice   treated   this way,   all  phases   of  the viral 
replicative   cycle were observed.     Technical  difficulty with   the  electron 
microscope has   thus   far  prevented   the   examination  of  this   tissue. 

Publi cations : 
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23   (I)   Study   the  biological  effects  of  mlcroblal   toxins, 

4 (l)   The:  effects   of s taphy lococcal  enterotoxin B   (SEB)   on animal   tiosts  are measured 
by a   number   of  parameters. 

5 (i )   70 07  -   71   06   -   donkeys  continuously   Infused with  SEB exhibited marked 
differences   fror  bolus-injected  r.onkeys.     While both  groups developed   leukopenia,   the 
leukopenla   persisted   throughout   the  experimental   period   in   the   continuously   Infused 
animals,   hut   the   single-bolus-injected   animals  demonstrated  a   rebound   leukocvtosIs. 
Pulmonary  endotliellal   cell   necrosis  was   both   characteristic   for,   and   more   severe   in, 
the  continuously   infused  animals.     Severity  of  lesions  varied  directly with dose  ot 
lulused   toxin. 

Pre! ir.iinary work   for  study  of per  os-induced   intoxication  of  monkeys  with  mlcroblal 
toxins   is  nearly  complete. 

1'uhl u-itlon:     Amcr.    I.   Vet.   Res.   31:1845-1851,   1970. 
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BODY OF REPORT 

Project  No.     1B662711A096:     Medical Defense  Aspects  oi   Biological   Agents   (U) 

Task No.     1B662711A096  01:     Pathogenesis   of   Infection of Military   Importance 

Work Unit  No.     096  01  800:     Biological  Effects  of Microbial   Toxins 

Description: 

Study   the  biological  effects  of microbial   toxins  in  the  animal   host. 

Progress.   Part  I: 

A preliminary report was presented last year—' (USAMRIID Annual 
Progress Report, FY 1970, p. 75) concerning tne continuous infusion 
of staphylococcal enterotoxin B (SEB). It was anticipated that the 
continuous infusion methods employed would resemble the continuous 
release of toxin that may occur during staphylococcal sepsis of man 
and produce a sustained exposure of all tissues to the toxin. This 
report summarizes   the  results of  the  study. 

The concentrations  of  SEB in blood produced  by continuous  infusion  of 
toxin could be  assessed only at  the  largest challenge dose  (5 mg/kg/5  hr) , 
since the concentration it  the smaller dose  levels was below sensitivity 
limits  of   the   toxin assay  procedure.     Although  serum  SEB was  undetectable 
m  these animals at  30-min  time,  a  total  serum concentration of 0.5 mg was 
obtained  following a  2-hr   infusion of  6 mg  SEB.     At   the end  of   the 
5-hr infusion,   total  serum SEB reached  the 0.7-mg  level. 

Almost all   toxin-challenged animals  developed classical   signs   of   SEB 
intoxication,   commencing  1-2 hr following   the   start of  the  infusion. 
These clinical   signs   included anorexia,   retching,   emesis,   diarrhea,   pyrexia, 
listlessness,   pale mucous membranes and death. 

The clinical  hematology and blood chemistry values  of monkeys   infused 
with SEB are shown  in Table  I.     A significant   (P < 0.01)   leukopenia,   as 
compared   to prechallenge control values,   developed  within 2  hr  of   the   lime 
when infusion was  initiated,  and  persisted   throughout  the experimental 
period.     All  leukocyte cell   types were  involved.     immature cells   of   the 
granulocytic  series  began  to appear  in small   numbers 4 hr  following   the 
start of  the infusion,   but no significant   increase was  noted   in   their 
number.    A significant   (P < 0.05)   decrease   in  hematocrit values,   paralleling 
the changes  in  leukocyte counts,  was  observed  during  the  infusion   studies. 

A slight increase  in blood urea nitrogen   (BUN)   was  observed. 
Significant  (P < 0.05)   elevation  in  serum  glutamic   oxalacetic   transaminase 
(SCOT)  values  occured   30 hr after commencing   the  infusion.     A significant 



i lb 

I 
o 
X 
o 

M 

25 
O 

Co 
W 
to 

O 

Q 

00 

> 

H 
CO 

u 
Ä 

i 

Si 
u o- 

a e 

H  O 

5 o 

f 

> u 

O 

33 

i-i  o 
H  Ä 

CN 

O 

-H 

CM 

■« 

00 

o 

-H 
CN 

m 

o 
60 
c 
0 

nil 
in 

• 
o 

■H 

en 

*A 

-H 

rj 

o 

<t ro r». 
■ • ■ 

--H CM rH 

■H -H -H 

1\ 
-H 

CN 

o 

^=1 
CN 

-H 

00 

CN 

a' 
00 

fl -fll J3| -Ql OJ C* CM CN fv| • • • a 
O o o o o 
-H -H +1 -H •H 
r~- CN 00 r^ OS • • • , • 
u-i uO o- <r <}■ 

u-i in m W •s^ 

• 
m 

t 

m 
• rtJ 

-H -tt -H ■H -H 
<>J lO r^ o o • • • • • 
v£> CN O <t r~. 
<)• m O r^ r~. 

r-* o> vO ON <f • • • • • 
pH i-l <r m SD 

•H ■H -H -H ■H 

r^ CN CN r^- • • • • o O r^. 1—( CO 
CN CN CN cn CO 

«ci 
O i-l 

-H       -H 
r»      o 

m 

o 

n 

00 

-H 

ON 

n 

00 
o 

r^ 

00 

O 

■H 

in 

m      n 
O r4 
-H 

CN 

CN 

•ol      -ol 

-H    xi|      -al 

o ^o 
n 

G 
XI 
•H 
U 

o 
4-1 
cd 
u 
o 

ca 

a 
3 

-a 

o 

o c o 
O   O    O rH 

V VV t 
pu PM pj cri 

•    •    « • 



117 

decrease  (P < 0.01)   in plasma proteins  developed progressively  during  the 
study. 

Postmortem examination of intoxicated animals  revealed acute  pulmonary 
hemorrhage  and  congestion.     The monkeys   infused with 5 mg/kg/5  hr developed 
the most  severe   lesions.     Histologie   lesions consisted primarily of  acute 
perivascular,   peribronchial  and intraalveolar edema  that  included a mixed 
cell  population  of alveolar macrophages^   lymphocytes^   neutrophils  ard 
erythrocytes.     Control monkeys presented  no evidence of disease  when necrop- 
sied at  the end  of 60 hr of saline  infusion. 

Electron micrographs of control  lungs  showed pulmonary capillaries with 
endothelial   linings  that extended  without  interruption about  the capillary 
walls.    Type  I  pneumocytes,   however,   were observed  to have  occasionally 
undergone a  process  of rounding up  into  small  vesicles  that  remained close 
to  the intact basement membrane. 

Monkeys  that died from  small-dose  SEB infusions  presented  a character- 
istic  pulmonary  picture.    Degenerating  leukocytes were distributed   through- 
out  the  tissue;   some interstitial  edema was noted.     The most  significant 
finding was   that endothelial cells  of pulmonary capillaries at  some  locations 
were pinched off and rounded into vesicles.    Transudate and erythrocytes 
were noted  in some alveolar spaces. 

Although endothelial cell breakdown was  seen at all  SEB infusion  levels, 
the  type of damage encountered served  to characterize  the dose   level. 
Vesicular rounding up of endothelial cells characterized  the  small-dose 
levels, whileendothelialcell  swelling and fragmentation were characteristic 
of  large-dose  levels.     In either case,  distribution  of  lesions  was very 
patchy.    The  30-nm,  dark-staining,   round  bodies were  frequently  observed  in 
damaged capillaries and were characteristic  of  the endothelial   lesion;   they 
occasionally occurred with endothelial  breakdown,   iimultaneous  vesicul.'tion 
of Type I pneumocytes which created   totally unbounded,  but  intact,   basement 
membranes.     Capillary necrosis was  also present in close proximity  to 
ruptured  leukocytes  that had released   their vacuoles  in-o  the capillary 
lumen.     Large numbers of  leukocytes  were  frequently observed  in  pulmonary 
tissue of all  SEB-treated monkeys. 

The experimental approach  to  the  study of  SEB intoxicction  used   in   this 
report  produced  results clearly different  from  those obtained  by  other 
experimental  designs.     The 2 monkeys   administered  single-bolus   injections 
of SEB exhibited  classical  signs of  SEB intoxication and presented  the 
typical  SEB-related pulmonary lesions   previously described.     Continuously 
infused SEB monkeys also exhibited classical signs of  intoxication, 
but,   in addition,   showed 2 distinct  differences.    First,   while  both 
groups  developed   leukopenia,   the  leukopenia  persisted   Lhroughuut    the 
experimental   period  in continuously   infused animals,   whereas   rebound 
leukocytosis  was   observed  in  single-bolus-injected animals.     Second, 
pulmonary endothelial  cell  necrosis  was  both characteristic   lor,   and more 
severe  in,   the continuously  infused monkeys.     Additionally,   severity  of 
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eh..,   '.c:Lon  increased   in   proporCion   to closes  of   infused   toxin. 

in<j   i.iL L   chat   persistent   leukopenia  :s  observed   in   toxin-infused 
aionkcvs,   while  early   leukopenia   followed  by  a   rebound   leukocytosis   is 
seei    in  l>   lus-injected   animals,   suggests   that  either   SEB  is  not  recirculated 
following   it:>   initial   clearance,   'ir   that   it   is  present   in  only  trace 
amounts,   or  as   in altered,   undetected molecule.      The   leukopenia  observed 
during   infusion  studies,   which   involved all   leukocytic  cell   types,   could 
have   resulted   iroin   the   following  J mechanisms:     impaired  release of 
leukocytes,   their  destruction,   and   their  sequestration   in  tissues. 

impaired  production,  or   release   is  suggested  by   the   lack  of a 
rebound   leukocytosis  and   the   absence  of  immature  cells   of   the granulocytic 
series  during   the   infusion   period.     In  single-bolus-challenge experiments 
with   SEB^   rebound   leukocytosis  developed   3-6  hr  postchallenge.     Immature 
cells   of   the  granulocytic   series  reach 90% of   the   total  population by  the 
9th   hr   following challenge.     Impaired  release  of   leukocytes  alone would  not 
seem  sufficient   to account   for   the  relatively rapid  development  of   the 
initial   leukopenia  observed  during  the  infusion  studies.     However,   impaired 
production  or  release  of   leukocytes  could  account   in  part  for   the  persis- 
tence   of   the   leukopenia. 

Sequestration  of   leukocytes   into various   tissues  could  account  for   their 
early,   rapid  removal   from   the  general  circulation.     Large  numbers  of   leuko- 
cytes  were  observed  in   the  pulmonary   tissues  of  continuously SEB-infused 
animals.     This  sequestration  of   leukocytes  in  pulmonary capillaries may 
result  from   toxin-leukocyte membrane   interactions  which  render  the  leukocytes 
sticky;   thus  causing  them   to  adhere   to endothelial  cells.     On  the other  hand, 
an  SEB endothelial  cell  membrane   interaction might   render   the  endothelial 
cells   sticky,   resulting   in   trapping  of  leukocytes  within capillary  beds. 
Still,   the   toxin  itself may  serve  as  a catalyst   for   the  production  of  a 
leukopenia-producing  substance.     Whatever   the mechanism of   leukocyte  seques- 
tration,   the  principle   site   of   leukocyte-trapping appears   to be  in  pulmonary 
capillaries,   since  similar   sequestration of  leukocytes  was  not   observed   in 
hepatic,   splenic   or  renal   tissues  during  this  study. 

Leukocyte destruction as  a  contributing  factor   in   the   initial  early 
leukopenia  seems unlikely.     However,   disrupted  white  cell1;  were  observed   in 
pulmonary  capillaries  and  could   contribute   to   the   sustained   leukopenia   during 
continuous   toxin   infusion.      It   thus   seems   that   leukocyte   sequestration 
would  account   for   the   initial   rapid   leukopenia   observed,   and   that   seques- 
tration,   impaired   release,   and   destruction   of   .^'"''ocytes  all  contribute 
to   the  sustained  leukopenia   observed   throughout   the   infusion  studies. 

The   small   (30  run),   dark-staining  bodies  observed   in   pulmonary 
capillaries   of   the   intoxicated  monkeys  have  not   been   previously  described 
and   may  be   indicative   of   severe   endothelial  damage   by   SEB.     Since   these 
small   bodies  are   observed   in   both   intact  endothelial   cells   and   leukocytes, 
their   release may be  a  result   of  a cytopathic  effect   of   the   toxin,   resulting 
in  cellular  disruption. 

mmmmmm ■MHMMMflMMHMHHi 
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A close relationship probably exists between leukocytes^   leukopenia; 
leukocyte disruption,   leukocyte  sequestration and endothelial cell damage. 
As previously noted in this study,   leukocytes were frequently observed 
adjacent  to areas of pulmonary endothelial cell necrosis,   but  less 
frequently  in intact areas.     Since both ruptured and intact  leukocytes were 
noted  at points  of endothelial  breakdown,   it  is uncertain whether  intact 
leukocytes  are secreting necrotizing substances into capillaries at  these 
points,   or  even whether  ruptured cells  are participating  through  the release 
of their  lytic cellular organelles  into  the capillary lumen. 

The  increased severity,  but not occurrence,  of  the electron microscopic 
lesions  produced by infusions  of  high doses  of SEB (1 ng/kg/hr)  suggests 
that SEB is   involved in the necrutic  process  itself. 

A manuscript has been submitted for clearance to publish results of 
this work. 

Summary.  Part  I: 

Monkeys  continuously infused with  SEB exhibited marked  differences 
from bolus-injected monkeys.    While both groups developed  leukopenia,   the 
leukopenia  persisted  throughout  the  experimental period  in  the continuously 
infused animals,  but the single-bolus-injected animals demonstrated a 
rebound  leukocytosis.    Pulmonary endothelial cell  necrosis was both 
characteristic  for,  and more severe  in,   the continuously infused animals. 
Severity of   lesions varied directly with dose of  infused  toxin. 

Progress.  Part II: 

Increased emphasis is being placed on  the physiology and mechanism of 
per os-induced intoxication with microbial  toxins.    This  is  due,   in part, 
to a reorientation of  the mission of  the Institute.     In addition,   the 
continuing problem of food poisoning  in troops,  complicated  by  the paucity 
of  physiologic data,  has  provided  the stimulus. 

To approach  this problem,   it  is  necessary to establish  a  physiologic 
mi      1   for  tracking the toxin molecule after acute and chronic  exposure via 
tl      ilimentary tract.    This requires  surgical  implantation of  specific 
cannulation devices at selected anatomical sites within  the  gastrointestinal 
tract  to  facilitate both  infusion of  the  toxin and sampling  of  the gastro- 
intestinal contents in the conscious  animal. 

Permanent cannulation devices  have been developed for use  in the dog 
and these must be extensively modified before they are suitable for use in 
the monkey. 

Summary.  Part II: 

Preliminary work for study  of  per os  induced intoxication of monkeys 
with microbial  toxins  is nearly complete. 
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23 (U)   Evaluate  the  role of host medlatcrs  in  the action of mlcrobial  toxins. 

24 (U)  A radloimmunoassay  technique  Is  employed  to determine bradykinln plasma  levels 
in animals which have been  infected or  intoxicated with agents  know to have  hemo- 
dynaralc  manifestations. 

25 (U)   70 07 -   71 06  -  Difficulties  in preparing suitable  labeled hapten and anti- 
bradyklnin antisera have delayed  the  utilization of a  radloimmunoassay  technique  to 
explore  the  involvement of bradykinln  in  Infection. 

bu^ yi.'Afc. e 'o cofltfgcjgfj jtfgri urtgma'oft aopr)** ttiii 
r\r\ to»*   I^QO ><mv oui KC r am c THII VONM ANI O«»OLI-I    DO FONM« MSIA   I NOV «t 
'"'t^MAOM'^^O AND   ' 4»i- '      IMANal.rONAKMVUlI     ANCOBiOl. tTI 



123 

BODY OF REPORT 

Project No.   JB6627J1A096:     Medical   Defense Aspects  of  Hlnlogicnl   Agents   (V) 

Task  No.   J.B662711A096 01:     Pathogenests of  Infection  of Military   Importance 

Work  Unit  :h.   096 01   801:     Mediators  of MicroMal  Toxin Activity 

Description: 

Evaluate  the  role of host   mediators   in  the  action of microbial   toxins. 

Progress: 

Bradykinln  is  a  vasoactive  polypeptide   found   in  plasma  which  produces y vasodilatation and subsequent hypotension.  Telia and Maegnaitlv-  (Trans. 
Roy. Soc. Trop. Med. 56:6, 1962) studied a Plasmodium infection in monkeys 
and found a decrease in levels of the bradykinln precursor, bradykininogen. 
Other investigators studying Intoxications with either Escherlcllia coll or 
its endotoxln found that a vasoactive polypeptide was released^ (Surg. 
Gynec. Obstet. 118:807, 196^),   that there was a rise in levels of plasma 
kinin and a decrease In plasma kininogonl' (Circ. Res. 22:155, 1968), that 
the rise in plasma kinin levels could be prevented bv a protease inhibitor 
with coinciding decreases in fatalities^ (Arch. Immun. Ther. Exp. 17:406, 
1969), that a kinin was released in vitro In human plasma when exposed to 
E.   coll or   its idotoxlaV  (Life  Sei.   9:313,   1970).     Other workers   have its  enciotoxiai'   (l 

ange—'   (Experlenti 7/ found no change—' (Experientla 26:63, 1970) or the opposite effect - (Fed. 
Proc. 27:92, 1968) in similar studies.  Recent human studies have shown 
that In gram negative bacteremla there Is a definite increase in liberation 
of bradykinln, as evidenced by changes in levels of factors in the plasma 
kinin systenA^z/ (Clin. Res. 17:371, 1969; Ann. Intern. Med. 71:763, 1969). 
However, tills increase was seen only in hacteremic patients with associated 
hypotension.  Normotenslve patients had normal levels of the measured 
factors. 

To Investigate bradykinln involvement in certain infections, i suitable 
assay technique was necessary.  The method of choice is the radioimmunoassav 
technique recently perfected by Talamo and his group ■J^' (,T. Lab. f.'lin. Med. 
74:816, 1969).  Tt is specific, simple and sensitive to the 0.01-ng level. 

I rogress in sotting up the bradykinln rad ioimmnno.issnv has been 
somewhat slowed.  First, after two atteipts, an apparently successful 
radioiodination of tvrosy1-8-bradykin in was performed.  fligh radioactivity 
was present in the eluants resulting from passage of the reaction mixture 
through a column of Dowex 1.  After diluting this labeled iiapton to the 
desired activity, attempts were made to determine the antihodv titer In the 
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ant. iHtTur. collected from the immunized rabbits.  Most undiluted samples 
demon:.r rated binding activity, but as the antisera were diluted the 
desirable bound to free ratio of 1:1 - 3:1 could not be attained.  When 
Talamo and his associates performed a preliminary analysis of some of 
these antisera, they demonstrated a definite antibody response also, 
but tliey examined only undiluted samples.  llndoubtcdly two possibilities 
exist: (1) an Inadequate antibody response In the immunized rabbits or 
(2) a poorly labeled and/or impure labeled hapten.  In regard to the 
first possibility, the following paths are now being explored: 
(I) immunization of 2 additional rabbits with immunogen previously 
prepared, (2) preparation of fresh immunogen and injection into 
additional rabbits, and (3) possible use ot additional tests, e.g. a 
micro-complement fixation test and determination of binding affinity, to 
examine previously harvested antisera.  To investigate the second possibility, 
a portion of the labeled hapten form tse second lodination attempt was again 
passed through an anion exchange column In hope of removing any undesirable 
labeled products which might be present.  However, use of the labeled 
hapten eluted from the column gave similarly poor results when tested with 
antisera. Therefore, another attempt was made to carry out a successful 
radiolodlnatlon.  The labeled hapten which resulted seems promising in 
that It binds well to antisera and very poorly to control sera. However, 
none of the antisera harvested up to this point demonstrates an adequate 
binding capacity.  An attempt will be made to obtain from Dr. Talamo a 
sample of the antlserum he uses In his radlolmmunoassay and see how well 
our hapten binds to It. When these problems with the hapten and antisera 
are finally resolved, the assay technique can then be utilized in exploring 
our stated objective. 

Suramarv: 

Difficulties  In preparing suitable  labeled hapten and antl- 
bradyklnin antisera have delayed the utilization of  the radioimmunoassay 
technique  to explore  the  involvement of bradykinin in infection. 

Publications: 

None 
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Medical Defense Aspects of Biological Agents (U) 

Pathogenesis of Infection of Military Importance 

In vivo Distribution of Microbial Toxins 

Study transport and localization of microbial toxins in animal tissues 
and the pathogenesis of the corresponding intoxications. 

Progress: 

Various in  vitro labeltd staphylococcal enterotoxin B (SEB) prepara- 
tions hav^.been utilized to determine the dynamic pharmacology of entero- 
toxin B—'(J. Clin. Invest. 45:1365, 1966; J. Infect. Dis. 117:273, 1967; 
J. Bact. 93:779, 1967).  SEB has been labeled with 131I, 125I) fluorescein, 
peroxidase, and tritium by utilizing in vitro techniques.  l£ vitro labels 
separate either spontaneously or through the actions of enzymes when these 
in vitro labeled toxins are tested in animals. Fluorescein and ^n are 
both separated almost completely when the toxin is administered via the 
gastrointestinal tract. Therefore, the labeled toxin has in no way 
elucidated toxin adsorption, distribution, or fate by this route.  By the 
intravenous and intrapulmonary routes a similar displacement of the label 
occurs and most measurements have been made utilizing trichloroacetic acid 
(TCA) precipitation as an indication of that portion of the label which 
is still attached to SEB.  It has been demonstrated by all routes that ^^i 

or 131I can attach jjn vivo to proteins other than SEB.  Therefore a portion 
of the TCA precipitable activity may well represent free 125j or 131j which 
has attached to proteins other than the toxin and previous localization 
studies may represent either the toxin or an extraneous protein. 

Personnel of U. S. Army Biological Laboratorles-'(Technical Manuscript 
464), demonstrated an In vivo labeling SEB with the isotope l^c.  This 
material was purified by the method of Schantz et al.-'(Biochemistry 4:1011, 
1965), and the activity was verified by immunologlcal and toxicological 
methods. 

Tritium labeled enterotoxin B was prepared by growing the organism 
Staphylococcus aureus strain 10-275 in a medium containing tritiated N-7. 
Amine (Wllzbach procedure).  The enterotoxin was purified by a modification 
of the method of Schantz et al.—' Levels of incorporation have varied from 
5-400 cpm/(ig of purified SEB.  Further studies are being continued to 
Increase the incorporation of the radioactive isotope. 



r.i 

A  pr. 1iminary  study was   conducted,   in which  2 rag/k^  of    H-SEB was 
inoculated   intravenously   into   a   rhesus  monkey.     Clearance   from  the  blood  was 
apparentlv   complete  before   the   HO-min   sampling   (Table   I), 

TABLE   [.     BLOOD  LEVELS OF   VsFB   IN  A RHESUS MONKEY 

TIME 
POST INOCULATION CPM 

min 

20 5'» 
40 26 
60 14 
80 0 

120 0 

The animal was  euthanitized  at   120 min.     Various organs were   tested  for  labeled 
toxin   (Table   II). 

TABLE   II.     TISSUE   LEVELS OF   3H-SEB   IN   A RHESUS  MONKEY 

SEB LEVEL 
Hg/ral 

1. 2 
0. 6 
0. 3 
0 
0 

ORGAN CPM/100 mg 

Kidnev.left 1084 
right 724 

Liver 450 
Spleen 111 
Lung 40 
Heart 30 

Summary; 

3 
Tritiated   SEB was  prepared   utilizing  a    H N-Z Amine  as   a  portion of  the 

culture  media.     Purification was   carried  out  according  to a modified method of 
Schantz.—'     Preliminary testing  in vivo was  done. 

Puhlicat ions: 

None. 
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23 (U;  Study the  subcellular  effects of microbial   toxins and other  informational 
molecules  and determine   the   role  of  lysosomal enzymes   in   the catabolism of  exogenous 
proteins. 
24 (U)  A variety of techniques,  e.g.   fractionatlon,   electron microscopy are  used  to 
study  subcellular action  of   toxins. 
25 (U)   70  07  -   71  06  -   Staphylococcal  enterotoxin  B   (SEB)  was   found   to cause  a  dose- 
dependent  swelling of   isolated  rabbit   liver mitochondria.     This  phenomenon was   charac- 
terized  and   found  to be   nonenergy dependent,   unaccompanied  by membrane   lipld  peroxi- 
dation,  and could be prevented by addition of specific antitoxin,  Mg ions  or  EDTA. 
ATPase  activity  increased with  swelling,   though ATP was  unable  to contract  SEB-swolltn 
mitochondria.     Cytochrome  oxldase  activity was   inhibited   in  Intact  mitochondria  exposed 
to  SEB.     These   findings   suggested SEB binding to mitochondrial  membranes,   with   resultan* 
structural  alterations,   facilitating entry of  ions  and water  into mitochondrial  mem- 
branes  and compartments.     The  presence  of SEB   in  rabbit   liver was  demonstrated  by  liquid 
scintillation measurements  and autoradiography.      It  was  hypothesized  that  mitochondrial 
swelling  in  selected   tissues   in  vivo,  with  resultant   Impairment  of  function,   could 
account  for   the  clinical   syndro.ne  associated with  SEB   intoxication.     Based   on   release 
rf  'i Inhydrln-pos itive  material   from hydrolysa^es  ai.d   immuno-  and disc   gel  electro- 
phoretic   characterization of  hydrolysates,   results   indicated  that   this   toxin   Is 
relatively  resistant  to  hydrolytlc  attack by  lysosomal  proteases.   In addition,   fluores- 

;in   ta.^ was   found   to be   readily cleaved   from SEB  by   lysosomal  enzymes,   suggesting  that 
studies which  utilize   release  of   this   label   is  an   Indicator of SEB catabolism are 
subject   to erroneous   interpretation.   Study of Diplococcus  pnejmonia.:   in  rats was begun. 

Pubilcatiüns:   Fed.   Proc.   30:600,   1971;   J.   Infect.   Dis,   1971,   In press. 
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Subcellular   liiolo^ii'.il   Effects  of  Micro'.iial 
Toxins and Microbial  Disease 

Study   the  subcellular  effects  of microbial  toxins  and  other 
informational molecules,  and determine  the role of   lysosomal  enzymes  in 
the  catabolism of oxogenous  proteins. 

Progress,  Part I: 

To  further elucidate the mode of action of staphylococcal  enterotoxin 
B   (SEB),   its effects on subcellular organelles and   enzyme systems were 
investigated.     It was  found   that   SEB  caused a dose-dependent  swelling of 
isolated rabbit  liver mitochondria.    A series of experiments was designed 
to characterize  this phenomenon,    \nd  to evaluate whether   it could explain 
the  clinical effects of SEB.     Detailed descriptions  and  results of   these 
experiments have been reportedi'   (J.   Infect.   Dis.     In  press). 

Briefly,  mitochondria isolated by  differential  centrifugation of 
rabbit  liver homogenate, were  incubated at  room temperature with SEB  for 
60 min.     During the  incubation period,  optical density measurements were 
recorded at  520 nm;  decreasing optical density denoted mitochondrial 
swelling.     This swelling was   found to be specific  for rabbit  liver 
mitochondria;   lung,  gut  and heart mitochondria were  not  affected by  SEB. 
Kidney mitn  '-^ndria were only  slightly affected.     Prior  addition of  specific 
equine  ant in prevented  swelling of  liver mitochondria  induced by SEB. 
Cyanide d       not prevent  the mitochondrial response   to  SEB,  indicating  the 
nonenerg    dependent nature of  this phenomenon.    Increases  in malonyl 
dialdehyce  levels were not  observed during swelling,   suggesting  this 
response was not mediated by deterioration of mitochondrial membranes 
tl h  peroxidation of membrane  lipids.     SEB-induced  swelling was  prevented 
b addition of  2 membrane  stabilizers,  Mg++ and   EDTA,   suggestin;;   that 
ti, ects  of SEB may be   the  result  of direct  interaction of   the   toxin 
with mitochondrial membranes.     Further evidence for   this  hypothesis was 
provided by  the  finding  that  cytochrome oxidasc activity was  substantially 
Inhibited  In intact,  but  not  in  disrupted,  mitochondria  exposed  to SEB. 
Inhibition of  enzyme activity  may have been  due  to   a  competition  for 
membrane binding or  transport  sites between  the substrate,   chtochrome C, 
and SEB,   both cationic proteins.     Also,  ATP was unable   to produce 
contraction of SEB-treated mitochondria,  although   the ATPase  activity   in 
these mitochondria increased  to  twice  that  of  controls.     This   finding 
further  suggested   that  SEB   interacted with mitochondrial  membranes, 
facilitating hydrolysis  of  ATP  by  unmasking membrane-bound ATPase. 
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Those   findings   suggest  that  a mechanism of  action of  SEB may  be   to  cause 
alterations   in  structure of raitochondrial  membranes by  interacting with 
periodically   recurring negatively  charged  groups   in  the membrane.     The 
alterations   in   the membrane may  facilitate  the  entry of  ions,   e.g.   K+,   into 
or   through  the  membrane,   followed by   accumulation of water  inside 
mitochondrial  membranes  and  compartments. 

SüB-induced  swelling of mitochondria   in vivo  could account   for   the 
clinical  signs  and  symptoms  associated with SEB  intoxication.     Mitochondrial 
swelling would  result   in  loss of  ions,   substrates and cofactors   from within 
ü.itochondrial  compartments  and contribute   to degeneration of  mitochondrial 
functions. 

In  support   of   this  proposed mechanism of  action,   the ability.to demonstrate 
localized SEB becomes  an important prerequisite.     Using tritium    H  SEB,   it was 
determined  by   liquid  scintillation  measurements  of  rabbit   tissue   extracts  that, 
in addition  to  other  tissues,   there was  accumulation within  the  liver.     This 
was confirmed by  autoradlographic examination of rabbit  liver  2 hr  post- 
challenge with   tritiated SEB,  which  revealed silver grains overlying hepatic 
parenchymal  cell   cytoplasm. 

Summary,  Part  I: 

SEB was  found   to cause a dose-dependent swelling of  isolated  rabbit 
liver mitochondria.     This phenomenon was  characterized and  found  to be 
nonenergy dependent,  unaccompanied by membrane  lipid peroxidation,  and could 
be  prevented  by addition of specific  antitoxin,  Mg-H- or EDTA.     ATPase activity 
increased with swelling,  although ATP was  unable to contract SEB-swollen 
mitochondria.     Cytochrome oxidase activity was  inhibited in  intact 
mitochondria exposed  to SEB.     These  findings  suggested SEB binding  to 
mitochondrial membranes, with resultant  structural alterations,   facilitating 
entry of  ions  and water  into mitochondrial membranes and compartments.     The 
presence of  SEB  in  rabbit  liver was  demonstrated by  liquid scintillation 
measurpments  and  confirmed by autoradlographic   techniques.     It was 
hypothesized  that mitochondrial swelling  in selected  tissues  i_n vivo,  with 
resultant  impairment  of   function,   could account  for  the clinical   syndrome 
associated with SEB intoxication. 

Progress,  Part   11 : 

SEB has  been   found   to  accumulate  within  lysosomes of rabbit  kidney 
cellsl'   (CES Annual Report,   FY  1970.   p.   93).     Since  lysosomes  contain a 
variety of  proteases  capable of digesting exogenous proteins^'   (Lysosomes 
in Biology and Pathology,  Vol.   2,   p.   216),   a study was  initiated   to determine 
their  role   in   the  metabolism of SEB.     Lysosomal proteases  extracted   from 
purified  liver  and  kidney  lysosomes-^-i_2'    (Arch.   Int.   Physiol.   72:698,   196M; 
J.  Ultrastruct.   Res.   16:13,   1966) were  used  to digest SEB in vitro  at  37 C  for 
up   to  72 iir.     Digestion of   tcxin was  determined by monitoring   the   increase  of 
ninhydrin-positive  material   in  the   incubatipn mixture. 
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Initial  experiments  measured  catabolism of  SKß  ns  a  function of  pll. 
A broad  pH activity  profile was   found v.'ith  a  peak  of  4,0 -  5.2.     Maximum 
release of ninhydrin-positive material   could  be  obtained  by using  a   1:20 
ratio of  lysosomal  enzyme  extract   to SEti. 

The amount  of   this  material  released  by  exaustive   lysosomal digestion 
when compared  to  that  released by  total  hydrolysis   of  the protein with 
6N NCI  indicated   that  approximately  8% of   the  molecule was hydrolyzod  bv 
lysosomal proteases.     Disc gel electrophoresis   and   immunoelectrophoresis 
showed   that  fragmentation of   the   toxin did  not  occur.     Predominant  araino 
acids   released by  lysosomal  digestion were   lyslne,   threonine,   tyrosine, 
asparagine,   aspartate,   threonine and  isoleucine.     These were  found   in 
the ratio of  10:3:3:3:2:1,   respectively,     ürly   trace amounts  of  proline, 
glycine,   glutamine  and  serine,  were observed.     These  findings  suggest   that 
lysosomal digestion  resulted  in cleavage of  a  small   portion of   the  carboxy] 
end of   the SEß molecule.     Furthermore,   this  data  suggested  that  lysosomal 
endopeptidases  (Cathepsin  D)  are as  ineffective  as  gastrointestinal 
proteases   (trypsin,   pepsin).?/   (Lysosomes   in  Biology  and  Pathology,   Vol.   2. 
p.   245)   in  fragmenting   the   toxin.     The observed   cleavage  of  amino  acids 
from  the carboxyl end of  an SEB molecule may be due  to  the action of  a 
lysosomal carboxypeptidase   (Cathepsin A). 

When  fluoresceln-labelled  SEB was digested  by   lysosomal  enzvmes,   a 
substantial portion of   the  fluorescein.  48%  in   36 hr, was  removed  from  the 
molecule.    Chromatography on Sephadex G-5Ö showed  that  the  label was  still 
attached  to an amino  acid moiety.     The majority  of   the protein,  however, 
showed an elution pattern similar  to that of  control SEB,    These experiment.s 
suggest  that evaluation of  SEB catabolism,  by  monitoring  the  release  of 
fluorescein label,   may  lead  to erroneous  interpretations   since  it  only 
reflects  the  release  of  a  small number of  labelled  amino  acids  fron  the 
carboxyl end of  the molecule  rather  than an extensive digestion of  the 
toxin. 

Lysosome-treated  SEB was   found   to  react with  specific  antiserutr. 
Administered orally  to monkeys  it demonstrated   the  sane  toxicitv as  native 
toxin. 

The  effects of  kidney   lysosomal  proteases  on  SLB  catabolisn were  similar 
to   those described  above  using   liver  lysosomal   hydrolases. 

Summary,  Part  II: 

Studies  of  in vitro   catabolism of  SEB  by   lysosomal   enzymes  arc  described. 
Based on release of  ninhydrin-positive material   from hydrolysate,   and 
immuno-  and disc gel  electrophoretic characterization of  hydrolysates, 
results   indicated   that   this   toxin   is  relatively   resistant   to hydrolytic 
attack by lysosomal  proteases.     In addition,   fluorescein   tag v.as   found   to 
be  readily cleaved   from  SEB  by   lysosomal  enzymes,   suggesting,  that   studies 
which  utilize  release  of   tills   label  as  an   indicator   of SEB  catabolism  are 
subject  to erroneous  interpretation. 
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i'ro^ross,   l'arl   1 1 I : 

Because  rcsisUmco of  StB  to   lysosomal hydrolysis was  an  unuxpuctod 
tiiidin^,   additional  studios were  performed  to determine   the   catabolisn of 
various other  proteins  by   lysosomai hydrulases   (Table   I).     These proteins 
were   incubated   in  a solution containing   5%  lysosomal  proteins,   prepared 
as described  in  Part  II,   for  72 hr at   37 C,  pH 4.4.    Hemoglobin,   the. usual 
substrate  for  cathepsin D,  was  59% hydrolyzed and bovine serum albumin, 
39%,   following  this  treatment.     ACTH,   insulin,  casein,   fibrinogen,  were also 
significantly  digested.    Y globulin,   SEB,  chymotrypsinogen,   protamine, 
gelatin,  RNase  and lysozyme were  found  to be relatively  resistant  to 
lysosomal digestion.     The  latter proteins,  which exhibited  the  greatest 
resistance   to hydrolysis, were,  with  the apparent exception of  gelatin, 
cationic proteins.     Proteins  that were  readily hydrolyzed,  on  the other hand, 
were primarily  anionic proteins. 

TABLE   I.     EXHAUSTIVL  DIGESTION  OF  PROTEIN  BY   LYSOSOMAL  EXTRACTS 

PROTEIN 

Hemoglobin 

BSA 

ACTH 

Fibrinogen 

Cytochrom^ c 

Casein 

Insulin 

Chymotryppinogen 

7S Y Globulin 

Gelatin 

SEB 

Lysozyme 

RNAase 

Protamine 

% HYDROLYZED IN 
72 HR 

Mean + SEM 

59.0 + 9.2 

38.8 + 4.6 

32.3 

23.5 + 3.6 

19.7 + 6.4 

17.9 

17.6 + 0.0 

8.8 

8.2 + 1.6 

7.0 + 3.0 

6.9 + 1.0 

4.9 + 1.0 

4.4 + 1.5 

0.8 

IS0ELECTRIC 
POINT 

6.9 

4.7 - 4.9 

4.6 

5.5 - 5.8 

9.8 - 10.0 

4.0 

5.2 

9.5 

7.3 - 8.2 

4.7 - 5 0 

8.6 

11.1 

9.6 

12.1 

Hi 



1 

139 

Protein hydrolysates were   further  characterized by  basic  and   acidic 
disc-gel  electrophoresis.     Degradation  of  hemoglobin was  so  complete  that 
no protein bands were observed  following   lysosomal  digestion.     Other 
proteins such  as  BSA,  Y globulin,   fibrinogen  and gelatin were   fragmented  intc 
a number of smaller  polypeptides.     lilectrophoretic  patterns   indicated   that 
the majority  of  resulting  fragments were   positively  charged  residues.     In 
contrast,  electrophoretic patterns of  cationic  proteins  following   72  iir 
of  lysosomal  digestion were similar   to  undigested  controls   indicating 
that fragmentation or degradation had  not  occurred. 

Lysosomal-treated Y globulin and  fibrinogen were  tested  for 
iraraunogenicity.     Serological responses  of   rabbits   immunized with   30  (v. of 
digested antigen  are  shown in Table   II.     Though higher hemagglutination 
(HA)   titers were  obtained after vaccination with native proteins,   lysosomal- 
treated  fibrinogen or Y globulin produced substantial HA titers.     Agar gel 
precipitin analysis  demonstrated  that  antibodies  produced by  digests  of 
fibrinogen and Y globulin identified with   those  produced by  the  correspondint 

control antigens.     These data indicate  that hydrolysis of  these  2  proteins 
by lysosomal  enzymes  leleases  fragments   that  are still  immunogenic,   and 
that,  since  immunological specificity  is  usually directed at   the  tertiary 
structure of antigens,   the  fragments  are  structually  intact.     The  data 
also support   the hypothesis  that  the  lysosomes of phagocytic  cells  may 
participate  in  immune responses by phagocytizing and digesting  particulate 
and soluble antigens,   thereby exposing  immunogenic sites,   then  releasing 
nondegradable  cationic  fragments  to  the  immune system as  specific 
immunogenic moieties. 

TABLE  II.     SEROLOGICAL RESPONSE OF RABBITS ADMINISTERED  LYSOSOMAL 
DIGESTED AND NATIVE ANTIGEN 

IMMUNIZING 
ANTIGEN TREATMENT 

REACTION WITH 
NATIVE ANTIGEN 

Fibrinogen 
None 

Lysosomal hydrolysis 
72 Hr 

HA Titer 

640 

80- -320 

... a/ 
Prcclpi tin— 

+ 

+ 

7S Y Globulin 
None 1280-2560 

Lysosomal hydrolysis    160 \20 

+ 

■I 

a.  Identifies with reaction of control sera. 
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Summary,   Pari   III: 

Studies ol   in  vitro catabolism of  various proteins  by   lysosomai 
liydrolasos  have boon conducted,     Results   indicated  that   cationic proteins 
showed  greatest   resistance   to   lysosomai  hydrolysis,   as  measured by  release 
of  ninhydrin-positive material,   disc-^cl  electrophoretic  and  immunoelectro- 
phoretic  characterization of hydrolysates.     In addition,   the serological 
responses   to hydrolysates  of   fibrinogen and Y globulin suggested  that 
immunogenic   fragments were  released  after  lysosomai hydrolysis.     The 
importance  of   these   findings   in  relation  to antigen handling by macrophages 
is  mentioned. 

Progress,   Part  IV: 

Enterotoxemia experimentally  produced  in rhesus monkeys by  continuous 
infusion  of SEB,   resulted in  characteristic dose-related electron 
microscopic  lesions.     The  pulmonary  endothclium exhibited  focal disruption 
of   the  cell and selective swelling of  the cytoplasmic  contents.     Changes  in 
subcellular organelles were not  noted;  basement membranes,   likewise, were 
unaffected  regardless of  the  absence of both pneumocytes  and endothelial 
cell  layers.     Mo endothelial  cell  emboli were seen.     Results  suggest a close 
relationship between  leukocytes,   sequestration and degeneration,  and 
endothelial change damage,     A manuscript has been written  for submission to 
a journal. 

Summary,   Part   IV: 

Ultramicroscopic studies were  conducted on tissues  of monkeys 
continuously   infused with  SEli. 

Progress  and Summary,  Part V: 

A new  study was begun  to evaluate  effects of  an  infection upon  function 
and  integrity  of  liver  lysosomes,   mitochrondria,  and perorisomes.     In  the 
first  model rats will be  infected with Diplococcus  pneumoniae.     Livers will 
be  assayed  for  proteins  and a series  of  enzymes using density gradient  zonal 
centrifugation. 

Presentation: 

1.     Canonico,   P.   Ü.     Lysosomai  processing of  exogenous   proteins. 
Presented  at Annual Meeting of  Federation of American   Societies   for 
Experimental  biology,  Chicago,   111.     12-17 April   1971. 

Publications: 

1.     Canonico,   P.   G.,   M.   J.   Van  Zwieten,  and R.   S.   Pinkerton.     1971. 
Lysosomai  processing of  exogenous  proteins.     Fed,   Proc.   30:600   (abstract). 
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2.     Canonico,   F.   G.,   and M.   J.   Van Zwieten.     1971.     Swelling  of 
rabbit   liver mitochondria induced by  staphylococcal  enterotoxin  13. 
J.   Infect.   Dis.     In press. 

LITERATURE   CITED 

1.     Canonico,   P.   G.,   and M.   J.   Van  Zwieten.   11971.     Swelling  of 
rabbit liver mitochondria induced by  staphylococcal enterotoxin  B. 
J.   Infect.   Dis.     In press. 

2. Commission on Epidemiological Survey. Dec. 
Annual Report FY 1970 to the Epidemiological Board. 
Detrick,  Maryland. 

1970.     Armed  Forces 
p.   93  to  109.     Fort 

3. Tappei,  A.   L,   1969.     Lysosomal enzymes  and other  components, 
p.   216  to  240.     In. J.   T.   Dingle  and  H.   B.   Fell   (eds.),  Lysosomes   in 
Biology  and Pathology.     Vol.   2.     American  Elsevier Publ.   Co. ,  New York. 

4. Trouet,  A.     1964.     Immunisation de lapins par des  lysosomes 
hepatiques  de rats  traites on Triton WR-1339.    Arch.   Int.   Physiol. 
72:698-700. 

5. Maunsbach,  A.   B.     1966.     Isolation and purification  of  acid 
phosphatase-containing autofluorescent grannuies  from homogenates of 
rat kidney  cortex.     J.  Ultrastruct.   Res.   16:13-34. 

6. Barrett, A.  J.     1969.     Properties  of  lysosomal  enzymes,  p.   245  to 
312.     In  J.   T.   Dingle  and H.   B.   Fell   (eds.),   Lysosomes   in  Biology and 
Pathology.     Vol.   2.    American Elsevier Publ.   Co.,  New York. 

■MMMa 



r 
T W 

BLANK 

HMHMBMH 



mtmt PAGE BLANK 
143 

ANNUAL PRüGRIiSS RüPORT 

Project No. 1B662711A096; 

Task No. 1B662711A096 02; 

Work Unit No. 096 02 002: 

Reporting Installation: 

Divisions: 

Period Covered by Repot; 

Professional Authors: 

Reports Control Symbol: 

Securitv Classification: 

Medical Defense Aspects of Biological Agents (U) 

Prevention and Treatment of Biological Agent 
Casualties 

Evaluation of Efficacy of Experimental Vaccines 
in Man. 

U.S. Army Medical Research Institute of 
Infectious Diseases 
Fort Detrick, Maryland 

Medical and Microbiology 

1 July 1970 to 30 June 1971 

Peter J. Bartelloni, Lt Colonel, MC (I-V) 
Nemesio II. Francisco, Major, MC (I-V) 
Venton R. Harrison, WRAIR (II) 
Burton A. Dudding, Major, MC, WRAIR (IV) 
Philip K. Russell, Lt Colonel, MC (IV) 
John D. Marshall, Jr., Colonel, MSC (III) 

RCS-MEDDH-288(R1) 

UNCLASSIFIED 



m 
RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY 

I    «OINCV «CCIKION* 

DA OL082 9 
»   D*TI Or iUMHARV* 

71  07 01 
utroHT coH-rmoL trttaoL 

t   0»Tt  PRtV ^UM*«V     4    KINO OF  SuUMARV 

71 oi 06    ID. CHANGE 
S   SUMMARYSCTV »   mom*. SCCUMITV T    NIONAOING* I* OISB'N INITM'N 

NA NL 
•h, j»iciric O»T*- 
CONTIUCTOII «CCCJ» 

OWlS D MO 

».  LIVIL OF IUM 

A.  «ORK UNIT 

10   NO    CODES ' PROGRAM Ei-EMENT PROJECT NUMBER TASK  «RCA  NUMBER WORK UNIT NUMBER 

"005" 62 711A 18662711A096 02 
b.   COMTNIB j TINO 

tLtmtn CDOG  12 12b (9; 
'i    TITLt    P'«<r«d* »I**   s.cu'M, ci«*«f'lt-«(iun  C*d»)' 

(U) Evaluation of Experimental Vaccines in Man in BW Defense Research (ID 
I    $CtCNTiriC   AND   TECHNOLOGICAL   ARCAS* 

003500  Clinical Medicine;   004900 Defense;   002300 Biochemistry 
II   START  DATE 

61   10 
I«   ItTIMATIO COMPLETION DATE 

CONT 
IS  ruNOINO AQENCV 

DA 
It   RERrORUAHCE METHOD 

C.   In-house 
IT CONTRACT GRANT 

A OATt»/If f ICTIVE 

b. NUMMER * 

li   RESOURCES ESTIMATE ft RROEEtSIONAL MAN VRS        k   ruMOSffn tt—mmtm) 

c   T- Pt 

& KINO OF   *«ANO 

NA 

EXPIRATION 

4  AMOUNT: 

(, CUM.   AS 

FISCAL 

YEAR 

71 
CUIIIMT 

72 

190 

160 
It   RESPONSIBLE OOO ORGANIZATION 10   PERrORMINO ORCAHIIATION 

NAME*     USA Medical Research  Institute of 
Infectious Diseases 

«OORESS« Fort  Detrick,  Md    21701 

NAME*     Medical  Division 
USAMRIID 

AODRESSI« Fort Detrick,  Md    21701 

RCSRONSiBLC INDIVIDUAL 

TCLCPNONC. 

Crozler,  D. 
301  663-4111 Ext  5233 

PRINCIPAL INVESTIGATOR rrunlAA ttAM II U I, AcaMailc fntllnillMJ 

Bartellonl, P. J. 
301 663-4111 Ext 6135 

NAME * 

TELEPHONE 

SOCIAL SECURITY ACCOUNT NUMBER 

II    GENERAL USE 

Foreign intelligence considered, 

ASSOCIATE INVESTIGATORS 

Francisco,  N.  M. 
NAME: 

NAME: 
DA 

WTarcTnesT^'TÄnTzatro'S;   (U)  Encephalitis,  equine   (EEE);(U)  Militaiy Medicine; 
(U)  Chlkungunya;   (U) Adenovirus  Type 21;   (U)  Plague;   (U)  Human volunteer.Rift Valley Fev ir 
■       I   »-A ^ « » *-  *  ■ ■ *—• ■' ■ ■ " i f      a  

II    TECHNICAL OBJECTIVE,*   14   APPROACH,    IS   PROGRESS ffumlAA In4l<rldü«f p«r«tF«pAt H9tilUl9d »»- nimbtf   Pr*c«4« 19*1 ol lacA wllh SAFurlfr CfAFAlncAtfon Co** 

23 (U)   Evaluate experimental  vaccines developed by various  contractors,  organizations 
or other  governmental agencies. 
24 (U)   Test  vaccines are  given   to experimental animals,  and when considered  safe,   to 
volunteers. 
25 (U)   70 07 -   71 06  -   Inactivated Rift Valley Fever Vaccine was evaluated  in man by 
administration of 2 doses of  0.5 ml each 28 days apart;  neutralizing antibody were 
adequate  in majority of subjects  up  to day 270 hut not  on day 360. 

Chikungunya Vaccine,   Inactivated,   Lot E-20, was evaluated   in a year  long study  in 
volunteers.     The  vaccine was   found  to be of  low reactogenicity and high antigenlclty 
when administered   in 2  doses  of  0.5 ml  or  1.0 ml  28 days  apart. 

Plague  Vaccine,  USP   (E Medium) was evaluated  in  volunteers.     Each subject was admin- 
istered a  primary dose  of  1.0  ml  and booster doses of  0.2  ml  on days  90 and 2 70.     A  few 
mild   local   reactions  occurred.     Primary  immunizations  resulted  in hemagglutination   (HA)   j 
antibody responses  in 837. of subjects.     Subsequent administration of booster doses  of 
vaccine   resulted   in HA response   in  937, of  subjects  on  day 270. 

Adenovirus  Vaccine,   Live,   Oral,  Type  21, was  found  to be  of  low reactogenicity,  anü 
to elicit a  satisfactory neutralizing antibody response  in  9^7. of volunteers  28 days 
after administration of  vaccine.     No evidence of communicability amoung unvaccinated 
controls was   found. 

An   inactivated  EEE Vaccine  produced  by  large  scale  production methods was   given   to c 
number  of  volunteers   in  2  different  dosages 28 days  apart.     No  significant  clinical 
reactions  occurred,     Serologlcal   results  are not  yet available. 

Publications:     .1. immun, 1971.   In  press.     J.   Infect.   Dis.   1971.   In press. 
nUbti   tn . onffi. ('i _xs. originator' s tpfiruv*! 

DD,:rJ498 FHt 
A NO 

OUS   EniTlONS   OF    THIS   FORM   ARE   OBSOLETE        On   FOPM5   ,4^HA 
'409   I      1   MAR   66   iFOR    ARMY   USE:   ARE   OBSOLETF 

i»   . mimtammmmmmmtm 



145 

BÜÜY  OK REPORT 

Project  No.   1B662711A096:     Medical  Defense Aspects  of  Biological  Agents   (U) 

Task No.   1B662 711A096 02:     Prevention and Treatment  of  Biological  Agent 
Casualties 

Work Unit  No.   096 02 002:     Evaluation of  Efficacy of  Experimental   Vaccines 
in Man. 

Description: 

Evaluation of experimental vaccines developed by various organizations, 
contractors, or other governmental agencies. 

Progress, Part I: 

Evaluation of Inactivated Rift Valley Fever Vaccine (Medical Division 
Project No. FY 69-101: A year long study in 16 volunteers to determine the 
clinical and serological responses to 2 doses of 0.5 ml each of Rift Valley 
Fever (RVF) Vaccine, Inacf'vated, Tissue Culture Origin, NDBR 103, Lot 6 
(National Drug Co.) was completed.  Clinical, laboratory results and sero- 
logical determinations on specimens obtained up to day 90 were reported 
previously!'' (USAMRIID Annual Progress Report FY 1970, p. 105).  Serum 
neutralization tests performed on blood specimens from vaccinees for the 
entire study are shown in Table I. 

As shown, the majority of subjects did not achieve significant 
neutralizing antibody until 14 days after the administration of the second 
dose of vaccine.  Mean LNI remained significant thereafter until day 360 
when the mean LNI decreased to 1.6 logs.  As shown in Table I, the majority 
of subjects maintained significant antibody from days 42 through 270. On 
day 360 only 6 of 14 subjects (43%) had adequate neutralizing antibody: 
of these, 5 showed a decrease in neutralizing antibody titer below 1.7 logs 
between days 270 and 360, one volunteer achieved and maintained significant 
antibody from day 14 to day 180 only, one subject failed to develop adequatii 
neutralizing antibody following vaccination, an additional subject failed to 
maintain significant antibody after day 56. 

Summary, Part I: 

Serological responses were evaluated on blood specimens obtained from 
16 volunteers administered 2 doses of 0.5 ml each of RVF vaccinu 2 8 days 
apart.  The majority of subjects developed adequate neutralizing antibody 
by 14 days after the second dose of vaccine, and mean LNI were significant 
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TABUE   I.    NEUTRALIZING ANTIBODY REPONSES4'   IN  16   VOLUNTEERS WITHOUT PRIOR 
RVF EXPERIENCE TO THE ADMINISTRATION OF 2 DOSES OF 0.5 ML EACH OF 
RVF VACCINE 28 DAYS APART. 

VOLUN- LOG10 SNI BY DAY AFTER THE FIRST DOSE 

TEERS 14 28 42 56 90 180 270 360 

SBA 1.9 1.9 3.0 2.8 2.5 2.1 1.5 1.5 

FLL 2.0 1.4 2.5 2.5 2.1 2.7 2.5 1.6 

RWR 1.5 1.3 2.3 2.2 2.0 3.2 2.9 2.6 

SLB 0.7 0.6 2.4 2.4 2.6 2.4 2.3 1.0 

KWJ 0.0 2.3 1.4 1.4 1.8 2.7 2.0 0.0 

WE 0.4 0.9 1.7 1.0 1.1 0.7 0.0 0.6 

CRR 1.2 1.9 2.1 ND 1.1 3.1 2.1 ND 

JLS 0.8 1.2 1.5 2.3 1.2 2.0 2.5 1.5 

GLS 1.4 1.9 2.5 2.0 2.0 3.0 1.7 2.3 

E.IR 2.1 1.4 2.1 2.3 1.6 2.0 1.7 1.0 

JAR 2.2 2.4 2.0 2.2 1.6 2.5 3.0 2.5 

MVM 1.1 1.0 2.0 2.0 1.5 1.0 0.5 1.3 

RBH 1.0 0.9 0.5 0.9 0.4 2.9 2.1 2.6 

DRS 1.7 1.8 2.4 2.5 2.5 2.2 2.2 2.2 

DES 0.9 1.4 1.5 1.8 2.4 ND 1.8 1.8 

REE 2.6 2.1 ND ?..o 2.5 ND 1.3 ND 

MEAN 1.3 1.5 2.0 2.0 1.8 2.3 1.9 1.6 

No.   > 
1.7 Logs    6/16 7/16 11/15 12/15 9/16 12/14 12/16 6/14 

% 38 44 73 80 56 86 75 43 

RANGE    (0.0-2.6)(0.6-2.4)(0.5-3.0)(0.9-2.8)(0.4-2.6)(0.7-3.2)(0.0-3.0)(0.0-2.6) 

a. No subject had demonstrable neutralizing antibody on Day 0. 
b. ND = Not  done. 
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until   day   360.     The  majority  of  vaccinees  had  significant neutralizing 
antibody  at  various   times  after vaccination until  day   360 when only 6  of 
I't  ;.ub.lecls  or  ^3%  had  significant  neutralizing  antibody. 

I'ruBreHH,  Part   IJ_: 

Kyol uo^t I on  uf   Inactivated Chlkungunya Vaccine,  Dried,   Tissue  Culture 
Oi IglnVTut  Y-Yo   (Medical  Division Project  No.   FY   70-51:     Clinical  and 
I uliorutnry  rt'Hults   in  16 volunteers administered  two  0.5 ml  or 1 ml doses of 

'lumgunya vaccine  28 davs  apart were reported  previously.i'     Blood was 
luini'd   lor Kernlogical  tests  prior  to vaccination and on days  14,  28,  42, 

Mi,   'Ml,   IHO,  270,  and   360.     Tissue  culture  serum neutralization  tests, 
rumplemunl-fixation  (W)   and  hemagglutlnatlon-inhibiting antibody   (HI) 
dvU'rmlnatlona were  performed by Mr.   V.   R.  Harrison,   Department  of Virus 
Dl si am'i, l)| vl sion of Communicable  Disease  and  Immunology,  Walter   Reed Army 
Inst UuU"   uf  Research,   Washington,  D.   C.     Table   II  shows  diese  serum neut- 
ralization   Indices.     Although not  shown in  the  table,   the majority of  subjects 
In  both Croups   1  and  II  achieved  significant neutralizing antibody 14  days 
following  the  first  dose  of  vaccine.     However,  not until  14  days  following 
the  second dose  of vaccine,  day 42,  did all  subjects  develop significant 
neutralizing antibody with a mean LNI of 2.7  logs  in both Croups   I  and   II. 

TABLE  II.     SER0L0C1CAL RESPONSES OF VOLUNTEERS 
WITHOUT PRIOR CHIKUNGUNYA EXPERIENCE 
TO  THE ADMINISTRATION OF 2 DOSES OF 
CHIKUNGUNYA VACCINE. 

 MEAN LNI* BY DAY   (Range)  
DAY                           Group  I              "     '        Croup   II 
 (0.5+0.5 ml) (1.0+1.0 ml) 

0 0 0 

14 1.8 (0.7-2.7) 1.9 (1.3-2.5) 

28 1.9 (1.3-3.0) 1.9 (1.0-3.0) 

42 2.7 (2.C-3.5) 2.7 (2.0-3.5) 

56 2.6 (1.4-3.4) 2.8 (2.4-3.3) 

90 2.6 (1.7-3.6) 2.9 (2.0-4.0) 

180 2.5 (1.7-3.0) 2.4 (1.4-3.6) 

270 2.4 (1.7-3.0) 2.5 (1.4-3.6) 

360 2.2 (0.7-3.6) 2.7 (1.4-3.6) 

* Log^Q serum neutralization  test. 
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Mean LNI remained significant and neutralizing antibody persisted to day 360 
in both groups.  Although the mean LNI on days 56 through 360 were slightly 
higher In Group II, they were not considered to be significantly different. 
Only one subject in Group I had an LNI - 1.7 logs on day 360; although this 
volunteer had achieved an LNI of 2.3 logs on day 42, his titer had decreased 
to 1.4 logs on day 56, but Increased to 1.7 logs on day 90 and remained at 
this level until day 360 when it decreased to 0.7 logs.  Only one subject 
in Group II had an LNI • 1.7 logs on day 360.  This volunteer had a significant 
neutralizing antibody titer on day 42 which persisted to day 90 but decreased 
on day 180 to 1.4 logs and remained at this level through day 360.  CF and HI 
tests remained lov% throughout the entire study and did not correlate with 
neutralizing antibody titers.  There did not appear to be any significant 
differences in mean neutralising antibody titers obtained in either Group I 
or II. 

Summary, Part II: 

Chikungunya Vaccine, Inactivated, Lot E-20, was evaluated in volunteers. 
The vaccine was found to be of low reactogenlcity and of high antigenicity 
when administered in 2 doses of 0.5 ml or 1.0 ml 28 days apart. 

Progress, Part III: 

Evaluation of the clinical and serological responses of volunteers to 
the administration of Plague Vaccine USP (E Medium; (Medical Division Project 
No. FY 70-7) :  Twenty-nine healthy male volunteers were administered 1.0 ml 
of Plague Vaccine, USP (E Medium) intramuscularly in the deltoid region of 
the arm on day 0 and a C.2 ml booster on day 90 and 270 in an identical 
manner.  Each vaccinee was observed 24 and 48 hr following each vaccination 
to determine reactogenlcity.  Blood was obtained from each vaccinee prior to 
vaccination and on days 15, 30, 60, 90, 105, 120, 150, 180, 210, 240, 270, 
285, 300, and 3'JO for hemagglutination (HA) and complement fixation (CF) 
tests.  Additional blood specimens will be obtained on days 360 and 390. 

After the initial dose, 26 volunteers experienced local soreness.  In 
2 of these, erythema ranging from 2-5 mm in diameter developed, in one man 
the erythema was associated with pruritus.  One vaccinee complained of 
feverish sensation and 3 other participants remained asymptomatic. 

Following the booster dose, 15 volunteers experienced local soreness, 
in addition, 5 had erythema ranging from 2-20 mm in diameter, 3 had induration 
of 2-3 mm in size, and 3 had associated axillary adenopathy.  One volunteer 
developed headache and had an oral temperature of 99.4 F within 8 hr of the 
injection. 

Following the second booster dose of vaccine, 11 subjects had no local 
or systemic reactions.  Eighteen subjects developed soreness at the injection 
site which was mild in severity and did not interfere with performance of duty. 

M^MMBMaHM 
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In only 4 subject did  local  .sympt;oni.s  persist  for 72  hr.     In  the  remainder 
symptoms  persisted   for   •   24-48  hr.     Two   individuals developed  erythema 
of 1  cm or less  24  hr  following  inoculation which disappeared  by  the   3rd  day 
following vaccination. 

Table   III  shows   the  serological   responses   fur  Uu    first   11   nionLiis. 
Twenty-four of  29  subjects developed  HA antibodies   in  response  tc  the 
initial   immunization.     The geometric mean  titer   (GMT)  was   \ :'. by day 9C, 
the GMT had declined to 1:19.  All 29 individuals failed to produce CF 
antibodies following the first immunization. 

Twenty-six individuals showed a booster response as measured by ILA 
antibody following the second inoculation.  The GMT on day 105 was 1:140. 
During the following 6 mon period there was a gradual decline in HA antibody 
in all individuals.  The GMT at day 270 was 1:24.  CF antibodies were 
detected in 19 individuals on day 105.  However, by clay 180 the CF titer 
became negative in all but 1 subject. 

Tiie second booster inoculation stimulated ILA antibody production in 27 
Individuals resulting in a GMT of 1:576 on day 285 which was followed by a 
gradual decline in titers during the next 2 mon.  ihe CF antibody response 
to the second booster was essentially the same as seen previously. 

It is interesting to note that 5 individuals failed to respond to the 
primary immunization and that subsequent booster Inoculations reduced this 
number to 2. 

Summary, Part III: 

Twenty-nine individuals administered a primary and 2 booster inoculations 
of Plague Vaccine experienced mild local reactions.  Primary immunization 
resulted in HA antibody response in 83%.  The subsequent administration of 
booster doses of vaccine on days 90 and 270 resulted in production of measur- 
able HA antibody in 90 and 93/', of the individuals respectively. 

Progress, Part IV: 

Evaluation of Adenovirus Vaccine, Live, Ural Type 21, Lot 1CCtX-Ü1201 
(L-AV-21) (Medical Division Project No. FY 71-2J :  The clin1ca 1, serologica1 
safety, infectivity, and communicability of L-AV-21 were evaluated in 
volunteers. 

The vaccine virus used for immunization was an adenovirus Type 21 strain 
(V-270) obtained by Wyeth Laboratories fron; Dr. R. Chanock, National Institutes 
of Allergy and Infectious Diseases, National Institutes of Health.  The strain 
was isolated in human embryonic kidmv (HLK) cell cultures, passaged 3 addi- 
tional times in HLK cultures and 11 times in human dipluid fibroblast (Wl-38) 
cultures.  The product was lyophilized, mixed with an inert vehicle and 
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TABLK III. HEMAGGLUTINATION AND COMPLEMENT-FIXING ANTIBODY 
RESPONSES OF 29 INDIVIDUALS ADMINISTERED PLAGUE 
VACCINE  USP   (E MEDIUM) 

VACCINE 
DOSE 

DAY 

HA POSITIVE CF POSITIVE 

ML No. 1 GMT-a/ No. Z GMT^/ 

0 2 1 0.2 0 

1.0 0 

15 24 83 25 0 

30 25 86 22 0 

60 25 86 27 0 

90 24 83 19 0 

0.2 90 

105 26 90 140 19 66 6.0 

120 26 90 106 16 55 4.0 

150 26 90 96 5 1.5 

180 25 86 67 10 0.7 

210 24 83 48 6 0.5 

240 24 83 44 3 0.2 

270 23 79 24 3 0.2 

0.2 270 

285 27 93 576 17 59 6.5 

300 27 93 383 17 59 5.2 

a.  Reciprocal. 
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prepared into enteric coated capsules (Lot 16CIX-01201) by Wyeth Laboratories, 
The capsules contained lO6*^ median tissue culture infectious doses (TCIÜ5Q) 
as titrated in IIEK cell cultures. 

Fifteen healthy male volunteers found to be free of demonstrable adeno- 
virus Type 21 antibody by tissue culture neutralization tests were studied. 
Ten subjects were fed ICr'^ TCID50 of L-AV-21.  Five volunteers were admin- 
istered enteric coated placebo capsules.  Volunteers were housed on two 
closed research wards; each ward contained volunteers who received vaccine 
and subjects who received placebo.  All subjects were examined at least twice 
daily for 21 days following exposure for evidence of respiratory disease or 
other untoward reaction.  Each subject had frequent laboratory determinations 
for white blood cell and differential counts, hematocrit, platelet counts, 
serum glutamic oxalacetic transaminase, serum glutamic pyruvic transaminase, 
direct and indirect bulirubin, blood urea nitrogen and alkaline phosphatase 
determinations.  The above tests were performed according to standardized 
laboratory procedures. 

Blood was obtained at 0800 hr from each subject on days -4, 0, 7, 10, 
1A, 18, 21, and 28 for serological studies.  Serum neutralization tests were 
performed on serum samples from volunteers in HEK tube cultures using Adeno- 
virus Type 21 Vaccine Strain (V-270).  Serum neutralization end-points were 
determined at a time when the test dose of virus showed 10 TCID50 in KEK 
tube cultures. Adenovirus CF titers on blood obtained on days 0 and 28 were 
determined by a standard microtiter procedure against a commercial adenovirus 
CF antigen obtained from Microbiological Associates.  Throat washings and 
stool (or rectal swab) specimens were obtained on each volunteer on study 
days -4, -3, -2, -1, 0, and daily through day 23; 0.3 ml aliquots of a 10% 
suspension of each stool specimen were inoculated into 2 HEK tube cultures. 
Tubes were incubated at 36 C and observed for cytopathic effect (CPE) every 
other day.  Isolates exhibiting characteristic CPE were typed in tissue 
culture neutralization tests in HEK tube cultures with hyperimmune ADV Type 
21 antiserum. 

No meaningful changes in clinical laboratory values were found in the 
vaccinees or the placebo group of subjects. 

ADV-21 nasopharyngeal excretion was not demonstrated in throat washings 
of either vaccinees or those subjects administered a placebo. 

The pattern of ADV-21 excretion in the stool is shown in Table IV.  Nine 
of 10 volunteers receiving L-AV-21 excreted adenovirus Type 21 in the stool. 
ADV-21 shedding was demonstrated first on day A and last on day 21 of the study 
Duration of fecal shedding varied between 4 days and 17 days.  None ot the 5 
volunteers receiving the placebo tablet excreted ADV-21 in the stool during 
the study.  One immunized volunteer. No. 3, excreted ECHO virus Type 0 in his 
stool from day -4 to day 12 of the study. 

mmmmmmmmmm mmmm^M 
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TABLE IV.  ADENOVIRUS EXCRETION IN STOOL IN 
SUBJECTS RECEIVING L-AV-21* 

VOLUNTEER 
NUMBER 

ONSET OF RECTAL 
SHEDDING 
day 

DURATION OF 
EXCRETION 

days 

1 6 8 

2 6 11 

3 6 10 

5 14 4 

6 10 11 

8 7 10 

10 6 11 

11 4 17 

13 5 15 

15 0 0 

* No adenovirus Type 21 excretion was found in 
those subjects administered a placebo. 

Table V shows the ADV-21 neutralization titers of volunteers prior to 
the administration of vaccine and a placebo on day 28 of the study. Neutra- 
lizing antibody was not detected in the 28-day serum of the 5 placebo volunteers 
or in one immunized volunteer who failed to excrete ADV-21. 

Complement-fixation tests were negative before vaccine administration 
and on day 35 in both vaccinees and controls. 

Antibody responses of the 9 immunized ADV-21 excretors were variable; 
two showed detectable neutralizing antibody only at a 1:2 serum dilution, 
whereas 2 others hau titers of 1:64.  Repeat neutralization tests using a wild 
ADV-21 isolated from a subject at Fort Dix, New Jersey in 1967 gave similar 
results. 

Mild, afebrile upper respiratory disease or diarrhea was noted in 3 
immunized and 2 control volunteers.  Relationship of these illnesses to ADV-21 
stool excretion are summarized in Table VI. 
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TABLE V.  ADV-21 NEUTRALIZING ANTIBODY TITERS IN SUBJECTS ADMINISTERED 
ORAL L-AV-21 AND AN ENTERIC COATED PLACEBO CAPSULE. 

NEUTRALIZATION TITERS-^ 
VOLUNTEER 

NUMBER 
DAY  OF 

EXCRETION 
RECIPROCAL 

28 Day 

IMMUNIZED 

Excretors ADV-21 1 8 2 

2 11 32 

3 10 64 

5 A 4 

6 11 8 

8 10 2 

10 13 32 

11 17 64 

13 15 64  • 

Non-Excretor 15 0 •2 

PLACEBO U 0 • 2 

1 0 . 2 

9 0 ■ 2 

12 0 . 2 

14 0 ••2 

a.  Day C citers w^rc ■ 1:2 
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TABLE VI.     RELATIONSHIP  BETWEEN ADV-21 RECTAL  SHEDDING 
AND  ILLNESS 

STOOL  EXCRETION RESPIRATORY 
VOLUNTEER ADV-21 DISEASE DIARRHEA 

NUMBER (Studv Days) (Study Days) (Study Days) 

IMMUNIZED 

15 None 7 9   ■ 16 

10 6,8 -  16,18,20 13 - 14 None 

1 6,8 -  13,15 None 16 - 18 

PLACEBO 

4 None -4-0 16 

12 None None 20 

Volunteer No.   15 who failed  to excrete ADV-21 in his  stool had  inter- 
mittent diarrhea from study day 9 to 16.    Diarrhea in  3 other volunteers was 
observed between days 16  and  20.     No viral pathogens  or Adenovirus Type 21 
were isolated from the stools collected during these periods. 

Nine of  10 volunteers receiving L-AV-21 excreted ADV-21  in the stool 
and all excretors developed ADV-21 neutralizing antibody.     The  infection 
rate obtained with this  lot  of vaccine virus  (10^'^ TCIDso/capsule)  appears 
to approach 907. and thus  is entirely  suitable  for use  in man. 

ADV-21 was not recovered  from the pharynx of immunized volunreers. 
No evidence of communicability of the vaccine virus was  found  in 5 controls 
given a placebo,  who also lacked detectable serum ADV-21  neutralizing 
antibody and who were housed together with the immunized group. 

In all  immunized volunteers who excreted ADV-21, vaccine neutralizing 
antibody was  present in the 28-day serum. 

Summary,  Part  IV: 

Adenovirus  Vaccine,  Live,  Oral, Type 21 was administered to 10 
volunteers.     It was found  to be  safe,  of low reactogenicity and high 
antigenicity.     Nine of 10 vaccinees excreted ADV-21  in the  stools  for a 

L 
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variable  period.     No  pharyngeal  excretion  of ADV-21  was  observed.     No 
evidence  of  coramunlcability of vaccine  virus was  obtained,     iiinety  percent 
of vaccinees developed   infection when administered  an oral  dose  of  approxi- 
mately 106-4TCID 50 of ADV-21  vaccine, 

Progress,   Part  V: 

Evaluation of  Eastern Equine  Encephalitis   (EEL)   Vaccine,   ForTiülin_- 
Inactivated,  Tissue  Culture Origin,   NDBR 10A   (Medical Division   Project  NCK 
FY  71-4 and  71-5) :     Clinical and serological  evaluation of  a laboratory  lot 
of EEE vaccine,   formalin-inactivated,   tissue  culture origin,  Lot  1-1966 
produced  by  the  Virology Division,   USAMRIID has  been described   in  previous 
reports!/   (USAMRIID Annual Progress Report,   FY 1968,  p.   89).     The  National 
Drug Company,   Swiftwater,  Pa.  has developed methods  for large  scale  pro- 
duction of this  vaccine  under contract   to the  United  States  Army Medical 
Research and Development  Command   (Contract No.  DA49-193-MD-2125).     One 
experimental  lot  has been produced   for  human use,   this lot  was  divided 
into 2 portions designated Run 1  and Run 2 which was subjected  to  identical 
processing.    The vaccine was approved  for clinical  trials by the Army 
Investigational  Drug Review Board  on  7 December 1970. 

The  initial  study   (Project No.   FY  71-4)  was  for acceptability,  to 
determine  the  extent,  if any,  of local  and  systemic  reactions  resulting 
from the  parenteral  administration of  this vaccine.     Four non-Whitecoat 
volunteers were  utilized in this  study.     Two sutjects were administered 
0.1 ml of  vaccine  intradermally and 2 were  administered 0.5  ml  of vaccine 
subcutaneously.     Each individual was  observed at   30 min and  at  approximately 
24 and 48 hr following the administration of vaccine.    None of  the  subjects 
administered vaccine developed local  or  systemic  reactions and  none had a 
febrile response. 

The  second   study   (Project No.   FY  71-5)   was  initiated  to determine  the 
clinical  and  serological  responses  in healthy male volunteers  to  the adminis- 
tration of  2  different  doses of  the vaccine.     Sixteen volunteers  participating 
in Project  Whitecoat  were  utilized   in  this  study.     They were  divided   into 2 
groups of  8 eacli  and designated  Croups   I  and   II.     Croup   I  was  administered   2 
doses of  0.5 n''   each  of   EEE vaccine  28 days  apart.     Group   II was  administered 
0.25 ml  of  EEE  vaccine  28 days apart.     Subjects were observed  24  and   48 hr 
after each dose of vaccine  for local  and  systemic  reactions.     Blood was 
obtained  prior  to  vaccination and  on days   7,   14,   28,  and   35   for   Eastern 
virus neutralizing antibody.     Additional  specimens will  be  obtained  on days 
42,  56,   90,  180     270,   360,  and  390. 

No significant  local  or systemic  reactions developed   In vaccinees 
following   the  administration of  the  2  doses  of vaccine.     No  subject   developed 
a febrile  response.     Serological  data on specimens  are not   yet  available. 
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Summary,   Part  V: 

An  I'A'.V-  vaccine  produced  hy The National  Drug  Company,   Swlftwater,  Pa. 
utilizing large  scale  production methods has been  administered  to a limited 
number of  subjects.     It  has  been   found  to be of  low  reactogenicity when 
administere.d  subcutaneousl y   in  2 different  doses   28 days  apart.     Serological 
results  are not yet  available. 
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2. Harrison,   V.   R. ,   K.   E.   F.ckels,   P.   J.   Bartelloni,  and C.   Hampton. 
1971.     The production and  evaluation of a formalin-killed Chikungunya vaccine. 
J.   Immun.   In press. 

3. Top,  Jr.,  F.   H. ,   R.   A.   Grossman,  P.  J.   Bartelloni,  H.   E.   Segal, 
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Assess the effect  of  antimicrobials and   various drug regimens  in various 
diseases. 

Progress and Summary: 

During the year,  no  tests were performed. 
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BODY  OF  REPORT 

Project  ;.o.   1B662711A096:     Medical  Defense Aspects  of Biological Agents   (U) 

Task 'do.   1B662711A096 02:     Prevention   and Treatment of  Biological Agent 
Causalties 

Work Unit  No.   096 02 004:     Studies   in  Combined Antigens 

Description: 

Determine  the feasibility of  combining various  inununizing antigens 
and establish  the compatability,   optimal dose,  best schedule   for 
administration,   and efficacy of the  combinations. 

Progress,   Part  I: 

Studies  have been  continued to  evaluate  the efficacy  of  a  combined, 
pentavalent vaccine  composed of  the  following Inactivated particulatc 
vaccines:     Western equine encephalitis   (WEE),  Eastern equine  encephalitis 
(EEE),  Rift Valley fever  (RVF),  Chikungunya  (CHIK)  and Q  fever   (0).     The 
rationale  and  preliminary experiments   relating  to this project were 
described previously!/   (USAMRIID Annual Progress Report,  FY   1970,  p.   121). 

The median intraperitoneal effective dose  (ED^Q)  was determined  for 
each vaccine by  bioassay;  an EDJQ was  defined as  that quantity   (ml)  of 
vaccine  injected  intraperitoneally   (IP)  at 0 and 4 weeks which  protected 50/. 
of animals  against a challenge with  100-1000 median  IP lethal  doses 
(LD^Q),  or median IP  fever doses   (FD50)   in  the case of Q  fever,  of 
horaologüus  virulent organisms  2 weeks  after  the last immunization. 
Characteristics  of  the mouse-adapted strain of virulent Chikungunya virus 
(CHIK 168)  were such  that injections of CHIK vaccine were given on days U 
and  7 and  intracerebral   (IC)  challenge was on day  14.     Challenge materials 
employed were:     the California strain of WEE,  Cambridge strain  of EEE, 
Entebbe strain  of RVF,   CHIK  168 mouse-adapted strain,   and  Phase   I  Coxlella 
burnetii. 

Lakeview   (LV6:LAK)   golden Syrian   female  hamsters,   8-10 weeks   old,  wert 
used   for  assays  of WEE,  EEE  and RVF   vaccinep.     The hamster  could  not  tie 
employed for Q studies  so  that Hartley  strain guinea pigs   (Fort  Dctrick), 
250-300 gm,  were utilized.     Male,  Charles River,  CD-I strain   (HaH/lCK) 
Swiss  albino mice,  17-20 days  old,  were  used  for Chikungunya  assays. 
Different  challenge doses were employed  to determine ED^Q values  for each 
component  of   the  proposed  combined  vaccine,  but studies with   LEE and  RVF 
vaccines indicated that ED50 values  remained essentially  the  sane  for 
different  levels  of  challenge   (Table  I). 
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TABLE I.  MEDIAN' INTRAPERITONEAL EFFECTIVE ÜOSE (ED50)   FOR COMPONENTS 
OF PENTAVALENT VACCINE. 

VACCINE CHALLENGE DOSE ED30 
(origin) (LD50) (ml) 

WEE - Lot 6 630 0.003 
(Virology Division, 
L'SAMRIID) 

EEE - Lot 2-3 40,000 0.011 
(NDBR) 200 0.009 

RVF - Lot 3 1,000 0.038 
(NDBR) 31,000 0.031 

Q - Lot DP-7 500^/ 0.002 
(WRAIR) 

CHIK - Lot E-8 
(WRAIR) 1,600 0.017 

- Lot 1 1,600 0.017 
(Virology Division, 
USAMRIID) 

a.  FD50. 

If  50 ED^Q of each   component  antigen were  incorporated  in a 
pentavalent vaccine,   the  volume  for 1  immunizing dose would be  3.1 ml, 
consisting of 0.1 ml Q,   0.15 ml  WEE,  0.55 ml EEE,   0,85 ml CHIK and 
1.5 ml  RVF vaccine.     Therefore,   it was  decided   to employ  0.5 ml  of  RVF 
vaccine or  13 ED50.     Although   this  reduced an  immunizing dose,  of 
pentavalent  vaccine  to   2.17  ml,   this  volume still was   considered excessive 
for  administration  to mice  and hamsters.     To  achieve   further  reduction 
in  volume,  we decided   to  resuspend  the A lyophilized  vaccines   (EEE, WEE. 
RVF and Q)   in   fluid CHIK vaccine.     This  preparation   contained   1  immunizing 
dose  in only 0.85 ml.     As  expected,   this  product was   hypertonic.    Analyses 
indicated  an osmolality   of   736  millosomoJs with   2.4  pni/100 ml   total  protein, 
358 mEq/L  Na and  13.0 mEq/L  K,  with  a pH  7.63. 

Although  a pentavalent  preparation passed safety   tests   in mice and 
guinea pigs,   as defined  by  USPHS   Regulations,  Title  42,   Part  73, 
iiypertonicicy  of  the  combination  raised a question   regarding acceptability 
of  such a product  in primates.     It was elected   to  perform a pilot  study   in 
rhesus  monkeys   to evaluate   local   and systemic effects   of  a  hypertonic 
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combined  vaccine  administered  subcutaneously   (SC).     Isotonic  ami 
Hypertonie  combinations  containing standard human doses   of  WEL.   EEL and 
RVF  vaccines,  were prepared  by   reconstituting   the  components with 
recommended volumes,  0.5,   0.5  and   1.0 ml  respectively,   and  'j  the 
."ecommended volumes  of diluent.     Analysis  of   the Hypertonie  preparation 
revealed  an osmolality of  600 milliosmols,   2.A8 gni/100  ml   protein, 
340  m£q/L Na,   and  10.8 m£q/L  K.      Both  preparations  were   iniected  SC  in   the 
shaved  skin at  the nape of   the  neck.     One ml of Hypertonie vaccine was 
administered  to 4 monkeys,   and  an equivalent antigenic  mass  of  Isotonic 
forrii   (2.0  ml),   to  another groun  of  4.     Control  animals   received  1.0  or 
2.0  ml of physiological  saline.     Rectal  temperatures   of   all  ani~als •..ere 
obtained by  constant   temperature  recording for  72 hr before  ana 48 hr 
after  the single injection.     The  site of  injection was  observed daily  for 
2 weeks.     There was no visual or   tactile evidence of  local  inflammation 
in   the   10 monkeys,   and none  of   the  animals  developed  recognizable  systemic 
reactions. 

Following  completion of   the  assays  for each component  of  the proposed 
pentavalunt  vaccine,   it  became  possible  to evaluate   the   effect of 
combination.     Protective efficacy  of each  r.omponeiit  in  the pentavalent 
vaccine was   compared  to efficacy   of  the  corresponding  monovalent  preparation. 
Schedules   and  routes  of  immunization  and routes  of   challenge were   identical 
to   those  employed  in ED^Q assays   for  individual  vaccines.     Antigenic mass 
and  volume  of each monovalent vaccine were equivalent   to   that  component 
contained  in   the  combined preparation.     Results  of  this   experiment   are 
shown  in  Table  II.     It  is  apparent  that WEE,   EEE,   RVF  and Q  vaccines,  when 
given in  a pentavalent  preparation, were as effective  in  protecting against 
a standard homologous  challenge  as when the respective  antigens were 
given alone.     Although  2 animals   immunized with pentavalent vaccine were 
not  protected against Q  fever  challenge,   the difference  between  the 
pentavalent and monovalent 0 vaccine groups was not statistically 
significant   (X2 =  2.5). 

Some  difficulty was  encountered with   the assay   technique  for CHIK 
vaccine.     It was discovered  that  age of mice at challenge was  a critical 
factor;   unimmunized animals  older   than 6 weeks  demonstrated nonspecific 
as well  as  nonpredictable resistance when  the  challenge  strain was 
administered  IC.     The  commercial  supplier of mice did  not   conform routinely 
to  rigid  requirements with  respect  to age.     By  the   time   this   factor was 
realized,   the available  supply  of   CHIK vaccine had  been  depleted.     Although 
median effective doses were  determined,  there was  only   enough  CHIK vaccine 
for   1  comparative study of efficacy with pentavalent  and monovalent 
preparations.     Unfortunately,   the   problem of nonspecific   resistance was 
encountered again in  control  mice   challenged with Clllli   168 virus,   and, 
therefore,  assay  for vaccine  efficacy  could not be  interpreted.     .'. new  lot 
of vaccine has been prepared  by  Virology  Division,   USAHRIID,   and  potency 
assays  are in progress. 

       i—"—'*~~ MHBM^MI^H^I 
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IAB12   11.  EVALUATION OF EFFICACY OF A PENTAVALENT COMBINED VACCINE FOR 
WEE, EEE, RVF, Q AND CH1K. 

PROTECTED/TOTAL (%) 

CHALLENGE CHALLENGE DOSE Pentavalent 
ORGANISM (LD50) Vaccine 

WEE 11,1.30 10/10 (100%) 

EEE 100 10/10 (100) 

RVF 1,000 10/10 (100) 

Q 1,160£/ 8/10 (80) 

CHIK^ — 8/10 (80) 

?' Mrmn^alor.t-'3/ Monovalent—'     Unimmunized 
Vaccine Controls 

10/10 (100%) 0/8  (0%) 

10/10 (100) 0/8  (0) 

10/10 (100) 0/8  (0) 

10/10 (100) 1/10  (10) 

10/10 (100) 6/6  (100) 

a. Combined WEE,  EEE,   RVF,   Q and CHIK vaccines. 

b. Vaccines homologous  for  challenge employed. 

c. Represents median  intraperitoneal fever doses. 

d. Challenge experiments were  carried out for CHIK,  but  an irregular 
death  pattern invalidated  the LD3Q  titration. 

Serum samples were obtained  from each experimental group and 
serological evaluation of  responses   to immunization is  in progress. 

Summary,   Part I; 

Protective efficacy of  an experimental pentavalent vaccine composed 
of WEE,   EEE,  RVF,  CHIK and  Q  fever vaccines  has been evaluated. 

Each  component of   the  combined preparation was  compared to its 
analogue  in monovalent  form by  a standard challenge with   the virulent 
homologous  strain.     Results   indicated  that WEE,   EEE,   RVF  and Q vaccines 
were  as  effective  in a  pentavalent vaccine as   they were when given  alone. 

Difficulty was  encountered  in  assaying CHIK vaccine:     animals  older 
fhan 6 weeks were nonspecifically  resistant  to challenge  and  in addition, 
supply  of   vaccine was  depleted.     A new CHIK vaccine   is   currently being 
evaluated. 

No  local or systemic  reactions were  found when hypertonic  combined 
vaccine was  administered SC   to  rhesus  monkeys,   suggesting   that acceptability 
of  such  a  product may  not  bo  a serious  problem. 

^aaaa 
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Progress, Part LI: 

Tilt; Serologie responses of uionkcys were eXiimined Lo determine i; 
2 live viral vaccines, 83rd tissue culture passage (TC83) of Venezuelan 
equine encephalomyelitis (VLL) pnd 17D strain of yellow fever (YF), 
interacted antagonistically or synerj'istically when administered in var\iiu, 
dosage schedules.  A preliminary study,2' (L'SAMRIiD Annual Report., Pi 1969, 
p. 171) had shown interference by TC83 with development of serum 
neutralizing (SN) antibodies against YF (reported as an index SKI). A 
consistent, but insignificant difference in VEE henagglutination- 
inhibition (HI) responses also had been seen. 

To evaluate further this antagonistic effect, groups of 6 monkeys were 
examined for VEE, HI and SN antibodies and for YF SN antibodies (Table I). 
In this study, serology was performed on days 0, 7, 10. 14, 28 and 56   . 
postvaccination with the respective virus vaccine.  In the previous work- 
only 0-, 1A- and 28-day serology was examined. 

TABLE I.  GROUPING OF MONKEYS IN INTERFERENCE STUDY OF 17Ü AND VEE fTC83) 
VACCINES 

VEE VACCINE TREATMENT 
GPIPID50 Group Description 

0 I 17D alone 

Code For Tables 

17D 

5.000 II J7D  &  TC83 simultaneously, 17D-TC83 
same site 

III 170 & TC83 simultaneously, 17IX-TC83 
different  sites 

IV TC83 &  17D on  day  3 TC83+3+17D 

V 17D  & TC83 on day  3 17i>t-3+TCB3 

VI TC83  &   17D on  day  2 TC83+2+17D 

VII 17D & TC83 on day 2 1 7I)+2+TC83 

VIII None 1C83 

250,000       IX       17D & TC83 simultaneously, 17D-TC8J 
same site 

X TC83 &   L7Ü on  day   3 TC83+3+17D 

XI J7D  i.  TC83 on  day   3 17W-3+TC83 

XII None TC83 
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Groups IX, X and Xi, given 250,000 median guinea pig intraperitoneal 
infectious doses (GPIPIDCQ) were comparable to Groups 1, II and III of the 
1969 study.2/ 

When the mean antibody responses of days 1A and 28 postvaccination of 
Groups LX, X and XI are comparable to results from 1969 if the same criteria 
are used to evaluate antibody response (SNI ^1.0 was considered a positive 
response), Table II.  A marked interference in YF SN response is seen when 
TC8J is administered with 17D.  However, the interference with the VEE HI 
response observed in Group XI (Table II) is in marked contrast to that 
obtained in the previous study,—' in which the comparable group of monkeys 
developed the highest HI titer. 

TABLE II.  COMPAEISON OF 1969 AND 1971 RESPONSES TO 17D AND 250,000 GPIPIDSQ 
VEE VACCINE 

%   (MEAN SNI TO 17D) % (GMT HI TO VEE) 

No.  Year   Day 14        Day 28       Day 1A      Day 28 

17D-TC83  I (1969) 9 (1.7) 55 (2.2) 100 (120) 100 (135) 

IX (1971) 0 33 (1.6) 100 ( 57) 100 ( 64) 

TC83+3+17D II (1969) 75 (1.4) 100 (1.9) 100 (214) 100 (214) 

X (1971) 67 (1.5) 67 (2.1) 83 ( 46) 83 ( 61) 

17W-3+TC83 III (1969) 92 (1.8) 100 (2.1) 100 (302) 100 (254) 

XI (1971) 83 (1.6) 67 (1.8) 0 9 ( 80) 

In addition to the antagonistic effect of TC83 to 170 antibody stimulation 
when the 2 vaccines are administered together, this same effect is seen when 
TC83 precedes 17D vaccination by 2 or 3 days.  This effect also can bo seen 
when 170 precedes TC83 if the TC83 inoculum is increased (Group XI vs. 
Group 1), Table III.  That this interference in YF SNI is only a delay in the 
antibody response and not an inhibition of antibody development can be seen 
in Table III.  'When YF SNI is measured 56 days postvaccination, there is no 
difference in the number of animals responding nor in the SNI tit^r;- obtained. 

^^mmammmm^mmimimmm 



169 

TAÜLL   III.     YELLOW   VVMER  NhL'I'KAJ.I ZATIC)\'  RliM'ONSL   TO   J 71)  VACCJM: 

VI;L VACCINL 
DOSE 

CKOUP 

Code 

NO.   KESl'OuUlUG/e   (Mi;A.\   SN1),   BY   DAY 

7 10 28 56 

17D (2.1) 4      (2.0) 5     (2.0)        h     (4.2) 

5,000 II 17D-TC83 1 (J.7) 

III l7rH-TC83 A (2.0) 

IV TC83+3+17D 4 (1.8) 

V 17LH-3+TC83 3 (2.0) 

VI TC83+2+17D 0 

VII 17D+2+TC83 A (1.9) 

2 (1.8) 

4 (1.8) 

3 (J.7) 

3 (1.7) 

0 

4 (1.8) 

2 (2.0) 

4 (2.1) 

4 (1.8) 

6 (1.9) 

3 (1.7) 

6 (2.1) 

6 (3. V) 

6 (3.7; 

6 (3.6) 

6 (3.9) 

6 (4.1) 

6 (3.5) 

250.000 IX 17D-TC83 0 0 

X TC83+3-H7D      2   (1.7) 2     (1.8) 

XI 17D+3+TC83       2   (2.1) 2     (J.9) 

1 (2.2) 6 (4.1) 

3 (2,4) 6 (3.6) 

3  (1.9)   6  (4.3) 

a.  Day 0, all <1.7.  Day 14 did not differ markedly from dav 10 or 28. 

The VEE HI and SNI titers arc shown in Tables IV and V.  The interaction 
of 17D vaccination witli development of TC83-lnduced antibody response 
remains inconclusive due the relatively poor response of the T(;83 control 
group (VIII).  When the larger TC83 inoculum was used, a greatly decreased 
antibody response to TC83 was observed when 17D preceded TC83 vaccination 
(Group XI vs. Group XII), Tables IV and V. 

In conclusion, TC83 vaccine interferes with responses to YF through 
day 28 postimmunization; by day 56 no difference can be seen (Table 111). 
YF vaccine interferes with the VEE HI response when the vaccines art .iven 
simultaneously (Group II) and when either precedes the other at the low 
dose of vaccine; this difference appears to be abolished when tiu' vaccine 
dose is increased, except for animals receiving 171) before TC8J ((:i">nip XI) 
(Table IV).  VEL SHI response is affected similarly by administration of 
17D vaccine, although the differences are not quite as apparent (Table V). 
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a/ 
TAÖLi;   IV.     VEE HI   RESPONSE OF  MONKEYS-- 

VEE VACC1N.. 
DOSl 

Gt 

No. 

10 UP NO .   RESl'üNDING/b   (GEOM. MEAN HI TITER)   BY   DAY 

GPIPID50 Code 1.0 14 28 

(26) 

56 

5,000 il 17D-TC83 ■> (10) 3 (20) 5 5 (  26) 

III 17LKTC83 4 (24) A (48) 5 (61) 5 (121) 

IV TC83+3+17D 1 (20) 1 (40) 4 (34) 5 (  53) 

V 17IX-3+TC83 1 (20) 1 (80) 2 (40) 2 (  57) 

VI TC83+2+17D 2 (10) 2 (14) 5 (23) 5 (  23) 

VII 17D+2+TC83 0 0 1 (20) 3 (  20) 

VIII TC83 1 (20) 1 (14) 4 (20) 4 (  20) 

250.000 IX 17D-TC83 A (57) 6 (57) 5 (71) 5 (  90) 

X TC83+3+17D 3 (20) 5 (71) 5 (61) 6 (  61) 

XI 17IH3+TC83 0 0 1 (40) 1 (  40) 

XII TC83 5 (18) 6 (57) 6 (64) 6 (101) 

a.     Day  0,   all <1:10;   day   7,   occasional  response,  not  shown. 

mm 
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TABLE V.  VEE SN RESPONSE OF MONKEYS 
a/ 

VEE  VACCINE 
DOSE 

GPIPID50 

GROUP i> 0.   RESPONDI.'iG/6 (MEAN SNI) BY  DAY 

No. Code 10 28 56 

5,000 II 17r -rc83 2 (1.7) 2 (1.7) U (2.0) 

III 17IW-TC83 h (1.8) 3 (1.7) 5 (2.1) 

IV TC83+3+17D 1 (1.7) 2 (2.0) 3 (2.2) 

V 17I>f3+TC83 0 1 (1.9) 2 (2.1) 

VI TC83+2+17D 0 1 (2.2) 3 (1.9) 

VII 17IH-2+TC83 1 (1.8) 1 (2.0) 2 (2.0) 

VIII TC83 4 (1.8) 4 (1.7) 4 (1.7) 

250,000 IX 17D-TC83 6 (1.9) 6 (2.6) 6 (3.0) 

X TC83+3+17D 5 (2.0) 5 (1.9) 5 (2.6) 

XI 17IH3+TC83 2 (1.8) 2 (1.8) 1 (1.9) 

XII TC83 A (2.1) 5 (2.1) 6 (2.4) 

a.  Day 0, all <1.7; days 7 and 14 not shown. 

In conclusion, TC83 vaccine interferes with responses to YF through 
day 28 postimmunization; by day 56 no difference can be seen (Table 111). 
YF vaccine interferes with the VEE III response when the vaccines ,'jre ^iven 
simultaneously (Group II) and when either precedes the other at thu low 
dose of vaccine; this difference appears to be abolished when the vaccine 
dose is increased, except for animals receiving 170 before TC83 (Group XI) 
(Table IV).  VEE SNI response is affected similarly by administration of 
17D vaccine, although the differences are not quite as apparent (Table V). 

Summary, Part II: 

TC83 and 17D virus vaccines were administered to monkeys at various times 
+ 3 days relative to each other.  HI and SNI antibody to VEE and SNI antibody 
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to YF woiu measured through day 56 postvaccinatlon.  A delay in YF SNI 
antibody response was observed when TC83 vaccination preceded, or was 
coincident with 17D vaccination and a marked depression in response to 
TC83 was also observed when 17D preceded TC83 vaccination.  It would appear 
from these results that further studies of live vaccine interactions are 
warranted. 

Publications: 

None. 

1.  U. S. 
1 July 1970. 
Detrick. Maryland. 
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BODY OF REPORT 

Project No. 1B662711A096:  Medical Defense Aspects cf Biological Agents (U) 

Task No. 1B662711A096 02:  Prevention and Treatment of Biologica] Agent 
Casualties 

Work Unit Wo. 096 02 005:  Studies on Antibody Production ,ind Their 
Binding Properties 

Description: 

Study kinetics of the immune response and antigen-binding properties 
of antibodies as a means of assessment of protective efficacy of 
experimental vaccines or therapeutic antisera against bacterial and 
viral agents. 

Progress, Part I: 

Employing bovine serum albumin (BSA) as a classical soluble protein 
antigen, evaluation of kinetics of the immune response of rabbits by 
quantitative binding methods has been completed-!:' (USAMRIiD Annual 
Progress Report, FY 1970.  p. 127).  BSA was selected as the model 
antigen because it is a foreign, rapidly degraded prcteii., whose only 
demonstrable biological effect is immunogenicity. Thereby, normal 
immune responses of the rabbit to primary and secondary stimulation was 
established. 

In the primary sequence described previously, ' antisera from animals 
immunized with 2 doses of 25 mg each, with or without Freund's adjuvant. 
were separated into fractions containing major IgM and IgG immunoglobulins; 
absolute amounts of binding activity of each class were determined in 
samples drawn at 7-day intervals throughout the antibody synthesizing 
period.  In the primary response, synthesis of IgM bncame maximal at day 7 
and was barely detectable by day 14.  The use of Freund's adjuvant did 
not affect the total amount of IgM synthesized. 

In contrast, when no adjuvant was employed, synthesis of specific 
IgG reached a maximum on day 14, decreasing thereafter ;it a rate.' compatible 
with the 7-day half-life of normal y  globulin.  However, following, 
immunization with BSA-adjuvant, specific IgG synthesis continued for 
45-60 days.  Throughout this period, antibody levels were 23-50/: higher 
than •".hose obtained without adjuvant.  Furthermore, the total quantity 
of IgG synthesized was approximately i00 X creater than that fount! nfter 
immunization with BSA alone. 

Eight months to a year later, when rabbits in both groups were 
producing no detectable circulating antibody, they were restimulated with 
10 mg BSA to test residual immunological memory.  The kinetics of 
appearance of IgG and IgM antibodies in sera were followed as in the 
primary study.  Two types of secondary response were observed:  In animals 
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immunized wich ßSA alone in the primary stage, IgG response was detectable 
by day 4, increased rapidly to a peak value at day 7, and was sustained 
througli day 28.  In addition, IgM appeared at about 7 days, reached a 
peak on day 14, and disappeared by day 21.  It appeared that a "memory"- 
type IgC response between day 0 and day 7 recycled 10 mg of antigen more 
efficiently through a new primary response beginning on day 7 than the 
original dose of 50 ng.  Sustained IgG levels appeared to result from 
reinforcement of anamnestic IgG with new primary IgG by day 14. Normally, 
primary immunization with 10 mg BSA would produce approximately 10% of 
these levels.  Therefore, we reasoned that increased efficiency of the 
secondary response was due to "memory" from the primary series a year 
earlier.  Since "memory" is dependent upon the amount of antigen given at 
that time, it appeared that antigen dosage in the primary exposure controlled 
the magnitude of the secondary response. 

In animals originally immunized with BSA in Freund's adjuvant, a 
different response was observed.  Although anamnestic IgG appeared by 
day 4, the peak obtained by day 7 was only half that of animals immunized 
without adjuvant.  Low levels of IgM, similar to a primary response in an 
inexperienced animal, appeared by day 7. The composite IgG response was 
low suggesting poor "memory," as if the sustained antibody synthesis 
following primary exposure had prevented establishment of a "memory" 
reserve. Moreover, the 10-mg dose of BSA appeared to exceed the amount 
required to saturate memory processes, thereby, leaving some antigen free 
to initiate a new primary response. Here, also, magnitude of secondary 
response appeared to be controlled by the primary immunization. 

Thus, in this study, the pattern and order of events in the immune 
response of a well-characterized species, the rabbit, have been followed by 
quantitative, rather than the usual qualitative, analysis of serum 
antibodies.  These studies and those in existing literature emphasize that 
the rabbit is the best immunologically calibrated laboratory species. 
Since the dynamics of immune responses could be monitored by analysis of 
sequential serum samples, the study further suggested that the rabbit could 
serve as a reference model for evaluating immune responses in other species, 
e.g. man. Since man varies immunologically from the rabbit primarily in 
degree of responsiveness and metabolic rate, the rabbit could be used for 
prospective studies to determine vaccine dosages and schedules desirable 
for use in man.  Parameters of such studies must include characterization 
of that IgG level prerequisite for anamnestic memory.?.' (Immunology 9:333, 
1965).  Furthermore, the nature of response of the rabbit could be used 
effectively to characterize the chemical nature and clearance of an unknown 
antigen.  Thus, the rabbit can become an analytical immunological model.  A 
manuscript has been written and is being reviewed. 

Summary, Part I: 

Kinetics of the primary and secondary immune response of the rabbit 
have been characterized by quantitative antigen binding of the immunoglcbulin 

MriaaMHH 



177 

classes involved. The use of the rabbit as an immunological model for 
evaluation of vaccine dose and schedule of administration in other hosts 
is proposed. 

Progress, Part II: 

Studies with a standard rabbit model have been initiated in 
association with Medical Division Project No. FY 71-5, an evaluation of 
Eastern equine encephalitis (EEE) vaccine in volunteers.  Feasibilitv 
of projecting vaccine dose and schedule for humans from analysis of 
rabbit immune responses will be examined by comparing the kinetics of 
response in rabbits and in volunteers. 

Characterization of viral antigens in EEE vaccine by kinetics of 
rabbit responses has been virtually completed.  Four rabbits were 
immunized with a total of 2.5 ml reconstituted vaccine administered by 
injection into multiple sites on 2 separate occasions, 7 days apart; at 
7-day intervals thereafter their responses were titrated by hemagglutination- 
inhibition (HI) and complement fixation (CF) techniques.  Sera were 
separated into fractions containing IgM and IgG immunoglobulins by 
Sephadex G-200 chromatography. 

liters of unfractionated serum were maximal at day 14 and demonstrated 
a 4-fold decrease by day 28.  This result resembled that of the BSA model 
antigen and indicated that the major antigens had been degraded and were 
not extensively recycled in the intracellular immune system.  By day 36. no 
further evidence of response to minor, undegraded, recycled antigens have 
appeared.  HI and CF antibodies were demonstrable in both IgM and IgG 
fractions.  Significant IgG activity by day 7 resembled the response to an 
unconjugated, nontoxic, multisite protein that was probably not extensively 
degraded extracellularly.  Lipid did not influence the response.  Absolute 
antibody content of the sera will be estimated when information regarding 
quantity of antigen mass in both the vaccine and serological reagent can 
be obtained. 

Some sera from volunteers from the project have been chronatographed 
and will be analyzed similarly. 

Summary, Part II: 

The feasibility of employing an immunological model animal, the 
rabbit, to evaluate EEE vaccines fcr human use is currently being explored. 
Preliminary results indicate that EEE vaccine antigens behave in the 
rabbit like the reference model antigen, BSA. 

Progress, Part III: 

A feasibility study was initiated to determine if cytolysis of antigen 
target cells by immune lymphocytes—' (Cell Bound Antibodies, p. 75) can 
be used as an indicator system for detecting memory lollowing cessation of 
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antibody   synthesis.     Efficacy  of  a vaccine depends  upon  its  ability  to 
leave  active  cellular  "n-.emory"  as well   as  to   induce  antibody  synthesis. 
When  there   is  no serological  evidence of  response,   a  practical ^n vitro 
method   to determine prior  experience with  a given  antigen without 
affecting  the host would  be  highly  desirable.     The  assay  method using 
-^Cr-tagged  target cellsiv    (Immunology   12:525,   1967)  was  explored because 
of   its   simplicity  and  rapidity.     Using goose  red cells  as  antigenic  target 
cells with  splenic  lymphocytes   from immunized  inbred  C57-liL/6  or DBA mice, 
conditions  of   the assay were   reproduced  and   Immune  cytoLoxicity was 
demonstrited.     During   diese  studies,   inhibition of   cytotoxicity by specific 
homologous   antibody wao   confirmed2.'   (Nature  213:1246,   1967).     The possible 
applications  of  these  findings  are being evaluated. 

Suranarv,   Part  III: 

The  application of  immune   lymphocyte cytotoxicity  assay methods  to 
determine  immune status   in   the  absence of serological  evidence  is being 
evaluated. 

Publications: 

None. 
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program  in order   to  create  a barrier of  imirune  horses  and   thereby curb   the  spread of  the 
disease   in  these  animals. 

25 (U)   70 07 -   71  06   -   In early May  1969,   the   first  severe epizootic   of Venezuelan 
equine encephalomyelitis   (VEE)  erupted  on  the  Pacific  Coastal  Plain of  Guatemala, 
adjacent  to  the  El   Salvador border.     From  this  area,   the disease  rapidly swept westward 
and northward  in Guatemala,   and eastward   through  El  Salvador,   Honduras  and  Nicaragua 
before  subsiding  in  October.     In June  1970,   the  disease  appeared  in Mexico r.aar   the 
Guatemalan border,   and  by  July had  spread westward about 200 miles.      In August,   cases 
were  reported  In Guanacaste  Province,   Costa Rica. 

An attenuated,   live-virus  vaccine was  used   to aid   in  the control  of   these  epizootics 
Vaccination of  the  horse population at   the  periphery of   the epizootic  area was  accom- 
plished  to create   an   immune  barrier  in an attempt   to   limit  the  spread  of VEE   infection. 
Vaccination of horses  also was practiced within   the epizootic area   to control   the 
disease.     Pre-  and  postvaccinal  sera were  collected  from 157 Equidae   In Mexico,     A 96'5'o 
seroconversion rate  was   obtained. 

Studies previously reported here on experimental  toxoids are now reported under 
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Description: 

Evaluate experimental vaccines in  laboratory and other animals.     Assist 
in control of an epizootic. 

Progress  and Summary,  Part  I: 

Testing of experimental   staphylococcal enterotoxoids,  previously  reported 
here,  arc now included under Work Unit  096 02  800. 

Progress,  Part II: 

In early May 1969,   a severe  epizootic of Venezuelan equine  encephalomye- 
litis   (VEE)  erupted on  the Pacific  Coastal Plain of Guatemala,  adjacent  to  the 
El Salvador border.     From this area,  the disease rapidly swept westward and 
northward  in Guatemala,  and  eastward through El  Salvador,  Honduras and Nica- 
ragua before subsiding  in October of the  same  yeari'   (CES Annual Report,   FY 
1969,  p.   163).     In June   1970,   the disease appeared  in Mexico near the Guate- 
malan border,  and by July had spread westward about  200 miles.     In August 
cases were  reported in Guanacaste Province,  Costa Rica.     To aid in control  of 
the  disease,  an attenuated,   live virus VEE vaccine   (TC-83)  and  technical  as- 
sistance  for the administration of this vaccine were  provided  to the  govern- 
ments  of the countries  involved. 

It  should be noted  that at  the  time of the  initial request  for assistance, 
the  extent,   location or duration of the  epizootic was  not  known;  nor was  it 
certain that the epizootic was due  to Venc;:uelan-type virus.     However,   based 
on information available  from epidemiologic and  ccologic  surveys conducted 
previously by several   groups,   it   seemed  reasonable   to  assume  we wore  dealing 
with VEE. 

To abort the epizootic,   it was  crucial that a well-orgnnirjed VEE vaccina- 
tion program be conducted.     Since vaccinated animals  arc  net  protected  until 
7-10 days  after inoculation,   there was no hope  of  stopning  the  spread  of  the 
epizootic  by immunizing animals  in areas whore   the  disease already was  occur- 
ring.     For  the  establishment  of barriers  of  immune  animals  to  contain  the   epi- 
zootic,   it would be necessary to  inoculate Equidae  approximately 2 weeks  be- 
fore   the  arrival of the  disease.     We were,  however,   unable  to evaluate   the 
ability of  the  countries'   governments  to  carry  out   the massive  vaccination 
programs within the  required period of time. 
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LVspiU' unanswered qicstions about   (1)   the ability to start  the  program, 
(2)   Lhe  vi liin;.;noss  of  t!i ' national governments  to participate  in an approach 
that had  never  b«. ^n  tried  in  the control  oC VEE,  and  (3)  the rate of spread 
of disease   fron  the   init  al  focus,  we  elected  to  rely on immune  barriers  to 
contain  tho  disease.      It   was  reasoned  that   this  approach would permit  the 
most  effective   use  of   the vaccine,   since   the  animals  to  be vaccinated were 
some  distance   from  Lhe  center of the  epizootic  and thus  could  be  expected  to 
be   free  of disease  at   the   time  of  inoculation,   and have  sufficient   time  to  be 
rendered immune  before  the arrival of virulent  virus.    The massive  vaccina- 
tion program would also  lessen  the number  of  susceptible animals   in the popu- 
lation,   thereby  slowing  the  rate of disease   transmission. 

TIK' vaccination  campaigns  in both Guatemah. md El Salvador  began on  15 
July  1969,     Both governments were well-organic nd the campaigns were  fully 
operational   in  the  subsequent  3-4 days.     Thi; rticularly  encouraging in 
El  Salvador,   since   it  wa;   at war with Hondur 

Delineation  of  the  epizootic area was  cc 1 by the  lack of accurate 
ease-reporting.     In  some cases,   false  reports  i      .tiE were submitted  in an at- 
tempt  :o obtain vaccine.     In remote areas,  horses died without  the  owners' 
knowledge,   since  animals were allowed  to  roam  freely.    The uncertainty of  lo- 
cating diseased animals caused some concern relative to use of the vaccine. 
In particular,  we  were  concerned with  the  reaction of pwners whose horses 
were  infected at  the  time of inoculation and died subsequent  to vaccination. 
This did occur,   but  did not affect acceptance  of  the vaccine.    Another con- 
cern was  that,   because  it was necessary  to accomplish multiple  inoculations 
with the same  syringe,  the transmission of Equine  Infectious Anemia,  or of 
VEE, was a real  possibility should an infected horse be included  in the group 
being vaccinated.     The governments involved were aware of such possibilities, 
but  concluded  that  the  benefits occurring  from mass vaccinations outweighed 
such dangers.     Use  of  the  jet gun would have  eliminated the transmission 
problem,  but  it  is our opinion that,  considering  field conditions  and  the  in- 
tractability of many of the animals,   inoculations  could not have  been accom- 
plished as efficiently as with conventional needle and syringe.     It  should 
also be noted  that  the  jet gun employed  for vaccinating humans  requires modi- 
fication for  inoculating horses. 

The vaccination  campaigns represented  the  first  large-scale   field use of 
the attenuated  vaccine   for  immunization of horses.     Tho urgent  need  to pro- 
tect  the equine  populations,  coupled with a variety of other  factors,  pre- 
cluded establishing  controlled studies   for assessment of vaccine  efficacy. 
However,  observations made  in the  field  do  servo  to  indicate   that   in  field 
use,   the vaccine was  effective.    Seven  to  10 days  after vaccination,   even on 
ranches where active  cases were occurring,   all equine cases of VEE  ceased. 
Complete protection occurred in  local  areas,   e.g.,  valleys or   large  ranches 
within the eventual  epizootic area,  where  vaccination was  completed  7-10 days 
prior  to spread of  the disease  into the area.     In Guatemala,  an immune bar- 
rier of vaccinated horses,   about  50 km wide,   was  established on  the Pacific 
Coastal Plain.     This  barrier prevented  the  spread of VEE westward.     In the 
upper and  lower Motagua Valley,  vaccination also was  successfully  employed  to 
halt  the disease.     Similarly,  by the use of a massive VEE vaccination program. 
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the disease was   confined  to  the Pacific Coastal   Plain of HonduraH  and  con- 
tained in the  southwestern corner of Nicaragua. 

Although  the   1969  epizootic  v;as  contained,   the disease  erupted  again   in 
1970 in Guanacaste  Province of Costa  Rica.      It   is  postulated   that   the   infec- 
tion originated in Nicaragua.     If this  is  correct,  VE!':  infection breached  a 
barrier zone  on which more  than  907. of the   Kquidac had  been vaccinated   the 
previous  summer,  and which was   free  of  reported  cases  of VEK   in both   1969  and 
1970.     The  source  of   the   epizootic  in Mexico   is   not  known. 

It must  be  emphasized  that   the vaccination  program employed an  attenuated, 
live-virus vaccine.     While  this product has   proven to be  both  sale   and  effi- 
cacious  in the vaccination programs  reportec here,  a different picture emerges 
for inactivated preparations of virulent VEF virus.     In  the  spring  of   1970, 
an inactivated VEE vaccine,  prepared conmcrcially in Central America  in ac- 
cordance with standards  established  for Eastern and Western  equine  encephalo- 
myelitis vaccines  in  the United States,  was   used  in Nicarapua.     Concurrent 
with  the use of this  vaccine,   encephalitis  appeared  in horses,  and  the  deaths 
were  traced  to  the  vaccine.     This  corresponds   to   findings made during   the 
1950's:     that  laboratory personnel,   inoculated with inactivated VEE  vaccine 
prepared  in essentially  the  same manner as   the Central American product,   de- 
veloped VEE.    Although  standard  tests  in both  situations  indicated  the  ab- 
sence of residual  live virus,  use of the vaccine resulted  in  clinical  dis- 
ease.    The inability to produce an inactivated vaccine  that was both  safe and 
effective prompted   the  development of  the attenuated VEE vaccine  that  we  used 
in Central America. 

During the Mexican Control Program, August  to October  1970,  attempts were 
made to collect sera  from 275 Equidae prior  to and /   30 days  after vaccina- 
tion.    These Equidae were vaccinated by a regular Mexican vaccinating   team 
and were  located at  the  periphery of  the epizootic where no VEE was  known  to 
be  occurring.    Of these  275,   163 paired samples   (136 horses,   24 mules,   3  bur- 
ros)  were obtained.     Six horses had preexisting antibody titers,  Table   I. 
Homagglutination-inhibition  (HI)  titer;; of 4 mules and  3 horses went   from 
< 1:10 to  1:10 only;   all  other animals with  prctiters  of < l:10->  1:20 had 
maximum titers  of  1:320,   at 30 days. 

  A 
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rAiäu; i,    in i 'KsrnNsi: OK l-QUIDAE 1-1/2 MÜN PÜSTVACCINATION WITH ATTENUATED 
v!-:i-: (Tc-ö.n, Mi.X! CO,   !- >7" 

RKCLPROCAL 
Uli'   TIXKH 

HÖR :; !■:;•; MULKS BURROS 
Male 

TOTAL 
i'rma Li Male Fomali Male EQUIDAE 

10 0 3 0 4 0 7 

20 4 G ■'» 2 1 17 

40 12 27 A 2 1 46 

m 13 17 3 1 0 34 

ibC 2J 17 2 2 1 45 

320 4 
36 73 

0 
13 

1 
12 

0 
3 

8 
157 

Median 
titer ÖG 80 40 30 40 80 

Mean titer Q2 63 47 36 49 67 

a.     6 horses  had  preexisting   titers  of J-  1:20 and were excluded   from study; 
all  other  prevaceination  titers were < 1:10. 

SuTmary,   Part   II: 

In early  early May  1969,   the   first   severe  epizootic  of VEE  erupted on the 
Pacific  Coastal  Plain of Guatemala,  adjacent  to  the El Salvador border.     From 
this  area,   the  disease  rapidly swept westward and northward  in Guatemala,  and 
eastward   through  El  Salvador,   Honduras   and Nicaragua before  subsiding  in Oc- 
tober  1969.     In June   1970,   the disease appeared in Mexico near   the Guatemalan 
border,   and   by   July had  spread westward  about  200 miles.     In August,   cases 
were  reported  in Guanacaste Province,   Costa Rica.    An attenuated,   live-virus 
vaccine was   used  to aid  in  the  control   of these  epizootics.     Vaccination oL" 
the horse  population at  the  periphery of the  epizootic area was  accomplished 
to create  an   immune   barrier  in an attempt  to   limit  the  spread  of VEE  infec- 
tion.    Vaccination of horses also was  practiced within the  epizootic area to 
control   the  disease. 

Presentations; 

1.     Spertzel,   R.   u. 
nual  Meeting; of   !.'.   S.  ,'uii 

970.     VEE,   a  disease on  the move.     Presented at An- 
■al  Health Association,  Philadelphia,   Pa.   21 Get  197a 
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2. Spertzel, R. 0.  1971. VEE—the disease and the recent outbreaks in 
Central and South America. Presented at Foreign Animal Diseases Seminar, 
National Animal Disease Laboratory, Ames, Iowa 15 Jan 1971. 

3. Spertzel, R. 0.  1971.  Current status of live attenuated VKE virus 
vaccine--its use in Central America and Mexico. Presented at Annual South- 
western Conference on Diseases in Nature Transmissible to Man, College of 
Veterinary Medicine, Texas A&M University, College Station, Texas 20-21 May 
1971. 

Publications: 

1. Spertzel, R. 0., and R. W. McKinney.  1971. Venezuelan equine enceph- 
alomyclitis in Central America and Mexico.  Am. J, Trop. Med. Hyg.  (In 
press). 

2. Spertzel, R. 0., and R. W. McKinney.  1971. VEE, a disease, on the 
move. Proceedings, Annual Meeting, U. S. Animal Health Assoc.  (In press). 
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Detrick, Maryland. 
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23 (U)  Test and evaluate  combinations  of vaccines   In man, 

24 (U) After combination antigens  have been safety  tested and evaluated   in  laboratory 
inimals,   they are given  to man. 

2 5   (U)   70 07 -   71 06  -  Volunteers were administered  2  doses of 0.5 ml each  of corr.blnt 
Inactivated Eastern and Western equine encephalitis vaccine 28 days apart   to obtain 
additional   information on  serologlcal  responses.     The  majority of  individuals  developed 
Ei-nlficant Western neutralizing antibody  (more   than  1.7  logs)  by day 28.     All  subjects 
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All  subjects developed  significant Eastern virus  neutralizing antibody  on days 42 
and  56 and  the majority  of  the  subjects maintained  significant neutralizing antibody 
levels  through day 270. 
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r-ODY OF REPORT 

Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U) 

Task No. 1B662711A096 02: Prevention and Treatment of Biological Agent 
Casualties 

Work Unit No. 096 02 008: Evaluation of Efficacy of Combined Antigens in 
Man 

Description: 

Test and evaluate combinations of vaccines  in man. 

Progress: 

Evaluation of Combined Western Equine Encephalitis   (WEE)  Vaccine, 
Formalin-Inactivated,  Tissue Culture Origin, Lot 1-1967  and Eastern Equine 
Encephalitis   (EEE)  Vaccine,   Formalin-Inactivated, Tissue  Culture Origin, 
Lot   1-1966 in volunteers  (Medical Division Protocol  FY 70-6):    Clinical, 
serological   responses and laboratory determinations  on  16 volunteers administered 
combined,   inactivated WEE and  EEE vaccines has been reported  previouslyii?.' I 
(USAMRIID Annual Progress Reports,  FY 1969,  p.   87,  FY 1970,  p.   145). 
Neutralizing antibody  responses  to Western equine encephalitis virus were 
unsatisfactory when Western vaccine was administered   in combined  form with 
Eastern vaccine.    The reason  for  the unsatisfactory  responses  of neutralizing 
antibody  to Western virus was not known,  but was  felt  to be due to individual 
or laboratory variation or to the manner  in which the  vaccines were reconstituted. 
Therefore,  an additional study  to evaluate the  serological  responses to combined 
Western and  Eastern vaccines was   initiated  in 16 healthy volunteers not  pre- 
viously  immunized with EEE and  WEE vaccine and having no history of infection 
with  these viruses.     Each volunteer was administered  2  doses  of 0.5 ml  each 
of  combined Eastern and Western  vaccine 28 days apart.     Blood  for neutralizing 
antibodies was obtained prior to vaccination and on days  28,  42,  56,  90, 180, 
and  270.     The  results  are  shown   in Tables   I and   II   (underlined   figures   indicate 
^1.7 logs). 

As   shown  in Table  I,   the majority of  subjects developed   significant 
neutralizing antibody to WEE  virus by day 28 with a mean LNI   (logiQ serum 
neutralization index)  of 1.9.     All subjects developed adequate antibody to 
Western virus  on days  42,  56,   and  90 with mean Li'l of  2.9,   2.8 and  2.5  respec- 
tively.     On days  180 and  270,   10  of 11   and 10 of  12   subjects maintained 
significant titers, with mean LNI  of  2.4 and 2.3. 
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TABLE   1 .     Wl-i: NEUTRALIZING ANTIBODY  RESPONSES^    OF VOLUNTEERS 
ADMINISTKRID 2  DOSES OF COMBINED WEE AND  EEE VACCINES 
ON DAYS 0 AND 28 

VOLUN- 
LOG10 SNI  BY DAY POSTVACCINATION 

TEERS 28 42 56 90 180 270 

GLG 2.6 3.2 3.3 3.2 2.8 2.8 

CMC 2.0 3.3 2.6 2.1 m£f 
ND 

BEG 1.2 3.2 2.5 2.5 2.0 2.2 

RWH 1.4 3.0 3.1 2.6 2.9 2.7 

WN.T 1.9 2.2 2.1 2.0 2.1 2.4 

KRK 2.0 2.7 2.6 2.4 2.9 1.9 

REL 2.3 2.5 2.8 2.1 ND ND 

DAL 1.1 2.3 2.3 2.0 2.0 2.3 

RLM 1.2 3.4 2.9 2.5 1.9 1.6 

DMP 2.1 2.2 2.1 2.3 1.5 1.6 

RDP 2.3 3.3 3.3 2.8 3.4 3.0 

GWR 2.3 3.4 3.4 3.1 ND ND 

CTR 1.8 3.1 2.6 2.3 ND ND 

JNS 2.4 hi 2.8 2.7 2.3 1.8 

WET 2.^5 hi lil 2.3 ND 2.0 

SSW 2.8 3.7 3.8 3.6 2.9 2.8 

MEAN l.o 2.9 2.8 2.5 2.4 2.3 

No. 
1.7/ 

TOTAL 1.2/16 16'16 16/16 16/16 10/11 10/12 

I 75 10^ 100 100 91 83 

RANGE (1.1-2.8) (2.2-3.7) (2.1-3.8) (2.0-3.6) (1 .5-3.4) (1.6-3.0) 

a. No  subject  had  dümonstrable neutralizing antibody on day 0. 
b. NU = Not  done. 
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TABLE  II.     EEE NEUTRALIZING ANTIBODY RESPONSES-    OF VOLUNTEERS 
ADMINISTERED  2 DOSES OF COMBINED WEE AND EEE VACCINES 
ON DAYS 0 AND  28 

VOLUN- 
LOG10 SNI  BY DAY POSTVACCINATION 

TEERS 28 42 56 90 180 270 

GLG 1.3 2.4 2.3 1.9 1.8 1.8 

GMG 2.3 3.0 2.7 2.4 ND*/ ND 

BEG 1.1 3.1 2.5 2.0 1.9 1.8 

RWH 1.8 3.1 2.8 2.4 2.4 2.4 

WNJ 1.3 2.4 1.9 2.3 1.5 1.7 

KRK 1.5 2.2 2.3 2.5 2.0 2.2 

REL 2.2 3.0 2.6 2.8 ND ND 

DAL 1.5 2.0 2.4 1.8 1.6 1.4 

RLM 1.0 2.9 2.3 2.3 1.6 1.6 

DMP 1.5 2.7 3.0 2.4 1.8 1.6 

RDP 1.9 3.2 2.5 2.3 2.5 2.4 

GWR 2.4 3.1 3.0 2.9 ND ND 

CTR 1.5 2.6 2.6 2.1 ND ND 

JNS 0.5 1.9 1.8 1.4 1.9 1.8 

WET 2.0 3.0 3.2 2.8 ND 1.8 

SSW 2.6 2.8 2.9 2.3 2.4 2.5 

MEAN 1.7 2.7 2.5 2.3 1.9 1.9 

No. 
>1.7/ 
TOTAL 7/16 16/16 16/16 15/16 8/11 9/12 

% A4 100 100 94 73 75 

RANGE (0.5-2.6) (1.9-3.2) (1.8-3.2) (1.4-2.9)       (1 .5-2.5) (1.4-2.5) 

a. No subject  had demonstrable neutralizing  antibody on day 0. 
b. ND = Not done. 
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The majority of subjcct-s failed to achieve significant KF.K neutralizing 
antibody by 28 days after ihc first dose of combined vaccine. The mean LN1 
28 days after the first dose of combined vaccine was 1.7 logs. However by 
dav 42 the mean LNI was 2.7 logs and all subjects developed significant EEE 
neutralizing antibody. The mean LNI remained at - ignificant levels through 
day 270. A decrease in EEK antibody below 1.7 logs occurred In 3 vaccinees 
on day 180 and in one subject on day 270. 

A combined Eastern and Western inactivated vaccine was evaluated in 16 
volunteers to compare the efficacy of the serological responses with a similar 
previous study (Medical Division Protocol FY 69-6).  The mean LNI to Western 
antibody up to day 270 and the number of vaccinees responding were greater 
than in the previous study (Table III).  The mean F.EE LM1 and the number of 
subjects with significant neutralizing antibody titers up to day 270 did not 
si^ow a significant difference between study FY 69-6 and the present study by 
X~ analvsis. 

TABLE III.  COMPARISON OF RESPONSES TO COMBINED WKE-EEE VACCINES GIVEN IN 
2 DOSES FROM MEDICAL DIVISION PROJECTS FY 69-6 and FY 70-6 

WEE EEE 
DAY 69-6^ :/ 70-6 69-6- ./ 70-6 
POST % mean /u mean /o mean mean 
VACC. „1.7 logs LNI  _1 .7 logs LNI ül.7 logs LNI ^a .7 logs LNI 

14 27 1.4 ND ND 27 1.5 ND ND 

28 19 1.4 75 1.9 50 1.7 44 1.7 

42 50 1.7 100 2.9 100 2.7 100 2.7 

56 84 1.9 100 2.8 100 2.5 100 2.5 

90 84 1.7 100 2.5 88 2.2 94 2.3 

180 56 1.7 91 2.4 50 1.8 73 1.9 

270 36 1.8 83 2.3 63 1.8 75 1.9 

360 38 1.6 38 1.5 
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nummary: 

Combined EEE and WEE vaccines were administered to 16 volunteers to 
verify apparent poor responses shown in a previous stud;-.  The results 
for WEE antibodies were improved and those for EEE were similar. 

Publications: 

None 
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Maryland. 
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23 (U) Evaluate human diploid cell cultures for use as substrate for preparation of 
viral and rickettsial vaccines, 

24 (U) The human diploid cell, Wl-38, will be studied to establish the technical 
requirements to produce and quality control cell strain substrates for human vaccines. 

25 (U) 70 07 - 71 06 - Growth and characterization of human diploid cell strain WI-38 
is presently at the seed stock development phase. 
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Project No. 3A61101A91C: Indi^pt'iidont Laboratory ln-liousi' Research 

Task No. 3A61101A91C 00: (Prevention and Treatment of Biological Agent 
(1B662711A096 02) Casualties) 

Work Unit No. 91C 00 133: Studies with Human Diploid Cell Cultures 
(096 02 009) 

Description: 

Evaluate human diploid cell cultures for use as substrate 
preparation of viral and rickettsial vaccines. 

for 

Progress: 

A separate area has been organized for the production and 
characterization of human diploid cells.  This area meets U. S. 
Public Health Service requirements for the propagation of cells 
to be used in vaccine production. The human diploid cell area 
is presently capable of growing and maintaining cells without contact 
with other cell culture areas. 

1 

Training with the WI-38 cell strain, a diploid cell derived from 
a fetal human lung, is well underway for the technician assigned 
to the area.  Training has consisted of aseptic manipulation of 
cultures (without mouth pipetting) using static monolayer and roller 
bottle culture techniques. 

Efforts have been initiated to purchase a single lot of fetal 
bovine serum free of detectable cycopathic and noncytopathic 
adventitious agents.  Upon completion of the purchase, frozen 
seed stock of WI-38 at passage 14 (ATCC) will ge grown to produce 
a USAMRIID stock of WI-38 cells. The cells will bo refrozen at 
approximately passage 20.  This seed will consist of approximately 
250 ampoules.  The expected date of  seed production is July 71. 

Upon completion of this production, the seed will be characterized 
to present literature values for WI-38.  Concurrent with character- 
ization, virus susceptibility studies and development of an inactivated 
group A arbovirus vaccine will be initiated. 

Summa ry: 

Growth and  characterization of  the  human diploid   cell   strain 
WI-38  is  presently at   the  seed  stock development   phase. 

Publications: 

None 
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Work Unit No.   91C 00  133:  Studies with Human Diploid Cell Cultures 
(096 02 009) 

Description: 

Evaluate human diploid cell cultures  for use as  substrate  for 
preparation of viral  and  rickettsial vaccines. 

Progress: 

A separate area has been organized for the production and 
characterization of human diploid cells.  This area meets U. S. 
Public Health Service requirements for the propagation of cells 
to be used in vaccine production.  The human diploid cell area 
is presently capable of growing and maintaining cells without contact 
with other cell culture areas. 

Training with the WI-38 cell strain, a diploid cell derived from 
a fetal human lung, is well underway for the technician assigned 
to the area.  Training has consisted of aseptic manipulation of 
cultures (without mouth pipetting) using static monolayer and roller 
bottle culture techniques. 

Efforts have been initiated to purchase a single lot of fetal 
bovine serum free of detectable cytopathic and noncytopathic 
adventitious agents.  Upon completion of the purchase, frozen 
seed stock of WI-38 at passage 14 (ATCC) will ge grown to produce 
a USAMR1ID stock of WI-38 cells.  The cells will be refrozen at 
approximately passage 20.  This seed will consist of approximately 
250 ampoules. The expected date of seed production is July 71. 

Upon completion of this production, the seed will be characterized 
to present literature values for WI-38.  Concurrent with character- 
ization, virus susceptibility studies and development of an inactivated 
group A arbovirus vaccine will be initiated. 

Summary: 

Growth and characterization of the human diploid cell strain 
WI-38 is presently at the seed stock development phase. 

Publications: 

None 
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23 (U)  To evaluate   the  relationship of secretory and humoral antibodies   to protection 
afforded by vaccines  administered by various  routes, 

24 (U)  Develop an animal model  lor evaluating efficacy of local  secretory antibody in 
protecting a host   from respiratory-acquired   Infection. 

25 (U)   70 09 -   71  06  -  An animal model  has been developed using  the  guinea pig to eval- 
uate  local  respiratory antibody response   to vaccine and/or challenge with microorganisms, 
At present,   local  antibody has  only been demonstrated  in animals vaccinated and chal- 
lenged  intraperltoneally with Q  fever.     Further  studies are  In progress   to evaluate  this 
finding, 

A technique   for  obtaining iinmunocompetent  cells   from the peritoneum of  guinea pigs 
has been employed  to  trausfer delayed hypersensltivity.     Work  is  now  in progress  to 
assess  the protective  role  of both hyperimmune  sera and cells   in  Infection with  guinea 
pigs  with VEE and Q   fever. 
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BODY  OF  REPORT 

Project No.   1U662711AÜ96:     Medical   Defense Aspects  of   lUologlcnl   AnenLs   (I') 

Tcisk No.   lß6627ilA096  02:     Prevention and  Treatment of   Uiologioal  Agent 
Casualties 

Work Unit No.  096  02  010:     Role of  Secretory   Immunoglobulin   in Host   Immunity 

Description: 

To evaluate  the  relationship of  secretory  and  humoral  antibodies   to 
protection afforded by vaccines  administered by  various  routes. 

Progress,  Part  I: 

Recent progress  in  characterizing antibodies  lias  led  to  the establishment 
of  5 major classes  of  immunoglobulins.    These are  IgG,   IgM,  IgA,   IgD and 
IgE.     The first  3 are  the major components  of circulating,  or humoral, 
antibody.    Most antibacterial and antiviral  activity  is contained  in  these 
fractions.     IgA,   in addition,   is  the major  immunoglobulin present  in external 
secretions,  i.e.   saliva,   colostrum,  respiratory  tract  secretions,   etc.^'   (Adv. 
Immun.   9:1,  1968).     In  these secretions,   IgA exists  in a unicue  form;   it   is 
composed of  7S IgA produced  locally by plasma cells  In close approximation 
to  the epithelial surface  and a secretory  component made  in  the epithelial 
cell.i/ 

A review of  the  literature indicates  that  a number of  factors may be 
involved in stimulating  formation of secretory   immunoglobulin,  e.g.   route 
of  inoculation,  dose of  antigen,  and character  of  the  antigen  (live  or 
killed)-?-/   (Infect.   Immun.   2:29,   1970).     It  should be noted  that,  with   the 
exception of studies employing Francisella  tularensisJ'   (.T.   Immun.   98:171, 
1967),  investigations of  IgA have employed microorganisms which may be  found 
in  the population  at  large,   e.g.  polio,  rhinoviruses,   etc.     Thus, 
evaluation of  the  significance of  IgA in resisting  infection is  frequently 
complicated by  the possibility of prior experience.     Therefore,  an 
investigation was  undertaken  to evaluate  those  factors  involved in  producing 
secretory IgA when vaccines  and/or virulent organisms  not commonly  encountered 
were  employed,  e.g.   Coxlella burnetl    and Venezuelan  equine enccphalomyelitis 
(VEE)  viruses.     Furthermore,  it was proposed  to  evaluate whether secretory 
immunoglobulin, when present,  had  a role  in protecting  the host  from 
infection. 

An animal model employing  the guinea  pig was  developed  for obtaining 
tracheobronchlal washings   (TBW)   for antibody  activity determinations.     Guinea 
pigs were  sacrificed by   intraperitoneal   (IP)   administration of Lethal   (Eli 
Lilly and Company,   Indianapolis,   Indiana).     A midline   incision was  made   in 
the neck and  the   trachea was  cannulated.     The   trachea was washed with   1   ml 
aliquots of Hank's   Balanced  Salt Solution   (without  phenol)   and  the  return 
was  collected in  a  sterile  test   tube:     10 ml   were   infused of which 
approximately  8 ml were  recovered.     Samples  grossly contaminated with blood 
were discarded.     After   centrifugation,   the   remaining  samples were  evaluated 

■   !■     i»   mi    B^a^iitBiiiBmm^antmtmBim^^a—ammtimmmmmmmm^mtattl 



200 

fur  Cv^ntair.inatian '.viLii orythrocytos;   ,111 observation of  no contamination was 
confi rnu.J   by   Lowry  protein determinnt ions  on each supernatant   fluid. 

Tracheobronchial vasliin;,.-;  •.-cri.   collected  from guinea pigs  irununlzed  in 
the   following manner.     Jne f'.roiip was  prepared with  200  iv, bovine  ganma globulin 
(liCjf-)   in   complete   Freund's   idjuvant   by   footpad  injection and  another \:ith  300 
IV  ßGCi  nlone   instilled directly   into   the   trachea after   the  animals were 
anaesthetized   IP with Surital   (Parke-Davis  Co.,   Detroit,  Michigan). 
Subsequently,   TBW and  serum were  obtained  at  7-10-day   intervals   for  35 days, 
lioth  serum and  TßW were  titrated   for   hemagglutinating   (HA)   and complement 
fixing   (CF)   antibodies.     Antibody  could  not be detected   in  either  serum or 
TBW of  animals administered  300  p.g  BGG  intratracheally   (IT).     As  expected, 
animals   inoculated via  the  footpad  had serum HA titers  >1:2000 in  3 weeks; 
iiowever,   HA or  CF antibody was  not  detected  in  their  TBW. 

Next,   the effect of  living,   attenuated VLE vaccine   (TC-83) was evaluated. 
A .;roup  of  guinea pigs was immunized with  1000 median  guinea pig  intra- 
peritoneal   immunizing doses of  TC-83 by either  the  IP  or  IT route.    T3W and 
sera were  obtained  serially at   7-day   intervals over a  30-day  period.     Each 
was   tested by hemagglutination  inhibition  (HI)  and neutralization  tests  for 
antibody  activity.     Neutralizing  antibody was assessed  by a modification of 
the  plaque  reduction method using constant  amounts of  serum and varying 
dilutions  of virus.     A neutralization index was  then computed. 

Antibody  could  not be detected  in  the  TBW regardless  of   the route of 
administration.     In contrast,   high serum titers of antibody by HI and 
neutralization  tests were  found  in  all animals. 

It  appeared  from these studies  that detectable amounts of local antibody 
were not  produced  in  the respiratory   tract of guinea pigs  in response  to an 
inert  antigen   (BGG)  or a  live,   replicating antigen  (TC-83). 

Finally,   the response  following  immunization ard  challenge with Q  fever 
ricke   tsiae was  investigated.     Guinea pigs were  immunized  IP with  Phase  II 
Henzerling strain vaccine.    Two weeks  later they were  challenged  IP witli 
virulent   Phase   1  C.   burneti   .     TBW and  sera were  collected   11  days  following 
challenge  and were  tested  for  antibody  content   (Table   T).     Postchallenge CF 
titers  of  sera were high Jn all   animals.     In contrast   to preceding studies, 
antibody was  detected  in TBW  from guinea  pigs   following   this   challenTO.     CF 
titers were  low;   no microagglutlnins were detected.     It   is  of  interest  to 
note  that   the highest  incidence  of response occurred  in  animals  immunized 
with   the  smallest  antigenic mass.     It   is  possible  that   the  TBW antibody 
activity   is  one manifestation  of  a booster  response  to  challenge.     It would 
be expected   that  animals  receiving  the  smallest primary  stimulus would  show 
the  greatest  booster  response.     Confirmatory studies  are  currently  in  progress. 

ammmmm mm—mm 
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TABLE  I.     SERUM AND TBW ANTIBODY  RESPONSES   OF   IMMLNl/'tD AND  NüNIMMU^l^KD 
GUINEA  PIGS   II  DAYS   FOLLOWING  CHALLKNGF  WITH  PHASJ-   1 
GOXIELLA BURNETT   . 

SERUM ANTIBODY TBW ANTIBODY 

VACCINE^'       Responders Mean Titers- Rt-sponders Mean Titer- 
DILUTION "Tested CF Microagg, Tested CF Microagi', 

1:5 5/5 

1:25 5/5 

1:123 5/5 

1:625 5/5 

No vaccine 5/5 

512 

512 

512 

512 

512 

8 

4 

8 

8 

1/5 2 

4/5 U 

5/5 4 

5/5 k 

J/5 2 

N'ep 

Nep 

N'ev; 

Nee 

a. Phase  II,  Henzerling strain Q fever vaccine   (WRAIR,  Lot DP-?);   0.5 ml 
injected IP. 

b. Mean reciprocal titer. 

Summary,  Part  I: 

An animal model has been developed  using  the puinea pig   to evaluate 
local respiratory  antibody response  to vaccine  and/or challenge with 
microorganisms.     At present,  local antibody has  only been demonstrated  in 
animals vaccinated  and challenged  IP with Q fever.     Further  studies  are  in 
progress  to evaluate  this  finding. 

Progress, Part II: 

Work by MacKaness and others"—    (J.   Infect.  Dis.   123:439,   1971; 
J.  Exp.  Med.   132:1035,   1970)  has shown that microorganipms  capable  of 
surviving within phagocytic cells of  the reticulocndothelial system, 
viz.  mycobacteria,  Burcella,  Salmonella,  viruses,  are primarily  eliminated 
from the host by  interaction of immunocompetent  lymphocytes with macropiiages. 
This interaction produces an "activated" macrophage with significantly 
enhanced antimicrobial properties.     Antibody alone does not  seem capable ol 
protecting  the host  from these intracellular organises. 

Preliminary experimenua  have been performed with guinea pigs   immunized 
with 200 pg  EGG  in  complete  Freund's  adjuvant  by  footpad  injection. 



202 

IVriUnU'al   cxudatf  cells   (   L)   were  rccovored   Collowlnj;  ll1   injection by 
U.iyol-l-'  1U-1J days  after   irununiz:ition.    Approximatcly  9 x  10'  Pli cells 
{irOZ   lyraphocvti-s,   40% macrophagi's)   were outaineü.     The   cells were 
cent r i f uged,   w.isiied several   tines  and  finally  resnspended  in Hank's  Balanced 
Salt   Solution   (IliiSS)   to  a  concern rat ion of   2  -   2.5  x   108 cells/5 nl.     An 
aliquot  of   the  pooled cell  suspension was   tested  for  antibody  activity  by 
the  ILA   test.     These  PL cells were  then  injected  IP   into nonimmune  guinea pi.:s; 
3fi  hr   latur,   these adoptively   immunized animals were  tested for cutaneous 
aypersensitivity.     The skin  test  dose enployed was   10  |ig  BGG/0.1 ml HBSS. 
Control   injections  were  0.1  ml   of  HBSS were  administered on  the  contralateral 
side  ot   tue  saaved abdomen.      Induration and erythema were measured at  24 
and  48  hr;   a positive skin   test  was   defined as  greater   than  5 mm induration. 
With   this   technique,   50% of nonimmunc guinea pigs   converted  to  a positive 
skin   test   indicating  transfer  of delayed hypersensitivity. 

Experiments  are now   in  progress   to determine   if  passive  transfer of  serum 
or  cells   from immune  to nonimnune guinea pigs will  confer protection against 
challenge with virulent  0   fever or VEE microorganisms. 

Summary,   Part   II: 

A  technique  for obtaining  immunocompetent cells  from the peritoneum of 
guinea pigs  has been employed   to  transfer delayed hypersensitivity.    Work 
Is  now  in progress   to assess   the protective role  of both hyperimmune sera 
and  cells  in  infection of  guinea pigs with VEE and Q  fever. 

Publications: 

i'Jone. 
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23 (U)  Determine  the  factors   Influencing the  susceptibility  to plague  Infection and  the 
most  appropriate  method   to  prevent  the   Infection. 

24 (U)   Using standard  methods,   sera  from humans  and animals are  tested  for  the presence 
of   fraction  I antibody  to  P.   pestls. 

25 (U)   70 07  -   71 06 -   The   Investigation of  P.   pestls  cytochrome o has been completed. 
A report  of  this entire  study will  be  submitted   for  journal  publication  shortly.     Dogs, 
cats,  and  swine are  susceptible  no experimental  plague  Infection;  dogs and  cats demon- 
strate  P.   pestls bactererala  as  a  result of the   Infection while  swine do not.     All  3 
species examined  respond  to plague  Infection by developing antibodies  to  the  specific 
fraction  I  antigen;  which  persist   for at  least  300 days   in  the sera of cats  and dogs 
and   110 days   in swine. 

The antibody response  of rhesus monkeys  to  immunization with killed plague vaccine 
was   less  uniform than with a   living attenuated  plague  vaccine.    All animals with demon- 
strable antibody at  the  time  of  challenge survived,  while 2  of 3 without  died  of 
systemic  plague. 

In humans,   there   Is   little  o-- no correlation  between  the quantity of  plague vaccine 
administered and   the  serological   response.     After a   finite  number of booster   Inocu- 
lations  are  given,   an antibody p'ateau  level   is   reached   in each  Individual.     Additional 
immunization or  Its  absence  does  not  appear  to  alter  markedly the antibody   levels. 

Publications:     Bull.   WHO 42:451-459,   1970;  j_n Rapid  Diagnostic Methods   In Medical 
Microbiology,   p.   67-81,   1970;   Infect.   Immun.   3:498-499,   1971, 

Infect.    Immun.   1971,   In press, 
*A**ilmbtm tu    onira^tiit* upon orlgln*lof'i approval 

DD,:OA:"J498 P«t V   OU5   Cn,TiONS   OF    TH5   FORM   ARE   OBIOLETE        DO   FORM»   I49SA     1   NOV   SB 
ANO   '499   I      I    MAR   «a     FOR   AHMY    ,9E     ARE   OBSOLETE 

mmmatmam mm mm 



205 

BODY ÜF:  RH'ORT 

Project  No.   1B662711AÜ%:    Medical Defense Aspects of   Mological Agents  (U) 

Task No.   13662711A096 02:     Prevention and Treatment of Biological Agent 
Casualties 

Kork Unit No. 096 02 102; 

Description; 

Development and Lvaluation of an rffectivc Vaccine 
Against  Plague 

Study the clinical and serological response of dogs, cats, monkeys, and 
j»v%ir>e to experimental plague infection. Determine the effectiveness of long 
term x'nmunization in man. 

Progress, Part I: 

Studies on cytochrome o_ isolated from Pasteurella pestis have been 
completed. ~ 

The molecular weight and homogeneity of purified cytochrome o were 
investigated by discontinuous electrophoresis in various concentrTtions of 
polyacrylamide gel.    The logarithm of the protein mobility was plotted against 
the acrylamide gel concentration.    From the slope-molecular weight relation- 
ship determined with bovine serum albumin monomer, dimer,  and trimcr,  the 
molecular weight of cytochrome o was estimated to be 160,000,    This  is in 
agreement with the previous estimate of 175,000 determined  by gel filtration. 
In addition, the cytochrome o was homogeneous during electrophoresis over a 
wide range of gel concentrations. 

Further studies in an Aminco-Chancc dual wavelength  spectrophotometer 
have substantiated initial observations that cytochrome o participates in 
the bacterial  electron transport  system between cytochrome b,,,> an 
oxygen      "Steady state" experiments were performed using washed  P. 

nd molecular 
i'. £cstis 

particles obtained by sonication.    The degree of reduction of various com- 
ponents of the electron transport chain was examined spectrally in the 
presence of NADH or succinate.     In both cases cytochrome o was about b% 
less reduced than cytochrome b,,Q,    Complete reduction with sodium dithionitc 
indicated that about 209o of the" cytochrome o does not  participate in electron 
transport  in such particles. 

Summary,  Part I; 

The  investigation of P.  pestis cytochrome o has been completed.    A 
report of this study will Fc submitted for journal publication shortly. 
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Progress,  Part   II; 

Meyer— (Medicine 21:143,  Ii'42)  postulated that dops played an important 
role  in the epidemiology of plague by conveying plague-infected  fleas  from 
field rodents  to man.    Ulanc and Baltazard— (Arch.  Inst.  Pasteur Maroc 3:175, 

found dead 
WHO 

1945)   isolated P_.  pestis  from fleas collected from a cat and a dog  fot 
in a house where cases of plague had occurred.    Pollitzer— (Plague, Kl 
Monograph 22),   in his review, stated that  epizootics among the cat populations 
often coincided with epidemics of plague and Meyer—'   (Med. Clin.  N.  Amer.   1943, 
p.750) was able to incriminate the cat as the source of infection for at least 
one case of plague. 

Ten young,  adult  female beagles,  5 young,  adult  female cats,  and 5 young, 
adult swine were utilized.    The cats and dogs were infected by either the oral 
or parenteral  routes, and the swine by the oral route only.    Eight dogs and 3 
cats were infected by the oral route.    To simulate infection by fleas, 2 dogs 
and 2 cats were injected subcutaneously in the shaved scapular area with 0.2 
ml of homogenate prepared in saline from the spleen of a guinea pig that had 
just died of plague.    Sera obtained from the animals at varying  intervals were 
examined for complement  fixation (CF)  and hemagglutinating  (HA)  antibodies to 
the fraction I antigen of P. pestis by the methods outlined by Cavanaugh et al 
- (Bull.  WHO 32:197,   1965)7 

Experimental plague infection in the dog -- Within 24-48 hr following 
infection, all   10 dogs showed some clinical signs of illness.    While normally 
active and playful,  the dogs became lethargic  and unresponsive to handling. 
All dogs exhibited transient, mild to moderate,  febrile response.    The 2 most 
severely affected animals had a fever of 105 F for a period of 72 hr.    By the 
3rd day, fluctuant nonsuppurating absces.ies had «''■veloped at the site of 
inoculation in both dogi which had received parenteral  injections of infected 
material.    P_.  pestis was repeatedly isolated frcm material aspirated from 
these lesion's  from days 3-10.    Later attempts to isolate P.  pestis were 
unsuccessful. 

Plague bacilli were isolated sporadically from the throats of 4 of the 8 
dogs infected by the oral route; through day 7 in 2 dogs; day 8 in  1 dog, and 
day 10 in 1 dog.    The 2 dogs which displayed the most elevated temperatures 
were bacteremic;   P.  pestis was isolated  from the blood of these 2 animals 
through day 3.     Despite the fact that all of the dogs became ill,  none of the 
animals succumbed to the disease and all appeared to have recovered clinically 
without treatment by day 7. 

There was an abrupt appearance of both CF and HA antibody by day 8 and 
the peaks of HA antibody titer occurred between days 8 and 21.    A decline from 
peak values to a constant HA antibody plateau was seer, by day 100,  and this 
level was maintained through at  least day 315.     By contrast,  a  steady decline 
in CF antibody occurred; this antibody was totally gone by day 200.    There 
were no significant differences in the serological  responses of dogs to 
P. pestis infection attributable to the route of administration. 

w—mm 
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Experiirental plague  infection in the cat   --  Experimental plague 
infection appeared to he a very severe disease  for the cat.    All of the 
animals became acutely ill within 24-48 hr of infection.    Uniformly,  the 
animals demonstrated marked febrile responses,  the temperatures rose from 
a normal of 101 F to a peak of 106 F.    Two of the cats died during the 
period of acute illness on days 4 and 6.    A 3rd cat which died as a result 
of the infection on day 20 had temperatures fluctuating between 103 F and 
105 F throughout.    The temperatures of the 2  surviving cats   (1  oral  am]   1 
parenterally infected)   had returned to normal  values by the 6th day. 

P. pestis was  isolated from the blood of all  of the cats early in the 
course" of disease and sporadically through day 20 in the cat with the pro- 
tracted infection.    From orally infected cats,  P.  pestis was isolated  from 
the throats of 1 of 3 on day 3, 2 of 3 on day 67 and  1 of 3 on day 10.     No 
isolations were obtained from the throats of animals infected by the parcn- 
teral route.    One characteristic of feline plague was formation of large 
abscesses at the site of inoculation.    Positive cultures were obtained  from 
aspirates of these abscesses.    Similar abscesses also appeared on the back, 
in the groin, and in the neck of one cat  infected by the oral  route.    The 
neck abscess ruptured on day 9 and continued  to discharge large quantities 
of purulent material   from which £. peatis could he isolated until death 
on day 20. "" 

When the 3 cats which died of plague were examined at autopsy,  all 
animals had occasional discrete abscesses in  spleen and liver.    The  lungs 
had similar large abscesses and evidence of extensive pneumonia.    P.  pestis 
was isolated in great numbers from the abscesses  in all these organ's and    " 
from the heart blood. 

Due to the severity of the infection in the cat, cardiac puncture to 
obtain blood for serology was not attempted until day 12.    At this time,  I1A 
antibody to the fraction  I antigen was present  in the sera of 2 of the cats 
at a titer of 1:2048 and  1:1024.    By day 30,  the HA titcrs in the sera of 
the 2 surviving cats had declined to a plateau of 1:512 which persisted 
through day 300.    Cats did not produce CF antibody to fraction I antigen. 

Experimental plague infection in swine --  Plague infection in the swine 
is a very mild disease.    None of the animals had any signs of clinical   ill- 
ness; temperatures remained normal; and the animals remained active and 
alert.    Repeated throat and blood cultures failed to yield P. pestis.    All 
of the swine had HA antibody by day 7.    Peak titers were reached by day 21 
and declined to a plateau level of 1:1024-1:2048 by day 49 remaining constant 
through day 110.    Swine do not produce CF antibody to fraction  I  antigen. 

Summary,  Part  11: 

Dogs, cats, and  swine are susceptible to experincntal  plague infection. 
Both dogs and cats demonstrate P. pestis bactcrcmia as a result of the 
infection while swine do not.    Xll 3 species studied respond to plague 
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infection by developing antibodies to the specific fraction I  antigen.    Such 
antibodies persist for at  least 300 days in the sera of cats and dogs and 110 
days in swine.    All 3 species might  serve as sentinel animals  for the detection 
of plague activity in an area.    Two papers have been prepared on dogs and cats. 

Progress,  Part   III: 

Serological  response of rhesus monkeys to immunization and infection with 
P.  pestis  -- A commercial vaccine,  plague, USP,  E medium.  Lot #K3400 (Cutter 
Taboratories),  was used as the killed vaccine in this study.    The fully com- 
petent  living attenuated plague vaccine used was a freeze-dried strain of 
P_. pestis EV7b(51f),  Lot 2.    A recently passed strain of P.  pestis 195/P with 
IT mouse median  lethal dose of <10 cells was used as the cKalTenge organism. 

Thirteen monkeys  (Macaca mulatta)  were assigned to 3 groups.    Six animals 
were immunized  intradermally (ID)  with 1.0 ml Cutter vaccine on day 0 and given 
an 0.2 ml booster inoculation on day 90;  3 animals were inoculated intramuscu- 
larly (IM) with  109 viable EV76(51f)  organisms on day 90; and 4 animals were 
fed 10    viable EV7fc(51f)  in a banana on day 90,    All animals were challenged 
ID on day  180 with 1  X  105 P. pestis  19S/P. 

Blood samples were collected at varying intervals.    The blood was allowed 
to clot;  the serum was removed aseptically.    One ml of each serum was removed 
for immediate testing and the remainder was stored at -40 C for later testing. 
The microhemagglutination and microcomplement fixation tests of Cavanaugh, 
using purified fraction I antigen of j\ pestis, were employed. 

During the immunization phase of the study no adverse reactions,  i.e., 
rise in temperature, change in behavior, regional lymphadenopathy or gastro- 
intestinal disturbance were observed in any of the animals.    Both the living 
and killed vaccines were well tolerated by the animals, regardless of the 
route of administration. 

r 
When challenged by the intradermal route with 2 X \0    £.  pestis 195/P, all 

animals developed symptoms of infection,  i.e.,  fever -104 r~ loss of appetite, 
lethargy,  and loss of condition within a period of 36 hr.    Three animals, 2 of 
Group I and the control, died of septicemic plague on days  3 and 4,    ]\ pestis 
was isolated from heart blood, peritoneal exudate, and thoracic fluid as well 
as from the cut surfaces of the  lungs,  spleen,  and liver of all 3 monkeys. 
There was no evidence of regional  lymphadenopathy.    The remaining 10 monkeys 
developed eschar-like lesions at the site of inoculation with enlargement of 
the left  femoral and inguinal lymph nodes.    Material taken from the lesions 
yielded V,  pestis on days 4-7 only.    The  lesions had healed and the lymph 
nodes hiüT resolved by day 28 in all  animals. 

Primary inoculation of Group I with 1.0 ml killed vaccine failed to elicit 
demonstrable HA or CF antibodies.    A second injection of 0.2 ml of this vaccine 
on day 90 resulted in the production of HA antibody by 3 animals and CF anti- 
body by 2 animals by day 120.    By contrast, all the animals receiving a single 
dose of living, attenuated P. pestis tV76(51f) vaccine by either the oral or 
parenteral routes responded1>y producing both HA and CF antibodies. 
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Following challenge,  all aniirals that  survived responded to the infection 
with a rapid rise in both HA and CF- antihcJies.    Peak titers were observed 
between days 7-14  postinfection.    During tne next  200 days the titers,  while 
declining somewhat   from the values observed during the peak period,  renained 
higher than those observed at any time during the immunization phase of the 
study. 

It  is noteworthy that 9 of 10 animals  surviving  infection with virulent 
P. pestis had demonstrable antibodies to fraction I antigen prior to infec- 
Tion,    Two of 3 vaccinated animals in which antibodies could not  be deiron- 
strated succumbed to the disease within 4  days of challenge.     The  results of 
previous studies have demonstrated that unvaccinated control  monkeys die in 
a 3-5 day period after challenge. 

The results obtained when all of the  sera which had been  frozen at  -40 (' 
were tested simultaneously were identical  to the results obtained  when individ- 
ual bleedings were tested prior to freezing. 

Summary,  Part  III; 

The antibody response of rhesus monkeys to immunization with killed 
plague vaccine was  less uniform than ^ith a living,  attenuated plague vaccine. 
All animals having demonstrable antibody at the tine of challenge  survived, 
while 2 of 3 without  denorstrablo antibody died of systemic plague. 

Progress, Part IV; 

Long term multiple immunization of man with killed plague vaccine -- 
A series of 1,049  sera  from 32 individuals receiving 5-34 plague   imrunizations 
were tested for HA and CF antibodies to the fraction I antigen of £. pestis 
by the methods of Cavanaugh et alH 

The routine  immunization procedures  as applied to this group differed 
from those reported elsewhere in this report  in that the sensitizing dose 
consisted of 3 injections of 0,5 ml,   1.0 ml, and  1,0 ml given at  7-day inter- 
vals followed by booster inoculation of either 0.5 ml or 0.25 n.l   every t ron 
as required.    One or more preimmunization sera were available  fror  11   indi- 
viduals.    At  least one serum taken after the primary bcrics and after cact   of 
the first 2 booster inoculations were obtained.    When the initial   scrologicul 
response of the  11  subjects who received an average cf 3.0-3.3 ml   cf vaccine 
are compared with the volunteer group receiving a total  of 1.4  rl   of antigen, 
the results are quite similai.    The positive geometric mean titers  of the  2 
groups differ by  less than a factor of 2 as measured after the primary  irnuni- 
zation, the 1st and 2nd booster inoculation. 

When the 32  individuals are taken as  a  single group,  several   general 
conclusions can be drawn from the data;     (1)    After approximately 4  booster 
inoculations of killed plague vaccine,   each  individual reached a  plateau with 
respect to HA antibody.    Additional booster immunizations did not  markedly 



210 

increase the plateau titer; (2) Once an individual reached a stabilized 
plateau, absence of further booster immunization for periods of 2-7 yr are 
reflected by either no loss or very gradual loss of IIA antibody titers; (3) 
Both local and systemic reactions to plague vaccine tend to reoccur once an 
individual has experienced a single reaction. There does not appear to be 
either a qualitative or quantitative difference in the serological response in 
individuals who react adversely or do not react at all to plague vaccine; and, 
(4) There appears to be little or no correlation between the size of the dose, 
0.1-0,5 ml, and IIA response once an individual has received an adequate sensi- 
tizing dose of vaccine. Reduction of dose-size with or without medication does 
not reduce the chance of an adverse reaction in an individual with a history of 
previous reactions. 

Summary, Part IV'; 

There is little or no correlation between the quantity of plague vaccine 
administered and the serological response. After a finite number of booster 
inoculations are administered, an antibody plateau level is reached in each 
individual. Additional immunization or its absence does not appear to markedly 
alter the antibody levels. 

Publications; 

1. Cavanaugh, D.C., P.J. Deoras, D.ll. Hunter, J.D. Marshall, Jr., D.V. 
Quy, J.M. Rust, Jr., S. Purnaveja, and P.P.. Winter. 1970.  Some observations 
on the necessity for serological testing of rodent sera for Pasteurella pestis 
antibody in a plague control programme. Bull. WHO 42:451-459.   " ^ "« * 

2. Wetzler, T.F., M.K. Rosen, and J.D. Marshall, Jr.  1970. The 
Pasteurella, the Yersinia and the Francisella, p.67-81.  In CD. Graber (ed.) 
Rapid Diagnostic Methods in Medical Microbiology, Williams and Wilkins Co., 
Baltimore. 

3. Habig, W., B.W. Hudson, J.D. Marshall, Jr., D.C. Cavanaugh, and J.H. 
Rust, Jr.  1971.  Evidence for molecular heterogeneity of the specific antigen 
(fraction IJ of Pasteurella pestis.  Infect. Immun. 3;498-499. 

4. Harrison, D.N., D.C. Cavanaugh, J.H. Rust, Jr., and J.D. Marshall, Jr. 
1971. Characteristics of a phage-infected strain of Pasteurella pestis isolated 
from a human case of plague.  Infect. Immun.  In Press. 
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23 (U) Develop vaccines of low reactogenlclty fur immunoprophylaxis against specific 
rickettsial diseases. 

24 (U) Propagate representative strains in tissue culture systems.  Assess the 
feasibility of producing rickettsial suspensions of quality and quantity suitable for 
vaccines for human use. 

25 (U) 70 07 - 71 06 - I:  The M-44 Strain of Coxlella burneti has been freed of rlf 
viruses and redeslgnated the R-M (Rlf -free M) strain.  Master and working seeds have 
been produced and 5 lots of purified vaccine suitable for human use have been produced; 
tes'lng Is underway.  Preliminary results indicate that certain primary cell cultures 
are good substrates for the growth of C. burneti. 

II.  A study of immunoprophylaxis against the spotted fever group was begun In 
April 1971.  A duck-embryo cell grown, formalin-Inactivated Rocky Mountain spotted 
fever (RMSF) vaccine had been developed elsewhere by the investigator.  It appears to be 
superior to other available RMSF vaccines.  Seed stocks of other members of the spotted 
fever group are available, but probably contaminated with avian leukosis viruses. 
At.erapts are in progress to remove the contaminant and proceed as with the RMSF product 

Publication:  Bact. Proc, 1971, p. 85. 
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BODY OF REPORT 

Project No. 1B662711A096:  Medical Defunso Aspects of Biological Agents (U) 

Task No. 13662711AÜ96 02:  Prevention ami Treatment of Biological Agent 
Casualties 

Work Unit No. 096 02 300:  Immunologie Studies with Rickettsiae 

Description: 

Develop vaccines of low reactogenicity for immunoprophylaxis 
against specific rickettsiae diseases. 

Progress, Part I: 

Research on the attenuated M Strain of Coxiella burneti during the 
last year has resulted in the production of 5 lets of yolk sac origin 
vaccine suitable for human use.  The initial experiments were conducted 
to determine the response of M-44 experienced animals to challenge with 
phase I and II organisms. The phase I strain was the RIF-frec 
(resistance inducing factor-free) vaccine (Henzerling origin) strain 
obtained from National Drug Co.; the phase II strain was Nine-Mile 
Strain (EP-88). The guinea pigs were inoculated with serial 10-fold 
dilutions of M-44 and held for 45 days.  The challenge dose was 
standardized at 10,000 median lethal fever doses for guinea pigs 
(FDCQ) for both strains. A decrease of 50% in the length of the 
febrile period in comparison to the controls was taken as index of 
protection.  The dilution of M-44 which protected against the 2 
challenge strains was the same with protection against EP-88 titering 
10-8.3 and EP-3 titering 10-8-5. 

The first requirement for a vaccine seed is freedom from detectable 
extraneous microorganisms.  Since the. M strain had been propagated in 
eggs not certified to be RIF-frec, an aliquot of the WR-E1 material 
was heated at 56 C for 30 min to inactivate any viruses of this group 
which might be present. The 0.1-ml aliquot was i-.ncdiately inoculated 
by the yolk sac route into certified RIF-free eggs (SPAFAS).  On day 
6 when 307» of the eggs alive on day 2 were dead the yolk sacs from 
the living eggs were harvested, processed into 207» suspensions in 
Snyder's I Buffer, labelled R-M (RIF-free M) Strain, El (first egg 
passage), and stored ac  -70 C.  This represented master seed and an 
E2 passage was prepared as the working seed.  Both of these were freed 
of rickettsia by egg passage in the presence of tetracycline and tested 
for RIF viruses at the Avian Viruses Unit, Departmcntof Biologies 
Standards, National Institutes of Health; both were negative. 

The R-M Strain E2 material was used to prepare a series of pools 
of Infected yolk sacs for use in the development of a satisfactory 
purification procedure. All published techniques had been developed 
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in. iisr with inacl ivati'd ar^anisms and recovery ratfs had bven  followed 
hy N'Tnlo^ii al ini-Uiods rat IUT than nK-asuronu'tit of infi-ct ivi ty.  It was 
IIIH idtd to approat li i lu' |uol>U'in with both physical and chemical methods. 
Tin1 chemical inethod devi'loped included a 30-niin incubation at 37 C with 
a final concent'•at ion of 1.257, trypsin followed by low speed centrifugation. 
This procedure gave essentially 100% yields and was extremely simple 
and effective.  (Median infective doses for eggs greater than lOl'/ml with 
nondialyzable N levels of -30  .ig were common.)  This method is used in 
the laboratory for the production of diagnostic antigens, but the use 
of trypsin was felt to be a dubious procedure in vaccine production for 
human use.  Therefore, the final technique used for the purification 
of the vaccine involved 2 cycles of differential centrifugation followed 
by isopyenic density gradient centrifugation utilizing a 707» sucrose 
cushion.  Nitrogen levels were elevated (approximately 600 ^g N ml)and 
infectivity recovery rates were from 10-30%.  Final titers were equal 
to or higher than those of the original yolk sac pools. The purified 
pools were sterility tested in fluid thioglycollate and Sabouraud's media, 
diluted to a standard concentration of lO*-* ID50 ^or e8gs Per 0,1  ml, 
filled in 1-ml amounts in tubing glass vials, and freeze-dried at the 
Dept. Biologies Research, WRAIR. 

Presently we are involved in safety, sterility, and potency testing 
of these 5 lots of freeze-dried attenuated Q Fever vaccine. 

The search for an alternate system for rickettsial growth which will 
yield high titering material with low N levels has been initiated, and 
results with chick embryo fibroblast cell cultures are promising. 

Summary, Part I: 

C. burneti, M-44 strain has been freed of RIF-viruses and designated 
R-M strain.  Master and working seeds were produced.  Five lots of purified 
vaccine suitable for human use have been produced; testing is underway. 

Progress, Part II: 

There are at least 8 individually recognized diseases belonging 
to the spotted fever group of rickettsiae.  Rocky Mountain spotted fever 
(RMSF) is recognized as the most severe and rickettsialpox, probably the 
mildest.  All spotted fever diseases can be successfully treated with 
chloramphenicol or the tetracyclinee; however, treatment with therr presupposes 
that the physician is fully acquainted with the diseases and administers 
the appropriate treatment promptly.  Due to the confusion in diagnosis 
and the severity of the spotted fever diseases the need for the availability 
of vaccines (monovalent or multivalent preparations) igainst the rickettsial 
agents is recognized. 

To date, a vaccine has been produced for only one of the spotted fever 
group members, Rickettsia rickettsii, the causative agent of RMSF.  The 
first vacine for f.lSF was a phenolizcd suspension of infected tick&i' 
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(Public Health Rep. 40:2159, 1923).  This was replaced by the Cox- 
type vaccine prepared from rickett.siae rown in fertile chicken egg / 
yolk sacs, and killed with formaldehyde—' (Public Health Kep. 
54:1070, 1939).  Accumulated experience indicates that these vaccines 
confer unsatisfactory levels of immuniiy in man-i-tft' (JAMA 211:2012, 
1970; Annual Progress Report, Contract DA 40-19J-MD-2867, 15 Aug. 
1970).  Neither the yolk-sac grown vaccine nor the tick-grown vaccine 
is presently commercially available. 

Immediate investigation is focused on the development of an 
effective vaccine for RMSF.  A duck embryo cell (DEC) culture-grown, 
formaldehyde-inactivated vaccine has been developed and appears 
much superior to the yolk sac-grown vaccine.  All seed material is 
almost certainly contaminated with avian leukosis viruses.  Purification 
is being attempted by passing the seed material in duck yolk sacs, 
where leukosis virus replicates poorly or not at all, and then passage 
in chicken eggs free of avian leukosis virus.  If this method is 
unsatisfactory physical methods of purification will be attempted. 
After a clean seed stock has been attained, a DEC-grown, formalin- 
inactivated vaccine will be prepared and its efficacy tested in 
guinea pigs, monkeys, and finally man. 

Yolk-sac grown rickettsial suspensions of other members of the 
spotted fever group are available.  They too most probably are 
contaminated with leukosis virus and purification is being attempted 
as with R. rickettsii.  When working seeds have been attained and 
their parameters studied, cross protection studies will be initiated. 
Vaccines will be prepared for these other spotted fever group 
rickettsiae and their efficacy against homologous and heterologous 
challenge evaluated. 

Suircnary. Part II: 

A DEC-grown, formaldehyde-inactivated RMSF vaccine has been 
developed and appears considerably superior to the yolk sac-grown 
vaccine.  Since all presently available spotted fever seed stocks 
are almost definitely contaminated with leukosis viruses, procedures 
are under way to purify these seed stocks. 

Presentation: 

1.  Kenyon, R. H.  Development of an improved vaccine for Rocky 
Mountain spotted fever.  Presented at Annual Meeting of American Society 
for Microbiology, Minneapolis, Minn. 2-7 May 1971. 

Publication: 

1.  Kenyon, R. H., W. M. Acree, F. W. Melchior, Jr., and G.C, 
Wright.  1971.  Development of an improved vaccine for Rocky Mountain 
spotted fever. Bact. Proc. 1971, p. 85. 
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23 (U) Evaluate experimental attenuated and inactivated group A arbovirus vaccines for 
their ability to Induce protection against other members of the group. 

24 (U) Adult hamsters are Inoculated with group A arbovirus vaccines In appropriate 
combinations and sequences.  Response is determined by challenge with virulent strains 
and by serological techniques. 

25 (U) 70 07 - 71 06 - All group A vaccines presently developed and tested have been 
examined for cross-protection against heterologous virus challenge.  Except for the 
live, attenuated Venezuelan equine encephalomyelltis vaccine no heterologous protection 
was seen. 

This work unit has been terminated.  Related studies will be published under 
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Publication:  Infect, Immun,, 1971, In press. 
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Task No. 1B662 711A096 02:  Prevention and Treatment of Biological Agent 
Casualties 

Work Unit Nc. 096 02 403:  Cross-Immunity Within the A Group of Arboviruses 

Description: 

Evaluate experimental attenuated and Inactivated group A arbovlrus 
vaccines for their ability to Induce protection against other members 
of the group. 

Progress and Sunmary; 

All group A vaccines presently developed and tested have been examined 
for cross-protection against heterologous virus challenge.  Except for tho 
live, attenuated Venezuelan equine encephalomyelltls vaccine no heterologous 
protection was seen. 

This work unit has been terminated.  Related studies will be published 
under Work Unit No. 096 03 407 In the future. 

Publications; 

1.  Cole, F. E., Jr., and R. W. McKlnney,  1971.  Cross-protection 
in hamsters Immunized with group A arbovlrus vaccines.  Infect. Immun., 
In press. 
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'Yl^'^c'cinVs;"Xtjy^ncepKaTuTs ,  equine   (EEE,  VEE) :   (U)  Mayaro;   (U)  0'Nyona-nyong; 
(U)  St Louis encephalitis;   (U)  California encephalitis;   (U)  Cell culture (TJ)  Kdflt.  Med. 
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23 (U)   Produce  Inactivated arbovlrus vaccines which may be combined selectively  for 
prophylaxis  in specific geographically oriented ways. 
24 (U)  Arbovlruses are propagated  in primary cell culture and  Inactivated with formalin. 
Products  are  tested  for safety and  potency  in animals.   Efficacy  is determined by  subse- 
quent challenge,   or by determination of serologlcal  conversion. 
25 (U)   70 07 -   71 06 -  Eighteen small  lots of potent EEE vaccine have been prepared  in 
roller bottle cultures of chick embryo cells   (CEC).     The   following parameters   for EEE 
vaccine  production are presented:   (1) a multiplicity of  inoculum  (MCI) of 0.005 may be 
employed yielding maximum tlters of virus  18-24 hr postlnoculation;   (2)  less   than  300 ml 
of maintenance medium may be  employed without decreasing  final potency;  and   (3)   Infc.cti- 
vation by USPHS  standards at  37 C may be  carried out with 0.05% formalin for 48  hr or 
0.1°/. formalin for 24 hr. 

Utilizing similar methods  30  small   lots of potent VEL vaccine have been prepared. 
The  following parameters  for production are presented:   (1)  using a M0I of 0.006,   CEC 
cultures  yield maximum tlters  of virus at 20-24 hr postlnoculation;   (2)  less   than 300 ml 
of maintenance medium may be used without adversely affecting potency;  and   (3)   inacti- 
vation ny USPHS  standards at  37  C may be carried out with 0.057. or 0.1% formalin  for 
less   than 24 hr,  although  formalin  treatment may be extended  for 96 hr without apparent 
deleterious effects on potency. 

Studies  have  recently been   initiated  toward  the  concurrent development of  inacti- 
vated  vaccines   for Mayaro,   O'Nyong-nyong and California and St.   Louis encephalitis. 

Publication:    Araer.   J.   Trop,   Med.   Hyg.  20:146-149,   1971. 
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BODY   OF   REPORT 

Project  No.   111662711A096;     Medical   Defense Aspects  of   (iiologlcal Agents   (U 

Task No.   1B662711A096  02;     Prevention and Treatment  of  Biological Agent 
Casualties 

Work Unit No.   096 02 407:     Development of  Inactivated Arbovirus  Vaccines 

Description: 

Produce  inactivated arbovirus  vaccines which may  be  combined 
selectively  for prophylaxis  in  specific   geographically   oriented ways. 

Progress: 

,1/ Using previously described—     (USAMRIID Annual   Progress   Report, 
FY  1969,   p.   157) methods,   small   lots  of formalin-inactivated  Kastern 
equine encephalitis   (EEK),  and  Venezuelan equine encephalomyelitis 
(VEE)  vaccines have been produced.     In addition  studies  have  recently 
been initiated  to develop inactivated vaccines  for Mayaro   (MAY), 
O'nyong-nyong   (ONY),  California  encephalitis   (CAL),  and  St.   Louis 
encephalitis   (SLE). 

EEE virus,   PE-6  strain, was  obtained   from Walter  Reed Army 
Institute of  Research as an egg  suspension with a history of  13 
intracerebral   (IC) mouse passages,   followed by  6 passages  in 
embryonated  hens'   eggs.     The virus was  subjected  to  2 additional 
passages   in embryonated  eggs  at  USAMRIID,  with  the virus   from   the 
2nd  egg passage  serving as seed   for vaccine production and  challenge 
virus  for potency assays. 

Trinidad   strain VEE virus  had  a  history  of   1   guinea  pig  passage 
followed  by   13 passages  in embryonated  hens'   eggs.     This  virus was 
passaged   in  rolling bottle cultures   of chick embryo cell   (CEC)   cultures 
to produce  seed  for vaccine production. 

Both   the   EEE and  VEE viruses were  titrated using  3-week-olfi 
white mice   (CD-I   strain of Charles   River Mouse  Farms,   Wilmington, 
Mass.).     Virus   samples were diluted   in cold  phosphate  buffered 
saline containing  1% normal  rabbit   serum.     Groups of  5 mice were 
inoculated  intracerebrally  (IC) with 0.03 ml of  logjQ dilutions 
of virus-containing  fluids and were  observed  for  10 days   for  deaths. 
Titration  endpoints were determined  by  the method  of   Ki ed   and 
Muenchi'   (Amer.   J.   Hyg.   27:493,   1938)   and  expressed  as  medtan 
lethal  doses   (LD^Q)  per  1.0 ml. 

J 
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Xiru'-day-oLd  chick  embryos were minced  and   trypsinizod according 
Lu  convntional  methods.     The  resulting cell   preparations were  suspended 
to a  final  concvntration of 4 X  I0b cells/ml  in a growth medium consisting 
of   Kagle's basal medium containing  lÜ/« calf  scrum and  I7o glutamine,  plus 
1UÜ i;g/ml   each of  noomycin,   U.S.P.   and  streptomycin,   U.S.P.    Bellco 
SAO-cm'2  cell  production   roller  vessels   '^elico Glass,   Inc.,  Vineland,   N.   J.) 
were   seeded with  170-ml   portions of  the cell  suspension,   placed  on a 
Hellco  roller apparatus,   and   incubated at  35  C until  confluent  cell   sheets 
wore  obtained   (18-24  hr).     Once all  confluency was  achieved,   the growth 
medium was  decanted  and   replaced with scrum-free medium  199 containing 
neomycin and  .streptomycin as  in  the  growth medium.     The  CEC  roller cultures 
were  held an additional   20-24 hr at  35 C.     Prior  to  infection,   the medium 
was  removed  and the  residual   fluid was drained   from the cultures. 

Potency assays  of  EEE  vaccines was carried  out  in Lakeview  strain 
Col'en  Syrian hamsters   (85-95  gtn)   (Lakeview Hamster Colony,  Newfield,   N.   J.) 
Groups  of  10 hamsters were  inoculated intraperitoneally   (IP) on days 0 and 
7  with 0.5 ml  of 5-fold  dilutions of vaccine.     Challenges with virulent 
ELF. virus were  performed  21  days after  the  last vaccine dose using 
10^  -   10^ hamster IPLI^Q.     Animals were observed  for deaths  for  14 days. 
Titration endpoints were  determined by  the method  of  Reed and Muench..—' 
The potency of a vaccine was expressed as  the median effective dose   (ED^QK 
i.e.   the  volume of undiluted  vaccine  given  in   each dose of  the  2-dose 
series which protected  50% of   the hamsters  from death following challenge. 

VFE vaccines were assayed using 3-week-old  CD-I white mice.     Groups 
of   10 mice were  inoculated   IP on day 0 with 0.3 ml  of  5-fold dilutions  of 
vaccine.     Fourteen days   later  the mice were  challenged  IP with  10-^  -   10 
mouse  IPLD50 of virulent VEE.     Titration endpoints  and ED50 values were 
determined as described   for  EEE vaccines. 

Roller bottle  CEC  cultures were  infected with  PE-()   strain EEE virus 
at multiplicities  of  inoculum  (MOI)  of 5.0  -  0.0005 and maintained with 
300 ml  of medium  199 containing neomycin,   streptomycin and 0.25% human 
serum albumin.     Samples  of culture  fluids were  removed at regular intervals 
postinoculation and  assayed   in mice.    As  shown  in Table  1,  optimum yields 
of virus were obtained  at  a convenient harvest   time of  18-24 hr at  an 
acceptable MÜ1  of  0.005. 
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TABLE  I.     EFFECT  OF MOI   ON   PROPAGATION OF  EKE  VIRUS   IN  ROLLER  HOTT1 
CEC CULTURES 

HOURS  POST- 
INOCULATION 

LOG io LVML BY  MOI 

5.0 0.5 0.05 Ü.005 O.dOtö 

6 27.0 ^6.7 ?7.0 ■6.5 5.0 

12 "8.9 ,-9.0 ?9.0 >8. 3 ;'8.7 

18 9.2 9.0 8.8 8.7 8.7 

24 9.0 9.0 9.1 9.2 8.2 

30 8.5 8.0 8.7 9.0 *8.5 

Since previous experience  in this  laboratory  suggested  that  EEE 
virus  yield may be affected  by maintenance medium volume,   replicate 
cultures were infected  at an MOI  of 0.005 and then maintained with 
100   -   300 ml of medium  199.     The  results  of tltrations  performed 
with  fluids removed from these cultures at  regular intervals are 
shown in Table II.    Although use of  100 or 200 ml  of maintenance 
medium resulted  in somewhat  higher yields  of virus  at  a convenient 
harvest  time  (18-24 hr),   the cultures  thus maintained  showed  far 
greater cytopathic effects   (CPE)  than those maintained with  300 ml. 

TABLE  II.     EFFECT  OF MAINTENANCE MEDIUM VOLUME  ON   PROPAGATION OF  EEE 
VIRUS  IN CEC  ROLLER  BOTTLE CULTURES   (MOI   =  0.005) 

HOURS  POST- 
INOCULATION 

LÖGTTLD    /ML  BY MAINTENANCE MEDIUM VOLUME 
1°       50 

100 ml 200 ml 300 ml 

6 

12 

18 

24 

30 

7.2 

9.9 

10.0 

10.3 

9.3 

7.0 

9. ] 

9.5 

9.8 

9.3 

6.8 

9.1 

9.1 

9.3 

9.3 

J 
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Thus,   the amount  of   total   protein nitrogen can be  expected  to be  greater 
in  the  100-  or  20ü-ml  harvests.    Assays  of additional  18- and  24-hr 
harvests  from cultures maintained with   100-300 ml of medium Indicate  that 
significantly  higher   liters Jro not   consistently  obtained with  the  smaller 
volumes of  medium.      In  all   cases,   however,   liters  of S  IQ^-O  LD^Q/IHI  were 
obtained   reg.ml less   of  maintenance  medium  volume. 

For  iina!   processing  into vaccines,   all   harvests were clarified  by 
cintrifugation at   900 £ for  30 mln at 4   C,   followed  by  filtration  through 
a  0.45;i membrane   filter   (Millipore).     These  steps  ensured  removal   of 
cellular debris which might  adversely affect  virus  inactivation.     Studies 
at L'SAiMRIID  (unpublished data)  have  indicated   that   little or no  loss  of 
infeccivity occurs as  a  result of  these  clarification measures. 

Inactivation of  clarified virus harvests was  accomplished by  addition 
of  formalin   (Fonnaldehyde,   377» assay)   to a  final concentration of 0.05 or 
0.17«.    After addition of formalin the fluids were thoroughly mixed by 
shaking and  incubated  at  37  C for  24  to 48 hr.     During this period  the  flasks 
were agitated  frequently.    At  the  end  of   the desired period of inactivation, 
the material was  held at 4 C for  15 days,   during which time  the vessels 
were shaken at   least   twice daily. 

Samples of vaccine taken at  regular  intervals during the  inactivation 
period were titrated  in mice;  samples of  harvests  subjected only  to 37 C 
for similar periods were included as controls.     Shown in Table III  are 
representative  results of  such titratlons which have been performed on  the 
majority of vaccines  thus produced. 

With 0.057,,  formalin "complete  inactivation" generally occurred  in 
16  hr;  using a  final  concentration of 0.1?o,   "complete  inactivation" occurred 
in 8 hr.    The exact  "killing time" v.aried  slightly from lot  to lot  and 
therefore must  ve determined  for each  individual  lot.     Since 1970 U.   S. 
Public Health Service  standards, Title 42,   Part  73  require formalin 
treatment at  37  C  for  3  times  that  period  required  for "complete  Inactivation," 
this would entail  a 48 hr inactivation period  for 0.057o vaccines  and  a 
24 hr period for  the  0.1',, vaccines. 
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TAJ.LE   111,     FORMALIN   INACTIVATlON-'/dK VIRUS AT  37  C 

HOUR  POST- 
FORMALIN 

FORMAUN COKCKMlUriON 
o. 

VIRUS-' 
CONTROL 

0 
2 
4 
6 
8 

10 
12 
16 
18 
24 
30 

8.7^ 
4.4 
1.8 

.1.0 
1.0 
1.0 

■a.o 
o 
Ü 
0 
0 

7.7 
1.6 
1.0 
1.0 
Öl/ 

0 
0 
0 
Ü 
0 

7.7 

4.0 

'2.0 

a. Determined by IC inoculation of adult mice with 0.03 ml. 

b. - = Not tested. 

c. Range observed  on samples  from different   lota  of  vaccine. 

d. 0 =  survival  of   50/50 mice  inoculated with  undiluted  vaccine. 

Both extended  contact  with  formalin   (particularly  in higher 
concentrations) and  exposure  to  temperatures above  0 C may result 
in decreased antigenicity   in  vaccines,  and   thus,   lower potencies. 
To  evaluate  the effect  of   these  factors  on  KKL  vaccines,   18  small 
lots of  experimental  vaccines were prepared using  either 0.05/ 
or   1.0% formalin and   inactivaii on periods  of   24   - 48  lir.     Shown 
in Table IV are  the   results  of potency assays  performed  on vaccines 
prepared during  this   study, 

TABLE  IV.     EFFECT  OF  FORMALIN CONCENTRATION AND  LENGTH  OF  1NAC1IVAT1ÜN 
PERIOD ON  POTENCY  OF  EKE  VACCINES 

FORMALIN 
CONCENTRATION 

7„ 
24 

ED50 (ML) BY HOURS OF INACT1VATION (range) 

3n 36 48 

0.05 T -TTT 0.035£/ 0.03Gii/ U.023£/ 0,015 
(0.028-0.045)   (0.012-0,069)   (0,020-0.034) 

0.1 0.023 0.0 33 0,030 
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a.     HiMu of   i   lots. 

Li.     Mi'an  of   /   lots. 

c.     Moan of   4   lots. 

Tlu'so   results  suggest  tliat  potent   KEK vaccines may be  produced with 
either 0.057«,  formalin using a  long   (o.g.,  48 hr)  inactivation period or 
with O.r/o formalin using shorter periods of  inactivation.     Not  shown 
in Table IV are   the volumes of maintenance medium employed on cultures 
used  to produce  these vaccines,  and the  titers of  the viral  harvests 
prior  to final  processing.    Maintenance medium volumes ranged  from 100-300 
ml,  while preinactivation titers varied  from lO^*-'  to  101"-   .     No 
correlation could be made between preinactivation titers and vaccine 
potencies.     Apparently even the   lowest   titers achieved  represented 
sufficient  antigenic mass for potent vaccines.     It,  therefore,   appears 
feasible  to use  300 ml of maintenance medium for high volume production 
without a  concomitant decrease  in potency of  the final product. 

Using methods described  for EEE virus,  30  laboratory  scale  lots 
of  inactivated VEE vaccine have been produced and assayed  for potency. 

Roller bottle cultures were  infected at MOI of 0.06  -  0.00006 and 
maintained with  200 ml of medium  199.     Culture fluid samples  removed 
from these bottles at  20 and 24 hr postinoculation were  titrated in mice. 
As  indicated  in Table V,  good virus yields were obtained at all MOI  levels. 
In all  further  studies  reported here,   an MOI of 0.006 was  employed. 
This  represents  a  10'^ dilution of  the  CEC virus  seed material. 

TABLE V.     EFFECT OF M01 ON PROPAGATION  OF VEE VIRUS IN ROLLER BOTTLE 
CEC CULTURES 

HOURS  POST-  LOG10 LD50/ML BY MOI  

INOCULATION 0.06 0.006 0.0006 0.00006 

20 8.5 8.9 9.0 8.5 

24 8.7 8.3 8.5 9.0 

To determine  the effect of maintenance medium volume on virus yield, 
CEC cultures were inoculated as previously described,  and maintained with 
100,   200 or  300 ml  of medium  199 with neomycin,   strepytomycin and human 
serum albumin.     Summarized  in Table VI  are the results of assays performed 
on fluids  removed from these cultures  at various periods postinoculation. 
Although adequate virus titers were achieved at all volumes between 12 
and  18 hr postinoculation,  from a production standpoint  the  larger volumes 
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would  be most   advantageous.     Cell destruction was  moderate  at   12 
hr but   increased   greatly  by   24  hr post inoculation.     Thus,   hi^h 
titered  virus  material with   lesser amounts   of cellular debris  could 
best  be obtained with a  harvest  rt   18   -   20  hr. 

TABLE VI,     EFFECT  OF  MAINTENANCE MEDIUM VOLUME ON  PROPAGATION  OF   VKi 
VIRUS  IN   CEC  ROLLER  I50TTLK CULTURES   (M')T   -- O.OOU) 

40URS POST- 
INOCULATION 

2 

b 

12 

18 

24 

LOG10 LD5ü/ML2/   BY   MAINTENANCE MEDIUM  VOLUME 

100 ml 

3.2 

6.5 

9.9 

9.9 

10.0 

200 mi 

3.J 

6.3 

9.0 

10.3 

9.3 

300  ml 

3.0 

0.0 

9.0 

9.9 

9. 3 

a.    Mean titers   of   samples  o  tained  from replicate  sets  of  cultures. 

Thirty  small   lots  of  VEE vaccine have   been prepared usin;;  procedures 
described  for  EKE with  regard  to  clarification and  addition of   formalin 
to final  concentrations of 0.05  and 0.1/,.     However,   inactivation  was 
performed  at  37   C  in   flasks  placed  in a  New  Brunswick  Reciprocating 
Water Bath.     The  fluids were thus  kept   in  gentle  but  constant  movement 
throughout   the   inactivation periods of   24   -   96  hr.     Typical   rates   of 
formalin-inactivation are  shown  in Table VII.     Suprisin^ly  VEE  succumbed 
at a  rapid  rate with  both 0.05% and 0.17,  formalin,   but was  quite 
stable when subjected   to heat  only   (virus  control;. 

TABLE VII.     FORMALIN   INACTIVATION-''' OF  VEE VIRUS AT   37  C 

HOURS  P0ST- 
F0RMALIN 

0 

2 

4-16 

24 

9b 

LOG.,, LD50/0,03 ML  11V 
FORMALIN' CONCENTRATION 

0.05% 

10.0 

3.3 

0 

o.i; 

10.0 

i.O 

0 

0 

VI liUSt'' 
CONTROL 

i 0.0 

3.0 
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a.     Dcli/rmined  by   IC  inoculation  of  adult mice with  0.03  ml. 

h.     Virus   suhjocted   LO  37   c; only. 

>.•.      -        not   Lost t'd. 

Ü survival   of  lü/'JO mice   inoculated  at   8-16  hr with undiluted vaccine, 

As with  EEE,   VKK vaccines were   inactivated   for  extended  periods  to 
determine  the  eff 'd  on potency.     Table VIII   is  a   . ammary  of  the  results 
of   single-dose  potency assays   performed  on 30  lots  of VEE vaccine  prepared 
wich 0.05% and  0.1?. fonnalin and   inactivated for  24   -  96   hr.     These data 
indicate   that  VEE  is  quite   stable,   antigenically,   even after  treatment 
with   fonnalin  for  9b  hr.     The  volume of maintenance medium ?nd  pre- 
inactivation  titers  of  the   fluids used   to  prepare  these  vaccines  varied 
from 100   -   300 ml  and  lO8,3   to   1010-7 MICLD50/ml  respectively.    There is 
no apparent  correlation between  these values and  the  potencies observed. 
One  can  only  conclude  that   formalin-inactivated VEE vaccine may be made 
with   larger volumes of maintenance medium and with  great   latitude with 
regard   to period of inactivation. 

TABLE VIII.     EFFECT OF FORMALIN CONCENTRATION AND LENGTH  OF INACTIVATION 
PERIOD ON POTENCY  OF  VEE VACCINES 

FORMALIN   
CONCENTRATION     24 

-10 

ED50   (ML)   BY  HOURS OF  INACTIVATION   (range) 

30 48 72 96 

0.05 

0.1 

0.032*/ 

(0.026- 
0.042) 

0.015 

b/ 0.040. 

(0.0072- 
0.11) 

0.017^ 

(0.0039- 
0.030) 

0.032 0.021 

0.026 0.0081 

0.012£'/ 

(0.0041- 
0.019) 

O.O^-7 

(0.0054- 
0.034) 

a. Mean  of  3   lots. 

b. Mean  of  12   lots, 

c . Mean  of 4   lots. 

d. Mean   of   2   lots. 

warn 
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]n preparation  for  the concurrent development of  inactivated 
vaccines  for Mayaro   (MAY),  O'nyong-nyon^   (ONY),   California encephalitis 
(CAL),  and St.   Louis encephalitis  (SLE),   permits were secured   for 
the  shipment  of available strains  from the American Type Culture 
Collection,   Rockville,  Md.    The Ostgc   strain of ONY, unavailable 
elsewhere, was obtained from Dr.  Allen of  the Virus and  Rickettsia 
Division,  Biological Defense  Research Center.    All viruses Wt re 
received as  suckling mouse brain   (SMB)  preparations.    Master and 
working SMB seeds have been prepared  for all 4 viruses  in mice 
obtained from the  Fort Detrick Animal Farm Division. 

To provide baseline data on the growth of  these viruses  in cell 
culture,   the  following primary cell cultures were inoculated with 
a 10"-^ dilution,   (nb.,   empirical,   since  no hard data is available) 
of a given virus:     canine kidney,   rabbit   kidney,  hamster kidney, 
chick embryo,   duck embryo,   and monkey  kidney,  African Green;   the 
human diploid cell  line, Wl-38 was also  studied.    After  inoculation 
all cell cultures were maintained on medium 199 containing 0.25/, 
human serum albumin,  and 50 iig/ml each of penicillin and streptomycin. 
Fluid  samples were taken from infected cultures at  18 and  24 hr 
postinoculation and frozen until titrated  in suckling mice;   the 
degree of cell destruction was recorded  at  the time of sampling. 

Since USPHS  Regulations require  that  foreign protein,  xf  present, 
must not exceed a concentration of  1:1,000,000,   it was necessary 
to ascertain whether serial  subculture  of  the 4 viruses could be 
made in selected cell cultures;  such serial passage,  if possible 
without a  significant decrease in the  titer of  the viruses,  would 
obviously  reduce  the  level of mouse  brain antigen  (source of  the 
original viruses)  .o an insignificant  level.    Thus all viruses 
are being serially passed  in  those  cell  cultures   in which cell 
destruction was  greatest.     At  the  time  of writing the h viruses  had 
been passed  3  times  in both primary  hamster kidney and duck enbryo, 
and had been passed  2 timis  in primary  canine kidney and African 
green monkey kidnev  cells. 

Titrations  of cell culture fluid  samples   (i.e.,   18 and   24   iir; 
are in progress utilizing 1C inoculation of  suckling mice,   tin- 
adult mouse having been  shown to be  resistant,  to,  or  irregularly 
susceptible  to   the 4 viruses under   study. 

Summary: 

Eighteen  small  lots  of potent   KEF, vaccine have been prepared   in 
re . ..er bottle,  cultures  of chick embryo  colls   (CEC).     The   followinf; 
parameters  for  EEE vaccine  production are presented:     (I)   a  multiplicity 
of inoculum   (MOl) of 0.005 may be  employed yielding niaxinn\ni  titers 
of virus  18-24  hr postinoculation;   (2)   "    300 ml  of maintenance  medium 
may be employed without decreasinj   final potency;  and   C3)   inactivation 
by USPHS  standards at  37  C may be  carried  out with 0.05'/,   formalin  for 
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48 lir or 0.1'/.,  formalin for 24 hr, 

Utilizing similar methods 30 small lots of potent VEE vaccine have been 
prepared.  The following parameters for production are presented:  (1) 
using a MOI of 0,006, CEC cultures yield maximum titers of virus at 20 0 
24 hr postinoculation; (2) '   300 ml of maintenance medium may be used 
without adversely affecting potency; and (3) inactivation by USPHS 
standards at 37 C may be carried out with 0.05% or 0.17„ formalin for 
-:  24 hr, although formalin treatment may be extended for 96 hr without 
apparent deleterious effects on potency. 

Studies have recently been initiated toward the concurrent development 
of inactivated vaccines for Mayaro, O'nyong-nyong and California and St. 
Louis encephalitis. 

Publications: 

1.  Bartelioni, P. J,, R. W. McKinney, F. M, Calia, H. H. Ramsburg, 
and F. E. Cole, Jr.  1971,  Inactivated Western equine encjphalomyelitis 
vaccine propagated in chick embryo cell culture.  Clinical and serologlcal 
evaluation in man.  Amer, J, Trop. Med. Hyg. 20:146-149. 
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23 (U) A multidiscipllnary approach is used for the study of the pathogenesis and patho- 

physiology of yellow fever. 

24 (U) Inoculate laboratory animals with yellow fever virus, Asibi and 17-D vaccine 
strains.  Study changes in blood and tissues and alterations in organ function during 
the course of the disease.  Such fundamental knowledge is needed prior to testing 
methods of prevention and treatment. 

25 (U) 70 07 - 71 06 - 1:  Existing data on the effects of yellow fever on rhesus 
monkeys are being collected as background. Experimental work will be Initiated In the 
near future. 

II: Fundamental information on ultrastructural changes resulting from yellow fever 
infection is needed.  A preliminary study in mice using the 17-D vaccine strain was 
recently .started.  Eventually, larger laboratory animals will be similarly examined. 

Publication:  Lab. Anim, Sei., 1971, In press. 
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Project No. 1B6627HA096:  Medical Defense Aspects of Biological Agents (U) 

Task No. 1B662711A096 02:  Prevention and Treatment of Biological Agent 
Casualties 

Work Unit No. 096 02 410: Pathophysiology 
Yellow Fever 

Pathogencsis and Therapy of 

Description: 

A multidisciplinary approach is used for the study of the pathogenesis 
and pathophysiology of yellow fever. 

Progress and Summary. Part I: 

Yellow fever infection in the rhesus monkey will be used as an 
experimental model to otudy various parameters, e .gM trace metals, free 
amino acids, renal and hepatic function, pathology.  In support of and 
correlated with these studies, a set of standardized clinical and laboratory 
test evaluations will be performed on each infected animal in order to 
adequately relate the various findings to the Infectious model. 

Initially, studies relative to the early onset of clinical symptoms 
and relationship of inoculum dose to incubation period will be collated and 
augmented.  In association with Physical Sciences and Pathology Divisions, 
pilot studies relative to the various parameters to be measured will be con- 
ducted to determine optimum utilization of time, space and personnel. 

Studies have just been initiated and no progress to be reported. 

Progress and Summary. Part II: 

There have been few electron microscopic studies of yellow fever virus; 
results have been inconsistent and conflicting.  The size and structure of 
the virus and the ultrastructural changes it induces have not been well 
characterized.  It is the purpose of this project to detail the ultra- 
structural pathology induced by yellow fever virus.  17-Ü vaccine strain 
virus will be inoculated into mouse brains and tissue cultures which will 
then be examined by electron microscopy, immunofiuorescence, and light 
microscopy in conjunction with viral assay of the same tissues,  The 17-D 
strain itself will be purified from the vaccine by ultracentrifugation and 
examined under the electron microscope to establish its size .ind structure. 

Publications: 

Chappie, F. E., Ill, J. M. Crosbic. and B. E. Reisberg.  1971.  Surgical 
Technique for cross-circulation of rhesus monkeys.  Lab. Anmi. Sei.  (In 
press). 
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23 (U) Evaluate chemical compounds for treatment and control of virus diseases of 
importance to the military. 

24 (U) Test chemicals in tissue culture and laboratory animals against selected 
viruses. 

25 (U) 70 12 - 71 06 - Two model systems were examined preparatory to testing anti- 

viral agents.  In the first, an Inverse relationship between dosage of virulent Aslbl 
strain yellow fever virus and duration of clinical illness was observed in rhesus 

ihonkeys.  The incubation period did not change with virus dose.  Thus, at the lower 

doses illness was prolonged sufficiently to permit testing of treatments. 

In the second i^odei of VEE In mice, no evidence of protection was observed when 
splenic heterotransplants to mice were made before infection with the virus. 

Methods are being developed to perform plaque-reduction, serum-neutralization 

testing uslnj; .nicroti t ration equipment. 
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hQD\  OF  REPORT 

Project No. 1B662711A096: Medical IVft-nsc Aspects of Biological Agents (U) 

Task No. 1B662711A096 02: Prevention and 'iroatment oi Biological Agent 
Casualties 

Work Unit No. 096 02 411:  Evaluation of Promising Compounds for Antiviral 
Use 

Description: 

Identification of compounds with  therapeutic or propliylactic use  in virus 
infections. 

Progress; 

During the past year, a research plan for the evaluation of antiviral 
compounds was written and approved. Work has begun in the development of 2 
model systems of infection for use in the program, yellow fever in monkeys 
and Venezuelan equine encephalomyelitis (VEE) in mice. 

In an attempt to investigate the role of dose yellow fever response, 
rhesus monkeys (Macaca mulatta) were inoculated subcutaneously with Asibi 
strain virus in dosages ranging from 5-1,000 median mouse intracerebral 
lethal doses (MICLD50). 

Of the 12 monkeys used in this trial, one survived the acute infection. 
This monkey (A-256) responded to inoculation with 100 MICLDJQ of virus with 
a body temperature of s  103 F for 76 hr. The febrile response commenced 72 
hr postinoculation. A maximum body temperature of 105.4 F was recorded at 
120 and 132 hr postinoculation. The monkey exhibited leukopmia, lympho- 
penia, and depressed hematocrit values during the first week after inocula- 
tion.  Serologie determinations on preinoculation and convalescent serum 
samples are still pending. 

Of the monkeys that died alter inoculation, those receiving 100 or 1,000 
MICLDCQ developed pyrexia between 60 and 96 hr, and died 84-116 hr postinocu- 
lation (mean of 3 animals = 105 hr).  Monkeys inoculated witli 5 or 10 MICLDCQ 
of virus became pyrexic from 68-101 hr, and died from 108-164 hr postinocula- 
tion (mean of 8 animals = 138 hr). 

The effect of decreasing the dose of Asibi virus administered was to pro- 
long the course of the illness. The onset of pyrexia averaged 87 hr post- 
inoculation in monkeys receiving 100 or 1,000 MICLDCQ and 82 hr in those 
given 5 or 10 MICLDCQ.  It is concluded that the use of lower doses of yellow 
fever virus than the standard 1,000 MICLD5Q dose will produce a fatal infec- 
tion that has an extend 2d experimental period, during which the effects of 
antiviral compounds could be assessed. 

.J 
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: i an attempC  to altor tho course of VL'K infection  in mice,  an oxpcrimi-nt 
wa    run  in which  adult,  ma'.i!  CD-I   strain mice were  inoculated with 40,000 
«nloen cells   (lymphocytes)   from adult,   female  Fort Detrick strain white mice, 
ar.J   then   inoculated  by  the  same   route  with  10,000 median mouse  intrapcrito- 
neai   lethal   doses   (MIPLD^Q)  of Trinidad  strain VEE from  30 min-96 hr after 
treatnint.     Mixtures of heterotypic   lyiTiphocytcs are  reported  to release  inteiv 
feron  for 43-72 hr when maintained  in vitro.     It was hoped  that  the adminis- 
tration of  splenic heterotransplants would protect recipients against a 
lethal  dose  of VEK.     liiere was  no observed difference   in mortality rates 
amonr   treated and  untreated mice  receiving VEE virus in  this  experiment. 
Serum  sample;  have  been collected  from treated,  uninfected mice at various 
times  after administration of heterotypic  spleen transplants   for Interferon 
assay. 

Work  is  progressing on tho development of microtitration methods to run 
Serum neutralization tests  using a constant virus-varying serum dilution 
technique.     This  test  is necessary  if serial antibody responses of laboratory 
rodents are  to  be monitored.     It  is hoped  that problems  in obtaining the req- 
uisite  cell  cultures will  be  resolved  in the  immediate  future. 

aumma ary: 

Two model  systems were examined preparatory to  testing antiviral agents. 
In the  fir^t,  an  inverse relationship  between dosage of Asibi  yellow fever 
virus and duration of clinical  illness has been observed  in rhesus monkeys. 
Thus,  at  the   lower challenge doses,   illness was prolonged sufficiently to per- 
mit  testing  of treatments.    The  incubation period did not  change with virus 
dose. 

In  the  second,  no evidence of protection was observed in mice given splen- 
ic heterotransplants before  infection with VEE virus. 

Methods  are  being developed  to perform plaque-reduction,   scrun-neutrali- 
zation  testing  using microtitration equipment. 

Publications: 

None. 
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NAME: 
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tffr'^i^n^ly;''(\!)^er'6Togy;'M(^)  Tissue culture;   (U)   Plaque  reduction;   (U) Military 
medicine 
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23 (U)   Develop a neutralization  test  in tissue culture which would be more  sensitive  and 
less  costly to perform than the  current mouse  test, 

24 (U)  After  selecting a cell-line,   tests will be performed with various viruses  to 
determine   the  optimal  conditions   for each. 

2 5   (U)   71  05 -   71 06  -   In determining the efficacy of an  inactivated Eastern equine 
encephalomyelltis   (£EE) vaccine,   the hemagglutlnation-Inhibition  titers and  serum 
neutralization  (SN)   indices were  compared  to the protection afforded animals  challenged 
with virulent  EEE virus.     Only  the SN indices were  found  to correlate with protection, 
therefore,   the  SN test  in mice   Is being used to evaluate vaccines. 

Since   it  has been reported   in  the   literature that  SN  tests  in  tissue  culture  are 
found   to be  more sensitive,   less  costly,  and quicker  than  the SN tests  in mice,   the 
development of a plaque reduction  test has been initiated. 
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Project  No.   11566271 lAÜ9b:     Medical   Cefensf Aspects   of  Hiological  A^vixls   (U) 

Task No.   1B662711A0%  U2:     PrevLMition  and  Treatment   of  Biological Agent 
CasualCi es 

Work Unit No. 096 02 412:  Develop Serological Methods for Military 
Vaccine Evaluation 

Description: 

Develop a neutralization test in tissue culture which would be 
more sensitive and less costly to perform than the current mouse test. 

Progress and Summary: 

In determining the efficacy of an inactivated Eastern equine 
encephalomyelitis (EEE) vaccine, the hemagglutination-inhibition 
titers and serum neutralization (SN) indices were compared to the 
protection afforded animals challenged with virulent EEE virus. 
Only the SN indices were found to correlate with protection, 
therefore, the SN test in mice is being used to evaluate vaccines. 

Since it has been reported in the literature that SN tests in 
tissue culture have been found to be more sensitive, less costly, 
and quicker than the SN tests in mice, the development of a plaque 
reduction test has been initiated. 

Publications: 

None. 
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23  (U)  Develop a polyvalent  toxoid which would  include Staphylccoccus  aureus entero- 
toxins A,   B,   C,   and D and other exoproteins. 

24 (U)  Preparation of a polyvalent  toxoid of enterotoxins A,   B,   C,  and ü at a concen- 
tration of  500 mirrograms per milliliter of each  toxoid. 

25 (U)   70  07  -   71  06  -  A polyvalent   toxoid was  prepared  utilizing purified  enterotoxmi 
B,  B,  and  C.     Residual   toxicity was  present   in  the  safety  test,   but  was  not  demonstrable- 
by either   immunological  or biochemical   procedures.     Protection  of monkeys varied   fron. 
33  -   1007o after  oral  challenge with 40  -   400 mlcrograins  per  kilogram of purified 
enterotoxins. 

rtr. tors   uptxi   unginvtor's  a/*pfuv«.' 

DD,r:J498 .   M   viOL.b   t Dl T I O N 'i   C f     T M1 S   FOUM   AWt   C ^b f   '  I 
AtJO   I4«S   1      1   MAh   f,«     f-'Of*    ARM»    USE      A F. E   OL'^Ct   I 
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uonv  OF  Krt'ORT 

Projt-.t   No,    lIW)?70Mfi4t;;     Mei-^al   I'efense  Adpcc tp of  Biological   Agents   (I') 

0-isk   No.    löb^J'^ObA'Wii ')?:     Prevt';u i MI   and Treatmenl   of  Rlologlcal  Agent 
t ;ISIKI1 i ios- 

Work  I'll; :   No.   Oh ') '   'Un'i;     .'..wlopnu-.u   of  .>.   Polyvalent   St aphyloco.'. us 
aureus   Toxoid 

riot ion • 

lU'volop   a   pol' 
t n t e r o t ox i n s   A,   H. 

.ilrnt   toxoiri which would   Include  Staphylococcus   aurous 
,   and D  ami  otbtr  exoprotelns. 

Progress 

'/ -da1 A 27- 
CSEB)   toxoid  was  preoartd 
: o f 

[ornialln-detoxi fled,   crude,   staphylococcal   enterotoxin B 
To  determine  an optimum dosage  and   schedule 

schedules were   tested   for adtninis r ra Lion  of  the   crude   SFB   toxoid, 
comparison   to   a   known   SKH   tox'Md.i'   Lot   87?S5   SFB   toxoid,   produced  by 
Charles   Pi i/.er  Co.,   Terre  Haute,   Indiana,  was  used  and   simultaneously 
studied.      All   groups  wore   challenged   bv   the   intravenous   route with  Lot 
14-30  SFB   toxin  h weeks  after  the   last  dose of  toxoid was   administered. 
The  groups,   along with   th^  dose,   schedules,   illness,   and   deaths  are  shown 
in Tab It-   [. 



^^nm^^wm 

■lArtl.K   I.     Kf-SPf^Si.  OF  MONKFiS   fMMl'NlZEl 
AGAINST  CHALLEKr.F   WITH  LOT   T 

U'TTT!  F-lTFiKH  CKUl'i- 
-in TOXIN 

■)H  LOT 

TOXOI SniKDUl.F. 

Tot   87 28r) 

Lot   S7285 

Crude 

Crude 

n.5 ml sr-' 
i, wk 

0.5  ml SC 

0. 1   ml ID^ 
3 wk 

0.3   ml SC 

0. 5  ml SC 
4 w k 

0. ')  ml SC 

0. 1  ml ID 
1 wk 

0. 3 ml SC 

Cortto Is 
(No Toxoid) 

V'l 

300 

10 

uin 

10 

300 

10 

300 

10 

300 

n L/t 

<3 

h 

6 

5 

h 

h 

b 

' KM '<■ 

<) 

0 

0 

1 

0 

3 

U 

a. SubcuLanoous1 v. 
b. IntradcrmallN1. 

In  order   lo  study   the   effectiveness  of   tho   SEB   toxoids   ng.ilnst   a  more 
natural   route of  Intoxication,   immunized monkevs  wtrv   challenged  bv  ^.istri. 
lavage   (GL).     This   is  accomplished bv passing,   a   (;-Fr   pcHatric  cath« Icr   ln:ra- 
nasally   to the  stomach.     The   toxin   Is  then   instilled   in   the  FComach  via   the; 
catheter.     The  catheter   is   flushed with  3 ml   of   Fterllc   s.ilint   befon    rcrac-vil. 
The monkevs  were   immunized with  either  I'l'izer's  Lot   H7283   Li>:-;üld  nr  with   th' 
crvide   toxoid.     All  monkeys  were   immunized   usin^   th<- a;iu s chedul c :   '). 1   trl 
intradermal lv   (ID),   followed   in  3 weeks   by  0.3  ml   SC,   and   then   2 v/erks   later 
with  0.5 ml   SC again.      Six. weeks   after   the   last   loxoid   adminiMral io'-,   tin 
monkeys  were   ciiallenged with   40  Mg/kg  /Tf1  median   illness   doses   (\\)^^)_J   oi 
Lot   14-30   SEB   toxin   bv  GL.      Because  Lot   87283   toxoid   (Pfi.-er)   contains   about 
4   times  as many ag of  NS  as   does   the  crude   toxoid,   it   was   thoi:t'hl,   for   a   It-tivr 
comparison,   that  one  group  of monkevs would  be   immunized  using  tin   Pfi.ter   toy.oii 
at   a   1:4  dilution.     The   results   an   summarized   in Table   II. 



KFlliACV   IN   MnNKKYS   01-   LOT  «728=>  ANI'  CRUDK   SFB  TOXOU) AGAINST 
A CASTKir  CHAILRNCK  WITH   T.O'I   l-'.-U) TOXTN 

litXOl!) ■ C'HAU-KNCK 

Til/Total 

Crude 4/6 

Lot   87285 1/5 

Lot   87 285 ;1 :',  .lilution)                                           6/6 

Controls 4/5 

A   Crivalent   matertal   -omposed  of purified  enlerotoxins  A,   B,   and C 
was  prepared   n   a   final   concentration of  500 us/ml  of  each enterotoxin. 
Toxoic'ink; with   fornalin was   continued   for  28 d.iys.      Excess   formalin was 
removed  bv  dialysis against   merthiolated  saline.     The   final product  was 
filtered   through  a 0.2  M mlllipore   filter  and  bottled   aseptically. 
Electrophoretically  and   immunologically  no unaltertJ   toxin was  demonstrable. 
The  product  was  safety  tested   using  the  technique  previously  described—' 
with   a modification.      Irstead   ut   rectal   thermocouple  probes  being used,   a 
copper   constant an   thermi^ier was   implanted  intr. muscularly   in   the  lumbar 
region   for   temperature mmitoring.     All monkeys  given   the   trivalent   toxoid 
had   significant   fever,   emesis  within  60-90 min  after  administration  of   the 
toxoid,   and  diarrhea.     This   trivalent   toxoid was   administered 0,1 ml   ID 
on  day  0,   0.5 ml   SC on  days   21   and  35  challenge was   accomplished  6 weeks 
after   the   last   injection. 

TABLF.   III.      RESPONSE   OF  MONKEYS   IMMUNIZE!' WITH  TRIVALENT  ENTERÜT0X0ID 

ENTEROTOXIN 

A 

A 

h 

H 

CHALLi ;NGI; PROTECTION 
ag/N 

'.0 100 

200 50 

'40 33 

'♦00 33 

40 80 

400 67 

mm d 



2 5b 

Though   loxtcity WAS   demonstrated   in   the   pnfefv   teFt,   no  ndve-sv   reactions 
were   noted   in   imniunized   animals. 

SumiTiary : 

A trivalent enttroioxoid was prepared utilizing prrified (nt L-rot o-;i rs 

A, H, and C.  Residual tiK.icity remained as shewn bv sal'etv tests il t he ■.:,;b 
it was not demonstrable bv other methods.  Prnrection from oral challenge ■..■,.s 
greater against enterotoxins A and C than B. 

Safety tests and immunizations were performed by Animal Assessment Division. 
Immunological studies were performed b\ Bacteriology Division. 

Puhlications; 

None. 

LITERATURE CITED 

1. U. S. Army Medical Research Institute of Infectious Diseases.  1 July 

1970.  Annual Progress Report, FY 1970, p. 139 to 144.  Fort Detrick, Marylano 

2. U. S. Army Medical Research Institute ol Infectious Diseases.  1 July 
1969.  Annual Progress Report, FY 1969, p. 87 to 102.  Fort Detrick, Maryland. 
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Foreign  intelligence   considered. 

SOCIAL   SECUK  TT   ACCOUNT   NUMBER 

ASSOC'ATE   IINVfSflCATQUS 

NAME 

NAME DA 
^J   KtyHOBDi 't'f'ito EACH »Ith S'cunly  CUniffle* Cotoj "'*       ILy     MiXltvOJ^V    KeCLl-Clne 
(U)   Toxin,  Staphylococcal   (SEB);   (U)   Lymphoid  cells;   (U)   Pathogenesis; (U)   Tissue  culture 

II.  TECHNICAL  OÜjECTIVt.*   3*    APPROACH.     |S    PPOOSCH (FMHt(»A M<f(*( Aj«; p«f«if«|'h»  id»nM/(»rf ^   ni^ft^r    rffdiHttvtnehutthftuiil*   Clmmtitu mar   C'-i*  , 

!3   (U)  Develop a  microtechnique   for  the  short-term culture of   lymphoid   cells  and  study 
in vitro  the effects  of  SEB  on these  cells. 

J4   (U)   Lymphoid  cell  culture  allows   the  assay  of   the  mitogenic  properties   or  SEB,   and 
the  effects  of   'he   lymphoid  mitogenic  process   on other   tissue   culture   cell   liver. 

55   (U)   70  12   -   ,i   06   -   A  reproducible,   nncomplicated,   economical   microtechnique   for 
ouse  or human  lymphocyte  culture has  been established which  uses   a  norbicarbonau 

suffer  system which  eliminates   the  need  for  an  oxygen-air-carbon dioxide   controlled 
humidity  incubator  and   allows  the  use  of any  37   C source. 

A study of  stimulation of   lymphocytes  with   SEB  aa;.  been   in.'tiated;   it  has   been 
found  that   (a)  SEB-s cimulated   lymphocytes  are   .ible   to  kill  moust   fibrnbla-ts   aud  I.-eel 
and   (b)   cell-free  supernatants   from SEB-stimulated   lymphocyte  cult.ires   are   toxic   to 
ather   tissue  culture   cells. 

',4v**f<'^>^'• { ' i ""'"«■ i'if& ttfHjn otiAtnBtor** aaptovitl 

DD,'MrJ498 M'Hfc V ICUS   t- L   i ■ ' TINS   Jt     T HiS   F O^W   •*■ l' I ^ !» O .   F   ' i 
ANr>    1498    '       1    MA*     f"      ^r-M    A I, Mv      ,l  \        AH»-     O'-V,-,    (    1\ 
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BODY OF REPOR^ 

Project No. lB66271lA09f):  Medical Defense Aspects of Biological Agents CU) 

Task No. lBb'i2711A09b 02:  Prevention and Treatment of Biological A?ent 
Casualties 

Work Unit No. 096 02 801:  Effects of Staphylococcal Enterotoxin B on 
Lyinphoid Cells ijn vitro 

Description: 

Develop a microtechnique for the short-term culture of lymphoid cells 
and study in^ vitro the effects of SEB on these cells. 

Progress, Part T: 

Previous methods for the culture of mouse and human lymphoid cells 
relied on a bicarbonate buffer system which required the use of a COn 
incubator and controlled humidity1»2«3/(J. Exp. Med. 131:1049, 1970; 
J. Immun.105:984 and 1453, 1970).  Also, the number of cells cultured and 
the culture volume needed for a reproducible assay system was uneconomical 
in terms of the number of animals and the amount of blood needed, and the 
quantity of material used.  A new technique was developed for the cell 
culture system.  The buffer used In this system was Na-"HEPES" 
(N-Z-Hydroxyethylpiperazine-N1-2-ethanesulfonic acid) which was used as a 
25 m  molar solution in standard culture media.  The use of this buffer did 
away with the necessity for the C07 incubator, and allowed the use of either 
a 37 C water bath or 37 C standard^incubator with no gas or humidity controls 
since the cultures were maintained in sealed tubes.  The microtechnique 
modification allowed 10-25 times more cultures to be initiated per mouse or 
per ml of human blood.  Since culture volumes were reduced 907,,, more 
cultures could be maintained per unit volume of media.  The modification 
led to a savings in the amount of materials used. 

Summary. Part I: 

A dependable, reproducible, microtechnique was developed for the 
In vitro study of mouse and human lymphocytes, which did not need a 
bicarbonate buffer system and, therefore, the cultures could be maintained 
in anv 37 C source. 

Progress, Part II: 

Using the now culture technique described above, the effects of 
staphylococcal enterotoxin B (SEB) on lymphoid tells were studied.  It was 
found that SEH could bt imulate lymphocytes In mouse spleen and thymus and 
In human peripheral bloid.  The SEB stimulated over 607, of the mouse spleen 
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mononuolear  cells   and   90'7  of human  peripheral   blood montuiuclear  cells   as 
described   previously.—    The  effect   of   SFB   contact  with   these   cells  was   to 
initiate  both morphologic  changes  and  mitotic   cycles.     These   effects,   and  the 
number of cells  able   to be effected,   were  comparable qualitatively  and 
quantitatively   to  the  effects  seen with other   lymphocyte  stimulants  such  as 
phytohemagglut inlti. 

The mltogenic  effect  of SEB  on mouse  spleen  cells   could   be  inhibited  by 
prior immunization  of  the mice with  SEB.     During   the period  of time when  the 
mouse would  be  theoretically synthesizing peak amounts  of  anti-SEli  antibody,   the 
in vitro response of  the  spleen   lymphocytes   to  SEB was markedly  inhibited,   and 
only  large  amounts of SEB  iji vitro  could  stimulate the  cells.     It was  also 
found  that  anti-SEB  antibody added  to   the cultures  could  also  inhibit  SEB 
stimulation of the  lymphocytes.     Therefore,   it  could be hypothesized   that   the 
spleen  cells   from SEB-inmunized mice  could  be  secreting anti-SEB antibody, 
in vitro,  which  could  block the stimulating action of SEB on   the  lymphocytes. 

The  findings  that   (1)  SEB stimulates  the majority of mouse spleen mono- 
nuclear cells and almost  all human peripheral  lymphocytes,   (2)   SEB  stimulates 
mouse  thymus  cells,   (3)   the extent of stimulation  is  comparable  to  that  seen 
with other nonspecific mitogens,   and   (4)  that  immunization of  the donor animal 
with  SEB does not  Increase  the  response of  the donor's  spleen  cells   to SEB 
In vitro,   all  show  that SEB is acting as a nonspecific mltogenic stimulus  rather 
than as an  antigenic  stimulus  in its  effects  on  lymphocytes. 

Lymphocytes which have been stimulated  by a variety of substances,   both 
mitogens  and  antigens,  release substances which can effect  macrophages  and 
lymphocytes,   and  can be  toxic  to tissue  culture  cell lines  iji vitrop^J.' 
(Mediators of Cellular  Immunity,   1970;  Fed.   Proc.   30:647,   1971).     Therefore, 
experiments were performed  to determine  if SEB-stimulated  lymphocytes  release 
toxic  substances,   or if  the stimulated   lymphocytes  are  toxic  to  cells  of non- 
lymphoid origin. 

It was   found   that   lymphocytes,   either human or mouse,   stimulated  by SEB, 
were able to  inhibit mouse L cell and  normal mouse  fibroblast  growth  and were 
able  to kill  L cells  and  fibroblasts   Ln  vitro.     These effects  were measured 
either by studying the morphological  changes  in L cell or  fibroblast  cultures 
in vitro,  determining  cell death by  trypan blue dye exclusion,   or by measuring 
the  release of -^Cr from a previously  tagged monolayer.     Neither SEB  alone,  or 
unstimulated   lymphocytes alone were  able  to affect L cell  or   fibroblast growth 
or viability,   while  the  SEB  stimulated   lymphocytes   killed  a   large  percentage 
of the L cells or  fibroblasts during  a 48-hr  Incubation period. 

The  supernates   from  lymphocyte   cultures,   either unstimulated,   or 
stimulated with  SEB,   were   tested   for  their  effect   on  the  L  cells   and  normal 
fibroblasts.     The   cell-free  supernates   from  the  SEB-stimulated   lymphoc'to 
cultures were  able   to   inhibit  L cell  and   fibroblast   growth   and   killed  a majority 
of either   the  L cells  or  fibroblasts   as   judged   by   the   trypan   blue  sta   ung 
characteristics and  the growth characteristics  of  the cells  in  culture. 
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The supernate-toxic-factor is relatively heat insensitive, non- 
dialyzable, and appears at least in part to be associated with a 
protein fraction which has no enzyme activity. Work is progressing 
on further characterization of the factor. 

Summary, Part IT: 

SEB stimulates lymphoid cells as a nonspecific mitogen.  The 
stimulated lymphocytes are able to kill mouse L cells or syngenic 
normal muuse fibroblasts in^ vitro and the supernates of the SEB 
stimulated lymphocyte cultures are able to effect the growth and 
viability of mouse L cells or fibroblasts. 

Whether these toxic effects of the stimulation of lymphocytes 
with SEB have any biologic significance is currently under Investigation. 

Publications: 

None. 
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1. Adler, W, H., T. Takiguchi, B. Marsh, and R. T. Smith.  1970. 
Cellular recognition by mouse lymphocytes in vitro.  I.  üefinltion of a 
new technique and results of stimulation by phytohemagglutinin and 
specific antigens.  J. Exp. Med. 131:1049-1078. 

2. Adler, W. H., T. Takiguchi, B. Marsh, and R. T. Smith.  1970. 
Cellular recognition by mouse lymphocytes in  vitro.  II.  Specific 
stimulation by histocorapatibility antigens in mixed cell culture. 
J. Immun. 105:984-1000. 

3. Peavy, D., W. H. Adler, and R. T. Smith.  1970.  The mitogenic 
effects of endotoxin and staphylococcal enterotoxin B on mouse spleen 
cells and human peripheral lymphocytes.  J. Immun. 105:1453-1458. 

4.  Landy, M., R. T. Smith, and H. S. Lawrence (ed.).  1970. 
Mediators of cellular imnunity.  Academic Press, New York. 

5 . Kaplan, J.  1971.  Staphylococcal enterotoxin B induced release 
of macrophage migration inhibition factor from normal lymphocytes. 
Fed. Proc. 30:647 (Abstract). 



1 

PRO» m BLANK 263 

ANNUAL PKOCJRESS REPORT 

Project No. 1B662711A096:  Medical Defense Aspects of nicjo^ical Agents (U) 

Task No. 1B6627J1A096 03:  Laboratory Tdentification of Biological Agents 

Work Unit No. 096 03 006:  Early Imimine Response In Infectious Diseases 
and Toxemia 

Reporting Installation: 

Division; 

U. S. Army Medical Research Institute of 
Infectious Diseases 
Fort Detrick, Maryland 

Bacteriology 

Period Covered by Report: 1 July 1970 to 30 June 1971 

Professional Author: Joseph Kaplan, Major, MI) 

Reports Control Symbol: RCS-MEDDH-288(R1) 

Security Classification: UNCLASSIFIED 



wmmm 

ZH 
RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY 

|.   0*TF   PHI v  -. JM'MY     4    KtKO Of   ^UMMAR' 

71   01  Ob     D.   CHANGE 
• v SCT V* t    WONK  ICC urn TV* 

I    AQCMCV ACCPIIIOM* 

DA OLO870 
i   OATC Of tUHHAMV* 

71 07 01 
miPOKT COMTKOL irumoL 

0n-nRlkF.fAR)iSti 

7   KTÖWAÖINÖ*        E»  OltC'N INiril' 

NA | NL 
■ tx SPCCirtC DATA- 
COMTHACTOK ACCCIS 

Cu YES Lj NO 

•    LCVCI. OF SUM 

A.   »01» UNIT 

10    NO     '  OÜCS  * PROC^HAM  El  tMtN T PHOifc'C f  NUMBCM TASK   AREA NUUBEH 

627I1A 1B662 711A096 03 
b.    CONTf.lßU T .NO 

'±i±tttt     CÜ0G   12 12b (9) 1412a(2) 

WOnK  UNIT NUMBtH 

006 

I i    ▼"Til !*»'•(■•«*• "•'«» s»---'(ry i '••#ifK«""W> r»d»)m "  (U) Early Imaune Keeponse In InTectioua Disease and 
Toxemia of Significance In BW Defense  (11) 

12    Si   CHTlf.C   ANC   TECHNI1LOOU:«L   AREAS* 

003500 Clinical Medicine; 016800 Toxicology; 004900 Defense 
II    SIARi   OATf 

60   08 
1«    CiTlMATCO COHPLC TION  0*TC 

CONT 
1 I    ruNUINO  AOCNCV 

DA 
I«    PCRFQRMANCC  METHOD 

C,   In-house 
17 rOMTH*CT GRANT 

». 0*Tfei/t f FCCTIvF 

tk NUMSCN * 

C   TVP« 

«. MIND OP   AWARD 

II    NCSOURCCS ESTIMATC •.  PROFCSSIONAL  M*H  VMS 

NA 

IKPINATION 

1   AMOUNT 

f. CUM.   AMT. 

»UCAL 

VCAR 

mrtsmt 
71 

72 

b.  FUNDS (in lhcu»»n<U) 

60 

90 
It    NCSPONS'ttLC OCH ONCANtZAT<CN 20   PCNFOPUING OPGANI2ATION 

"*      USA Medical  Research   Institute  of 
Infectious   Diseases 

AOON.SS« Fort  Det:rick>   Md    21701 

RFSPON&IBLC   INDIVIDUAL 

TELCPHONF: 

Crozler,   D. 
301 663-4111  Ext  5233 

11    GCNCKAL ü$( 

Foreign  intelligence  considered. 

NAN»«      Bacteriology Division 
USAMRIID 

AOO««:'  Fort Detrickj  ^    21701 

PNINCtPAC INVCSTICATON (Fvmfh SiAM It V i. 4c«Matic rftarffutJwi> 

NAMC«      Kaplan,   J. 
TILIPH0N. 301 663-4111 Ext  7341 
SOCIAL   tCCUNITV  ACCOUNT  NUMSCN 

ASSOi'.lATC INVCftTICATONt 

NAMC: 

NAME: DA 

Xt7,1WW&nS,l&^r(W''Ännb*&,artormation;   (U)  Chemotaxis;   (U)  Hemagglutinacion;     """ 
(U)  Complement;   (U)  Macrophage;   (U)  Enterotoxln;   (U)  Staphylococcus; (U)Mllltary Medicine 

21    TCCHNICAL OBiECTtVE*   2«   APUNOACH,    II   PNOGftCII f Pumlafi fntfl vlAi«'pAfAfrapAt frfAnrfflad bf nupib«^   Pfttto l»Kl nl »»ch »tth siewllv Cl»*»IHt*tlon Cto-i 

23 (U) Develop and employ in vitro methods of studying lymphocyte activation by antigens 
and toxins. 

24 (U) Sensitivity of various assay techniques for detection of Immunoglobulln, 
including chemotaxis, augmented hemagglutinatlon, and macrophage migration will be 
determined.  These will be applied to detection of circulating antibody and antibody 
forming cells early in the course of Infection in animals and humans. 

25 (U) 70 07 - 71 06 - Migration-Inhibition factor (MIF) induced by staphylococcal 
enterotoxln B (SEE) was shown to be similar to antigen-induced MIF in that (a) its 
release was dependent on active cellular processes involving protein synthesis ana (b) 
it was primarily localized in the albumin peak when chromatographed on Sephadex G-20C. 
Delayed hypersensitivity in the guinea pig as measured by in vitro macrophage inhtbitio 
was radiosensitive when tested 8 days after sensitization. At 13 days, it appeared to 
be relatively more radioreslstant than humoral antibody production.  Initial attempts 
to incorporate spin-labeled dihydrotestosterone into lymphocyte membranes were 
unsuccessful.  Further studies are in progress to incorporate endogenously spin-labeled 
stearic acid into lymphocyu; membranes. 

Publications: Fed. Proc. 30:647, 1971 
Infect. Immun. 3:94-99, 1971, 
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BODY OF REPORT 

Project No. 1B6627]1A096:  Medical Defense Aspects of Biological Agents (U) 

Task No. 1B662711A096 03:  Laboratory Identification of Biological .Vents 

Work Unit No. 096 03 006:  Early Immune Response in Infectious Diseases 
and Toxemia 

Description; 

Develop and employ In vitro methods of studying lymphocyte activation 
by antigens and toxins. 

Progress, Part I: 

In the report last year--/ (USAMRIID Annual Progress Report, FY 1970, 
p. 203), work was described which demonstrated that staphylococcal 
enterotoxin B (SEB) Induced normal lymphocytes to release a mieration- 
inhlbltlon factor (MIF). 

To determine whether SEB-induced release of MIF was an active cellular 
process, the effect of a metabolic inhibitor, mltomycln-C, was examined. As 
shown in Table I, mitomycin-C in a concentration of 10 [ig/ml prevented 
release of MIF by lymphocytes cultured with SEB.  This indicated that release 
of MIF by SEB-stimulated lymphocytes is an active cellular process. 

TABLE I.  EFFECT OF MJ.TOMYCIN-C ON SEB-INDUCED RELEASE OF MIF FROM 
NORMAL LYMPHOCYTES 

MIGRATION INDEX^/ Of SUPERNATANT FLUID 

SEB SEB + Mltomycln-C Without added SEB 
(Control) 

75* 102 100 

a. Migration Index = Migration test supernatant v mn       J  ■. i 0 —B '  X 100; assayed with 
Migration control supernatant 

purified macrophages from guinea pig peritoneal exudntc cells. 

* = p O.05 

To characterize SFB-lnduccd "  , 20-fold concentrated supernatant fluids 
of SEB-stimulated and unsenslti  I lymphocyte cultures to which equivalent 
concentrations of SEB have beei added terminally were examined by 
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A 

Sephadex G-200 chromatography. Four peaks that corresponded to guinea pig 
macroglobuiin, y-G globulin, albumin and components with molecular weights 
0.0,000 were observed with ultraviolet spectrophotometry. 

Pooled, concentrated fractions representing each peak were assayed for 
SEB content by radioimmunodiffusion.  A 1:5 dilution of each fraction was 
then tested for migration-inhibition activity against peritone.al exudate 
cells (Table II). 

TABLE II.  MACROPHAGE MIGRATION-INHIBITION BY SEPHAD'ZX G-200 FRACTIONS 
OF SEB-STIMULATED LYMPHOCYTE SUPERNATANT VLUIDS 

FRACTION EXPERIMENT NO. MIGRATION INDEXE a/ 

II 

III 

IV 

1 
2 
3 

1 
2 
3 

1 
2b/ 

3 

1 
2 
3 

134, 102 
104. 91 
116 

126, 113 
113, 102 

86 

89*, 74* 

75* 

119, 69*, 78* 
55*. 81*, 88 

84, 97 

a. Each value represents a single assay 

b. Test invalid due to lymphocyte contamination of macrophages 

* = p <0.05 

The data represent migration indices for the 4 Sephadex fractions 
obtained in 3 separate experiments.  Fraction III, the albumin fraction, 
was found to contain SEB (MW 28,000); therefore, this fraction was assayed 
with purified macrophages.  Fractions I, II and IV did not contain SEB and 
were assayed with peritoneal exudate cells. 

Fractions I and II did not demonstrate migration-inhibition. 
SEB-induced MIF activity, like antigen-induced MIF activity, was found in 
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Fraction III.  In addition, A of 8 experiments with Fraction IV showed 
inhibition. This activity could represent:  (a) an inhibitory factor 
unique for SEB-lymphocyte interaction; (b) an active fragment of MIF 
with higher molecular weight, or (c) a factor cytotoxic for macrophaj.-es. 

These findings add to the growing evidence that lymphocytes can be 
"turned-on" by both specific antigenic stimulation and by many nonspecific 
stimulants, and once "turned on" will undergo stereotyped, preceded changes 
including the release of various effector molecules including macrophage 
MIF, lymphotoxin, lymphocyte transformation factor, macrophage chemotactic 
factor and antibody. 

Summary, Part I: 

SEB-induced MIF was shown to be similar to antigen induced MIF in that 
its release was dependent on active cellular processes involving protein 
synthesis and it is primarily localized in the albumin peak on a Sephadex 
G-200 Chromatograph. 

Progress, Part II: 

In a separate series of experiments, the effect of irradiation on 
antibody production and in  vitro macrophage migration was studied.  The 
suppressive effect of X-irradiation on humoral antibody production has been 
well documented^/ (J. Immun. 66:181, 1951).  Previous studies have h^en 
shown that irradiated, immunized animals without detectable serum antibody 
retain the capacity to exhibit delayed type hypersensitivity as measured by 
skin testingl' (J. Exp. Mad. .112:65, 1960). These studies suggested that 
delayed hypersensitivity was relatively radioresistant when compared to 
humoral antibody response. Macrophage migration-inhibition is the best 
correlate of in  vivo delayed hypersensitivity.  Consequently; this parameter 
was employed in the present studies to determine the effect of X-irradiation 
on delayed hypersensitivity. 

Guinea pigs were given 300 rads X-irradiation and, 1 day later, were 
sensitized with bovine gamma globulin (BOG) in complete Freund's adjuvant. 
Control animals were sensitized but not irradiated. At varying times after 
sensitization, peritoneal exudate cells were obtained and allowed to 
migrate out of capillary tubes in culture media with or without BC-G. At the 
same time, serum was obtained for measurement of anti-liDG titers as 
measured by a sensitive hemagglutination assay.  Results are shown in 
Table III. 

As expected, at both 8 and 13 days followin;; BGC sensitization, humoral 
antibody responses of irradiated animals were markedly depressed.  In 
keeping with findings reported in the literature,—' delayed hypersensitivity 
was demonstrable at day 13 in irradiated as well as control animals.  Such 
evidence has been employed to support the thesis that induction of delayed 
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TABLE   III, EFFECT OF X-IRPu\DIAT10N ON  INDUCTION OF DELAYED 
HYPERSENSITIVin'  TO BGG AS MEASURED BY MACROPHAGE 
MIGRATION-INHIBITION 

DAY^ 
NUMBER SHOWING HA TITER 

TREATMENT MIGRATION-INHIBITION 
WITH BGG Median Range 

X-Ra>r- 13 4/6 <1:10 <1:10-1:320 

Control 13 6/6 1:80 1:20-1:1280 

X-Ray 8 0/9* <1:10 <1:10-1:10 

Control 8 8/20 1:160 1:10-1:1280 

a. Days  after BGG sensitization 

b. Animals  irradiated  24 hr prior  to BGG sensitization 

* -    p 0.05 

hypersensitivity is radioresistant.    However, when irradiated animals were 
examined at 8 days,  they showed no evidence of delayed hypersensitivity. 
This  finding indicated  that,   like humoral antibody responses,  the development 
of delayed hypersensitivity was sensitive to irradiation.    The data also 
indicated that delayed hypersensitivity responses differed from humoral 
antibody responses in that the rate of recovery from irradiation damage is 
more rapid. 

Irradiation suppression of macrophage-inhibition on day 8 may be due to 
either a  failure of  lymphocytes  to produce M1F,  or a  failure of macrophages 
to  respond  to MIF,  or both.     Experiments  are in  progress  to examine  these 
possibilities. 

Summary,  Part II: 

Delayed hypersensitivity  in  the guinea pig as measured by  in vijro 
macrophage migration-inhibition was  radiosensitive when  tested 8 days 
after sensitization.     At  13 days after sensitization.   it appeared to be 
relatively more  radioresistant  than humoral antibody  production. 

i ■   mammmatmmmummmä 
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I'ro^rfss, Part _ni: 

Experiments were initiated to dütermine whether membrane conformational 
changes are the initial trigger in;; events which activate lymphocytes.  It 
is planned to incorporate spin labels into living lymphocyte membranes, 
and examine spectral changes following specific and nonspecific lymphocyte 
stimulation by means of electron spin resonance (ESR) techniques. 

Spin-labelled dihydrotestosterone v;as coupled with fatty acid-free 
bovine serum albumin (BSA) or sonicated in culture medium to increase its 
solubility.  Complexing was demonstrated by a change in the characteristic 
ESR spectrum of a freely mobile molecule to that of a restricted molecule. 
Media containing steroid label-BSA complex or sonicated label was incubated 
for varying periods of time with guinea pig lymph node lymphocytes purified 
by discontinuous BSA-gradient ultracentrifugation.  Following incubation, 
the cells were washed repeatedly. 

The results of initial experiments suggested that cells had been 
successfully labelled.  However, regardless of the number of cell washes, 
spin label was always found in cell-free wash fluid and had the same spectral 
characteristics as that seen in the packed cells. This suggested the 
possibility that label was loosely and reversibly bound to the cell membrane 
or that, following pinocytosis, it was readily extruded by the cell. 

Studies are in progress to determine efficacy of using spin-labelled 
fatty acids in lymphocyte cultures in an attempt to endogenously incorporate 
spin label into cell membranes. 

Summary, Part III: 

Initial attempts to incorporate spin-labelled dihydrotestosterone into 
lymphocyte membranes were unsuccessful.  Further studies are in progress to 
incorporate endogenously spin-labelled stearic acid into lymphocyte 
membranes. 

Presentations: 

1.  Kaplan, J.  SEB-induced release of macrophage migration inhibition 
factor from normal lymphocytes.  Presented at Federation of American 
Societies for Experimental Biology, Chicago, 12-17 April 1971. 

Publications: 

1. Craig, C. P., S. J. Tormann, V. McGann, and W. S. Irvln.  1971. 
Chemotactic activity generated by staphylococcal enterotoxin B.  Infect. 
Immun. 3:94-99. 

2. Kaplan, J.  1971.  SEB-induced release of macroohage migration 
inhibition factor from normal lymphocytes.  Fed. Proc. 30:647 (abstract). 
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23 (U)  Develop techniques  for utilization of computers,  statistics and mathematics  to 
process and  interpret scientific data. 
24 (U) Automation of data analysis  currently accomplished with  the Fort Detrick CDC 3150 
Computer  is being expanded with a data acquisition system.    The  theories and disciplines 
of numerical analysis, differential equations,  statistical  tests of hypothesis,  experi- 
mental design,   information storage and retrieval,  and pattern recognition are utilized 
to analyze and  interpret data gathered by various  investigators. 
25 (U)   70 07 -   71  06 - Mathematical,  statistical and computer  techniques have been 
applied  to data emanating from the  Institute.    The  input has come  from radloimmunoassays 
and  studies of renal physiology,  amino acids, volunteer studies,  serum proteins,  and 
cardiovascular parameters.     The National  Institutes of Health SAAM-25 program is being 
used   in multicompartmental  analysis  of monkey lipid metabolic  changes  in infection. 

Data  from sandfly fever volunteer studies has been stored  in a computer data bank. 
A computerized  file has been created  for monitoring the status of the special   immuni- 
zation program required for at-risk personnel. 

A Rockefeller University program has been adapted   for  the Fort Detrick computer  for 
determination of protein gradients produced during zonal  centrifugation. 

Plans are complete  for procurement of a calculator-based data acquisition system. 
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BODY  OF REPORT 

Project  No.   .3AO61101A91C:     In-house Laboratory Independent  Research  (U) 
(1B662711A096):   (Medical  Defense Aspects  of Biological  Agents)     (U) 

Task No.   3A061101A91C 00: 
(1B662711A096 03):     (Laboratory Identification  of Biological Agents) 

Work Unit  No.  91C 00 131:    Mathematical and Computer Applications  in 
(096 03 008):     Infectious Disease Research 

Description; 

Develop techniques  for utilization of computers,   statistics and 
mathematics to process and Interpret scientific data. 

Progress; 

The computer programs devised  for analysis of amlno acid,  renal 
physiologic data, and radlolmmunoassay standard curves have been maintained 
and upgraded. 

The National Institutes of Health SAAM-25 orogram    is being used in 
the multlcompartmental analysis of monkey llpld metabolic changes  in infection. 

The data from 3 volunteer sandfly fever projects have been stored In a 
computer data bank,  and 2 more projects are being processed in a similar 
fashion.    An analysis of covarlance statistical model with mixed effects and 
partial  replication is being explored for statistical hypothesis testing of 
this data. 

A system of computer programs has been written up to calculate 
cardiovascular parameters and the statistical moments of  these parameters. 

A computerized immunization file has been created to contain all 
special immunizations and antibody tlters recorded on personnel  requiring 
protective  Immunization.    This  file will be used to list  automatically each 
month those personnel  requiring boosters and/or new assays for  immunitv. 
The file will,   therefore,  be available for  research  Inquiries  and  preparation 
of summary reports on experimental vaccines. 

Two stand-alone teletypes have been procured to automatically record 
data from 2  Isotope counters.     Computer programs have been developed  to read 
the punched paper tape produced and  perform the calculations necessary to 
analyze  the data. 
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Plans  have been completed  for procureineit   of  a calculator-based data 
acquisition system to  record automatically,   In  a fashion similar to   that  for 
the  isotope counting,   the digitized  analog data emanating from 2 amino acid 
analyzers and ,i densitometer,     Again,  punched  paper  tape will be  the 
computer-compatible  output  of the  system. 

A computer program originating  from  ehe  Rockefeller  Institute has 
been adapted for use  on  the  Fort  Detrick. computer.     This  program determines 
relative and absolute protein gradients produced during zonal centrifugation. 

Summaryr 

Hathematical, statistical and computer techniques have been applied to 
data emanating from the Institute. 

Publications 

None 

L 
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23 (U) Establish usefulness of electron spin resonance spectroscopy in solving problems 
related to infectious diseases. 

24 (U) Search for  the effect of infectious agents and toxins on biochemical reactions 
involving free radicals.    Spin label compounds involved  in infectious or inmunologic 
processes. 

25 (U)  70 07 -   71 06 -  Employing electron spin resonance spectroscopy techniques, we 
have established  that:   (1) nucleic acid can be spin labeled under mild conditions and 
the amount of label can be controlled.     The degree of labeling desired for biological 
studies will be a compromise between spectrometer sensitivity and retention of 
biological activity;   (2)  the spectra of different nucleic acid biopolymers are different 
although not necessarily under all conditions; and  (3) spectra  from complex noninter- 
acting mixtures can be resolved into their individual components. 

Publications:     Biophys. Soc.  Abstracts  11:23a,  300a,  1971  (abstracts). 

L y(f«Me to Qonltmtlof m ongmmtof'* approvaf ipOTonAj 

DDir:J498 PREVIOUI   EOlTIONt  OF    THII   FORM   ARE   OBSOLETE       DD   FORMS   l4tlA     I    NOV   tS 
AND   I4tt   I      I   MAR  at   IFOR   ARMY   UtEl   ARK   OBSOLETE 

aa|aMaMaa 



1 

2 77 

BODY OF REPORT 

Project No.   3A06] 101A91C:     In-liouse Laboratory   Independent Research   (U) 
(IB662711A096): 

Task No.   3A06110JA91C  00: 
(1B662711A096 03): (Laboratory  Identification of Biological  Apents) 

Work Unit No.   91C 00  132:     Application of  Electron Spin Resonance 
(096 03 009):     Spectroscopy  to  Infectious Disease Research 

Description: 

Establish usefulness of electron spin resonance spectroscopy in solving 
problems related   to infectious diseases. 

Progress: 

Although originally  developed  for the  study  of physical properties  of 
electrons orbiting within an atom,   it has appeared  feasible  to adopt  the 
technique of electron spin resonance  (ESR)  spectroscopy to investigations 
of basic mechanisms of   infection and immunity. 

Paramagnetic molecules,  or molecular  carrying unpaired electrons,   can be 
found as naturally occurring free radicals,  relatively uncommon and usually 
unstable, or as metal  complexes, e.g.  in certain metallo-enzymes.     In 
addition, paramagnetic molecules,  termed spin  labels, can be synthesized and 
incorporated as a small  tag into larger molecules of biological interest. 
It was postulated  that by utilizing spin  labelled nucleic acids as electronic 
probes,  it would be possible to obtain basic Information regarding 
replication of viral nucleic acid in cells of  infected hosts. 

The spin label, 3-(2-iodoacetamido)-2,2,5 , 5-tetramethyl-1-pyrrolidinyl- 
oxyl, was reacted with various polynucleotides (Table I) and with denatured 
(d-DNA)  and native desoxyribonucleic acid   (DNA)  under various mild  conditions, 

TABLE I.     PROBABLE ATTACHMENT SITE OF THE SPIN  LABEL REAGENT, 
3-(2-IODOACETAMIDO)-2,2,5,5-TETFAMETHYL-L-PYRROI.IDK'"YLOXYL, 
ON POLYNUCLEOTIDES. 

P0LYNUCLEOTIDE 

r(C)r 

r(A)n 

r(G)n 

ra)n 

r(U)n 

PROBABLE SITE 
OF ATTACHMENT 

N (3) 

N (1) 

N (7) 

N (7) 
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It was  found that by varying the experimental conditions,  the ratio of 
label  to base could be changed.    The conditions used were 25 C at pH 6.7 for 
7 days  in 40% ethanol-0.01 M phosphate  (HMP) or 10 days In 601 ethanol-HMP, 
conditions A and B respectively.     Results are shown in Table II. 

TABLE  II.     EFFECT OF REACTION CONDITIONS  ON YIELD OF SPIN LABELLED 
POLYNUCLEOTIDES. 

«iOTIDE 
3 M) 

CHEMICAL 
(Spin Label: 

YIELD 
Base X 104) 

POLYNUCL 
(1 x io- 

Experimental 
Condition Ai/ 

Experimental 
Condition B^/ 

rA 67 237 

rU 3.6 14.9 

rA-rU 2.6 

rl 7.7 8.8 

rG 4.4 

rC 24. 152. 

rG-rC 6.8 

Denatured DNA 25 100 

Native DNA 2.8 4.2 

a. Spin reagent Base = 5 

b. Spin reagent Base ■ 10 

In addition, we have determined  that the spectrum of a small 
ollgonucleotide  (poly C) and RNAase resembled a free spin spectrum. 
Furthermore, we have been able to distinguish between the spectra of 
single stranded  (poly C) and multlstranded  (poly I:C) polynucleotldes. 
The effect of  temperature on poly I:C could be followed using ESR techniques. 

Generally speaking,  the correlation time of the label   (a measure of its 
immobility) was  larger for double stranded nucleotides  than for their single 
stranded analogs  (Table III). 
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TABLE III.     CORRELATION TIMES OF POLYNUCLEOTIDES AT ?5 AND 37  C. 

POLYNUCLEOTIDF^ 

CORRELA 

At   25 C 

rA 2.2 

rU mixed 

rAs•rU 3.7 

rAS-2rU 3.3 

rATUs 2.7 

rA-2rUS 3.2 

CORRELATION  TIME   (X  109 SEC)   Y 

At   37 C 

1.3 

0.5 

2.2 

2.3 

1.7 

2.8   (?) 

rl                                                              1.6 1.1 

rC                                                              3.3 1.9 

rG alO ;;10 

rI-rCS                                                           3.0 2.5 

dDNA 2.8 1.2 

a.    Solvent was  0.15 M NaCl-HMP,  pH 7.0. 

Superscript  "s"  indicates  the  labelled  portion of  the molecule. 

The effect of viscosity on denatured  DNA was  investigated  to 
determine if weakly  immobilized spectra were  sensitive  to conditions 
found in biological  pystems  (Table  IV).     It  may be seen  that   increased 
viscosity,   from buffer  to 20 or  30% sucrose,   substantially   Increased 
correlation time. 

In order to establish  that  the spectrum of a mixture of  free spin 
and labelled polymers   (noninteracting systems)   can be resolved,   the 
following study was performed.    Correlation  times  for varying ratios  of 
d-DNA to free spin label were determined  and  compared  to similar values 
obtained from electronic simulation of  the same conditions. 

MMMkMM 
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TABLE  IV.     EFFECT OF VISCOSITY  ON CORRELATION TIME OF DENATURED DNA. 

DILUENT-/ 

Buffer 

Buffer -  20% sucrose 

Buffer  -  30% sucrose 

VISCOSITY CORRELATION TIME Y 
(centipoise) (X ID9 sec) 

/V0.80 1.2 

/vl.50 1.8 

/v2.40 3.6 

a.     Buffer was 0.15 M NaCl-HMP;   temperature,  37 C. 

Spectra of free spin and d-DNA were placed in separate memories of a 
Fabri-Tek signal averager.     These spectra were mixed electronically in ratios 
of  1:3,   1:1 and 3:1.    Simultaneously, samples were prepared in the same 
ratios   (Table V). 

TABLE  V.     COMPARISON OF EXPERIMENTALLY-DETERMINED AND COMPUTER-SIMULATED 
CORRELATION TIMES. 

RATIO^' 

CORRELATION TIME  (Y) 
d-DNAb 

FREE SPIN 
Experimentally 

Determined at 25 C 
Electronically 

Simulated 

oob/ 3.3 (3.3) 

3 0.9 0.7 

1 0.35 0.3 

.33 0.1 0.1 

0^ 0.05 (0.05) 

a. Superscript "s" indicated labelled d-DNA 

b. ■  pure d-DNA 

c.     0 free spin 

Effective correlation timiis of spectra experimentally determined were 
in agreement with values obtained by electronic simulation, suggesting it 
is possible to resolve additive spectra. 

■ ■ ■ - ■ ■ - ■ i -ii ■MMUMMI d 
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Summary: 

Empluylnp,  elüt-tron spin resonance  spuctrosropy  techniques,  we have 
established   that:      (1)   nucleic  acid   can be  spin  labelled  under nild 
conditions  and   the amount oi  label   can be  controlled.     The  decree  of 
labeling  desired  for biological  studies will be a  compromise  between 
spectrometer  sensitivity and retention of biological activity;   (2)   the 
spectra of different nucleic acid  biopolymers are different  although not 
necessarily under  all conditions,   and   (3)  spectra  from complex 
noninteracting mixtures  can be resolved into  their  individual  components. 

Presentations: 

1. Caspary,  W.  ,1.     Radical  formation of carcinoeenic  hydrocarbons 
and  their  reaction with purine nucleosides.     Presented at   Biophysical 
Society Annual Meeting,  New Orleans,   La.     16-18 February  1971. 

2. Caspary, W.  J.     Spin-labelled polynucleotides.     Presented at 
Biophysical Society Annual Meeting,   New Orleans,  La.     16-18 February  1971. 

Publications: 

1. Caspary,  W.  J.,  B.   I.  Cohen,   S. A.  Lesko,  and P.  0.   P.   Ts'o.     1971, 
Radical  formation of carcinogenic  hydrocarbons and  their  reaction with 
purine nucleosides.    Biophys.  Soc.   Abstracts  11:300a  (abstract). 

2. Caspary,  W.  J. ,  L.  M.  Stempel,   and P.   Ts'o.     1971.     Spin-labelled 
polynucleotides.     Biophys.   Soc.  Abstracts  11:23a  (abstract). 
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BODY OK REPORT 

Project No. 1B662711A096: Medical Defenso Aspuits of Biological Agents (II) 

Task No. 1B662711A096 03: Laboratory Identification of Biological Agents 

Work Unit No. 096 03 010: Trace Metal Changes During Infectious Disease 

Description; 

Assess trace metal changes during infectious illness as a possible 
aid In early Identification of disease etiology. 

Progress, Part I; 

Recent prospective clinical studies in volunteers by this laboratory 
have demonstrated that significant alterations in the metabolism of Fe, Zn, 
and Cu occur early after exposure to either an acute bacterial 
(Francisella tularensis - Medical Division Project FY 68-4) or viral 
(attenuated Venezuelan equine encephalomyelltls vaccine - Medical Division 
Project FY 69-1 and sandfly fever virus, Sicilian tvpe. Medical Division 
Project FY 70-1) infpctions.k^/ (Amer. J. Med. Sei.'258:14, 1969; USAMRIID 
Annual Progress Rep. FY 1970, p. 221; J. Lab. Clin. Med. 76: 293, 1970; 
Metabolism 1971, In press). Such alterations include marked depressions in 
both serum Fe and Zn concentrations with a concomitant rise In serum Cu. 

In a more recent cooperative investigation with Drs. Hornick and 
DuPont at the University of Maryland School of Medicine (Contract No. 
DA-49-193-MD-2867), sequential changes In serum Zn and Cu concentrations 
were studied In volunteers following experimentally Induced typhoid fever. 
Significant depressions In serum Zn concentrations were observed by the 
3rd day, with maximal depression occurring around day 13, during the time 
of maximal febrile illness.  By contrast serum Cu concentrations began to 
rise significantly on day 9 with the onset of febrile illness, reaching 
maximal levels (161% of control values) on day 14.  Unlike serum Zn 
concentrations, which returned to normal with the remission of fever (day 30), 
serum Cu concentrations still remained significantly elevated. 

Similar early depressions In serum Zn concentrations were observed in 
a group of volunteers studied prospectively after oral exposure to living 
adenovlrus type 21 vaccine (Medical Division Project FY 71-2).  Serum Zn 
concentrations were depressed as early as day 2 and remained significantly 
depressed throughout the study (to day 28).  However, unlike the previous 
studies, no significant change In serum Cu concentrations was ohserved. 
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Currently, serum Fe, Zn, and Cu concentrations are being serially 
determined for evaluation In a group of volunteers who have been exposed 
to the 17-D strain of yellow fever vaccine (Medical Division Project FY 71-3). 
The prospective nature of the above studies and the rapid development of 
altered serum metal metabolism« even in exposed subjects who remained 
asymptomatic, suggest that these alterations in the prodromal period 
represent an early hose response to the presence of invading microorganisms. 
Thus infection-induced changes and patterns of change in trace metal 
metabolism may have significance in providing new approaches to diagnosis 
and to an improved understanding of the various metabolic responses during 
infectious illness. 

Summary, Part I; 

Significant alterations in Fe, Zn, and Cu continue to be demonstrated 
in man after exposure to a variety of acute viral and bacterial infections. 
These alterations were shown to be an early host response, with the magnitude 
of these changes showing a close relationship to the duration and severity 
of febrile illness. 

Progress, Part II! 

Depressions in serum Fe and Zn concentrations, similar to those observed 
in man, were obrerved in a variety of laboratory animals following 
experimentally-induced infections or the administration of endotoxin or 
synthetic double-stranded RNA compoundsl'>lzZ' (Appl. Microbiol. 18:482, 
1969; CES Annual Report, FY 1970, p. 13; Proc. Soc. Exp. Biol. Med. 136:584, 
1971).  Further studies from our laboratory (Part III), as well as those 
reported in the literature, indicated that the very early decreases in 
serum Zn and Fe were not the result of either increased excretion or decreased 
gastrointestinal absorption, but were due to a rapid redistribution of the 
two metals to cells of the retlculoendothellal system (RES). Further studies 
in animal models have shown that the Infection and stress-induced alterations 
in Fe and Zn metabolism were mediated by an endogenous humoral factor released 
in part by neutrophileail±£' (Fed. Proc. 28:691, 1969; Amer. J. Physiol. 
216:1287, 1969; Proc. Soc. EXP Biol. Ned. 134:1150, 1970). This endogenous 
factor of serum Zn and Fe depression was shown to be present in the serum 
of a variety of laboratory animals within 2 hr after infection or 
intoxication, and in sufficient concentration so that its Zn depressing 
effect could be transferred to normal or endotoxin-tolerant recipient animals 
of the same or even different species.  Endogenous mediator obtained from 
peritoneal leukocytes of various laboratory animals were shown to produce 
significant dose-related depressions in serum Zn and Fe concentrations in 
normal, endotoxin tolerant, or hypophysectomlzed animals. 1?/ 

Preliminary data from our laboratory characterizes the partially 
purified mediator isolated from both 2-hr serum and from peritoneal 
leukocytes to be heat labile, non-dlalyzable, low molecular weight proteins 
(20-30,000 MW) , which are soluble in organic solventsüti*/ (Fed. Proc. 
29:297, 1970; Bact. Proc. 1970, p.81). These initial data suggest that the 
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cMidogt'noiis mediator present within 2 hr in the serum may be released, in part, 
by polymorphonucleitr leukocytes. AlthouK'i similar In some respects to 
endogenous pyrogen, the endogenous mediator of scrum Zn  and Fe depression 
does not show the species specificity that has been shown for endogenous 
pyrogen. 

Since the endogenous mediator lias been shown to lack species 
specificity, we attempted to demonstrate the presence of this mediator In 
the serum during a bacterial infection In man. While doing a joint study 
with Dr. Schwartz and associates at the University of Maryland, control 
serum samples and samples obtained on the first day of febrile illness in 
a group of volunteers infected with Salmonella typhosa were filtered 
through a Millipore filter and injected into rats lutraperitoneally (IP). 
The postinfection serum produced significant depressions In both serum Fe 
and Zn concentrations in recipient animals when compared to NaCl Inoculated 
controls or rats receiving control serum. When the postinfected serum was 
heated at 90 C for 30 min, the Zn depressing effect was lost.  Thus the 
endogenous Zn depressing factor appears to be present in the serum of a 
febrile individual, and the fact that this effect can be transferred to a 
laboratory animal may prove to have potential diagnostic value. 

Current studies on the further characterization of the infection- 
and stress-induced endogenous mediator of altered Fe and Zn metaboll?:r have 
shown that the ia vitro addition of these trace metals and other dlvalenc 
cations Inhibit i - partially inhibit its l£ vlvn serum Zn and Fe depressing 
effects.  Unlike i"'.,   the depressing effect of the mediator could be blocked 
completely only by the addition of Zn.  Although such binding studies suggest 
that the mediator may act as a chelating agent by facilitating the removal 
of these metals from the serum, a given amount of this mediator cannot 
account for the amount of metal lost from the serum when administered in  vivo. 
Consequently, to state that the endogenous mediator acts solely as a chelating 
agent would be premature; however. In this regard, a possibility does exist. 
The parenteral or IP administration of the mediator may induce the release of 
more endogenous mediator as has been shown for endogenous pyrogen.  Another 
possible mode of action is that the mediator also may act as a hormone-like 
substance eliciting its effect directly on the PJES, either by promoting the 
increased uptake of Zn and Fe in these tissues or bv inhibiting their release. 
Current studies are now in progress to further characterize the mechanism of 
action, as well as the ability to mediate changes in other biochemical and 
metabolic parameters. 

Summary, Part 11; 

It has been demonstrated that the depressions of serum Zn and Fe during 
infection and other stresses in various laboratory animals are mediated by an 
endogenous factor released, in part, by neutrophiles.  The mediator was shown 
to be a heat labile, nondlalyzable, low molecular weight protein, and, ic has 
been demonstrated to be present in human serum during febrile Illness.  In 
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defining the mechanism by which the mediator may act, It was shown that 
partially purified preparations of the mediator could bind both Zn and Fe. 
Further the in vivo addition of these divalent cations to the mediator 
could block or partially block its serum Fe and Zn depressing effects 
in vivo. 

Progress, Part III; 

Recent Isotopic studies employing ^Zn have been conducted in order to 
compare the distribution of this metal in the serum and various organs of the 
rat before and after the administration of the endogenous mediator. After a 
24-hr pulse lable with 5 uCl/100 gm body weight given IP, the isotope was 
rapidly deposited in the liver, followed In descending order of concentration 
In the spleen, kidney, pancreas, lung, heart and blood. When the endogenous 
mediator was administered as 100 yg protein/ml IP 6 hr prior to sacrifice 
(18 hr after the 65Zn pulse) significant increases in the uptake of Zn were 
observed in the liver, pancreas and remaining viscera of the gastrointestinal 
with a significant decrease in the serum and carcass (less Internal organs 
and viscera). Thus a definite redistribution of Zn, independent of increased 
excretion or decreased gastrointestinal absorption, was induced by the 
mediator. 

Summary, Part III: 

Isotopic studies employing ^Zn demonstrate that the endogenous mediator 
produces a redistribution of Zn in the tissues when administered to the host. 

Progress and Sunmary, Part IV! 

Serum zinc concentrations were determined repeatedly in 99 healthy young 
adult males by a simple automated atomic absorption spectrophotometric method. 
The mean serum Zn concentration of these normal subjects was 102 yg/100 ml 
(SD + 17) with a calculated range of 68 to 136 ug/100 ml. When determined 
on a day-to-day basis, 95Z of the values from a given individual were within 
18 yg/lOO ml of his own mean value. 

Similar studies are now being conducted in order to establish normal 
baseline values and ranges for serum Fe, Zn, and Cu in the rhesus monkey. 

Presentations; 

1. Beisel, W. R. Changes in zinc metabolism during infection. 
Presented at Workshop on Zinc in Human Nutrition, The Food and Nutrition 
Board. National Research Council, Washington, D. C. 4-5 December 1970. 

2. Belsel, W. R.  Influence of acute Infection on the metabolism of zinc 
and other trace elements. Presented at the American College of 
Neuropsychopharmacology, San Juan, P.R., 9-11 December 1970. 
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3. Pekarek, K. S.  Further characterization of the endogenous 
niediator(s) of serum zinc and iron depression durlnj* infection and other 
stresses.  Presented at Federation of American Societies for Kxperimental 
Hlology, Chicago, 111. 13-17 April 1971. 

4. Belsel, W. R. Interrelated changes in host metabolism during 
infectious diseases. Presented at Workshop on Malabsorption, National 
Research Council, Washington, D. C. April 1971. 

Publications; 

1. Pekarek, R. S., G. A. Burghen, P. J. Bartelloni, F. M. Calia, 
K. A. Bostlan, and W. R. Belsel.  1970. The effect of live attenuated 
Venezuelan equine encephalomyelltis virus vaccine on serum iron, zinc, and 
copper concentrations In man. J. Lab. Clln. Med. 76:293-303. 

2. Pekarek, R. S.  1971.  Effect of synthetic double-stranded 
RNA on serum metals in the rat, rabbit, and monkey. Proc. Soc. Exp. Blol. 
Med. 136:584-587. 

3.  Pekarek, R. S., and W. R. Belsel.  1971.  Further characterization 
of the endogenous medlator(s) of serum zinc and iron depression during 
infection and other stresses. Fed. Proc. 30:643 (abstract). 

4. Beisel, W. 
element metabolism. 

{.,  and R. S. Pekarek.  1971.  Acute stress and trace 
International Rev. of Neuroblology, 14: (in press). 

I 
5. Wannemacher, R. W., Jr., R. S. Pekarek, P. J. Bartelloni, R. T. Vollmer, 

and W. R. Belsel.  1970.  Changes in Individual plasma amlno acids following 
experimentally-induced sandfly fever virus infection. Metabolism (in press). 
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23 (U) Purify and characterize several chemical mediators of infection. 

24 (U) Polyacrylamide gel electrophoresis is applied to various specimens; resulting 
fractions are characterized by various applicable methods. 

25 (U) 71 03 - 71 06 - Purification of one of the chemical mediators of Infection, 
endogenous pyrogen, has proceeded through the use of a modification of acrylamide gel 
electrophoresis allowing the separation of large amounts of protein on a preparative 
basis.  Rabbit peritoneal exudates have been prepared as a source of endogenous 
pyrogen. Using an exudate of unusually high activity, it has been possible to obtain 
pyrogenic activity from one or two sections of the gel while other sections are 
Inactive.  Current efforts are directed toward maximizing the yield of pyrogen in 
exudates in order to obtain sufficient amounts of pyrogen to further assay purity and 
begin physicochemical characterization. 

r«<l«Me to cowlfdw u|M^»rt|* 'MBSii 

DD,:o
ft:"J498 PREVIOUi  EDITIONS  OF   THIS  FORM  ARC  OBSOLETE      OD   FORMS  14MA     I   NOV  SB 

AND  I4SS-I     I   MAR  «S   IFOR   ARMY   USE I   ARC  OBSOLCTC 

 —:—I——H— 



1 

2 93 

BODY OF REPORT 

Project No. 11566271 1A0% 

Task No. 1B662711A096 01 

Work Unit No. 096 03 Oil 

Modlc.il IVfense Aspects of Biological Agents (U) 

Laboratory Identification of Biological Agents 

Chemical Mediators of Infection 

Description: 

Purify and characterize several chemical mediators of infection. 

Progress : 

Purification of one of the chemical mediators of infection, endogenous 
pyrogen, has proceeded through the use of a modification of acrylamide gel 
electrophoresis allowing the separation of large amounts of protein on a 
preparative basis.  Rabbit peritoneal exudates have been prepared as a 
source of endogenous pyrogen.  Using an exudate of unusually high activity, 
it has been possible to obtain pyrogenic activity from one or two sections of 
the gel while other sections are inactive. Current efforts are directed 
toward maximizing the yield of pyrogen in exudates in order to obtain 
sufficient amounts of pyrogen to assay further its purity and begin 
physicochemical characterization. 

Summary: 

Pyrogenic activity can be localized to a discrete area following 
acrylamide gel electrophoresis of granulocytic pyrogen from rabbit peritoneal 
exudate supernatant fluids. 

Publications; 

None 
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23 (U)  Evaluate biological  activity,   role and significance  of serum glycoproteins  in 
the  early diagnosis of  Infectious disease. 

24 (U)  Determine glycoproteln electrophoretic patterns   in normal and  Infected  states 
using improved  techniques,   in order  to understand  their significance. 

25 (U)   70 07 -   71 06 -  Methods  are being developed  to allow a better quantitative and 
qualitative description of  serum glycoproteins.     When  1 ml  of turpentine  is  Inoculated 
subcutaneously  into a rat,   there  is a nearly 2-fold   increase 48 hr  later   in  the 
percentage of alpha-2 and beta  glycoglobulins.     This  system promises  to be  a  convenient 
model   to mimic  changes  seen  in circulating glycoglobulins  in  infectious disease. 
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Medic.il   Defense Aspects  of  Biological  Agents   (V.) 

Laboratory  Identification of  Biological Agents 

Evaluation of Serum Glycoprotein Changes  in 
Early Diagnosis of Infectious   Illness 

Evaluate biological activity,  role and  significance  of  serum 
glycoproteins in the early diagnosis  of infectious illness. 

Progress: 

Current methods  in use at  USAMRIID for  characterization of serum 
glycoproteins are limited in that one can only obtain the percentage 
distribution  in the major serum fractions,  I.e.,  albumin,   aj,   i2»  p*  sa^ 
yU (Amer.  J.  Clin.  Path.  50:137,  1968).    Current  efforts   In  this 
laboratory,   therefore,  have been directed  toward development of assays 
for the 4 major protein-bound carbohydrate moieties, hexoses,  hexosamlnes, 
slalic acids and methylpentoses,  as a means of quantltating total 
protein-bound carbohydrate which can then serve as an indirect measure of 
total serum glycoprotein. 

Preliminary results indicate 'chat  the new densitometer  is  recording 
linear concentrations of serum protein and glycoprotein from electrophesed 
cellulose acetate strips.     It  Is hoped  that  this will  give  us  a more 
accurate and  rapid method of quantitatlon and  eventually  calculation and 
storage of information in computerized form. 

Initial  experiments  confirm published  informalionf.^   (Cancer  Res.   27:2055, 
1967)  regarding the sterile subcutaneous   turpentine abcess   in  the  rat  as a 
means  of producing changes  in circulating glycogloballns.     We  are able to produce 
a nearly 2-fold relative  increase in  the percentage of   in*  and   ■   glvcoglobulins 
48 hr after  Injection of 1 ml  turpentine subcutaneously  in  the  rat.     This 
may prove  to be one  if the most  convenient experimental models  to minic 
changes  In serum glycoprotein levels  ^een  in  infectious   illness. 

Summary: 

Methods  are being developed  to  Improve  characterization of  serum 
glycoproteins,     A sterile,  subcutaneous  turpentine abcess   in  thf  rat   appears 
to be a  good model  to mimic changes  seen   in circulating glycoglobulins   in 
infectious  disease. 

i 



2 9« 

Rollins,    I.   B.,   G.   A.   Burghen,  and  W.   R.   Beisel.     1970.     The   Influence 
of   ütered  viral   virulence on the  response  of host  serum alpha2  glycoglobulins. 
J.   Infect.   Dis.   122:329-334. 

LITERATURE  CITED 

1. Klainer,   A.   S.,  W.   R.  Beisel,  and W.   K.   Atkins.     1968.     Determination 
ot   serum glycoproteins  on cleared  cellulose acetate strips.    Amer.   J.   Clin. 
Path.   50:   137-141. 

2. Sarcione, E. J. 1967. Hepatic synthesis and secretory release of 
plasma aipha-2 (acute phase)-globulin appearing in malignancy. Cancer Res. 
27:2025-2033. 

MHMHMW ammm 



299 

ANNUAL PRÜGKESS REPORT 

Project No. 1B662711A096 

Task No. 1B662711A096 03: 

Work Unit No. 096 03 013: 

Reporting Installation: 

Division: 

Period Covered by Report: 

Professional Authors: 

Reports Control Symbol: 

Security Classification: 

Medical   Defense Aspects  of Biological  Agents   (U) 

Laboratory Identification of  Biological Agents 

Serum Protein and Enzyme  Changes   for Diagnosis 
in Infection 

U.   S. Army Medical Research   Institute of  Infectious 
Diseases 

Fort Detrick, Maryland 

Physical Sciences 

1 July 1970 to 30 June  1971 

Michael C.   Powanda,  Captain,  MSC 
Robert W.   Wannemacher,   Jr.,   Ph.D. 
Gary L.  Cockerell,  Captain,   VC 

RCS-HEDDH-288(R1) 

UNCLASSIFIED 



■npHHPHiw^P^rp^SBvnw« ■ ■"  

50Ö 

RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY 

TT TT 

i  «atnc» Acciuio«* 
DA 0L0912 

t OAT« or (umtAMV 

71  07 01 
lurour cowmoi. trmmoL 

DD-DRbEtAHitiJt 

V   DATE   PRE   .   '.ÜM'NV   14    «IMC   Cff   S.iWMART 

71   04 23    ID,   CHANGE 
1   lUMMAHV  SC t   wem* scCUftl 

u u 
MÖKÄMMÖ*      E» onrN mtrm- 

NA j NL 
(Ik t'CCIFIC DATA- 
COMTHACTOKACCCIt 

En,      DNO 

I. LtVfL OP lUU 

A.  «ORK UMIT 

»0    MO     i  rvut«,  • PRO(,".H*M   Fi.EMtNT 

b. com Hin 11 IN.. 

PHOjtCT   NUMBEM TASK   ARtA  NUMBCR 

62711A 

faHHfi   icixx:   12l2b(Qi 

1B662 711A096 

14 12a (27 

03 
WOHK UNIT NUMICn 

013 

t 1      TITL f       fr«.  •.)■   mil*   ■ * (U) ScruiB Protein and Ea^yme Chaages for Diagnosis of 
Militarily Ircportent Infections (11) 

»I    »CiCNTiriC   AND   TIC MNOLOf.K  AL   ANCAS* 

003500 Clinical Medicine; 004900 Defense; 002300 Biochemistry 
II   STAMT   DATE 

71  04 
14   tlTIMATCD CCWPLETIOM  OATI 

C0NT 
l$    rUMOlNG  AGCNCV 

DA 
t«    PIUrOKMANCC  HCTHOO 

C,   In-house 
I»    CONTRACT   GRANT 

*  OATkS/FFf ECTivf 

tk>  MUMtCN * 

C   TvPl 

•t KiMC Or  *w*«c 

!•   NCtOUMCCS CSTIHATC &  PWOrCtSIONAL MAN VHS 

NA 

IIPIAATION 

dAMOUNT 

t. CUM     AMT. 

'ItCAL 

VtAR 

nnrrenn 
71 

CUIIIUf 

72 

k rUNMO" lAAuaan«) 

33 

•    HCt'ONIiaLf  DOS OUGAN.IATiON I»    »f KFOHmHO OHOAHIJATIOM 

"*"'*     USA Medical   Research   Institute  of 
Infectious  Diseases 

ADomu * Fort  Detrlck,   Md    21701 

*£Sr>UNSlBLt   INDIVIDUAL 

TELEPHONE 

Crozier,   D. 
301   663-4111  Ext  5233 

l<    OINCDAL    <M 

Foreign Intelligence  considered. 

"*"«*     Physical  Sciences Division 
USAMRIID 

AOO«..' Fort Detrick^  Md    21701 

PniNCIRAL INVtlTICATOH (fuml** »SAM " V S. ACAtfMilc fntflrmlM) 

NAMi* Powanda,  M.   C. 
T.LIRHON.    301 663-4111  Ext 6130 
tOCIAL SCCUNITY ACCOUNT NUHBCH 

AUOCIATC INVtlTICATOKI 

«AMI: Wannemacher,   R.  W. 
NAMi: Cockerell,   G.   L, DA 

F^TTTwONCH fPr»e»<#» SACH •'* 5»ewf/*r WSfflfÄlBÄ C«JCj «.T«-MrP~..* »Ac«CTPTissBs c... -c-,    /JJX j^jitapy Medicine: 
(U)   Proteins;   (U)   Enzymes;   (U)   Infectious alsease;  \t)  Electrophoresi 

II   TECHNICAL OUCC^ivr.*   I*   APPROACH,    JS    PROORIU rfumlaA InMvlAMi M'Rf'ApAt I4«nlffl«tf Ay nunkAr   PfaCAtf* r*if ol AACA WIIR SACurlll. CfAAAIffcaltan Catft J 

23 (U)   Evaluate   changes   in ser.im proteins and   isoenzymes  occurring during infectious 
disease and elucidate   the  kinetics of such  changes. 

24 (U)  Using polyacrylamide  gel electrophoresls,   measure  changes   in serum proteins and 
enzymes during   infections. 

25 (U)   71 04 -   71   06  - An evaluation of   the  suitability of polyacrylamide gel electro- 
phoresls   for analysis  of  serum proteins  and enzymes was begun recently.     Current 
efforts are directed   toward determining  the  optimal conditions   for  sample analysis. 
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Lahoratorv   Identification of  liiologlral   Agents 

Serum Protein and  Knzyme Changes  for Diagnosis 
in  Infection 

Evaluate changes  In serum proteins and   isoenzymes  occurring during 
Infectious disease  and  elucidate the kinetics of  such  changes,  as  an aid   to 
early diagnosis. 

Progress: 

Changes In circulating  levels of certain classes of serum proteins have 
been noted in both experimentally induced and  naturally acquired  infectious 
Illness of varying etiologyil§/  (Proc.  Soc.  Exp•  Biol.  Med.  101:340,   1959; 
Amer.   J.  Clin.  Path.   42:1,  1964; J.   Lab.   Clin.   Med.   72:794,  1968; Arch. 
Intern. Med.  123:620,   1969; New Engl.  J.  Med.   281:1081,  1969;  J.  Infect.  Dis. 
122:329,  1970).     Some  form of paper or cellulose acetate electrophoresis  had 
been used  in all of  these  studies.    The  resolving power of these  systems 
limits one's ability mainly to  that of detecting changes  in classes  of  serum 
proteins rather than in  ■'ndlvidual  substances.     At  least  29 proteins of human 
serum have been physiochemlcally definedZ^  (Molecular Biology of Human Proteins, 
p.   173,  1966).    This  number does not  include  the y  globulins,   the multitude 
of circulating enzymes,  the clotting factors  or  the components  of 
complement.    One method vhereby the specific  proteins which give rise  to  the 
changes in serum protein classes  in infectious  diseases  can be Identified   is 
polyacrylamlde gel  electrophoreslsä'   (Ann.   N.Y.   Acad.  Sei.  121:404,  1964). 

Serum enzyme  tests  have aided  In the diagnosis  of myocardial  Infarction, 
pancreatitis,  acute hepatitis,  toxic  liver damage and muscular dystrophy9j_10/ 
(Methods of Enzymatic Analysis,  p.  651,  1963;   Interpretive Enzymology,  1967). 
In  the case of hepatitis  the  rise in serum glutamlc    oxaloacetate 
transamlnase and glutamlc pyruvate  transaminase  usually occurs before 
symptomatic changes  in the bilirubin level and  the onset of jaundlceZ/. 
Recently it has been shovn  that  the mean serum lactate dehydrogenasc  (LDH) 
activity of 11 volunteers with experimentally  Induced typhoid  fever rose 
significantly within one day after the men had received a dose of  typhoid 
organismsii./  (Metabolism 1971,  In Press).     Though  this  rise  in LDH activity 
is not clinically significant when measured P.S  total  serum activity,   it may 
become so when a sample  of  the serum Is  subjected  to electrophoresis  to 
reveal  the isoenzyme pattern. 
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Scrum  alkaline  phospliatase has  been shown to  increase   in pneumococcal 
infection   in rniceir^  (Proc.  Soc.   Kxp.   Blol.  Med.   124:812,   1967)  and  to 
dei-roasf  during virus   injection   In  chlckcnsix'   (Appl.  Microbiol.   15: 
677,   I9o7).     Multiple  forms of alkaline phospliatase activity have been 
demunstrated,   tho  patterns of which  fall  into 3 rather distinct  categories; 
ono associated with liepatobil lary  involvement;  a second with parenchymal 
cell damage of  the liver;   and  a third with  increased osteoblastic 
activitvll/(Amer.   J.  Clin.  Path.   40:349,   1963).     Serum alkaline  phosphatase 
acrylamide  gel  patterns  may  thus  aid   in diagnosis. 

Polyacrylamide gel electrophoresis will be carried out  using the 
Orteo model  4200 system.    Quantitation will he achieved by analyzing either 
the gels  themselves or photographic  copies with the  Farrand densitometer. 
Evaluation of  the diagnostic potential  of  serum protein and  isoenzyme 
patterns  will  be achieved by simultaneously analyzing the sera obtained from 
an  individual  at  varlus  times  during a controlled  infection.     Such serum 
samples  will  be  provided by volunteer projects carried out  at USAMRIID and 
by  joint   studies with  contractors. 

Our present efforts have been directed at determining the optimum 
conditions  for electrophoresis and  for assay of enzymic activities.    An 
attempt   is  being made to develop a  reliable quantitative measure of absolute 
quantities  rather than relative values so as to be able to  assess optimum 
conditions  of storage  for  samples  and  to allow comparison between various 
infect ions. 

Summary: 

An  evaluation of the  suitability of electrophoresis  of  serum proteins 
and  Isoenzymes  in an acrylamide  gel  medium as a diagnostic  aid in infectious 
diseases was  started recently.     At  present, efforts are directed towards 
determining optimal conditions   for  analysis. 

Publications: 

None 
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BODY  OF  REPORT 

Project  No.   lBbb2711AÜ96:     Medical   Defense Aspects  of  Biological Agents   (U) 

Task No.   1B662711A096 03:     Laboratory  Identification of  Biological  Agents 

Work Unit No.   096 03 402:     Development of Methods for the Detection and 
Assay of  Interferon 

Description: 

Develop methods for  the detection and  bioassay of interferon. 

Progress.  Part I: 

Mouse L cell  interferon was prepared   (3  lots)  according  to  the 
method previously describedi'   (USAMR1ID Annual  Progress  Report, 
FY  1969,  p.   221).    The preparations were assayed for interferon 
content by a plaque reduction method—'   (Virology  13:323,   1961), 
a cytopathic  effect   (CPE)  inhibition methodl/  (J.  Nat.  Cancer  Inst. 
38:771,   1967),  and a hemagglutination yield reduction methodz/ 
(Proc.  Soc.   Exp.  Biol.  Med.   135:340,   1970).    The resulting interferon 
titers are shown in the first Table. 

TABLE I.     INTERFERON TITERS OF A MOUSE L CELL INTERFERON BY  3 METHODS 
OF BIOASSAY 

INTERFERON TITER  (UNITS) 
Plaque CPE 

CHALLENGE Reduction Inhibition HA YIELD 
VIRUSESi' by 50'/^' by 50%£' REDUCTION 

BY 0.5 LOG^/ 

VSV 25,0(0 3C0 

GD7 25,0C0 200          32,000 

EMC 1,600 100 

VEE 6,3C0 

a. Vesicular stomatitis, GD7, encephalomyocarditis, Venezuelan equine 
encephalomyelitis viruses. 

b. Interferon units/3 ml. 

c. Interferon units/ml 
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The antiviral activity of the processed L-NDV-B1 fluids was shown 
to he acid-stable, nondialy^able, trypsin sensitive, and nonsedimentable 
when centrifuped at 100,000 X g for 3 hr.  In plaque reduction assays, 
linear doso  response data were obtained, and the plaque size of the 
challenge viruses were reduced.  The Interferon fluids were not toxic 
for L cells or lethal for embryonating eggs, did not neutralize VSV 
directly, and demonstrated no peaks of maximum adsorption between the 
range of 210 to 400 nm.  L cell control fluids did not contain an 
antiviral inducing property. 

A carbohydrate reactive as fucose-bound protein^.' (Methods of 
Biochemical Analysis, Vol I, p, 279.) was found In the Interferon and 
L control fluids.  Fractionation of an Interferon fluid by precipitation 
at pH 11.ö with 0.1 N NaOH resulted in an alkali soluble fraction 
permitting 45% recovery of the antiviral activity (fraction B). Addition 
of 3 volumes of 957,. ethanol to 1 volume of this supernate resulted in 
an alcohol precipitate with a 10.87» recovery of the antiviral activity 
(fraction C). A summary of this fractionation scheme with recovery of 
antiviral activity in the various tractions is presented in Table II. 

TABLE II.  SUMMARY OF FRACTI0NATI0N PROCEDURE OF L-CELL INTERFERON 
AS B10ASSAYED AGAINST TRINIDAD VEE BY A PLAQUE REDUCTION 
METHOD 

PREPARATION INTERFERON RECOVERY FROM 
PREVIOUS STEP 
 %  

L Cell Interferon 100 
A Fraction (Ppt from pH 11.5) 0.2 
B Fraction (supernate from pH 11.5) 45 
C Fraction (Ppt from alcohol) 10.8 
D Fraction (Supernate from alcohol)       0.0 

The fractionation scheme suggested that the carbohydrate was not 
associated with Interferon activity, and that antiviral activity could be 
obtained in fractions not reactive with the Lowry reagents used to detect 
protein. 

Summary, Part 1: 

Chick and mouse Interferons have been producfid and characterized. 
The mousi Interferon possessed elevated antiviral activity with 50 
micrograms or less of protein per milliliter. A carbohydrate present 
in the Interferon fluids was also detected in L control fluids. The 
results of a fractionation procedure with an interferon preparation 
suggested that the carbohydrare was not associated with the bulk of the 
recovered interferon activity. 
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l'ro^rt'ss. Part II: 

Currently, tlic Interferon fluids an diluted 1 : 10U in maintenance 
medium, and stored at -60 (." ri •, a mouse Interferon standard for use in 
our laboratory. 

In order to obtain Interferon preparations suitable for use as a 
laboratory standard and for use as an immunizing antigen several variables 
of the Induction process were studied.  For chick inierferon Chikungunya 
and Rio Bravo viruses at a multiplicity of approximately one median 
suckling mouse intracerebral lethal dose per cell will result in a 
maximum interferon titer in 18 hr.  Optimum conditions include ageing 
the chick cells for one week prior to induction.  For mouse Interferon, 
best yields were obtained by using L-cells aged for one week and inducing 
with Newcastle Disease virus (B^ strain) at a multiplicity of approximately 
100 median egg lethal doses per cell. 

The interferons were shown to have the following properties:  (1) 
induction process inhibited by actinomycin, (2) not sedimentable at 
100,000 X g for 1 hr, (3) not dialyzable, (4) resistant to pH 2, 
(5) inhibits several unrelated viruses, (6) characteristic dose 
response, (7) activity destroyed by trypsin, (8) not active on cells 
of heterologous species. A laboratory standard of chick and mouse interferon 
has been prepared. 

In choosing an interferon assay for routine use preliminary attempts 
were made with assays based on inhibition of CPE, inhibition of virus 
yield, inhibition in the yield of hemagglutinins, and plaque reduction. 
On the basis of overall convenience a plaque reduction method using 
vesicular stomatitis virus as the challenge agent has been adopted. 
For maximum sensitivity mouse interferon must be left in contact with 
L-cells for 24 hr while chick cells require 4-6 hr and show a decrease 
in sensitivity after prolonged contact with interferon.  During the 
establishment of resistance the probit of developing plaques has been 
shown to be linearly related to the sum of the logarithms r,f time 
and concentration. Significant changes in the dnse-response occur 
on ageing of cell monolaycrs to be used in a plaque reduction assay 
and for the most reproducible results chick cells should be used 
between days 1 and 3 and mouse cells between days: 2 and 5 after 
planting.  Tiie data obtained from a plaque reduction assay are usually 
expressed as probits and the titer taken from a provisional line of a 
plot of probit on the logarithm of the interferon dilution.  The 
weighting coefficient for use in this type of problemli' (Ann. Appl. 
Biol. 36:196, 1949) has been used to modify a computer progran for 
probit regression which has been used to calculate individual lines 
as well as to compare samples under the assumption of a common 
dose-response.  A consideration of the weighting cocffirlent in 
this type of problem indicates that the interferon dose ..t which 27% 
of the plaques develop can he most pre. isi-ly estimated and may allow 
greater discrimination between samples than the usual median plaque 
depressing dose (PDD5Q) endpoint. 
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In order Lo obtain ant i si-t-i '   luck and mousi' Interferon for 
possihl'' use In an immuaoassay, rabbits and Ruinea pigs are currently 
being immunised. 

Future plans include the application of an assay for human Interferon 
to studv the development of Interferon in vaccinees. 

Summa ry, Pa r t II: 

Computer techniques have been applied to the probit analysis of 
plaque reduction data.  Rabbits and guinea pigs are currently being 
immunized witli chick and mouse Interferon in order to obtain antisera for 
possible use in an imtnunoassay. 

Presentations: 

1, Jordan, G. W.  Application of probit analysis to Interferon plaque 
reduction data.  Presented at Annual Meeting of American Society for 
Microbiology, Minneapolis, Minn. 2-7 May 1971. 

2. Luscri, B. J.  Preparation, bioassay, and partial fractionation of 
an efficient L cell Interferon.  Presented at Annual Meeting of American 
Society for Microbiology, Minneapolis, Minn. 2-7 May 1971. 

Publications: 

1. Jordan, G. W. 1971.  Application of probit analysis to Interferon 
plaque reduction data.  Bact. Proc. p. 214. 

2. Luscri, B. J. 1971.  Preparation, bioassay, and partial fractionation 
of an efficient L cell Interferon.  Bact. Proc. p. 213. 
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Prv>ject No. lB6fa2711A0% 

Task No. 18662711A096 03 

Work Unit  No.   0%  03 403 

Description: 

BODY OF RKPORT 

Medical Dtfonse Aspects of biological Agents (U) 

Laboratory Identification of Biological Agents 

Separation, Purification and Concentration of 
Arobvirus Agents and Antigen-Antibody Complexes 

Develop an in vitro diagnostic test for rapid detection of antibody 
causing militarily significant disease. 

Progress: 

The isolation and the identification of viruses, and the detection 
of increases in antibody concentration are the main tools used for the 
laboratory diagnosis of viral illnesses.  Standard laboratory procedures 
are successfully employed for the majority of viruses commonly encountered 
in clinical cases, however, many of these procedures are tedious and 
require days to weeks for completion, while others can not be adapted 
for certain virus groups. More rapid immunochemical methods of detection 
are constantly being sought1! 2»3i^,/ (J. Immun. 98:314, 1967, 104:1,031, 
1970; Life Sei. 6:2135, 1967; Science 169:298, 1970). 

A diagnostic test was developed in this laboratory for <;.he rapid 
detection of serum antibody and/or viral antigen in clinica' specimens. 
The test is composed of two steps: microprecipitation of virus-antibody 
complexes and the detection of these complexes by cellulose acetate 
electrophoresis. More specifically, microquantlties (50 ^1) of a concentrated 
virus preparation are reacted with similar amounts of serum dilutions 
at 37 C for 1 hr or 4 C overnight in microtiter plates. Ten microliters 
of each virus-serum mixture is applied to a 1 X 3 inch cellulose acetate 
plate and electrophoresed for 15 min at 220 V in a chamber containing 
trisbarbital buffer (pH 8.4, ionic strength 0.05).  The plates are stained 
with Ponceau S stain, rinsed in 2% acetic acid to remove excess stain, 
air-dried and then examined for elliptical precipitates at the site of 
sample application. A sample of virus and serum are each mixed individually 
with saline and tested concurrently with the virus-serum mixtures as 
controls. A visible precipitate, resulting from the interaction of virus 
and serum together with negative antigen and serum controls, indicates 
the presence of specific antibody. 

A previous reportl' (USAMR11D Annual Progress Report, FY 1970, 
p. 235) described the development and refinement of this technique with 
a model virus system of tobacco mosaic virus and homologous rabbit 
antiserum.  Recently, we have been successful in adapting this procedure 
to an animal virus system employing adenovirus, type 7 as test antigen. 
The virus was grown in roller bottles of KB cells, concentrated and 
partially purified .using a modification of the procedure described 
by Green and Pina-' (Virology 20:199, 1963). Approximately 20 hr 
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postinfection, the cells were freeze-thawed 3 X to release intracellular 
virus; the mixture was centrifuged at low speed to sediment the cellular 
debris. The fluid phase was extracted several times with Genetron-113 
to remove much of the cellular contamination; the virus was then banded 
by high speed centrifugation onto a CsCl cushion (density = 1.59). After 
dialysis overnight to remove the CsCI, 1%  human serum albumin was added 
to stabilize the antigenicity of the purified virus preparation. Antlgenlc 
potency was determined by the reaction of antigen and hyperimmune rabbit 
serum. 

Preliminary experiments employing adenovlrus antigen and clinical 
specimens demonstrated the existence of nonmlgratlng proteins in human 
sera that resulted in false positive reactions; that Is, a precipitate 
was visible at the origin with samples receiving no antigen (serum control). 
This observation was not seen with any of the animal sera previously 
tested. We devised a rapid and efficient procedure for the removal of 
the nonmlgratlng proteins from human serum. A serum aliquot was extracted 
for 30 sec with 2-4 volumes of Genetron-113, centrifuged at low speed 
to separate aqueous and organic phases and the top aqueous phase (serum) 
was removed by aspiration. When tested with adenovlrus-7 antigen In the 
electrophoretic technique, both human and rabbit sera showed no loss in 
antibody tlter. 

In an attempt to correlate electrophoretic results with a standard 
serologlcal test, 20 human sera previously tested for neutralizing and 
complement fixing antibody at WRAIR were screened using our electrophoretic 
procedure. Data from this experiment can be seen In Table I. 

A positive reaction on cellulose acetate plates was observed with 
those sera having a strong neutralization tlter. No correlation, however, 
was seen with complement fixation (CF) tlters. Statistical correlation 
between electrophoretic and neutralization tlters awaits the availability 
of additional clinical specimens. 
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ELECT ROPIIORETIC 
REACTION^/ 

RECIPROCAL TITER1 c/ 

Neutralization CF 

POSITIVE ^256 

256 

256 

?128 

2128 

128 

64 

64 

64 

160 

80 

10 

10 

<5 

20 

?160 

80 

80 

NEGATIVE <4 

<4 

80 

20 

20 

10 

10 

•3 

<5 

<5 

<3 

--5 
a. No electrophoretic test performed on one specimen. 

b. Screened at 1:10 dilution of serum 

c  Performed at WRAIR 
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Summary: 

An  inimunoolt'ci ropliori1! ic   procodurt' utilizing microprt'cipltation on 
i»'I luloso aii't.itt   pl.it i's  lias  In-i-n dcvdopi'd  for  tlu1   laboratory detection 
ol   ant ilnuh   to a  spi-iitic  virus.     Tin- ust'fulnt'ss  of   this  technique  in 
diagnosis was demonstrated  witli  adenovirus,   type   7,   and homologous 
antiserum.     Virus  antigen was  concentrated and  partially  purified by Genetron- 
113  extraction and   subsequent   banding on a CsCl  cushion.    Antibody  to 
adenovirus  has been  successfully detected with  this   technique  in human 
serum specimens obtained  from adenovirus  infected  individuals.     The 
electrophoretic  results  have  thus  far correlated with  the presence  in 
serum of neutralizing antibody. 

Publications: 

None 
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BODY   OF   REPORT 

Project   No.   1Hö(I2711AO%:     Modical   Defon.sr Aspicts  ot   Biological Agents   (U) 

Task No.   1B')(..J711AÜ96  03:     Laboratory  Idontification  of  Biological AKCIUS 

Work Unit No.   096  03 404:     Usr  of Antiglobulin  for   Early   DuLection of 
Arbovirus Antibody 

Description: 

Attempt  to hasten  identification of an arbovirus   infeciion  in man. 

Progress: 

A pilot project to establish a plaque reduction neutralization 
technique has been completed.  A constant virus-varying-antiserum 
concentration method has been shown effective to detect antibody levels 
in an individual immunized with Venezuelan equine encephalomyelitis 
vaccine. Live, Attenuated.  No prevaccination serum was available 
for this individual. The titer of the individual was calculated by 
probit paper plotting with a 50%. plaque reduction used as an endpoint. 
The titer of 3.5 logs of neutralizing antibody was repeatable. 
Computer analysis of one of the titrations yielded titers of 3.47 
logs and 3.60 logs using 2 regression analysis techniques. 

Application of the technique to human sera drawn early was the next 
phase of the project. A coordinated project was initiated with Medical 
Division Project No. FV 71-3, "Evaluation of Human Metabolic Responses 
to 17-D Strain of Yellow Fever Vaccine",  Sera was obtained from 
individuals on this project at daily or alternate day intervals for 
days -3, 0, 1-10, and 28.  Total nonspecific levels of IgG, IgM, IgA 
and C'ß complement during the 10-day postinfection period were 
calculated by immunoradial diffusion for 6 individuals. This daua 
is presently being analyzed. 

Plaque reduction analysis is complicated by slow plaque formation 
with 17-D virus and the presence of viremia in infected subjects. 
Determination of the duration and amount of plaque forming virus in 
serum of human subjects is in progress.  The 17-D strain lias been 
shown to produce plaques using chick embryo fibroblast, duck enbryo 
fibroblast and baby hamster kidney (BHK-21) cells.  Chick and BHK-21 
cells require 9.5 days after overlay to develop plaques, duck cells 
require 5 days.  17-D strain has not produced plaques in the VhlRO 
cell line, although the virulent strain of yellow fever, Asibi Strain 
will.  The differential growth will be used to distinguish plaque 
type in the plaque reduction Assay. 
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Upon ostablIshment  of  thf earliest  date postinfection  that  neutralizing 
antibody can  be  detected,  multispecific  and monospecific  antisera  to human 
Immunogiobu I i ns  will   b.-  added   to virus  human  serum mixtures.     It  is  believed 
tliat   this  method  will   neutralize  infective virus-antibody complexes. 
Demonstration  o£   infective virus-antibody  complexes will  give   qualitative 
and  quantitative   evidence of  the  immune   response  to  17-D infection   in man. 

Sumnarv 

A constant   virus-varying-antiserum concentration plaque   reduction 
technique  has   been   shown effective  for  detection of antibody  to  VEE vaccine, 
This   technique   is   preseiuly being adapted   to   17-D and Asibi  strains  of 
yellow fever  virus  using sera   from  17-D  btrain immunized volunteers. 

Publications 

None. 
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24 (U)  Investigate serologlcal activity of staphylococcal  enterotoxlns and their toxolds; 
evaluate   the  role of antibody in resistance  to Ingested  toxin,   and define the patho- 
genesis  of acute response  following reexposure  to toxin. 
25 (U)  70 07 -   71 06 - Hyperimmune  sera produced with types A,  B or C staphylococcal 
enterotoxlns  contained minor antibodies   for each of  the other  toxins.     Surveys for 
naturally-acquired antibody  indicated  that  incidence and multiplicity of antibodies   in 
human sera were  significantly higher  than in monkey sera   (p   less  than 0.001),     Unlike 
resistance   to parenteral exposure,   resistance  to ingested  toxin was not directly related 
to humoral antibody.     The  findings   suggest that the primary  immunogenlc response  to 
Ingested   toxin may  Involve   local  production of secretory antibody,  and  that repeated 
exposures with  relatively  large amounts of toxin are required  to stimulate  the humoral 
antibody system.     In parenterally exposed or toxold-Immunized monkeys,  however,   resis- 
tance  to  subsequent  Ingestion of  toxin appeared to be associated with humoral antibody 
tlter. 

Gel   Innnunoprecipltatiün studies  suggested  that components  of a  trivalent  toxold 
for  types A,   B and C had common antigens as well as  type-specific antigens. 

Pathophysiologlcal and  immunological  studies demonstrated  that  type II hypersensl- 
tlvity was  responsible  for  the acute  reponse  of monkeys  to reexposure with type B 
toxin. 

Publication:     J,   Infect,   Dis.,   1971,   In press. 
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BODY  OF  REPORT 

Project No.   1B662711A096: Medical Defense Aspects  of Biological Agents   (U) 

Task No.   1B662711A096 03: Laboratory   Identiiication of  Biological Agents 

Work Unit No.   096 03  800: Immunological  Studies with Microbial  Toxins 

Description: 

Investigate  Immunologie responses  of a  susceptible host after  exposure 
to microbial toxin and after immunization with  toxoid. 

Progress,  Part  I: 

1    2/ 
In previous  studies—2—    (USAMRIID Annual Progress Report,   FY  1970, 

p.   241;  J.   Infect.  Dis.     In press,   1971)  serologic   techniques were 
evaluated  for  their  efficiency in estimating resistance of monkeys  to 
parenteral exposure with  staphylococcal  enterotoxin B  (SEB).     Lov.'-titering 
antibodies,  detectable by hemagglutination   (HA),  were associated with 
resistance to intravenous   (IV) challenge with  ^25 median illness doses 
(ED50), whereas  SEB-precipitating antibody was  reauired for resistance  to 
higher doses.     Essentially no information was  available  for evaluation 
of resistance  to  invested  toxin or of  the  Immunologie response  to  type A 
(SEA)  and  type C   (SEC)  enterotoxins.     Consequently,   studies were designed 
to investigate  the role of antibody in resistance  to Ingestion of  SEE,  and, 
when limited quantities of purified SEA and  SEC became available,   to  examine 
the serological  activity of these  toxins. 

Enterotoxins A and C.     Purified SEA ana  its homologous antisera were 
prepared in the  Biological Laboratories,  Fort Detrick,  and purified  SEC, 
by Pathology Division,  USAMRIID.     Serologic   techniques developed  for  SEB 
appeared  to be  equally satisfactory for  SEA  studies.     In HA ticrations, 
however,   the reactions of  SEC appeared   to be  atypical.    Sheep erythrocytes 
(RBC)  coupled  to   freshly  reconstituted  SEC,   agglutinated  to  abnormally 
high HA titers;   moreover,  delayed lysis  of  agglutinated RBC was  observed. 
Typical staphylococcal  hemolysinb were  not  responsible  for   the  lytic 
activity because   lysis never occurred  in   the  absence of  antibody.     By 
employing block  titrations with decreasing quantities of SEC,   it was 
possible  to  eliminate   lytic effects,  as  well  as  unusually high  titers   in 
sera from nonimmune monkeys, without affecting HA reactions  in  specific 
antisera.     This   atypical activity was also  destroyed durine, storage  of 
reconstituted SEC  for  2 weeks at A C. 

Hyperimmune  sera  for any 1 of  the  3  enterotoxins showed minor  reactions 
with each of  the  other  types  (Table  I).     Cross-reactinf* prcclpitins  for 
types A and B were difficult  to demonstrate,   but  precipitin reactions  with 
SEC ware observed  in  almost all sera.     SEC precipitation showed  partial 
identity with  that of homologous antigens. 
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TABLE  I.     ANTIBODIES  FOR HOMOLOGOUS AND HETEROLOGOUS  TYPES  OF 
STAPHYLOCOCCAL ENTEROTOXIN  IN SINGLE FACTOR HYPERIMMUNE SERA. 

RECIPROCAL HA TITER AND PRECIPITIN  REACTION 

TEST 
ANTIGEN 

Anti-SEA 
 (Rabbit 80) 
HA        Precipitin 

Anti-SEB 
(Goat 222) 

HA Precipitin 

Anti-SEC 
(Goat 406) 

HA Precipitin 

SEA 160,000 4+ 80 Neg 10 Neg 

SEE 320 Neg 20,000 4+ 640 

SEC 80 640 40.000 4+ 

Naturally-acquired antibodies  for the 3 enterotoxins were detected in 
human and monkey sera (Table II).    Approximately 80% of human sera, obtained 
from a group of institutionalized adult males, had antibody  for the 3 
enterotoxins,  whereas over 60% of monkey sera had no detectable antibody and 
only 6% had antibody for more than 1 type.    SEC antibodies were the predominant 
type  in monkey sera.    Although mean HA tlters were low,   individual titers of 
1:2560 occasionally were found for each of the 3 types.    Absorption studies 
indicated that, even in sera with low titers,  toxin-antitoxin reactions were 
specific for each type.    The incidence of naturally-acquired precipitating 
antibody was considerably lower than that of HA antibody.    Only 65% of human 
sera contained precipitins and only 8% reacted with all enterotoxins;  SEA 
precipitins had the lowest incidence. 

Toxoids.     Reactions of  a trivalent  toxoid for SEA,  SEB and SEC  (prepared 
in Pathology Division, USAMRIID) were compared with  those of monovalent 
type B toxoid, Lot #87825.     Precipitin reactions were demonstrated between 
the  trivalent preparation and minor antibody components  in hyperimmune sera 
produced against each of the 3 enterotoxins; monovalent type B toxoid reacted 
primarily with a minor antibody  in SEB antitoxins.    Unlike the reactions of 
single-factor antitoxins with  the  3 types of toxin,  reactions of these sera 
with  trivalent toxoid appeared  to involve identical,   or closely related, 
antibodies.     Tests  for  identity between reactions of monovalent  type B  toxoid 
with specific ^ntitoxoid and  trivalent toxoid with antitoxins, however, 
indicated a high degree of  type  specificity.    Monovalent SEA and SEC  toxoids 
and  their antisera will be necessary for a more detailed analysis of toxoid 
serology. 

MMMMaaa^BHH ■■MMMMMaHMMHiMaMHaMUinnii 
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TABLE II.     HEMAGGLUTINATING ANTIBODIES  FOR ST^HYLOCOCCAL ENTEROTOXI.NS, 
SEA,   SEB AND SEC,   IN 132  HUMAN AND  213 MONKEY SERA. 

HUMAN SERA MONKEY SFRA 

REACTION GROUP % 
Reactors 

Titer^ % 
Reactors 

Titera/ 

SEA SEB SEC SEA SEB  SEC 

No detectable 
antibody 1 - - - 63 - - 

SEA 2 28 - - 2 68 - 

SEB 2 - 25 - 5 - 80 

SEC 2 - - 40 2A - 53 

SEA + SEB 3 13 20 - 0 - - 

SEA + SEC 5 50 - 64 3 59 39 

SEB + SEC 6 - 87 57 3 - 57   16 

SEA + SEB + SEC 80 64      126       130 

a.    Geometric mean reciprocal titer, 

The antibody response of monkeys   to each  component  in  the   trivalent 
toxoid was  comparable  to that seen previously  following Injection of 
monovalent SEB toxoid.1/    After one  injection of  toxoid, monkeys with 
naturally-acquired antibody  for 1 or more  toxins exhibited a booster 
response of   the  corresponding antibody.     In the absence of  preexisting 
antibody,  antitoxin  titers developed  slowly. 

Intragastric   (IG)  challenge.    Preliminary  investigations  on  response 
of monkeys   to  challenge with SEB by  gavage have been reported  elsewhere!' 
(J.   Infect.   Dis.     In press,   197]).     Unlike our  findings with  parenteral 
routes of exposure,  resistance  to IG  challenge was unrelated  to naturally- 
acquired humoral antibody,  and SEB  could not be detected  in  serum at any 
time.     In monkeys with preexisting antibody,  however,  a progressive decrease 
in serum antibody occurred  for at  least  6  hr after challenge,   possibly 
suggesting extravascular localization  and  combination with  toxin.     Few 
monkeys  that   lacked naturally-acquired antibody developed  titers   following 
Ig challenge;   however,  in those  that  did,  maximum titers were  achieved 
within 2 weeks,  suggestive of a secondary  response. 

uaa^^mMBim 
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Prior experience with SEB given by the parenteral route or prior 
Immunization with toxoid appeared to be effective  In producing protection 
against challenge by the  IG route.     In such monkeys resistance appeared to 
be related to the presence of humoral antibody  (Table III). 

TABLE  III.     THE EFFECT OF PRIOR IMMUNIZATION WITH TOXOID OR INTRAVENOUS 
CHALLENGE WITH TOXIN ON RESPONSE OF MONKEYS TO CHALLENGE 
BY GAVAGE. 

CHALLENGE DOSE 
ED50i/ 

10 

100 

NO. ILL/NO. TESTED BY 

TREATMENT 
PRECHALLENGE HA TITER 

^1:80 >1:80 

Toxoid immunized 9/11 1/5 

Prior experience 1/1 1/5 

None 6/7 ND^/ 

Prior experience ND 1/6 

None A/4 ND 

a. Median Illness doses, administered by gavage. 

b. Not done. 

Reexposure studies were  Initiated to allow a more detailed examination 
of response to IG challenge.     In the  first study,  a group of monkeys  that 
had naturally-acquired antibody at time of arrival in these laboratories 
was  challenged with 1-100 IG ED50 at 4-mon intervals.     At the time of 
primary exposure, most monkeys had decreased antibody  titers and some were 
antibody-negative.     In the second study monkeys  that lacked naturally- 
acquired antibody were challenged at more frequent intervals with 
1-10 IG ED50. 

In contrast to antibodies  acquired by parenteral exposure or 
Immunization, naturally-acquired humoral antibody was unrelated to 
resistance to the primary exposure;   such antibodies were associated with 
rapid development of resistance to subsequent exposures  (Table IV). 

MMMMMHHBMHHaM 
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TABLE  IV.     RELATIONSHIP OF SEQUENTIAL EXPOSURES AND HUMORAL ANTIBODY ON 
RESPONSE OF MONKEYS  TO CHALLENGE BY GAVAGE. 

PRECHALLENGE 
HA TITER 

NUMBER ILL/NUMBER TESTED 

CHALLENGE 
1 

Challenge Dose 

10 

(ED50)-a/ 

100 

1 - 0 wk 51:80 23/27* 23/27 11/11 

-.1:80 2/8 3/4 8/8 

2 - 16 wk Si: 80 

>1:80 

8/12 17/24 

1/5*** 

11/11 

4/8* 

3 -  32 wk Sl: 80 

>1:80 

3/6 8/17** 

2/12*** 

5/9* 

5/9* 

Antibody-negative control 10/17 17/19 7/7 

a.    Median illness dose, by gavage. 

*    Response significantly different from that of corresponding 
control monkeys:    * p O.05,   ** p O.Ol, *** p <0.001. 

It was of interest  to note  that monkeys with  lew  titers were less 
resistant  than antibody-negative control monkeys to primary challenge with 
1 ED50  (p O.05).    Unlike our previous findings with parenteral challenges, 
conversion or increase of HA titer rarely occurred;  HA-positive monkeys 
with  titers of >1:80 often developed precipitins.    Although antibody 
titers were not effective as guides  for predicting resistance of 
individuals  to IG exposure, high  titers generally were associated with 
delayed onset and fewer episodes of Illness, suggesting partial resistance. 

Monkeys with no naturally-acquired antibody became resistant  to IG 
challenge after 4 sequential exposures with 1 or 10 IG ED5Q  (Table V), 
Resistance developed before 50% of  the monkeys had detectable  levels of 
humoral antibody.    Moreover, no signs of Illness were observed following 
subsequent  challenge with 10-100 IG ED3Q.     These findings  suggest  that  if 
antibody is associated with resistance  to ingested  toxin,   it  probably is 
localized in or near the gut. 
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TABLE V.     ILLNESS AND ANTIBODY  RESPONSE OF MONKEYS  TO SEQUENTIAL CHALLENGES 
WITH ENTEROTOXIN  R ADMINISTEREP BY GAVAGE   (6 MONKEYS/GROUP) . 

CHALLENGE DOSE   (ED^)-^ 

CHALLENGE 

No. Week 

1 0 

2 16 

3 22 

4 24 

5 26 

6 28 

10 
No. No. 

No.   Ill        Antibody-Positive      No.   Ill Antibody-Positive 

4                            0 5 0 

4                            0 6 0 

4                          0 5 1 

10 13 

0                           1 0 3 

0                          3 0 4 

a.    Median illness dose 

Summary,  Part I: 

The serological activity of type A and type C enterotoxins and factors 
involved in resistance  to Ingestion of  type B enterotoxin were investigated. 
Hyperimmune sera produced with types A,  B or C contained minor antibody 
components that reacted with each of the other  toxins.    Surveys for naturally- 
acquired antibody revealed  that essentially all human sera reacted with 1 or 
more types and 80% had antibody for the 3 enterotoxins, whereas over 60% of 
monkey sera had no detectable antibodies and only 6% had antibody for more 
than 1 type of toxin.     Antibodies  for type C were found most frequently.     Gel 
preclpitin reactions with trivalent toxoid for  types A, B and C suggested 
that the component toxoids had closely related antigens;   tests for identity, 
however, with a monovalent  type B toxoid indicated a high degree of antigen 
specificity. 

Unlike resistance  to parenteral exposure,  resistance to primary exposure 
with  ingested  toxin was  unrelated  to the presence of naturally-acquired 
humoral antibody.    Monkeys with such antibody,  however,  rapidly developed 
resistance to subsequent exposures.    When antibody-negative monkeys were 
challenged  repeatedly with enterotoxin B administered by gavage,  resistance 
developed before huiroral  antibodies were detected,   suggesting  that the 
inanunogenic response may  involve  local production of secretory antibody. 

^te^MAMMOBMHA« ^^Ma^MMMMMMMMMMHMi J 
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Progress  and  Summary,.  Part II: 

Investigations were conducted with  previously-exposed and   toxoid- 
immunized monkeys  to define the pathogenesls of acute  illness  and death 
following intravenous  challenge with SEB.     Results of  these studies have 
been reported-'   (CES Annual Report,   FY  1970,  p.   261).     In brief, 
manifestations of acute response were differentiated from  the  typical 
enterotoxic  syndrome and were consistent with hypersensitivity  reactions 
in subhuman privates.     Cutaneous  sensitivity and serological studies 
implicated a  type II  response;   reactions occurred at in vivo  toxin:antibody 
ratios of  1:1 - 2:1. 

Publications; 

1.     McGann,  V.  G.,  J.   B.  Rollins,   and D,  W. Mason.     1971.     Evaluation 
of resistance  to staphylococcal  enterotoxin B.    Naturally-acquired 
antibodies  of man and monkey.     J.   Infect.  Dis.     In press. 
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BODY  OF REPOK'l 

Project No. 1866271^0^6 

Task No. lB66271lA09b 03 

Work Unit No.   0% 03  801 

Description: 

Medical  Defense  Aspects of  Hiological  Agents   (U) 

Laboratory  Identification  of Biological Agents 

Radioimmunological Assay of Staphylococcal  Toxins 
and  Other Exoproteins 

Develop a  radioimmunoassay capable of  detecting  rapidly and  quantitating 
small amounts  of staphylococcal  toxins  and other  exoproteins. 

Progress.  Part  I: 

A method has  been  developed  to assay staphylococcal  enterotoxin  B   (SEB) 
in body  fluids,   broths,   etc.,   sensitive  to  0.01  ^ig/ml,   approximately 2   logs 
more sensitive  than  immunodiffusion methods.     Goat anti-SEB  is  attached   to 
Brome acetyl  cellulose   to  provide a carrier  particle.     This antibody- 
cellulose particle   Is   then   incubated with  labeled   ^-'SEB and graduated 
amounts of natural  SEB   in  a competitive  inhibition  system.     After  15 min 
at  room temperature  and  2 hr at  4 C,   both with  agitation,   the antigen- 
antibody complex  is  centrlfuged  at  15,000 rpm  for  15 min.     One ml  of  the 
supernatant  is  then  removed and  counted  in a  gamma counter.     The  counts  are 
compared  to a standard  curve set up in  the  same manner with known  amounts  of 
antigen;   the values  are  determined  for  the unknowns  from this  curve. 
Multiple examinations  have  been made and  compared   to  immunodiffusion assays 
done by Bacteriology Division.     The  solid phase  radioimmunological  assay 
for SEB compares  favorably with  immunodiffusion down  to about 1.0 .^g/ml  of 
SEB where immunodiffusion  stops  being  useful.     The  radioimmunological  assay 
appears  to be usable,   accurate,   and reliable  beyond  the range of  immuno- 
diffusion,   to  levels  of   „0.01 ug/ml  SEB.     This   is  a distinct   improvement 
over conventional methods  both in sensitivity and   in time. 

Another  factor not   considered when   the  project  was  begun was   the  assay 
of  antibody  in   serum.     When  examining  immune   serum   for   SEB   it was   found 
that   the radioimmunological   assay apparently  gave   an antibody assay which 
could  be expressed  as  ug/ml   equivalent   of SEB.     This was  examined  on 
numerous  immune   specimens   and   found  to  correlate well with hemagglutination 
(HA)   titers.     Further  studies  are  in  progress   on   this   phase   of  the   system 
as   it would appear  to  be  an  extremely   sensitive method   for measuring 
antibody. 

Summary.   Part  I: 

A solid phase radioimmunc 
the measurement of SEB and SF1 
SEA,   SEC,   and  other exoprot,   ■ 

il   assay method   has   been  developed   for 
iiibody.     Further work  Is  in progress  on 
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Progress,   IVirt   II: 

A double-antibody radioimmiinoassay for SEB has been developed, using the 
following  reagenls: 

1. Diluent:     0,05 M barbital  buffer,   pH  8.6,   containing 0.1% gelatin. 

2. SEB:     Lot   14-30.     Diluted   to  a working concentration of 2 ug/ml in 
normal monkey   serum.     Further dilution  is made with barbital-gelatin  to obtain 
SEB  concentrations  of 500,   250,   125,   62,   31,   16,  8,   4,  and  2 ng/ml for use  in 
constructing  a   standard   curve. 

3. I-SEb:     Lot   14-30  SEB  is   coupled to        I  by chlorarains-T oxidation^ 
(Biochem.   J.   89:114,   1963).     Much of  the  125I-SEB used  in developing  the assay 
has   been  supplied  by Pathology Division,   USAMRIID. 

4. Rabbit Anti-SEB Serum: Obtained from male New Zealand white rabbits 
hyperimmunized by multiple inoculations of Lot 14-30 SEB in Freund's complete 
adjuvant. 

3.     Goat  Anti-Rabbit  Serum:     Obtained  from goats administered whole rabbit 
serum in  Freund's  complete adjuvant. 

125 For each   lot  of     '  I-SEB prepared,   it  is necessary to  determine  the working 
concentration^of  labeled SEB   to  be  employed  in the  test.     By convention,   the 

Hi 
dilution  of  125I-SEB that produces  2  000 counts/5 mln of radioactivity In  the 
precipitate   formed  by mixing  100 ^1  l25I-SEB,   100 ul of  SEB  (500 ng/ml),   500 |. 
of undiluted rabbit anti-SEB  serum,   and  100 ul of goat anti-rabbit serum. 

The working dilution of rabbit  anti-SEB serum used  in  the  assay is one  that 
binds  50-667, of  the  standard amount  of  ^25J.SEB  in  the absence of unlabeled  SEB. 

The  immunoassay consists of adding  100 \il volumes  of  solutions  to be tested 
for  SEB,   or  of  solutions  containing known  concentrations of  SEB   (for use in 

1 7S constructing  a  standard  curve)   to anti-SEB  serum,     ^I-SEB,   and  a goat anti- 
rabbit  serum.     The  precipitates  are  compacted by centrifugatlon  and  counted  for 
radioactivity.     All  determinations  are made on 3 replicate  tubes.     The optimal 
protocol   is: 

1. Place  500 ul rabbit  anti-SEB   (diluted  to working  concentration In 
barbital-gelatin  buffer;   in  test   tubes   (12 x 75 mm)   to be used   for standard 
curve determinations,  an^   for the  assay of  test materials   for  SEB   ("unknowns"). 

2. Place   350 ul of diluent   in  3   tubes  to be used as  antlserum controls. 

3. Add   100 \JLI of appropriate  reagents   to standard  tubes  and unknowns. 
100 ul  of  diluent   is .idded  to  tubes  designated as 0 ng/ml  standards. 

4. Incubate mixtures   5  hr  at   5   C. 

125 5. Add   100 ul  of the working   concentration of I-SEB   to  all  tubes.     Put 
100 ul   of     -   I-SEB   in  tube   for  total   count   determination. 
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6. Incubate  at  5  C  for 16 br. 

7. Add   100 |il   of normal  rabbit   serum   (diluted  1:5  in barbital- 
gelatin)   to  standard   tubes and  unknowns.     Add   350 pi of  tbe normal 
rabbit  serum to   the  antiserum blanks. 

mix. 
8. Add  100 yil  of goat  anti-rabbit   serum  ("diluted  1:5)   to  each   tube; 

9. Incubate  24 hr at 5 C 

10. Centrifuge  at 2,500 rpm  (International  PR-2 Centrifuge),   5  C  for 
3 hr. 

11. Discard  supernatant  fluid and place  tubes  in scintillation  tubes 
for counting. 

12. Construct  a  standard curve  from samples  containing known  amounts 
of SEB. 

13. Calculate  concentrations  of  SEB  in unknowns   from the  standard 
curve. 

This  radioimmunoassay method developed has  proven  to be  100-fold more 
sensitive  than  the  immunodiffusion technique with which it was  compared. 
The  2  tests were  consistent when \ig amounts  of  toxin were  assayed   (Table  I), 

TABLE I.     COMPARISON OF RADIOIMMUNOASSAY AND  IMMUNODIFFUSION TECHNIQUES 
IN A NONEXPERIENCED MONKEY GIVEN  1 mg/kg SEB IV 

TIME RADIO-ASSAY   (|ife/ml)       IMMUN0DIFFUSION 

Pre-expo« ure ND^ 

2 rain 12. 20 

15 mln 4. 00 

30 mln 0. 91 

1 hr 0. 09 

2 hr 0. 02 

4,  6,  8, 10, 18, 24. 30. 34. 48 hr ND 

49 hr  (te rmlr al) 0. 01 

0 

11.2 

2.8 

1.0 

0 

0 

Not   tested 

0 

a.     ND = Not detectable. 
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Values  obtained  by  radioimmunoassay have been reproducible   in multiple 
determinations.     Data  from a series  of standard  tubes  are  included  in 
Table  II. 

TABLE   II.     THE COMPETITIVE EFFECT  ON  125I-SEB BINDING WITH ANTI-SEB  SERUM 
CAUSED BY THE ADDITION OF UNLABELED SEB 

QpR .,,   125 
, /»        I" SEB BOUND 

ng/ml  

0 66.8 

1 66.4 

2 66.3 

4 65.4 

8 64.4 

16 62.4 

31 56.5 

62 48.9 

125 36.6 

250 20.1 

500 8.0 

1000 0.1 

Summary.   Part   II: 

The  double-antibody radloimmunoaesay technique was  adapted  to detect  and 
quantitate  SEB  in biologic materials.     The assay,  which has a sensitivity 
level  of  about  8 ng of  toxin/ml,   employs    "l-SEB as   the  radio-labeled antigen. 

Publications; 

None. 
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APPKNDIX A 

U. S. ARMY MEDICAL RESEARCH INSTITUTE OF INFECTIOUS DISEASES 
GUEST LECTURE SERIES 

DATE GUES'J   LECTURER TITLE OF PRESENTATION 

17 Sep   70    Dr.  Tov Omland 
Director  of   the Norwegian Defense 
Microbiological  Laboratory 

Oslo,  Norway 

Infectious  Disease  Problems 
and Research   in the 
Scandinavian Countries. 

8 Cct   70    Dr.   Robert   I.  Gregcrman 
Chief,   Endocrine  Section 
National   Institute  of Child Health 

and Development,  NIH 
Baltimore City Hospital 
Baltimore, Maryland 

24 Nov  70    Dr.  Walter Mertz 
Chief,  Vitamin and Mineral 
Nutrition Laboratory 

U.S.  Department   of Agriculture 
Research Service 

Beltsville, Maryland 

17 Dec  70    Dr.  John R. McCoy 
Professor of Comparative Pathology 
Rutgers  University Medical School 
Brunswick,  New Jersey 

18 Feb  71    Dr.  Fred  L.  Soper 
Special Consultant 
Office  of  International Health 
U.S.  Public Health Service 
Department of Health,   Education 

and Welfare 
Chevy Chase,  Maryland 

The  Rcnin-Angiotensin 
System. 

Essential Trace Metals  - 
The Chromium Story. 

I 
The Veterinarian's Role in 
Biomedical Research and the 
Influence of Laboratory 
Animal Welfare Legislation. 

International Control of 
Communicable Disease. 

18 Mar 71 Dr. William B. Greenough, III 
Chief, Infectious Diseases Div 
The Johns Hopkins Hospital 
Baltimore, Maryland 

Cholera Enterotoxin:  Key 
to Pathogenesis and 
Prevention of the Disease. 

22 Apr 71 Lt Colonel Phillip K. Russell, MC 
Director, Division of Communicable 
Disease and [mmunology 
Walter Reed Army Institute of Res 
Washington, D. C. 

Pathogenesis of Dengue Virus 
Shock Syndrome. 

L 



" WW1 WM "Nil  KmwmwaanBSMH ■(«■■iiMMniHmpiHmpp »^■"^pi"" 

PRECEDING PAGE BLANK 345 

APPLNDIX  B 

U.   S.   ARMY MEDICAL  RESEARCH   INSTITUTE  OF   INFECTIOUS   DISEASES 
PROFESSIONAL STAFF MEETINGS 

DATE LECTURER TITLE  OF  PRESENTATION 

18 Sep   70    Captain William S.   Steinhart,   MSC       Liver  Chromatln Template Activity 
Physical  Sciences  Division In Pneumococcal  Infection  in Mice, 

Major  Robert  H.   Fiser,   Jr.,   MC 
F'hysical  Sciences  Division 

Metabolic Fuel   Interrelationships 
in  the Host During Infection. 

Dr.   Robert W.   Wannemacher,   Jr. 
Phvsical  Sciences  Division 

Free Amlno Acid Changes  In  the 
Host  During Infection. 

16  Oct  70    Captain Matthew J.   Van Zwleten,  VC    The  Cellular Biology of Exogenous 
Bacteriology Division Proteins, 

Part I. 

Captain  Peter  G,   Canonico,  MSC 
Bacteriology Division 

The  Cellular Biology of Exogenous 
Proteins. 

Part  II. 

Mrs,   Mary H.   Wilkle 
Bacteriology Division 

Immune Responses  Characterized 
by  Immunoglobulln Classes and 
Serologlcal Responses. 

Major  Joseph Kaplan,  MC 
Bacteriology Division 

Studies  of Cellular  Immunity, 

4  Dec   70       Major  George  W.   Jordan,  MC 
Virology Division 

Production,  Characterization 
and  Bioassay of  Chick and 
Mouse   Interferons, 

Major  David  M.   Robinson,   VC 
Virology Division 

Studies on  the  M-44 Strain of 
Cox lei la burneti. 

Captain  Nell   H,   Levitt,  MSC 
Virology Division 

Rapid Detection of Antibody c 
Viral AC by Cellulose Acetate 
Electrophoresis. 

29  Jan   71     Major   Frederick R,   DeRubertls,   MC      Evidence   for Enhanced  Cellular 
Medical  Division Thyroxlne-blnding _ln vivo   in 

Pneumococcal   Infection. 

Captain  Robin   X,   Vollmer,   MC 
Medical   Division 

Automated   Immunization Record 
Sys tern. 
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DATh: hECTUREK 

29 Jan 71  It Colonel Peter J. Bartelloiii, MC 
Chief, Medical Ulvislon 

TITI.K OF PRESKNTA'] ION 

Studies With Adetiovirus ,'accine, 
i.ivo. Oral , Type 2 1 . 

Studies in Man With Chikungunya 
Vaccine. 

26 Feb 71  Captain Douglas W. Mason, VC 
Animal Assessment Division 

Captain Donald E. Kahn, VC 
Animal Assessment Division 

Captain Joseph C, Dennis ton, VC 
Animal Assessment Division 

Lt Colonel Richard 0, Spertzel, VC 
Chief, Animal Assessment Division 

26 Mar 71  Colonel Joseph F. Metzger, MC 
Chief, Pathology Division 

Major William H. Adler, MC 
Pathology Division 

Lt Colonel William S. Collins, II 
MSC 
Pathology Division 

Major Hilar-   cvans,   MC 
Pathology P      iIon 

Captain C.rott S.   Dill,   Jr.,  VC 
Pathologs   Division 

30 Apr 71     Lt   Colonel  Dan C.  Cavanaugh,  MSC 
DtM cnt  of Bacteriology 
Wa I'ed Army  Institute   of  Rsch 

Mr.   Daniel N.  Harrison 
Microbiology Division 

Colonel  John D.  Marshall,   Jr.,   MSC 
Chief,   Microbiology Division 

Effects  of Acute   Irradiation  on 
the  Response  of  Mire   ro  TC-83. 

The  Development  of a  Radio- 
immunoas.say   for   the  Detection 
of Staphylococcal  Enterotoxin B, 

Effects  of Acute   Infection on 
Cholesterogenesis   In   the 
Rhesus  Monkey. 

Venezuelan  Equine Encephalomye- 
lltls  in Central America. 

In vivo Trltlation of SEB. 

Interaction of SEB with 
Lymphocytes. 

A Solid  Phase Radioimmuno- 
loglcal Assay Procedure   for 
the Determination of SEB. 

Electron Microscopy of  the 
VEE Virus. 

The  Pathology of Trinidad 
Strain of VEE  In Mice. 

The Use of Sentinel Animals for 
the Detection and Evaluation of 
Plague  Foci. 

Sero logical  Response  of  Rhesus 
Monkeys   to  Immunization   and 
Infection  with   Pasteurella  pest is, 

Serological   Studies  uf   Indivi- 
duals   Immunized  with Killed 
Plague  Vacc ine , 

I 
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DATI LECTURER TITLE OF  PRESENTATION 

21 May  71    Captain  Robin  T.   Vollmer,   MC 
Moderator 
Physical  Sciences Division 

Major Robert  H.   Fiser,   Jr.,  MC 
Physical Sciences Division 

Major George W.  Jordan,  MC 
Virology Division 

Dr.   Robert W.  Wannemacher,  Jr. 
Physical Sciences Division 

SP4 Darre 11 A.   Leonhardt 
Physical  Sciences Division 

Panel discussion: 
Computer Uses  in USAMRIID. 

■—rl 



PtttüUNü mi BLANK 349 

c 
x: 

at, Q   0» ' 
3  M    O P   l-i    O 
G  i-(   C o -<  c 

u pg   co 
x: S i-> 

t/3 *w  u trt    -H 
*-»   U>    -0   '^ 4J ^   tn 

• en        u; 4J IT              '/I 

3    tO           O 3  tn 

C3 4)    Q«    W   -H 
1-    C    U    D. 

, 0    OJ    (t 
>-    C    O 

0   T   c 
n 
^ ore: 

t—4 •w J  £  UJ ■I-» 4-1 x  .c 

a        o > o 
u y 

o       a 
c 
o 
E 
C 
0 u 

en   u  •u E W)     'J    4-1 

C  -H           W, < S   "H 
0   •u  -u   C 0   4-i  -o 

in  £ -o  *-• 
i-H 
qj 

4J re
sp

 

■ v
id

e 

> 
u 

D.  0   E c a. o 
C  T4    >-i    0 4) C  -^   l-i 
M -o  a u a •-i Ti  a 

3 • 

—4 -H 
o u 
U T C '2 
0 
U r-4 

c 

■J   c 

> u u 
u- > 

o 
U-l 

re 
4) 01 
Ul )-i 
3   J3 

C   C 

aCQ 
3  —' 
0 i-1 

i- a: 

in 
in 
re 

c  u 
O   -H 
u   X 

er »-I 
o  o 
U    C 

o -J 
a re 
in 6 
g o 
u <-> 

a. 
c -H 
M   T3 

re 
> x: 

o 
o c 
4-1 UJ 

Ul    u 
T3 >   -^ 
O *-l 

T3 ^    O 
•H O    0 
> ^• 
o g •■-| 

I-. tn   a 
a 3  OJ 

J= o 
u 
>-l M 

J 4- 
^ in 
o re 
i-4 x: a, 
o 
h-1 '4-4 

-J 3 -H 
LTi G   ^ 
;.. ij -H 

u 
u-i -a re 
o c >« 

C   in re 

re w 73 
4-1 -r-l 4* 
■Z > B 

•-I 4J 3 
V- U O 
o re c 

L 

s 

u 

Q 
Z 
u 
04 
cm 
< 

re re 
•a -St 
•H o 
> -i 

•H 4J 
■o u 
c re 
M (X 

l-i 
►re 

re 

C 
x: 
o 

—> 

c 
o 

t-H 
o 
u 

^ 

c 

w 
■o 
-^ 
re 
c 
o 
Q 

c 

re 
4-i 
a 
re 
u 

tu 

I 

l-l 
4) 

XI 

5 

c 
o 

rH 
o 

41 
N 

4-1 
l-l 

T3 

re 
x: 
o 
•fi 
öS 

4> 

O 
u 

^ 

l-l 
a; 

•l-l 
N 
G 
l-i 
u 

c 
re 
Q 

re 
3 

•a 
> 

■a -H 

re c 

c 
re 

in 
4i .u 

^H    3 
re *J 
4-1    TH 

C *J 
4J in   T3 
E C 
S o 
Ui ^   >s 
•H  re i-i 

%  §^ 
4-4        •- 

^-i  re  re 
o 52 -c 

w 
14-1        '41 
iw x x: 

o re o *-i 
r-  4J c o 

to re K 

M 
G 

o ca - 
4-i x: 

in JJ 

re  o re 
q -H 4i 

•M > x 
E   M 
oi   a >« 

tn co o 

re 
o 
•H 
as 
re 
4-1 

O   Ifl 
r--   C 

U 
OX; 
3  '— 
<    O 

I 

3 

o 

c  m 
D   C 

G 
x: M 
y 
i- ^ 
re re 
4/   c 
m  re 
41   u 

re   in 
u  w 

•r-i x: 
l-l     DC 
m 

i   c E  o 
1-4     4)   <    S 

4) re 
rH C 
-O Xi 
T3 >-' 
•H re 

X 
re 
1- 
3 

O  T3 
r>.   C 

o 
3 
<   H-l 

0 
CSI 

C 
4) 
| 
l-i 
O > 
0 
c 

re 
u re 
^1 C ^ re • 
Q E i/; 

0 • 
, tj 0 ^J 

f* 1- 
CJ TJ U- ' 

Q • ^ i-i 

!^ X ■/) • t 
u ,_; o 

3 
?^ re 4- 

- --' 
•|H 

< '♦-4 •«-1 .-, i-- c '4-4 

C ^J r o ^ 
r—1 u ^H ü W4 

I—1 *j G 3 aC •H 

I e 14-1 u '-3 l-i c l-l 

r—4 o G •H O —4 4-1 

D n E 
c 

X O ^i 13 c 
in o ro c r Q 

l-l o ^ re n 
T Cb 4-1 5 6 ^J 

CM > r; -c E r u 
0 4-1 c o C Q 

'-> t/3 re u U '~~ 



3 .SO 

r—     7) 
O 

0     U 

r*t   I—* 

C    0 

'-> kj 

u i/i 
n] 0 
0 a !fl 
4^ '•-< 
S- o 

c L. . 
1—< 3 a: 
1—t 0 o 
rt *J ■H 

3 •v 
4-1 

to c <-H 

X 
o 

o 

ai 

w 

U 
Ü 
0 

-C 
u 
M '« 1 

0 

0 
£ n 

■J a 
h «i 4J 
n cfl t/) 
a. 0 
71 a- 0. 
o • 
u 0 s> -o 

*J *-t c 
a *r4 n 
►H u f—( 

M •f-i •r^ a 

1 U) u f—• 

•H ns i-i 

> u-i ^ w y 
rj T3 i—i <^ • 

C ns CO X '-^ n o 3 O 
0 •t-t •H 

E -o i^i ■u 

.* ifl o O •H 

Ü Vi E r-l 

■^ i« M —( 
> 0 5 3 U ^ u o 0 93 

0£ c. c H UH 

u z 
to 
?: 

-o * r-l 

> 0 
ly •-1 

c UJ 

c k- 
• •~t o 
u; 60 

^>   St «■ • ^ 
c 

^ ^ ^ 
7)     C Q 
^    'H * • #. « *> •» 
-—<    4J U ^ M • k4 u M 
rtl   o 0 (U 'J <u tu (1) 
3  a .^ 4-1 •H ■H •H •H 

"O  "H f^ u N >. N N N 
■•"'  J 0 V 0 k- 0 0 0 
> -w u * u P Id u u 

••^    w u 0 ■■J TO 'O u (J 
■a  >- ai = 
c  a c c c c c 
hi  0- a 

o 
c 
c 

.—1 

0 o 

0 

r-1 

o 
u 
w 

a 
H 
c 
0 .-( 
0 a 

w 
4-1 

O 
T3 

c Q 

c 
a 
St. 

•r-t 

u 
u 
o 

-i 

O 

l-H 

o 
u 
4-1 

J 

u 

u 
k-l 

TO 

TO 
O 

i—i 

g 
i-4 

0 u 

tn 
•i-i 
t—4 

TO 
Q 

i—t 

o 
c 
0 

0 u 

r-4 

TO 
• 

« 
Q 

i-d 

(U 
c 
0 

rd 

c 
u 

i-d 

TO 
•H 
u 
C r 

so 
u c SC H a •H '/) JD C < •H ^ 0 
a d (-1 « X O TO C a T; a -d 

3 Ul 0 DC 4-1 •H ■a U 0 o 
> >. cn u H X 7) Ofl o *■ Id 4_» c 
E-, • 

a j 

o 
l-H c 

l-i 
Ü 

TO 
4-1 

u 
M 

o 
«5 Co 

04 
•H u 

!M c iS 0 0 0 > ^J Ä 41 u u E o 
t«j ^ •I. 3 of. 1- •r-4 U £ < Id so ß £• f-1 

■H u -H C/5 -; 1—1 DU • u HS W3 o c 0 
p«! Q 3 UH Sfl "*" o >1 TO T3 • «-1 3 4-1 •1-1 o T3 

■•-4 c3 >< ^ 
•• 0 1—4 c IM 4-I OJ C UJ r^ s: cw c 

i—i —4 4J 7) o n TO TO •H 73 TO *. TO CO 0 ^ TO « 0 —( 3 C i c n 04 O u j: o f—* ■ U 2 i5 u 
3 c o —i -3 Ü 0 j: =a U5 ai 50 H o 3 Id 0 o 

-c ^ i; rj r-l ■H r-1 r—< 4J E ■H C u * <U w O • 
•»-< ■^ •H c kJ R- '4-4 o 3 2 - "O i—i w E •r-l r^. •» J3 •rd c u > t—* 50 ^ " O <~l 'J > •H •J; X TO TO 1 U-l 4-1 u E > o • 

T3   -H O 0 •H •H i^i o C •* f~ --4 O G E 00 o M 'J •- o •fH u-l •rd CJ o o T3 •H Q 
c -o r^. 4-1 13 W i-t r^ 0 u . •> 14 f^v -) 7! —I i^ 23 ■-4 c r^ i—< o > 4-1 r~ g < o 
n)   C c J T3 —< o Q < ^ •~4 M SO 0 f—4 ■H c CO ^ 

*—t 90 •fl U u M 4J If. a CJ3 C c CQ so O 0 4-1 sr •r4 60 4-1 V so n U C 
o 3 u 0 3 u 'J c • 3 TO TO 3 ■a 1-4 U 3 'ji C <J u 3 (U •H Md 0 
*J   u < C c* < "J o 0 ^ J <d C- 5C ^ < 3 Q 0 < •r4 < < TO Ud o id 

«   0 ft -C >-r b • -^ IM •r4 »-4 TO M C rl —1 p- i—1 •o r-l Ofi •rd so 
Q m ^H 0 0 0 -H ■o •-4 »J C^J W o-. -3 0 0 (^ i—i J2 •J- o c r-l TO <»■ u 4-1 o c 

c ■-* —J u >" f*H c ^3 u »- r-4 1 0 •H i—t CJ 0 A (N c TO o eg Z c u •rd •^ -) EO M o o • u 4-t p J_t 0 E 4-1 ■id QJ •H J3 
c • f—t :< •f-* •« Ü c M Ol o 7J • U c rH E c -o ■ •H Ud (fl 
t- « u 

^ 
c ^ y G. o -^ • •H 4-I ^4 •iH <u 0 0 o v M Ü >4d J5 o ^. *•-, i-' CO p". r-^ O ad ^4 *u ■yj Q T. E u U Q T. Q if) O S 



351 

c c w £ c 
•H    (fl u «4-1 *^ 3 

■C > O « ai 
OOQ (U  i-t X X ^-J i—i 

3 M u  o c u l-l u I-I 1—4 

0 H C  u o u .-H *4 CO re 
cfl   u a 0) c O 4-1 

u   C <u v m B U-l o 
in   o o m ra 0 • tn 0 T*. 

to ■H   y c 4) JC u U) c 
4J   lJ in a> u a. 0) o u g 
in in   o M • c •H •H 3 o 
<U    " n) u <u a o ^ 0 ■a tn 0 re 

4-1 3  m ■M t-H 4-1 4J •H ^ in 4J VJ 
u tr^-i ~4     01 c l-l •r4 4J 4-> 3 i-i 

<u 01   u « c • o Ö 4J ^-1 u W O . »• • 
•r- M  c O   -H w o £ •i-J 'i-l <u m E c  c 
XI c ■H    O 

^ 
^ in O U4 ^H •I-l (0 ■H    O 

3 O   10 C   U c w •H B c (0 -o 1- •H 
CO w x; X   « •r-< S > ■4-1 l-l o 6ß in  4-i 

u u   > t*-l •I-l -a 0 a   u 
u 01 o 4-1 c •o i-l ^ oc c M • M  o 
10    U *J w c 0 c « l-l 0 to a •V) e M-i 
C   -H 

■o^i 
u w Ifl u 0 i—i 0/ to   s 

0    4-1 •H a 60 ■fl 4-1 0 oc- x •H x: M 

§•§ <u 4J t-i c e -o (0 •1-1 c u 4-1 u 
•O  i« o o •H « h B •l-l u •i-l 00 

4J   0 •H    0 o •H >M i-i 0 •H o u-t to i-l (Ü   c 
^1   r-l > N 4-1 (U to o.-a <u o •H 4-1    -H 

a o  o •H u •i-l o 3 m •H •r-l in U 3    V4 
e -H »-I    CO a m h l-l a 4J P- h o « •J    3 
H -a a 3 (U &< BO a C «: u so l-l '4-1 < -o 

u 
> 

•1 

^ 
01 
N 

4-1 

u 
0) 
a 
w 

/-s   6( 
W    C • 
^ -rt o 
l-H   4J 
10    CO T) 
3   O h 

T3 -^ to 
•H    O £ 
>   -H Ü 

•i-l   4J •H 
T3   ^l CS 
C   ffl 
M CU r-l 

0) 
c 
0 

l-l 

0 
u 

to 
4-1 

t/5 

13 
C 

u CO 
> 

^ ^ c 
X 

% 
fl ^ to ^ 

^1 Wi Ui u 
0) u tu 

•I-l •I-l • •H 

N N u N 
O o 0 
M u T3 u 
u u I-l 

to 
c 

u 
c c c 
10 10 o re 
Q Q Q Q 

rH l-l c r^ 

0» tu —1 a 
c c re C 
o 0 4-1 0 

r-l l-H a I-l 

o 0 to 0 
u tj u u 

in 

o 
aa 

E re 

l-l 
Q 

1 
x: 
tn 

•H • 
rH ;H 

OJ X • o r 

I-i tO o ^; >- ■a 
3 4-1 c ~ Q 

•a U-l 4J tn •l-l n 0 •• 4-1 6 c <4-l r-l w I-l to o >, -—t 3 »^ re tO 3 01 o C u — l-l 
10 4J O J= ft •l-l 01 0 u 0J 
0 0) CO •i-l u x: U-l 4J •-4 T3 

•l-l 4J M V4 •0 4-1 a re l-l c 
Bi tn 

to C 
00 
< 

CO 
0) 

X) 
c 

CU 
4-1 ,, h-H Q u OC 

< 
l-t 

■v 
I-I « o 10 en tO u tn * C rc • c 
tO O    4J re «4-1 0) 1—1 01 o >. rj x UH —>  re 
3 i^  tn c c o K to 1—1 tn 4-1 ••-- J C i-H 

T3 0 re V4 • c 0/ re •H w. •     > 
•i-l CLU 3 CU 4-1 u .* r-l w CO <u tn Ü 1—1 4J W    U 
> <u C X c • o to C tn M o -a 3 re c re 

T3 •H Cfl   14-1 O l-H S Q o 0 o r« r^ c •i-i O r^ c )-l u O o in ri 
C ■o o y-i r^ 3 e r^- o •H c 0 O > re 0 ■M ^ h- E 
10 a m o • S AJ *■ to 0 a •i-l a. r-l a 00 re 4-1 u^ 

M r-l    4-1 en a. ^ C ft 4-1 0 4-1 IU G en c a E o 3 ft >- O 
0) i    C m tO (U • tfl 0 QJ V-i 1—1 l-l to 3 3 ^J 'JO O r* r—1 ^ O re E ^H 
4-1 ^ oo a) tU c ^ n ft 4-1 C/3 0) o 0 •rl 0 u 0 o CO ft 3    r-H 
CO 0 3 e O <U 0) oo X •H ft r-» 3 •H f—1 CM > 0 •l-l Si a •r-l    -iH 
Q < c C M oo • o c in 0 X 1-4 cr 4-1 r—l CN 0 i-t X l-l O in   > 

a U ■rt to t- •i-l I-I Qj o * I C O o 1 H u 0 p CM O   in 
3 r~   o > 4J • X l-l i-t in i—i O c r^ o u 0 • a u 
O ts  > o C • C/) en • o c i—i i-H <J-l i-i i—i • u CJ I—1 CO B — 
14 0 u 3 14 • to l-l •l-l a 0 c 0 h •r-t ■H en • >. o 
o o a eu Q 3 S Q SS E o i—* u ft a X C ^ m pa 

i  i i MKM! 



352 
c c «) 
o o 01 

•l-l •H c >, 4-1 u TO 
IM u • u u 
0 V c OJ £> 
u o UH o l*-l tn E tn ( • 
M c c •F^ C 3 ft» 3 0 ^ 
1- c • >—t 4-* i-i -o O X O c 4J 

0 £ c u C •M c •H 
^2 IM 0 •a 0) T3 TO u u 0> g c 
^ 0 •H c (M C u TO 00 g 

^; u (13 c TO E a ■-I o M 6 

o —c tn U-l a X £ 
<*4 • •o 0 E E •H c i-H Ui ^ I-H 

0 U) •H IM w •o Cfl f~t I-I l-l ^ 
4-1 Ji 0 c •*-« c •H 0 « U-l b 
u Ul u h 1—( f—< TO pH XI T3 u o (0 TO 
o • c (3 S^ 0 5 TO C 3 i-l 

c/l 0 6 £ "O ^3 E *J TO •o ^ ti • 3 
J3 01 •H (U c « U) TO u c 60 ■i-l (0 i-l 

3 1/1 W) « TO 4J T'l <J s: C TO O > 1-1 i-l 
'/I O * T5 <u r-i (U o i-( M 0) 

u >> c tn ^ o Z T3 •^ W 0 VM 0) u 
j^ M a ^H ^3 •H XJ •H ■l-l O u 
-*. o 0 « ■^ TO c O « u tn cc o U-l 

•»I 4J s *J *ri U TO < 2 s <y • c JC o 
^ ^ • Ü 0 • o U o £ 0 3 ■ c l-l «3 0 IX ,-' O (T, 3 •^ >» s < ?l a u •l-l (h (fl u TO c •H 0 tc 
c 

Ciö t-H •3 «J £ o ■iH JJ !« 00 i-i •l-l 4J M 0 
0 0 O 0 '■> 0 i) 0 •B 4-t 4) o i—i 0) 0 3 u u 4-1 ■H 
<-l u E IH 0 P u c •iH a r-l 01 TO c X r-i 4-1 o u T) 
«1 «J •et w UH 0 fl •l-l CL. >> U IM C f-M u i-H o 4-1 01 3 >> a c c ^ Ü tl E •H V- D c Oi l-l TO 0) u 01 l-l w 

V5 ^-H < »—( h^ UJ H < ►J H Z M OS (-H (U u a, o 01 W 

TO   TO, 
3    CJ 

■3 
C 

M a. 

^ 

0) 

o 
o 
4J 

tn 
01 

o 
c 
o 

f-4 

0 
u 

g C) 
n U £ S 

Z 
Ü #i PI kl 

^ 
^J 

X M • TO TO * ££ 0 I-i u TJ X o 
^ 0 0J •-j C C M y 

u 3 £ TO •H >. ■H •• 
s: U n I <u 0) B 4J * 

• ^ )-• O 4J u 0 U B •> < o <U cu tA X c •H TO 
u l-l 0> tn l-l TO > rH 

0) X. TO c •i-i • • •l-l U JS a 
•r-l 4-1 ^ c u* u >J cQ TO 
N 01 u TO l-l • u 
0 c a. 3 • p-l i • l-l o • 
u c X 0) _) ti * X 
u (U • • TO •H N hi a. 

■^. C/3 3 4-1 X. i-l c N 0> 1-4 a 
c U u 1-4 o 3 4J •1-t SJ 
TO 1—1 4-1 4-1 (U ■l-l •i-l •o CQ 01 01 o 
Q u l-l u X) z 3 l-l PU z n c 4) u 0 o 0) 
i-l 0 J3 XI eS c C Ü C c B B 
01 l-l O o •H •F^ 

^ 
•^ •H •H 

c 0 as Qi I-I TO TO l-l TO TO TO 
0 u o w 4-1 o 4J 4J U 

l-l • • •l-l a a •l-l • a a a 
0 4J M U 5 TO TO £ h TO TO TO 
o ►J Q Q u U Q u o u 

>> 
oo 
0 

i-H 

>. o c 
60 iB 0 
O 4J ■3 w 

i-H TO B CJ ■0 
o PL4 0 E kl 
X •H |H TO 
u UH U) << <§ TO O Cfl 

d. 

tn  4-i 
—i    3 

•iH 

O 
0J 
> 

1—1 

TO 
U 

rH « TO   u CJ IH •iH 

TO U) E *'-* 3 0« 

3 ki ■H    4J 14-I crt O 
•a 3 ^ s • 0 l-H       • 
■H O u i-H 0 u > U M • 00 TO •iH      • 

•a •H o ^ a O E U E O c ■o r^ 4-1 in   tn r^ •iH •iH 01 TO E iH O   0J m U a ■0    " 
rH a. O 4J     tj c a O 0 •H   E 

<U OJ X TO   U 0 QJ 01 i-H a 0 
u |H to 05 U   O 4-1 w X O W   4-1 

TO o O  U* 00 •iH 00 
O <f i-H X c <t 1—4 E in   B 

a CM TO TO  "C •H 04 TO 0 O ■H 
3 3 J    0 x: 3 X) U £ 
O C e •/i B •iH iH     T, 
1- 

^ 
14-4      U TO C C O   TO 

'J 0  < 3 < u bu 3 



<u 
o 

hi 

e 
o 
M 

Ä 
O 
o 

4.1 

>^ 
u 

c 
•1-1 

o 
u « > 

01 

tn 

•a 
3 

0) 

u > U 
on a» rt 
0 fe > 
H a. C 

-3 
<u -4- l-i 

c vj •r^ 
•H l > 
O s 0 
o .a 
rt U-l u 
> o • < • 
(U U5 iu « c 
3 3 •i-i 51 on u TJ 
ifl CO 3 u 

f-t 4-1 u 0)   C 
a. ai W as -H 

o 
c 
(0 

(U 
a. 

c 
« 

en 
<u 
S 

■-n 

3 
O 

•i-l 

4-1 

O 
<u 

u-l 
c 

en 
« 
(U 
(0 

•i-i 
P 

tn 
3 
O 

-H C 

w x: 
u 

<«  u 
O   rt 

<u 
tu tn 
tn   ai 
3 BS 

in 
(U 

•H 

•o 
3 

C 
o 

> 
•r^ 
Q 

00 
o 

I-I 
o 
Ä 
4-1 
It) 

a* 

w 
CO 

tn 
c 
o 

u 
rt 
tu 

a: 

•I-I 

> 

to 
C 
tu 
in 
U 
Oi 
c 

en 
oo 

14-1     I 0y 
o 

•r4    tn 
3 
Id to 

•H 
E 
•/I 
c 
IB 
u 
H 

•a 
tu 
4J 
« 
3 
C 

cu <: 

tn 
(U 
4J 
tfl 
4J 

T3 
(U 

4-1 

•H 

C 
P 

(U 
j: 

OJ 
3 
00 « 
a. 
Ud 
o 

•a 
3 

353 

(U 
X 
4J 

• 
c a 

•H > 
o 

in   • 2 
n-l    tu 
«   3 ■u 
B   00 r- 

•H  « 4J 

C r-l 
<  d. c 

o 
i-l  U-( 

QJ    O Q 
c tn 

•r<     P^ fl 
4-1    00 o 
C   0 tn 
0) ,-( ••-1 

CO    0 a 
•1-1 

n-i  E < 
O   4) 

•a * 
CJ  -r-l UJ 
tn  a. 
» w ^ 

s 
00 

/-^   01 Ä 
tn  C flj w .H « 

rH   4-1 
«    «D • 
3 a X 

"O -^ 
•H   y E 
> »H tfl 

•F4   4J •M 
•O   Wi i-l 

C   A t-l 

H  (Vi •H 

4J 
a 
to 
u 

u 

<0 

tn 
u 

c 
A 
O 

(U 
c 
o 

1-1 

o 

^ 

B 
o 
tn 
C 

•w 

•r» > 
t;' 

Q 

U 

o 

^ 

c 
o 

u 
to 

tu 

a. 

tu 
c 
o 

1-1 

o 

0 
•u    « 

c i "O o E U 
•H u to 
tn <   0 
in n 
•rl 

(U   tO 
o > o 

rH u V4   -H 
CO 3   00 
3 ti-l W   0 

T) o I-l     • 
•H f-t  0 u > Of) to •i-l     • 

TJ 'H o C yen 
CT) 1^ •H •H    IU 
tO   C 4-1 oo-o    " 

M a (U O -H   C 
01 0) 

^ 
i-l   G.  O 

JJ   ^ CO O W   *J 
«0 o •i-l          00 
Q >* 1—1 g   tn   C 

D CM TO tu   tu  •!-! 
3 3 •O   O ,E 
O C ••^ vi  m 
u 

^ 
a o to 

CJ W U. 3 

i 
tu 
tn 

pa 

E 
to 

•r-l 

u 
Q 

CO 

w 
u 

«4-1 

o 

tu 

IM 
0 

o 
r^  ß 

o 
CU •H 
01 4J 

CO   tO 
3 

LO    C 
tM  •i-l 

*J 
c 
o 
o 

u 

>. 
u 
to 
a 
tn 
to 

CJ 

•1-1 

c 
•H 

tO 
4-1 

a 
CO 

o 

^ 

tu 
00 
N 
4-1 

tn 
o 

•-3 

> 

c 
o 

4-1 
in 

•H 
c 
c 
tu 
Ö 

o 

J= 
a 
<u 
in 
O 

r-l C 
CU 

6 
O 

o 
CJ 

to 
CJ 

^ 

0) 
N 

4-1 
I-l 
tu a 

CO 

I-I 
tO 

X- 
u 
•H 

as 

O 
c 
o 
I-l 
o 
u 

i o 
CO 
2: 

^ 

#» ^ i—l • • Ü 

I-l 1-1 N 
•-) '-) 4-1 

I-l 
K *\ 41 

r-l 1-1 a 
l-l 1-1 CO 
tO to 
X X * 
tn in 0 
u u 

% 1 •a 

2 • « 
ö O 

•H 

c c: as 
X x 
o 0 r—1 
n !-> 

c 
rH i-H 0 
0) 41 l-H 

c C 0 
o 0 CJ 
r-l I-l 

o 0 u 
o 

o 
to 
I-l 
o 

1-1 

0 

M 
to 
B 

•i-l 
E 
(U 

41 
3 
M 
tO in

g,
 
U
.
S
.
 
A
n
i
m
a
l
 
 
 
 
 
 
 
L 

o
n
,
 
P
h
i
l
a
d
e
l
p
h
i
a
,
 
Pa
. 

o 1-1 E 4J    T-l 
u c- CO 4)   4-1 

I-l K O   tO 
o to n o i-i 0 Z   •H 
r» p tn r^- CO 4-1 r~ CJ 

•H C c QJ rH    O 
4-1 e •H u 0 ■H 4J to  tn 
J 0) i-l y •H > O 3  tn 
o CO i-l O 4J O C < 

"^ 0) 
O 
u o 

10 
c c 1—1 ^X 

3 CM I-l 0 CM 4J 

OC 4-1 4) Q0 JS >-i 
tO u 4J •H 4J    10 
I-l 0 c to <J   tu 
B< tM I-l co r- as 



IVi 

o 

u 
o 

M 
w 
C 
o 
u 

t- 
D 
0 *-> 

-c • 
c U] 
rj o 

•H 

oc i-i 

c ■M 
•H r-l 
'-w ■^ 

O Ü 
■H n 
l-l i« 

J3 
c 

C -H 

C l-H 
•H s 
W s. 
T < 
w i'. 
c =3 
o 

•<-t ^-J 

u r-4 

o nj 

en 
O    00 
I   c 

•H 

x:   3 
*J   -o 

0  ■-< 

7)     ^ 
C   •rt 
O    IU 
C X 
71     4-1 
o 

c    • 
OWE 

—I M -rt 
O 4' A- 

JS 3 U 
r3 !fl 0/ 
*J en u- 

v -^ C 
S H M 

^ 

i 

c 
n 
a 

c 
0 

■H tfl 
O en 

•H 
^J p 
b g 

,£ 0 
o 

■1) 

nl 

u 
til ,  r-H 

•r-l nj 
m u 
<1> •H 

T3 

>. E 
1-1 

o 3 
4-1 (U 
eg c u 
c 14H 

-D o 
O 

i—1 •— 
<4-l SJ 
0 m 

X 
c J= 
o c- • 

•H > 
w t« 4-1 
U5 o •H 

3 l-H 

U ^ •r-l 
tn 3 O 

•r-i O m 
Ö 4-1   l ■M 

tn 
0) 
oc 
c 
« 

J: 
o 
^ • 
p en 
0 a 
4J en 
fl n 
IJ 0; 
0 en 

£> •M 

2 a 
9) 

f-4 ~ 
«S 0 
o •<-< •^ •J 

c Ü 
•w Ol 
r-l UM 

o C 
i H 

<u 
u C 
dl ■H 

^   el 
3 OJ 

•O -H1 

•H   o 
> -H 

•H 4J 
TJ   VJ 
C to 

M   d, 

o 

o 

a; 
C 
o 

u 

o 
u 

Q 

o 
•»H 
N 
0 
tl 
u 
c 

Q 

o 
c 
o 

0 

en 

^ 

05 

•H 

3 

a 

u 
(U 

•H 
N 
o 
l-l 
u 
c 
to 
Q 

CJ 
C 
O 

u 

>s 
tu • c a c 

•H 

E u: 
^ 

T—t 

M 
■» 0) • 

M en 3 #. 
(U •H oo 

•H a> 4-1 c 
N ca ^ •H 

o 
■ 

tu 
JO § 

u oi O 0 
as Q c e TO to rH ♦ 

Q •H <U ti: 
i—l s 

>-i l-H o Jt <u •H l-H u c s o to 
0 u n 

r-l • 
o u 4J ■u 

u a l-J l-J 

si 
•H 
01 

OS 

E 
•H 

•r4 
3 

Q 

C  -3 

to 
Q 

IH 
o 

3 
O u 

o 
u 
a 

en 
0) 
> 

y 
a»   in 
a. io 

c 
to 
oo 

n -H   q 
y j= to 

y  sc 

Li u 
'r-l -4   U-l 

c 
o 

4-1 T3 
to U 
N 10    OJ 

•H o as 
c « 
3 >*4 
E r-l    o 
E to 

c  oo 3 

r--  C-  Q   O  S 

u 
o 
o 
CO 

>^   - 
•H    O 
en  .£3 
l-i    M en 4-i 

O U 
O. dl 

5^ c  c  c 
co i- a < 

C     O    4-1 
o -H tn 

■-. E c 
m dl i-H 
tn 13 

•H -H >, 
gap 
E  W   C 

< 
tn 
a is 
y  o 
IH   O 

ro  oo tu 

^ p     ^ O  -^  -o   01 
f")   AJ   0;   4J 

«    i  rH 
CJ C « 
Z < 3 

o 
4J   (J 

0 

tn •• 
<h en 
3 U 
O CJ 
a *-» 

r-H 
■ _C0 

3 

Q n 

ä* 

o 

> 

m 
i 

CM 

c 
c 
3 

Q 

y to 
U -r-l 
t0 rH 

x  oi to 
4J   en )H 
r-H     01 4J 
to OS en 
01 3 

C   to 

E   M to" 

• en 
3   u 

en 
• en 

U    O 

to 

O   tn 
O   3 

El 
O    -I 
u 

<»4   T> 

Q.   to 
3 
O   y 
)H    -H 
Ü   «H 

C    -U -H 
00 c c 

•H    0) tO 
tn -in oc 
0)   y 

tn   u 
U   0) 
C  -u 
<u c 

TD   0) 
3  U 
4J 
W   rH 

tO 
r-l    y 
O  -i-l 
O  -D 

•5^ 
CO 

o 

> 
O 
z 

5 
to 
2 

>-l  Q  CO  O 

1 -H 
> U 
to -o z a 

to 

tn 
0) 

XI 
4-1 



1 

355 

o 
w 
co 

2 
a 

M 
c 

•H 

«1 
•i-l 
> 

CD 

CO 

C 
« 
a 

■H 
U 

•H 

CO a. 

to 
o 

u 

CO 

u 
c 
o 
u 

^ 9J 
c 

4-1 •r-l 
U m o 

o 10 

00 
c h 
•H <u 
4-1 > 
(U o 
<u u, 
B 

<y 
c 

•H 

Cfl i 
4-1 ■ T, 
c c 
CO 0 U-l 

a •H 0     • 
•H w U5 

u CC W    C 
•H •H 3   -H 
4-1 P W   T! 
U ^ CO    3 
CO 0 iJ    4-1 

ft- o W   CO 

ii 
U-l X 
G 4-1 

BO C 
c o 

•H 
u <u 
<U 4) 
OJ 4-1 

S 4-1 

c C 

••-1 

0 
u u 
c 
CO t—( • 
a CO .X 

•H •H 0 
CJ IJ 0 

•H Q .o 
4-1 ■Ui T3 
l-i •rH C 
CO •a CO a, w X 

•H 

C 

3 

<0 

e 
■H 
iH 
0 

^3 

CO 

■a 
•H 

a 
•H 

C 
3 

O 

Cfl 

Cl 

3 
■—i 

CO > 
CJ 

C 

e   • 
3    M 

O  T3 
^   < 

c 
•H 

V4 

3 
13 

E 
x 

O 

u 
o 

<   M 

^-s  üC p, 

tn  C >-l 
^ -H W 
•H   4J (0 
«0    <0 •rl 
3   D a) 

T3   -H « 
•H   U 
>   -M • 

•H   4J «i -a ^ 
C   co B 
H ft, S 

•M 

I 
i 

o 
BÖ 

CU c o 
I—I 
o 
u 

c 
c 

•1-1 

U 3 
(U 

Q 

N h   j 
0 0) 

u o w 

c 
CO i—* 

c 
-I o 
01 rH 
e o u, 
o o 

i-H • 
O 4J    M 
O J o 

•H 
Ü 
c 
CO 

y 

c o 
en 
e 

•H 

o 
OS 

-a 
•rl 
> 
CO 

P 

M 
o 

y 

(U 
•1-1 
N 
c 
M 

c 
CO 

Q 

CU 
c 
o 

f—I 
o 

^ 
• Q u • 

n *S 

n *• 
V4 i—i 

a o 
B) (« 

•H •H 

Em OJ 
CO 

K • 
a: 

4-1 

u g 
CU c0 

J3 •H 

0 f-l 

PA i—l 

•H 

U ^ 
0 

•■-1 • 
CO u 
S p 

CO 

3 

•H 
> 

C -a 
10   c 

a) 
4-1 
CO 

P 

u 
o 

$ 
o 
u 

14-1 

o 

o 
o 

u 

CO     - 

11 
4-1 

IM   r-l 
o to 

co 

O   -rl 
I-H en 

i   (j 

> 1-1 
•i-l   73 

4-1 
<1> 

•H 
O 
o 

CO 

u 
•H 

o 
4-1 

>    C      • 

^    SS 
u 

CM 
r-(    4J C 

O O 
^3 4J 
i-i en 
to to 
H U 

tO 
rH O 

CO •H 
•rl     60 
en   o   tu 

O 
•H 
E 
CU •v 

&.    -rl 

o 
^   E 

O 
>   L> 

K u-i 
o 

en 
r-l    Ofi 
'   c 

tN   •H 
i—I    U 

CU 
4! 

en 
C 

a. H 
M >, 
to   E o u o -3 

T3 

01 

4) 
<    4-!   J 

. (0 
to s 
o 
en    - 
CO  XI 

o 
u 
!0 
tu 
en 
01 

-^ ^ c ^ c o a u tn -i; ■-I 

a a ri .u 
*-> is to cn >H 
4-1 to •H '■j u 
•H   '->-< c Ü r. 'j ■u 

1     0 
J-l 

■rl 
en 

r-l 
■rl 

c 3 

O   en a y. U •-^ 
O   4J JJJ r" r r^ '-) C 

o 
'■- 

S •rl 5 -^ CO 
i-H     5J C 0 E 
to   a. r-l U-l •H u 1*H _3 

•H     CO CO C SO O u < c u r" 
o o 0 o •H O >■. c • 

o 4-1     Ol H XI o ■F^ 0£> o ^ E ■-j CJ 
r^- •ri   cr. < c r^- 10 a r« -o 01 

-a  c k". 0 (U i—i n CV •a u p > W   4) i—l > 05 i—i MJ o v; CO c 
O <4-l " oc 0 0 l-i 0) a; u •ri r 

Ü <4-(     Ol 
C  P 

en 
C w 

ii Ol 
4-1 

o 3 
XI 

p CÄ <; N C 
0 

m O CM CO c en LO •—I r—1 t: *J 

CM ÖC  —I •rl " CM 4J to E 1 CO <0 c U) 
1 c  re 4J £, 1 XJ y C <r c c c 

<r ■rl       U CO 0 o •rl •H 0 0 tn •H 
i—i 4-1    -H 1- -o CM u ^ i-i —1 • .-1 a J: 

ai xi (U c 3 4J i-i 4J 4-1 0 in 
Ol    Ol a 

o s 0 1 --4 CO co 
•/I 

tO 



^mqmm^^mwT* iiHiPaui i^^^rvw 

356 
OJ 

x:  a» 
"   u 

V 
«    V- 
0 .-^ 

c   - 
O    Ü 
•H j; 
4-1    <-l 
o   o 
o 
^   T) 
B   C 

r-H     03 
4-» 

o at  u 
01 ♦J   c 

3    -H 
^3 U  N 
3 < 

CO y-i 
«4-1      O 
0 

E 
0/    U]      • 
O   -H    t/5 
C   r-«    4-J 
o  o  c 
a ja  CJ 

-H  w  E 
U-(    4-J     (1> 
C    0;  ^ 
^   X   U 

T3 
C 
15 

DC c 
c 0 

•H •H 
IM T; 

<L O) 
■H 'H • 
(J E a 

XI i—i 
r-l l-H 

c ^-4 S 0 CO 
U l 

Jj a> CO 
to > i-l 
•u o 
c Cw 
o 0 o —( 4-1 
t. c 
0 o 0 > •rH 

I-H •H 4-1 « *J ^3 
3 nj l-l 
C i—i o 
c O c- < M o 

*J u 
D •H 
O l-l 

<u 
4-> E 
c < 
4/ 
CJ JS 
O 4J 

OS 3 
C & W 

X 
iJ •o 

c 
•o nj 
c 
fl r-4 

(U 
OJ t4 
w 4J 
tg c 
o OJ « u 

•H 
Q c 

•H 
O 

E5 
1 (0 

UJ OJ 
w M > X) 

3 
00 
(0 

60 

•S 
U 
3 

T) • 
w 

O 0) 
VI w 
C w 
o (U 
a. q 
CO i-i 

<u rH 
OS M 

•n M 
•r-l 3 
0. 0 

■H •H 
J 4J 

O u (U 
CO IM 
0 c 
B H 

•o 
<u 
4-1 

.2 
u 
o 
CO 
CO 
< 
CO 
ao • 
c CO 

•l-l w 
•a (1) 
c C 

1-* i—i 
u, r-H 

l-H 
a 
•H CO 
r-i 3 
o O 

X5 •H 
IB U 
4J O 
(U a> s UH 

C 
4-1 l-H 
c 
<u JC 
o 4-1 
Ü) •r-l 
pi > 

s~\ M 
to C •^^ •H 

i—1 -U 
(0 It) 
3 a 

13 •H 
•H u > •H 
•H 4-1 
■v u 
c m 
M a, 

a 

at 
(0 

CO 

u 
a 

a 
u 
w 

c 

(U 
•l-l 

o 

u 
c 
ä 
0) 
q 
c 

r-i 
o 
u 

^ 

(U 
N 

4-1 

u 
<u 
0. 

V) 

x: 
ü 

(U 
q 
o 

r-l 
o 
u 

y 

i-i 
(0 
M 
CO 
Wi 

C 
X3 
O 

4) 
C 
o 

1—1 
o 
u 

u 
<y 
to 

I-i 
(U 

xs 

«s 
0 

tu 
to 

•ö 
03 

•H 

•H 
3 

a 

3 
-o 
•H 
> 

•o -^ 
c -a 
n)   C 

l-l 
HI 

>-l 

!   0 

o 
l-l 

o 
30 
01 

o 

q >. 
m  oo 
O   0 

I 

o 

<J    4-1 
01   ij 
a en 

JE 

i   re 
t^   3 

q 
q < 

o 
u <o 

l- OS 
m 

x: o 
a 4j 
o ^i 

x: <u 

to 
a - 
o q 
U eg 
3 3 

c 
14-1 (0 
o CO 

£ «J 

to 

O 
-3    0 

to •^ 
> 

r^   q 

P E « E 
n o 

u 
r-l 
l-H   i—l 

I      W 
CM    3 
-i   c 

q < 

u 
o 

XJ 

crot: . 
Wi »J 
CO •• 

CO u —i 
> UJ 

• 3 
tu   - e 

O    10 
T3 q 
u <o 
to c 
£   li 

01 

q 

E 
a 
o 

to i-i 

CO 

to 
U) -    - 

• to x: 
3 X   oc 

CO 

u 
59 

OS 

•o     • 
l-l  l-l 

Si 
a 3 
to 

iH    04 

a; 
Q 
•a 
q 
(0 

x: 
u 
u 
re 
4) 
7) 
<u 

os 

to o   to 
4» to   I-I 

q to  ? 
0 6? 

1-4 O 

cSfS 

4) H 
q 
O T) 

^-1 l-i 

O 4) 
U ^ 

i—l 
4-1 •H 

to 
y 

•H 

4*  t: 

< h 
CO   o 

" o 
u u 
to   to 
c u 

i)   to 
CO   i-J 

10 41 
4) to 
tO tO 
CO 4) 
IU !0 
10 -fl 

•H Q 
Q 

i-l 
r-l   l-H     <fl 

f^     3     E 
E -H 

q --i q 
to q 45 to 
n < 3 

r*   o 
m q to r-i 
i-i oo q 

•HO" 
4* TH   in 
U   u   v 
o to i 

u. z < 

x: 
o 
to 
4) 
to 
4J 

öS 

OJ 
4-1 
3 u 

01 -H 
CO 4-1 
U CO 
3 C 
O l-l 
u 

-t ß C 
r^ •H <; 

CJ 
C -H -o 
tO  T3 4) 
-J   (U <U 

S OS 
u-i 
—i i-i M 

CO Q) 
X)    4-1 
o —< 

.—I CO 
O 3 

q 
o 

cc 
IJ 

o 
•a - 
4> oo 

tu  q 

q 
o 

^ •i-i 
r~. 4-i 

u 
q <u 
to co 

<-> 
o 
PO    4» 

• x: 
00    4J 
OJ   3 

o 
CO 

(U 
<u 

^tO 
x: B 
u to 
U -rl 
tO 0) 
4) -H 
tO 3 

,2.3 
to to 
y q 
H (0 
q «) Eq  «) 

•H  i-l 
rH M 
u o 

o v 
CM Z 

o 
o 

x: 
u 

to    • 

■oS 
s 

tO (0 " 
T3 i-l <U 
C ?s l-i 
3 V4 O 

£2 5 
l-H 4-1 
f^   13   1«   _( 

q o co 
CQ XI   tO 

v  u   >, 
fci O   iJ     •> 

•iH    OJ 
CM   i-H    CO    C to u 

(U    CJ 
>   -H 

•H   13 
S   tu 

SOS 



^ 

4-1 

JO 
3, 

c 
.2 

00 

(0 

c 

3 
oo 

C   3 • 4)   0 !/) 00 '--1 
01 0   *J 

•3 3   U 
•H •H   « 
4J U   <U 
0 U  &     . 
<u rt       M 

1-1 U    M    41 
o •H   -O 
3 IH     <U   -^ 

^ 0   £    01 
U    O 

t-i C          <U 
0 0   Tl   r-< 

PH •^   3   O 
4J    H)    3 

-3 S     z 
0) E   ui 

1—1 u  c u 
1—* 0   0   3 
(U t- ja -H 

Xi u u 
CB •-i  n)  3 

t—* CO   u 0< 
1 O   0 
c •MUX 

•H "O  T3   *J 
c n)  ^-H 

C« as K  S 

C 
o 
3 1« « 
O 0 >. 

•H M-4    4J 
cn 4) 0  -i-t 
m a 1—( 

•H o M   -H 
E u 3   0 
E en 0   CO 
o 4-1   <+-! 
u    • ■3 >-. C • " r-H 
a;   o «J Q    .0 

.3    > M    (J 
•U     M c M    -H 

3 
•4-1   V3 

o 
•H 

5   E O in 
t—1 K en 

U     tO •H 3 S 
^  u E 41 
O    T-I m 3 a oo C 0 
dj   o 0 a'S U   f-l 

o oo •H 
*J   -H 3 4J   M 
3   E •H ■rl 
<U    (U >4-( >    4J 
to -a (U •H    Ul 
a» -H •H w   nj 
^   a h O  Ä 
(^    W CO CO     &4 

r 

u 
•I-* 

« e 
3 0 Ul 
CO   u 1-1 3 

J=  -H    <U Ü  VJ p Ul 
a 4-i 'S ca  oo 0 0 
O     CO    -H 3   u x: 

4J    C 4-1 3 ^  0 3 tc 
a a!  o •H     &  4J 0 ^, a:  at X   0   0 •H 0 
l-l               i-4 C   H   CO 4-1 jr H -a  o 4J     U   U- O 4J 

C    3 O   3 
K ^   3 

0 
3   ra   S ^-1 3 
OJ             -r-t i         0     • c •H 
aj -^ a .U   I4-1   .H    X 
3    4J C   0   i-1   O t/. 
4-1    •!-(      O UJ         'W tj 0 •rs 
»   ?   3 O   -E    >, ij '/, 

J2   -H    -^ • 1—1    Hi   TJ    0 j 

*->   3 3 n   « j:   c [j c 
COO 'j y  0 c x: <; 'J 

-.4  <   -3 •i-i 0 "-<■-•  & ti 
XI         < 4-> OO        E ^-4 
l/l    0) CO U SÄ   3   ^ c Ü 
C   Ul    o »Ml C          0  — CJ 
O    cfl  T3 4-1 y; 4-        t 

•H    C   ••-* C >.  0   -J r—' 4J •x   ?*■ 
4-1     O     C o x   u   n  ~ u C    Ü a oo « u 3. =   ^   E OJ <-i j; 
•-I   >,  G 3 3  -O   00 ^ u^ C  3 ax-* 
oi o *-> o *J B ri 0 

w HH s: ü 
Ä   0 

357 

gl 

cfl co I ^ 
•rl U 

3 CO 
H (V 

U 

CO 
x: 
Ul 
M 

o 
-1 

01 

g 
r-4 
O 
U 

3 a 
Ul 
3 
o 

.5 
3 
4J 
a 
re 
u 

IH 
«4-1 

3 
4-1 
to 

-3 • 3 
0 3 • 
a M 

^   - ^ 
l-H 

'   4J ^ 
M   Ul M 
<U  -rl 01 

•H    (U •H 
N  OQ N P 0 
U     . u 
O  OS a 
c e 3 
CO   10 3 
O   -4 Ö 

.-1 
1-4   rH .-i 
41   -rt 4) 
3   S 3 
O O 

i-H       1 rH 
0  u 0 
O   Ö u 

u 

^ 
•v 

3 
■a 

% 
3 (j 

3 jrj * 
O u 

PM « 3 
3 Ul • 3 •H 

U 1—1 U4 

1—1 3 a 
01 U X 
3 
X <— <J 
O a. M 

•1-1 41 
Ul 

3 
X 

0 0 
3 <-> a; —( 
3 u k4 

4J 0 0 a. —1 
3 JJ 3 u *-- ZC 

u 
o 

2 
Ü 

T3 

O 

ll 
3 

4J 
U   -4 
owe 
fc    4-1     O 

s-g1 
O -i-l 
E J3 

CO 
-1   3 3 

CO 

>. 
4J 
3 

•f-l 

O 
0 

1/1 

3 
y 

1 

T3 
3 
3 

3 
U a 
c 3 

00° 
3   C 

•rl 3 
<« 60 
41 -H 
•^ XI no 

Ul 
>>   3 
X c a 3 o -H 
•rt U5 
CO   -rl 

3 

iH   00 J 
r^  3 

•rl - 
X U Ul 
41    41    3 

tM   41   3 
X  o 

00        1-1 
r-4   f-l     p 

3   O 
vO   3 
r-l    C 

c 
< z 

T3 
IM 
3 

O   3 
4-1 

C   U 
eg M                      4-) 

<                     -H 

O   1/ 

1-4 A     Cit re  i-i 
3 4J             ^,   Ul w   a 
O 05   "3    (0    0 41    Ö.   Ul 

•i-l rH    C   TO   S ■3     X   -H 
00 3   P 3 W   O 0 

1-4 
3 <r 

0 3 x   to 00 a     O   r-l 
•rl 
B 

r-l  Z    3 X   W-l   r-l 
X       w    - 4-1             I-l 

41 •H       •■          i-l co 
•3 Ol     4)   rH    TJ KH   0)     * 
•rl T)   3   t4 O •'*   O a. U)    03   M    3 4J   00 T—1 u r-4 41   Q)   «1   3 r~~t tL  O    3 r~ 
co 

(^ r-l   S    C    Cl 
1-       a» u 

!■*• 3    -rl      U 
•H   y   T-I 

X 41 X 3   4J   0 u 4-1   O  X 01 0 3 x u.      00 p. 3  CO   U 
1-4 

0 
oo 

(«4 u      u c 
«   4)   •H 

i-H    C   -^   "O 

< 
S   C     " 

3    >. 1—i 3 CN 3   0-33 r-4 1-4   CJ   oc 1 "3 •r4 C    O   3   3 I 3    "r*      C r~ 41 4-1 O   00  00  E CM 3     U    r-l 
r-4 | 41 

3 
rH    Ij   .-4    g 
O    3   P   O 

—4 C   3   O 

< : E U   C^.   M   U <   -§   ^3 



358 

• (fl 
c 3 

^          0 O 
0             -H C u       m <u 
Cl.   i   uj sc 
« „r:   i c 
u  -u   i< X 
ü             Q. u 

as   c   a 
■-" Q l« 

O 0 
•^   i-<   rl 
M 0   nj Oß 

4J ^   rH    -H c 
o <U   (fl -o •H 
o C    4J    fcl to 
•r- O     O     CO U) 
J3 ^c    CO     O 01 
D ■3       0 u 

W -C -C   >, 0 
' >J 2: u 

K    »H a, 
5    '*-! 

O         0 ^^ 
> 0 g 

•H   -3     0 c 
-J    OJ    y 0   • 
U   .*    C U! 
O    y    0 0 

y-   O    a v; 

« =s <      J a, 

to 
3 

O   ^ 

(3 
r-l      C 
D- -H 
E 
ai  c/) 

en 
c   a 
•-' X! 
4J     1-1 

o co 
V-i 

-n   c 
U    -IH 

H 

O •-!     O 
I—I >-   > 
C 3 -H 

C6 TJ   J 

0    c 
X   3 

O 
'-i  (/I 

c o 
0 

•H   ^^ 
u   (0 
D w 
N   V4 

•H    o 
U   U 
Z)  tu 

4-1      -F-« 

Ü XI 
«   (U 
*■< S 
n 

U   3 
0 

>- c 

x: 00 

tu U 

c 
•H 
u 
3 

TD 

C 
O 

!fl CO 
VI 
0)   ^ 
M  a 
a j= 
at (_) 
Q  c 

C XI 
o c 
u m 

i—t 

c 
■v   O 
C   'H 

o 
o o 
c ^ 

•H    C 

C 
o  o 
C   -w 

4-1 

I 
3   -H 

01     30   ^ 
3    4*    to 
c/i as > 

•^   T5    C 
H    C  -H 

m 
c 

S c 
3   n 

en 

J= 
01     i-)    4J . 

-o   nj   c «j 
>-.   >> 01 

G.   •U   C/3 4J 
C rj 

C    C 
O    O   4-J 

C    4-1 

0» 

o 
u n 

re x) tt4 01 
■-.•,-( 7) 
O      O   «4-1 .H 

as-   <   o Q 

<u « 
nj 
£ 
a, 
<4-< >, 
O 4J 

•H 
u r-l 
3 •r-l 

C U 
4-1 nj 

14-1 

Tl 
C f-l 

«3 TO 
u 

M •H 
C X) 

'H 0 
l4-l e 

CJ •^ 3 u 0 
DQ c 

to 

c 

•H 
to 
o 

^   • 

O    «J 

-I   c 

O «1 
C 3 

•i-t (0 
to o 
o x: 
w oi 

c 

1H   4J 
■O   k. 
c n 

>-< a. 

LJ 

jfl s 
u 
^ 

u 
ft 

0 2 
> u c 

■H •H 
A c O b 0 W J£ 0 c yj 0 •fc- r3 1-, u CJ • to 3 

0 
J ^ 

ca O e 
to 

0 
0. 

33 
•H 
i-H C/5 

tJ r-H c 

0 
Ä •H 

3 
4J 

"I c C XI 

0 

•H 

4J 

•1-4 

a 
u 

O 

"■n D- a. • 
^ T CO u *!-. u 'O a 

0    to 

c c 
0   0 

■H    £ 
U   'H 
CO   U 
U   4) 

^    1    O.   CO 
X3   XI    X  --H 

0  O w  0 
3 !u       q 
C                  M     -H 

•r4    «    0 —1 
4J x: ^ 1-1 <—* C    4-1           M 

CO 0            CO 
3 y u-i   oj     «. 

X3 w   0 -H   c 
•H 4-t     y} > 1-1  00 & to 

X3 •M t^-     C   -H    0 
C •O •H    u   "H 
ro C »-1 4-1  0 j: 

M Cl.  0 CO  u 
O <  a 
*J U S  q    - 
CO O r^         t8   >, 
a ^    -H     y     /JO 

Q •      CO    'rt     0 
li CN    3    ^  ,-1 
O —!   C   tb   0 
U C   E  -H 

<  <  « O 

•-5 

U 
0) 

o 

01 
XI 
0 

OE 

h 
c 

c 
i-4 
0 
X 
4-1 

CO 
£14 

•O 
q 
CO 

c q 
•H 0 
10 •H 
c 4J 
0 •-I 
0 v-  q 
to 4-1   -H 

•H 3   to 
S Ü    C 

r— O 
f^ '-W U-l    y 

Q O   to 
u •r-l 
a. >. 4-1     S < 4J q 

—1 0   , 
<T> tn E  q 
r-l VJ 4-1  0 

J U     to > 10    -H 
•i-i D.T3 

u 
<u 

•M 
N 

2 
u 

D 

o 
CJ 

^ 

01 

§ 
4-t 

to 
01 

I 
■-3 

OJ 

§ 
i-( 
o 

CJ 

äS 

>, 
OC 
0 

1-4 

O 
x: 

to 4J to  •» ai 4-1 P^  to 
U     -LJ     U    U 00 P-i 
q  q to tu 0 
0   3   6« r-l   U-l 
n a -i-i 3 O     O 

^ ^ x: 
.  -U  04   0 u   0 

ü 1-4       m tO   i-> *• (0 1-4   to 04    3 c •  q  co  in 4J 
0 HOC« %'Z Oj «   0 S 

A. •«            -H •H     10        • 

f—1 Ü 
B          '     C£       r 
3   M   W   C f—1 

ECU 
r-« W   tU  OS   0 r^ C/2           O • H  "O         4J 03 ^- Q q xi to u q   01    » • • tu c 0 

u^ 1-4  <o BQ 
0)   r-l 

$ 0 u c 
u  0 

a 0 •" rO r-l • z: to • n 0 u-  00 CN 4J ca       q 1- tN x:       c C (0 u   01 to x) •-I 
0 

r-i 
.   -H            4J 

to   3  3 q -^   OJ X 
P   g   to 0 

0 
u   0   «J  0 
O   J   Z   U 

0   U   to 
3 <: s 

u 
^ 



359 

•H ■3 
in 

•3 
•H 0 • 

r-l 

CO 
u u g 4-1 a 4-1 CO ■H 

g P < to to u ■i-i >> u 4J fj 

0 rH •H 3 « rJ r-l cn CO l-l 
■H C8 o i-l «3 14-1 •4-1 •rl Q to 4-1 

1 0) y c 0 l-> iw to •3 in Oi c • 1/1 •H •H £> <u w e C ^ c IU 
B) (fl •H •3 1 tO > tn tO r-i 0 ■3 ■rl 

3 o g 0) u r-l to t/1 CO •H p u 
^ 4-1 •H s Ä • to CO l-H 

^ 
4J 10 ■rl 

rH to h c c 2 10 ■l-l •H PL. oo u H-l 

a u 0) 0 ä •H c E 4J c 3 •■ U-l 
a w 1 S 4-1 0 0) C c •H 4-1 ■3 ^, W 
3 00 c (0 to •H 0 <u • •H u ■H IU CO 

4J OT u c OJ u- u ■rl U 6 3 XI as 10 P 
O c i-i •H >w oo o 4-1 CU en to •3 o 10 T3 
01 (U at ra MH o c •3 0) a <*J •r-i a l-l <ii to 
•r- c n m 01 n C u^ 4) LH r-l oc in QL, 3 -. u-l 
X> •rl 01 4J •H I-I x: tfl (3 w •r4 0 c C vT ■H o 
3 u Vi ß M o M Q J3 to ■H 14-1 to 22 

CO u fc 01 cq 0) *l 01 rt £ Hi o r-l p 
1« u • to •3 Oi <U > • • 4-1 CJ 4-1 CU — 0 
> •3 "3 O « 01 4-1 4-1 •rl nj <u 0 c p ■rl • 

C •3 C M x: 4J to 3 4-1 ■rJ S r-l h Ci c Q 4-1 c 
o « B « hH a, • (B l-l Ü to E CO c ■n Q ■rl c Q 
o « CA S*. tH •3 < DO (U -3 •rt 0 w l-l 4J p t- 
Q J^ <u § n-i -u OJ ^ (U X ..-I u a CO ^ CO o fj 

M 0 a 53 0 •H U £. oo z o Pu c ■rl • u U-l l-l •H <-, 
1 0 u 0 01 ^^ u 0 c *J •H OJ rJ W •H u CO 4-1 u 

u •H u D u •H <u A •H B o ►J 3 01 r-l 0) a u 0 
w CO X l-H 3 O 4J u u 10 TJ cr-o > a. 4-1 o CO 4J 

g •H <u <U «-i O tc c to 3 u C IM cu P 4) c p u l-l c 
Ä X 38 O H I« M u •3 u W O w W U- < M 0- u- 1—i 

> 
•■ 

rH 
CU 
N o 
4J M • 
u s Q a 
3 • o s- 
ft A S g U 

-s   6£ ^ 
W 

^ 
t 

r „ s 
E 

in   C « I-) rH |H *■ 3 
^  -H A o fS 3 3 u ■3 
i-l   w w lH * in CO CU IH 
to to 0) •3 3 00 •H ■rl in C 
3    0. •rt U •rl B M 3 (H •rl ^j 

-a -H N to N •rl 3 m fe 
•X* u 0 J3 O g i-H • • • 
>   -H U W P rH • EC X 3 

•H   4J o •rl U o 3 as 
T3   V4 es Q O 4J 4-1 3 
C   « c E E IH 14 oc 
M  fit 1 

0) 

§ 
r-4 
0 

rH 
3 
P 
0 

t-H 
0 
o 
4-1 

to 
Q 

rH 
3 
B 
0 

rH 
0 

« 

3 « 
n 
u 

• 

>> 

• 
IH 

to 
•rl 
•H 
t-l 
•rl 
s 

• 
IH 

3 
X 

M 
O 

■i-l 

3 

3 
X 

u 
0 

•i-i 
re 

0 
3 

CJ 

I-i 
o 
"-1 

i o ►J U hJ S Q X X 

P 
0 

•rl > >■ 

4-1 4J 4-1 
10 •rl 3 3 
to U •^ •H 

3 JJ 4-1 X U U 
(U M s 3 o 0 C 
u 3 tn P5 IH w '/. 

■rl 4J p 3 3 
> rH 3 u rH 3 c E 
u 3 ft B 3 CO >. ■^ 

>■* re 
0) Ü o 3 P 3 3 o 3 3 
w ■rl 

Vl 
3 
x: 

•rl 
u .2 öS tn 

IH 
■rl 
l-l ^ in 

IH 
•rl 

re 
X! 00 4J in v: 4-1 u 3 G E CU 3 4H 

u < Vi 3 ■rl —> E C n B 0 
t-l u >4H tu UH E M <; •H • ^ 10 
to n CO UH 0 u 0 h 4-1 > 4-1 ? 3 
3 w CU 0 •H 3 rH 3 3 UH ■H 3 UH E 

'S 1 to • XI 14H >. 4J ■ r~v ■rl is, O u x; c » E 
•H 3 4-1 U 3 t*H E E CJ •3 4-1 >, •-4 
> r-l 05 B • rH rH o rH 3 H > O - Ofi 3 ^ 10 M S , 

T>   -rl r~ p 3 a r^- u r^- T3 Q 3 CM >■■■ i—1 p ^ s^. rH p 0 
C  -3 0 r-l E X CO P X 4-1 r->. ■rl 4J t^. •H rH * 
CO     C M CO 4-1 #i u to u h u O " U •rH U i-H • rl 4-1 0 10 

M ft 0) l-l V B ft -. •H ft -C P rH 0 CJ > 3 3 U > 3 ■H ■H 

a) < 0 2 tO 0 < B tl <; c 0 1 l«H 3 3 u 3 3 X l-H 

j-»  h p U ft 4J 4J t-H CD 4H IH o 7^ ~ ■H O 2^ S 0 0 
tfl   o r» Hi r-l 3 oo OO £ 3 o 3 4- 50 a ^ ■fH B • H u a 
Q e^ u 3 O p CN 0 a n P 4.. P < 4J 4-1 rH r-H ■iH 4-1 in rH ü re 

a <ü O •rl 3 i O • H ■rl 3 C 3 rH £ re •H <u 
3 %i •H • je 4J a\ •-H P x; o ■l-l 3 3 U 3 3 ^- E 
O (3 u W 10 3 h CM 4J £ 10 CN U rH P rH ^ £ 
H 0 

% 
• rt fS o 3 0 3 0 4-1 P ^ 4H P '••H •H 

ul o 3 3 u- 2 CJ 2: ISi <5 < 0 < < O 2S 

u 
10 
3 

i-J 

o 
p 
3 
I- 

mi 



360 
<U 

c    • 
•H      t! 
U    0) 

u   > 
nj   cj 
> u, 

t)   T3 
O    (U 
>   iJ 
0   -« 
w.   O 
a a 
E (^ 

w t—i 

U c 
O S    -H •^ TO     !■} 

.O 4-1 
3 u-,   c 

^3 0   3 

ui 
c 
Zf    >■, 
e * 
a 0 
c  c 

-1 a: 
0 
>  u 
0   0 
Q    >4-l 

In     • 
3    >s 
O    4J 
*J -^ 

■—I ^ .« -H TO J= 4->      U 

0 
O u CO    <TI 

•H u 01    V4H 
"O <D u 

• 
tn 

c 
<V 

as 

>■. 

M 
0 

4-« 

u 
3 

-a M
e
t
a
b
o
l
i
c
 
R
e
s
p
o
n
s
e
s
 

r
t
i
o
u
s
 
D
i
s
e
a
s
e
s
.
 

• 
O 

oc 
c 

u 

•H 

0 
C 

•H 
e 
< 

• 
O 
oc 
B 
<0 

O 

! 
N 
c 
w 
u 

• 
tn 
a< 
ac 
c 

u 

XI 
•H 
a. 

in 
0 
oc 
c 
(0 

•C 
u 
IH 

TO 
4-1 

0 
TO 

H 

1 
I 
c 

IM 

0 

M 

V 
m 
TO 
£ 
14J 

0 

• 
4J 

• 

c 
•l-l 

oc 
c 

•■-< 
4J 

in 
0) 
H 

O 
c 

• 
4J 

a 

a. 
0 

> 
0 
0 
ts 

01 
«5 

«21 
Q 
l-H 
l-H 

IT. 

c 
0 

00 
c i

t
i
e
s
 
o
f
 
m
u
t
u
a
l
 
i
n
t
e
 

as
e 

I 
o
f
 
n
e
w
 
m
e
d
i
c
a
l
 

u 
4-1 

c 
1—i 

u 
4J     0 
1/1   U-l 

0   C 
a: M 

Ul 

5 

4-t 
TO 

U 
X 

4-1 

cn 
0 

4-« 
1-1 

3   O 
O   TO 
H MH 

•H 
u 
u 
TO 
> 

u 

> 

>4H 

•H 

oa 2 ^ 

^   01 

'J5    C C 
^   -iH 0 
r-H     iJ >1 

TO    TO c 
3    QJ <u 

•U   -H u: 
•H     O 
>   -H a 

•PH   *J a 
■a ^ 
C   TO •0 
M   fc h 

TO 

o 
<o 

•iH 

u 
Q 

01 x. 
o 

TO 
3 

Ui 
o 

Ul 
Q 

3 
■J 
C 
TO 

I 
U 

o 
TO 

X' 
u 

a 
TO 

in 

u 
o 

u 
(0 

Oi 

4J c/3 
M 
0) 4J 

ki 
0) 

Xi 

5 
Ui 
a 

<u 
•H 
N 

8 
u 
c n 
a 

c o 
r-H 
O 
u 

0 
> 

U4 
«1 0) c 

0 % 
00 
N c 

to 4-1 c c 
Ui £ id 

0 
O 

01 • £ 
CC N [b 

0 • • Ui J= 0 X CJ a w TO 
"O 6 to •iH •^ « 0 c > a *-> •H TO 00 
O i-H l-H Ui 

01 0) •H 
Ui c c > 
O 0 0 

•"-I l-H l-H . 
5 O 0 Ui 
T. u u Q 

> ax: 
4-1 3  0 
u O    (0 

•H ui a: 
0 0 
0 UH 

t/5 a 0 
•iH 

c x:   o) 
^N  TO to   4-1 
T3   U »   3 OJ   -H O    4J 
3   Ui TO i-H    .H 
c  0 4-1 l-H    4J 

l-H 
■iH    E 

4J   < 
O 
in 

0)   w 
u> c TO B <u l-H 

3 O MH c co •v O   O c E     >:      • 
•»H 

> 
>*• 

ao 
>>-4 
00 SI 'S     1". "O •H -H    E 0 l-H •iH    <   Q 

c •a r^ -iH rH p> r^ TO TO c 4J O «s U4   T3      . 
>-H >■> a •iH •^( >s HUE 
Ui 5^ XI 

O 0 £ (U   0 
x: a£ 4J TO 0 Ul CL u       oc Q in i-H 0 TO 0 Ui    Ui   E ß TO •H O pH TO    O   -H 

3 3 S C it    u   JZ 
0 C C m T-i  m 
Ui B -M ■-( 01    TO   TO 

CJ < 0 S OS 3 3 

1 

x: 
to 

•H 

i-H 

X9 
<fl 
4J 

to 
u 

x: 
0 
Ui 

TO •O 
O E 
to n 
<u i-H 

OS eo 
ii PC B 

••-1 c i-H U 
l-H a •^ TO 
r^ a^-i O M 

01 r-H •H B >.^ 
^ 

00 O 

S O 4J 
to r-i Ui 

i ^ O O 
n O •H a, 
l-H TO «0 XI 

n <-) O 
Ui ■u • • 0 C 

Ui Ui •H 

a Q X £ 



n 

361 

«  ■< 
*J   WJ 
CB D 

•c 
VM 

I-   0 
0 

M-l    w 
4J 

>>   C 
"O   4) 
3   6 

u *J   0) 

u BJ    h 

<u •H •^ C   D 
£ •H  ir 
3 01 

W3 ca  u 
u 
C   C 
(0   o 
a -H 

•H   U 

o   to 
•H     £ 
*J    0 
U    U 
n  3 

PH   eg 

c -a • 
0 u 

(0 T) ' 1 c ,8 01 -4 T3 c z: 
0 4-1 c <TJ    C    0) 

•H to •r^ 3   rt   E   C 
U5 <u 3 •O                     •!-(      "l-l 

tn X. C <u ■H      -   »j 
•H u <U U3 • >   to   0)   (j 
p 4J ^j o ■H (u a <u 

o 
o 4J 

< to 
u 

"8   ^W    (U 
u 4-1 X M    N          U- 

>. OJ M «i C   00 
tl OJ > s C W   C  XI 

JS > •^ 1 •^      -l-l -^ 

u u 
3 

-I 1 •a 
c 

- S   o 
OJ  m  o x: 

m Crt U-l a» rt 0> "O i-l   p4 
o o c oo •-' ^  >. 

C   U   O  H f-H •r4 rt 
4J « en U u (fl    <    14J 

Wl o 3 u •l-l J:          T3 
o •H •u « u U   O   tf)    O 
G. oc « > <u c •-1  u 
<U 0 4J 1 •-H  -H   r:    3 
M 

o 
c« 

3 
< 

•H <   g  c 
4J            Ä    '-' • «J ■M 4-1 U 1—1 

a) C B C •H « c    - 
3 4; (U <u > M o   E   o   >, 
00 CO T3 M «J 3    3    u  ^ 
ifl V •H M w c cr VJ <o «-( 

rH u a 3 w <u «   4»   M   TO 
CU c^ u O > o W M H   4-i 

Q_J U i > 

M i-l , 
• tu U 

^ 
u N •-> • *-> 4-1 

Q ^1 •• 
• ft * (U W 

£ w 1-4 D. OJ 

^  6C ^    . 
4) 
B 

l-l 

10 ^ 
C/3 x: 

0 
to   C 1-4 .-• • JS • 
^ .i-i M     Q) I-I to (0 •• o E 
PH    4J M    to o IM M V4 4) 
«    tfl (U  -^ > 4) I tu T3 B s a •H    OJ •H •H W C 
T)   ^H N   M • ^ N to « 
•^ u O H U • O JS 3 
> -l-l V4        • o u o 

•l-l    4J o o: C c u •H • 
•o u •H o c OS 3 
C   « P   E J3 •H £ ß 
M   (It tO   to o 10 o (2 1-4 4J 

Q -H OS •H •D a> 14 
i-4 > c 41 

—1   1-4 c ••-I 1-4 I-l o A 
OJ   -H •H X) 4) tu ^H 0 
C 3 tO 6 c o OS 
O u i-H o o u 

r-4      • ci..-( r-l r-l • 
O   M tO to o o iJ M o o o u u ►J Ö 

73 
4J 
c 

4) •H 

O tu CJ u M 
3 u 1—4 •H CO 

M U c ^3 X! B 
■a •H OJ •H tu •H   «^ 

c O • l-l CO S E   0 
r-i   tfl w ^s 4) en 41 
to E X) 4-» to MH iH >i-i >■. C/3   i-4 
o E c o 14 •H O q E I-I 0 

•H    O to (0 01 c to 0 co CO C   0 •o o M 4-1 •H 01 • 41 o C c 0 J= J A 4-) 3 00 4J u U CD • r^ »• •H    0 
S ti U i= i- u 3 • U c U M >. CO   CO      • e i O •H 4-1 o o h H 4> 4-1 •H           XJ 
<   4) o o > 41 •i-l u. 4) 4-1 ■r-l U3 > x) 2: 
w  6 N^ u to 4-1 n •v 4-1 w a ■SI CO •H  q 
p a ^ «1 u to c ■v H to M > u y. Q   CO     ' 

t-l _   0 4) ^ £ J= 3 B o (U 10 01 3 <u o I-I   0 
« 6 <-< 1- 4) 4-1 o 0 M 4J E 0 3 4-1 «4-1 > H a  ^, )-i 
3 0   0) O I-I •H u u oo M c to G •H to  i-i  o •o P > i XI > 3 p^, c < •J *s c ^ c- jj E 

•H CM    OJ tO JS 01 g •l-l i—i 3 a 3 C > r-4 Q tl S? u i-i c ,— I-I tu « p-i O c oc 0 iH tO             4J 
■a -H rv B u 03 > r^ •l-l < to r^ .c y r-^ tfl *H 4J ^ •H r^ -H   W4   r-l 

c -o t« XI tu •I-I to o 10 4J •i-i i—l 4J Q   0   to 
to c ^ 4) e to • 4- r-l P^ •I-I •o 3 ^ 00 ^ i—i to i—l XI rj >, CO 

M 
01 1 H   « 5 OS to 

4J 
1-4 

tO 1 X3 
4J 

4) 
4J * «§ IM 

G 
0 

r-4 1 to 
3 

o 
CO 

O 
u § 4J ä CO   >■> 

3   4J      » 
4J    H P x: c c b Z OS £ 0 C « G  •rl   CJ 
to   0 -t v u c JC o 00 y 1-4 oo •^ i-H c a r- < o r» ■r4    w    c 
Q rH 4J    i-l •l-l 0 (0 •> r-l i-l 14 u <N c E (N < to c to fM W     M    -H 

0 1 3   ID to i-o 4) • tO OJ to 1 •-4 s 1 •1-4 Ä en 0 U    4)   Ü 
3 rO a a) 4J l-i a. J3 4J tu a 4-1 •o o 4-1 O CO 1—1 4»   >  •i-l o i—* E  to a • a. u O r^ to 1-4 0) •^4 CM CO X i-4 U-l    -rJ    -O 
u O   0) to »i V o i—l to Qi tu D. 1-4 c o o 0 ECO o U OS u s I-I u Ü 3 a T. W C-J o 4-J H u M^S 

L 



.        " m ' » It mf  I V* tmmmmm  -Hi 1 

362 
O . 
c C1 

« 71 
a. c . 

a> J-, V ft, VJ •rH 
l~ U O u 
~ s h  • Q ■^ 

H u-j »-H u-,   < • r-l rj 
o y. c u. fl X 

•rH u a oc  c I/) »H o c   c tJ      fl XI u 
•r-t C 0 c 
i-J    0/ !9   SO M a>   J c c 
o   U •H    -H c 01 e *J o « 0 c •H •rt    0 •rH 

•5 1 ^ > 3 
a* 

0 ra •H td w  u a- w c ui 10 c (0  -^ • *    4-1 w c a. x .*       fc- c f—• 
•rH    -r-l 0   0 0 CJ 
U     1- o a m 3 

•<H     0 XI   X <b Ni 
4-J     4J •a u u 0) U    -M c a c 
IB   T3 CQ    UH 0 o CU   W S   0 a; > 

-~   M g 
x   c 

^^    •H • 
—'     4J in 
<0   CO o 3  a, • •^ 

■3   'H N 
•-(    o 
>    •H U 

•rH     4J u 
■a  VH 
C   CO c 
M at CO 

a 
-* 
<ü 
c 
0 

rH 

0 u 

N 
4-1 
u 
o 
a 

■a 
CO 

I 
r-i 
o 
Ü 

►J 

01          tw r» 
0)           0 •i >, 
*J E IH 
4-1               U] CO - o •H            4J u ^4     U 

g ea   a» 
00 
O 

(0   10 

O Z   a l- 
%% CJ           X 0- 

UH    bi 
-H     O c CU   en 

C/5    rJ 
CO               UH c 

•FH     «5      C •-H tf)   4) 
M     4-1 4J 1/    VI 
O      'J    -H CO t/l   «0 
*-        ./       il 1* to   o 

«-H 

CO 
•-H  a. c 0 CJ    t/! 
T3     (fl     fl CL CO    'rH 

3 
T3 
•H 
> 

W    <    OH 0 

CJ rH 

•H   O 
a 

rH 

■a 
c 
CO 

rH Ü     V3     C 
C   co —4 

r^ i-H    (0 

•H    C 
C    -'    T) 

T3 
c 

l-H 
IJ 

50   - 
C   UH       - 

CO 
u tO 

o 
c 

o 
4-1 

CO o 

C •|H     0)     (rt ■rH 3 3 

0 

a 
3 
0 

Ü 

3 

O 
CM 

M
ee

t 
c
a
l 
 D

 
a
t 
io

n
 c 

0) 

U <        5 
r-c     O 

C   CO   i-H 
SC c 

HH   0      « 
(U   •H    M 
VH    4H     O) <r 

Q   -iH    In 
o 

0 
<   O    D. i: s c p 

V, 
o o to e 

u- z; < 

« 

■     1—[, 



363 

APPENDIX D 

PUBLICATIONS OF U.   S. ARMY MEDICAL RESEARCH INSTITUTE OF INFECTIOUS DISEASES 

FISCAL YEAR   1971 

1. Abeles, F. B., R. P. Bosshart, L. E. Forrence, and W. H. Habig. 
1971. Preparation and purification of glucanase and chitlnase from bean 
leaves.     Plant  Physiol.  47:129-134, 

2. Bartelloui,   P,   J. ,   R,  W,   McKinney,   F.   M.   Calla,   H,   H,   Rair.sburg, 
and F.   E.  Cole,   Jr,     1971.     Inactivated  Western equine encephalomyelitls 
vaccine propagated   in chick embryo cell  culture.     Clinical and  serologlcal 
evaluation  in man.     Amer,   J.  Trop,  Med.   Hyg.  20:146-149. 

3. Beisel,  W.   R. ,  and D.   Crozier.     1970.     USAMRIID seeks   to develop 
therapy for biological agents.     Army Res.   Dev.   Newsmagazine  ll(7);68-69. 

4. Beisel,   W.   R. ,  and R.   H,   Fiser,   Jr.     1970,     Lipid metabolism 
during infectious   illness,    Amer,   J,   Clin.   Nutr,  23:1069-1079. 

5. Beisel,  W.  R.,  and R.  S.   Pekarek.     1971.    Acute  stress  and   trace 
element metabolism.     Internat,   Rev,   Neurobiol,,   In press. 

6. Bellanti,   J,  A., M,   C.   Yang,   R.   I.  Krasner,   P.   J.  Bartelloni,  and 
W.  R.  Beisel.     1971.     Studies of  leukocyte   function  in  the human  during 
experimental  sandfly fever virus  infection.     Fed.   Proc.  20:396   (abstract). 

7. Bilbrey,   G.  L. ,  and W.  R,  Beisel.     1970,     Depression  of  free 
water clearance   (CH-Q)  during pneumococcal  bacteremia.     Program,  Amer, 
Society Nephrology,  23-24 November,  p.   8   (abstrict). 

8. Boucher,   J.   H. ,  W.   H.   Zech,   and  A.   L.   Stags.     1971.     Effective 
B-adrenergic  receptor blockade with Sotalol  in the absence of  myocardial 
depression.     Fed.   Proc.   30:228  (abstract). 

9. Burghen,   G.  A.,  W.   R.   Belsel,   and  P.   J.   Bartelloni.      1S70. 
Influences  of  chloramphenicnl  administration on whole  blood  aniino  ac'.u 
in man.     Clin.   Med.   77:26-29. 

10. Burghen,   G.   A.,  W.   R.   Beisel,   J.   S.   Walker,   R.   M.   Kimr,, 
D.   L.   Huxsoll,   and   P,   K.   Hildebrandt.      1971.     Development  of  hyuctfamma- 
globulinemia   in  tropicai canine nancytopimia.     Amer.   J.   Vet.   Res.   32: 
749-756. 

11. Canonico,   P.   G. ,  M.   Van Zwleten,   and R,   S,   Pinkerton.      1971. 
Lysosomal processing of exogenous  proteins.     Fed.   Proc.   3ü:0  0   (abstract). 



364 

12,     Canonico,  P.   C.,   and M.   J.   Van Zwieten.      1971.     Swelling of rabbit 
liver  jiitochondria  induced  by staphylococcal  enterotoxin B.     J.   Infect.   Dls,, 
in  press. 

11.     Caspary,  W.   J.,   B.   I,   Cohen,  S.  A.   Lesko,   and  P.O.P.   Ts'o,     1971. 
Radical   formation of carcinogenic hydrocarbons  and   their  reaction with  purlne 
mic leosides.     Biophys.   Soc,   Abstracts   11:300a   (abstract). 

14. Caspary,  W.   J.,   L,   M.  Stempel, and  P.   Ts'o.     1971.     Spin-labelled 
polymicleotides.     Biophys.   Soc.  Abstracts  11:23a   (abstract). 

15. Chappie,   III,   F.   £.,   J.  M.  Crosbie,  and B.   E.  Reisberg.     1971. 
Surgical   technique  for  cross-oirculation of rhesus  monkeys.     Lab.  Anlm.  Sei., 
In   press. 

16. Cole,  Jr.,  F.   E.,  and R.  W.  McKinney,     1971.     Cross-protection  In 
hamsters   i-nniunized with  group A arbovirus  vaccines.     Infect.   Immun.,   In 
press. 

17. Craig, C. P., S. J. Normann, V. McGann, and W. S. Irvin. 1971. 
Chemotactic activity generated by staphylococcal enterotoxin B. Infect. 
Immun.   3:94-99. 

18. Crozier,  D.     1971.     The physician and biological warfare.    New Eng. 
J.   Med.  284:1008-1011. 

19. Dangerfield,   H.   G.     1971.    Tularemia.    _In H.   F.  Conn (ed.) Current 
diagnosis,  W.   B.  Saunders,   Philadelphia,   In press. 

20. DeRubertis, F.   R.,  and K. A. Woeber.     1971.     Evidence  for enhanced 
cellular  thyroxine-bindlng  in vivo in pneumococcal   Infection.     Clln.  Res. 
XIX:371   (aostract). 

21. Feigin,  R.  D. ,  W.   R.  Beisel,  and R,  W.   Wannemacher,  Jr.     1971. 
Rhythmicity of plasma amino acids and  its  relationship  to dietary Intake. 
Amer.   J.   Clin.  Nutr.  24:329-341. 

22. Fiser,  R,   H. ,   J.   C.   Denniston, and W.  R.  Belsel.     1971.     Gram 
negative  septlcemla versus  endotoxemia:  Differential  effects of  llpld 
metabolism.     Program,  Soc.   Pediatrlc Res., Atlantic  City,  N.   J.,  29 Aprll- 
1  May  1971,  p.  235. 

23. Fiser,  R,   H.,   J.   C.   Dennlston,  R.  B.  Rlndslg,  and W.  R.  Belsel. 4^ 
1971.     Effects  of acute   Infection on cholesterogenesis  in the rhesus 
monkey.     Fed.   Proc.   30:248   (abstract). 

24. Fiser,  R.   H.,  R.   S.   Lees,  W.  R.  Belsel,  and  P.   J.  Bartelloni.   1971. 
Sequential changes  in plasma   liplds during sandfly  fever.     Program, Amer. 
Soc.   Clin.   Nutr., Atlantic  City,  N.   J. ,  1 May 1971,   p.   3. 



365 

25. Fisev,   R.   II.,   J.   C,   Uenniston,   and  W.   R.   B^iscl,      1971.     Hust 
Hold  response during  infectious   illnesses.     Clin.   Res.   X1X:45   (abstract). 

26. Habig, W., B. W. Hudson, J, D. Marshall, Jr., 1». C. Cnanaugh, 
and J, H. Rust, Jr. 1971. Evidence lor molecular heterogeneity of the 
specific antigen (fraction-I) of Par.teure 1 la pos11 s. Infect. Imaiun. 3: 
498-499. 

27. Harrison, V.   R.,  K.  E.   Eckels,   P.   J.   Bartelloni,   and  C.   Hampton. 
1971.     The  production and  evaluation   of a   formalin-killed  Chikungunya  vac;irn-, 
J.   Immun.,   In press. 

28. Huxsoll,  D.   L.,   P.   K.   Hiidebrandt,  R.  M.   Nims,   and   J.   S.   Walter. 
1970.     Tropical  canine pancytopenia.     J.  Amer.  Vet.  Med.  Ass.   157:1627- 
1632. 

29. Jordan,  G.  W,     1971.    Application of probit analysis   to  interferor. 
plaque  reduction data.    Bact.   Proc.   1971,  p.  214. 

30. Kahn,  D.  E.,  and T.  E.   Walton,  Jr.     1971.     Epizootiology of 
feline  respiratory infections.     J.  Amer.  Vet.  Med.  Ass.   158:955-959. 

31. Kaplan, J., 1971. Staphylococcal enterotoxln B induced release 
of nacrophage migration inhibition factor from normal lymphocytes. Fed. 
Proc.  30:647   (abstract). 

32. Kenyon,  R.  H. , W.   M.  Acrce,   F.  W.  Melchior,  Jr.,  and  G.   G. 
Wright.     1971.    Development  of an  improved vaccine   for Rocky Mountain 
spotted   fever.    Bact.   Proc.   1971,   p.   85. 

33. Klrkland,  B.   B. ,   and  J.   H.   Cranmorf.     1970.     Specific   immuno- 
suppresslon effected with a   lector   in  seromucoic' extract.     Transplantation 
10:436-438. 

34. Marshall,   Jr.,  J.   D,,  and  Ü.   C.   Cavanaugh.     1970.     Pasamrella. 
Chapter 20,   p.  205  to 209.    _Tn  J.   E.   filair,  E.   H,   Lennette,   and  J.   P. 
Truant   (ed.)     Manual  of Clinical   Microbiology, American Society   for 
Microbiology,  Bethesda. 

35. Pekarek,  R.  S., and W.   R.   Beisel.     1971.     Further  characterization 
of  the endogenous  inediator(s)  of  serum zinc and   iron depression during 
Infection anu other stresses.     Fed.   Proc.   30:643  (abstiact). 

36. Pekarek,  R.  S.     1971.     Effect  of  synthetic  douhlcstranded RNA 
on  serum metals   in  the  rat,   rabbit,   and  monkev.     Proc.   Soc,   Exp.   Biol. 
Med.   136:584-587. 



36ö 

37. Pekarek, R, S., G. A. Burghen, P. J. ßartelloni, F. M. Calla, 
K. A. Bostian, and W. R. Beisel. 1970, The effect of live attenuated 
Venezuelan equine cncophalomyelitis virus vaccine on serum iron, zinc, 
and  copper  concentrations   in man.     J.   Lab.   Clin.   Med.   76:293-303. 

38. Powanda,  M.,  and  R.  W.  Wannemacher,   Jr.     1970.     Evidence  for 
a  linear correlation between  the  level  of dietary  tryptophan and hepatic 
NAD concentration and  for a  systematic  variation  in tissue NAD concen- 
tration  in  the mouse  and   the  rat.     J.   Nutr.   10n:1471-1478. 

39. Powanda,  M.   C. ,  and R.  W,  Wannemacner,  Jr.     1971.     Relationship 
between  tryptophan oxygenase activity and hepatic  nicotlmide adenine 
dinucleotide concentration.     Fed.  Proc.   30:232   (abstract). 

4".     Rapoport,  M.   I.,   W,   R.  Beisel,  and R.  B.   Horntck.     1970. 
Tryptophan metabolism during Infectious  illness  In man.     J.   Infect, 
122:159-169. 

Dls. 

41. Rhoda,  D. A., and W.  R.  Beisel.     1970.     Lymph production during 
staphylococcic  B enterotoxemla-Induced  shock  In monkeys.    Amer.   J.   Vet. 
Res.   31:1845-1(351. 

42. Rollins,  J.  B.,   G.  A.   Burghen,  and W.  R.   Beisel.     1970.    The 
influence  of altered viral  virulence  on  the  response of host  serum 
alphas   glycoglobullns.     J.   Infect.  Dls.   122:329-334. 

43. Rollins, J. B., C. H. Hobbs, R. 0. Spertzel, and S. McConnell. 
1970. Hematologic studies of the rhesus monkey (Macaca mulatta). Lab. 
Anim.   Care 20:681-685. 

44. Spertzel, R. 0., and R. W. McKlnney. 1971. VEE, A disease on 
the nove. 74th Annual Meeting, U. S. Animal Health Association, Phila- 
delphia,   Pa.,   18-23 October  1970,  Proceedings,   In press. 

45. Spertzel, R.   0.,  and R.  W.  McKlnney.     1971.    Venezuelan equine 
encephalomyelltis  in Central America and Mexico.     Amer.   J.  Trop.  Med. 
Hyg.,   In oress. 

46. Staab,  E.  V.,  S.   J.   Normann,  and C.   P.   Cralg.     1970.     Alterations 
in  reticuloendothellal  function by infection with attenuated Venezuelan 
equine encephalitis   (VEE)   virus.     J.  Retlculoendothel.   Soc.   8:342-348. 

47.    Steinhart,  W.  L. 
of mouse  liver  chromatin. 

1971.    Dirunal rhythmlclty in  template activity 
Blochlm.  Blophys.  Acta 228:301-305. 



36 7 

4S.     Steinhart,  W.   L.     1971.     Role  of   tho  chioinatip   template  durinj' 
piotein  synthesis   in mouse   liver.     Fed.   ('roc.   30; 51?   (abstract). 

49. Steinhart,  W.   L.     1971.     Alteration  of  templati!  .icr.'vity of  chroma- 
tin  from  liven;  of pneumococcus-Infected mice.     I'roc.   Sot.   Exp.   Biol.   Med. 
137:619-622. 

50. Tors   Jr.,   F.   H. ,  R.  A.   Grossman,   H.    1.   I>ar tc 1 loni ,   H.   E.   St'/,.il, 
B.  A.   Duddin«,   P.   K.   RUPSGU,  and   E.   Ü.   BucPcher,     1971.      Immunization  by 
selective   intestinal   Infection with  adenovirus   type   7.      .'.   infect.   Dis., 
In press. 

51. Walker,   J.   S.,   J.   D.   Rundquist,  R.   Taylor,   B,   1.   Wil'iun,   ...   R. 
Andrews,   J.  Barck,  A.   L.   Hogge,   Jr.,   D.   L.   Huxsoll,   I',   K,   Hildebrandt, 
and R.   M.   Nlms.     1970.     Clinical  and c lincopatholc,;ic-   findings   in  tropicdl 
canine  pancytopenio.     J.  Amer.   Vet.   Med.  Ass.   157:43-55. 

52. Ward,  M.   K.     1970.     Francisella  tularens is,   C'napter 21,   p.   110   to 
212.     In J.   E.   Blair,   E.   H.   Lennette,   and  J.   P.   Truant   (ed.)   Manual   of 
Clinical  Microbiology,  American Society  for Microbiology,   Beth^sd.i. 

53. Weil,  J.  D.,  H.  S.  Kessler,  M.  K.  Ward,  and R.   0,   Spertzel.     1971. 
Incidence  of Shigella  species   in clinically healthy monkeys.     lab.   Anim. 
Sei.,   In  press, 

54. WetzJer,   T.   F.,  M,   N.   Rosen,   and  J.   D.   Marshall,   Jr.     197   .     The 
Pasteurella,   the  Yersinia,  and   the  Francisella,   Chanter   7,   p.   67   to  81. 
In C.   D.   Graber  (ed.)  Rapid Diagnostic  Methods   in Medical  Microbiology, 
Williams  and Wilkinc,  Baltimore. 

55. Wlnnacker,   J.   L.     1970.      Infection-induced   increase."    in plasma 
growth hormone.     Clir..   Res.  XVIII:605   (abstract). 

56. Winnacker,   J.   L.     1971.     Regulation  of  erowth   hormone   .secretion 
in acute   infection,     Clin.  Res.   XIX: 7°   (ab.uract). 

57. Wlnnacker,   J.   L.     1971.     Augmented  growth  hormone  .■.■(. rot ion  In 
acute   infection --  A specific  response.     Clin.   RLS.   X'lX:iö9   (abstract). 

58. Woebor,  K.  A.     1971.    Alteratiors   in  thyroiu hormapo  economy 
during acute   infection with  Diplococcus   piuMMK.nia ■   in   the-   rlu. i-s  monkey. 
J.   Clin.   Invest.   50:378-387. 

59. Fiser,  R.   H. ,   H.   M.   Maetz,   J,   J.   Treuting,   a .ü  W.    ..   Jecker. 
1971.     Activated  charcoal   In barbiturate  and   p lutethimtde   poisoning of 
the dog.     J.   Pediatrics  78:1045-1047. 


