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FOREWORD

This FY 1971 Annual Progress Report {s a general review of research
activities of the U. S. Army Medical Research Institute of Infectious
Diseases, Frederick, Maryland, conducted under Project 1B662711AN96,
Medical Defense Aspects of Biologicai Agents (U) and a small effort
under the In-house Laboratory Independent Research Program (ILIR).

The project 1s divided into three tasks:

1B662711A096 01 - Pathogenesis of Infection of Military Importance.

1B662711A096 02 - Prevention and Treatment of Biological Agent
Casualties,

1B662711A096 03 - Laboratory ldentification of Biological Agents.

Nine contracts are currently in effect with educational institutions
or industrgal 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
Rickettsial Diseases 300-399

Viral Diseases 4N0-699
Mycotic Diseases 700-799
Intoxications 87.)-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 197}
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BODY OF REPORT

Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 0l: Pathogenesis of Infection of Military Importance

Work Unit No. 096 01 00l: Metabolic and Physiological Studies in Experimental
Infectious Diseases

Descrigtion:

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 replacementl' (Amer. J. Med. 35:58, 1963). Normal GFR, as measured by
creatinine c eg ance, was demonstrated in most patients with malaria, even in
severe cases®r=’ (Amer. J. Med. 43:735,745, 1967). Renal function declines
in parallel with mean arterial blood pressure in staphylococcal sepsisﬁ
(Ann. Surg. 162:161, 1965). Numerous studies have demonstrated the decline
of urinary Na excretion and a fall in serum N? concentration occurring once
certain infections are clinically apparenté;ﬁ (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 virus?/ (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 ..r renal function.

Concentrating defects have also been described. Free watg; reabsorption
induced with vasopressin during human staphylococcal pneumoniaZ’ (Metabolism
11:1181, 1962;. Also, renal concentration defects have been demonstrated in
the rat during several types of infection?/ {(J. Clin. Invest. 49:1427, !9790)
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 ir renal
filtration and concentrating ability and urinary excretion of water and
electrolytes during infection,




e work to be deseribed concerns prospective studfes performed In
rhesus monkevs with blood borne bacterfal infections.

Renal Function Studies--Cross parameters of renal function were measured
in 12 conscious chaired monkeys. Following volume expansion with hypotonic
saline, 6 monkevs were inoculated intravenously (IV) with virulent
Diplococcus pneumoniae; 6 control monkeys were sham-inoculated with saline.
In the bacteremic group, GFR remained stable and effective renal plasma flow
(ERPF) showed a mild rise. Free water clearance (CH O) became markedly
depressed (p < .0l) within 1 hr of inoculation and rgmained depressed for
several nhours; this depression was shown to be independent of GFR, plasma
osmolality, temperature or chinges in extracellular volume (ECV); it was
thought to be mediated by infection-stimulated antidiuretic hormone (ADH)

i release,

f Body Composition Studies--Seven ccnscious chaired monkeys were studied before
and after IV incculation wirh 1.0 x 108 Salmonella tvphimurium organisms over

; a 9-day period. After inoculatin, GFR and ERPF declined significantly. Cardiac
index increased but stroke volume remained unchanged. Monkeys became

i edematous and body weight increased approximately 10% from control levels

‘ despite a dietary intake below normal. Plasma volume and ECV rose significantly
i but could not entirelv 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 belng compared with control non-infected monkeys studied in an
identical fashion before drawing tinal conclusiéns,

Sumnary, Part 1:
Depression of free water clearance via the kidney occurs within 1 hr of
pneumococcal bacteremia. Excessive water rcetention has been demonstrated in

monkeys infected with S. typhimurium studied over an 8-day period.

Progress, Part II:

Many authors haY% reported normal values for blood gas-acid base balance
in rhesus monkuysigi_;/ (Radiat, Res. A:4740, 1957; Temas de Medicina. p. 61,

1965; Proc. Soc., Exp. Biol. Med. 128:1183, 1968; J. Appl., Physiol. 28:108,

1970) . However, no attempt has been made to (a) sample a large numher 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 . $
add{tion, normal lactate values have not been established for the rhesus

monkev.

The purpose, then, for this study {s to correct these deficiencies, ] i




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 heparinized glass syringe. The monkeys
were given phencyclidine HCl (1.5 mg/kg) and atropine sulfate for the
sampling procedures.

Blood for lactate determinations was immediately deproteinated in
ice cold 10% tricholorocacetic acid, centrifuged, and the supernmatant fluid
was stored in a CO; freezer until the determinations could be made.

pH, pCOy and p0O, 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 7nd
bicarbonate concentration ([{HCO3]) was determined using a nomogramlﬁ

(Scand. J. Clin. 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 been installed surgically.
It was noted that the catheterization procedure alone caused a rise in pH

and drop in pCOp. These values returned to normal or near normal (relative

to published normal valuesl0-13/ybyut did 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 catheterization. Thus, to save time and
animals, it was decided to perform all future studies using noncatheterized
monkeys.

Normal values -- Normal values for pH, pCO2,p0), [HCOS], 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. pCOj and [HCO§] are only glightly lower

in the caged group.




TABLE T, NORMAL VALUES FOR 30 CAGED RHESUS MONKFYS.

PARAMETER ~ WOUR ~ “Ninweg ~ " -
OF 0F MEAN + SD RANGE
— W@Cu.,__§@?§£§m__”w“w_“w_Q“~__““_“_“_
PH 0800 25 7.41 + 0.06 7.223 - 7,514
1000 26 7.40 + 0,08 7.157 - 7,525
1400 5] 7.41 ¥ 0.07 7.174 - 7,530
1600 27 7.42 + 0.06 7.238 - 7,526
1900 27 7.46 + 0,07 7.239 - 7,59
2100 28 7.46 ¥ 0,04 7.36F - 7.572
160 7.43 +0.07 7.157 < 7.596
pCOH 0800 25 27.4 + 4.0 20.8 - 36.0
1000 26 28.8 + 3.9 21,2 - 34,9
mm Hg 1400 27 29.4 ¥ 2.8 26.2 - 33,5
1600 o7 27.5 + 2.8 22.8 - 32.6
1900 27 29.8 + 5.2 21.1 - 37,9
2100 28 31.5 + 5.1 20.3 - 39,9
160 29.1 + 4.3~ 20,3 -739.9
POy 0800 25 73.9 + 5.7 63.0 - 85.5
1000 26 68.0 + 5.8 60.5 - 78.5
mm Hg 1400 27 76.8 + 9.9 61.0 - 94,0
1000 27 75.6 ¥ 6.7 64.0 - 90,5
1900 27 76.0 + 7.3 65.5 - 94,0
2100 28 76.9 + 7.3 60.0 - 91,0
160 4.2 7.7 60.0 - 94,0
[HCO3] 0800 25 16.9 + 3.6 7.9 - 23.0 ‘
1000 26 17.6 + 3.7 10,0 - 22,9
miq/L 1400 27 18.3 + 3.4 1.0 - 25,0
1600 27 17.3 + 3.1 10.4 - 235
1900 27 20.6 + 5.3 8.8 - 31.9
2100 28 22.3 4 4,0 14.3 - 31.6
160 18.9 + 4.3 78 319 A
Lactate 0800 24 3.5 + 2.4 0.5 - 8.0
1000 25 4.5 + 3.5 0.8 - 13.8
1400 2 3.2 + 2.8 0.6 - 9,1
1600 27 3.9 + 2.9 0.9 - 11,2
1900 en 2.7 + 2.4 0.6 - 9.8 !
2100 28 2.5 + 1.4 0.7 - 5.8
158 EREFNA 0.5 -T13.8
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TABLE 11, NORMAL VALUES FOR 16 CHAIRED, RESTRAINED RHESUS MONKEYS
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
pCO» 0800 S 13 32.7 + 3.1 26,9 - 41.2
1000 37 12 33.5 ¥ 5.4 26,4 - 43.8
mn 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 + 4.6 244 - 46.0
F p0y2/ 0800 45 13 75.6 +9.3  60.0 - 99.5
1000 35 10 75.7 ¥ 5.9 62.5 - 89.0
m Hg 1400 67 15 76.0 ¥ 7.8 61.0 - 95.5
1500 18 8 75.1 % 7.4 62.5 - 90.5
165 75.7 + 7.8 60.0 - 99.5
[HCO3] 0800 51 13 20.0 + 3.7 10.4 - 29.5
1000 3j7 12 22.1 ¥ 5.1 4.1 - 31.6
mEq/L 1400 69 16 21.8 ¥ 4.2 4.2 - 33.7
1500 20 7 20.7 % 4.3 15.4 - 28.7
177 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 7 1.9 % 1.3 0.6 - 4.8
152 1.7 + 1.4 0.3 - 8.9

a. 17 animals in the group
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Values on individual monkeys varied considerably over different time
Periods on different days (Table ITT). However, the average value for 30
monkeys for 6 time periods (0800, 1000, 1400, 1600, 1900 and 2100 hours)
and for 16 monkevs for 4 time periods (0800, 1000, 1400, 1500 hours) showed
no significant variation. This indicates that although individual monkeys

vary in their hourly and daily 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 hyperlactatemia 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 pCO,,
[HCO3) and pO, 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
bagis of increased exercise relative to resting humans, but the low pCO2 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 pC02 and [HCO§].

The latter possibility seems unlikely,

It 1s 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, noncatheterized rhesus monkeys infected
IV with D. pneumoniae resulted in a variable rise in pH, a drop in pCO, and
a drop in [HCO§ . The rise in pH coupled with a drop in pCO; indicates the
presence of respiratoryv alkalosis. Hewever, this relationship does not have
a quantitative correlation. The drop in [HCO3] may be due to: (a) a loss of
total CO, due to "blowing off'" of COy or (b) a response to some metabolic
change which i1s reflected in the [HCOj] 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. pneumoniae
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, pCOy and [HCOS]. The rise in




TABLE III. VALUES FOR SELECTED MONKEYS SHOWING THE VARIATION
POSSIBLE IN BLOOD GAS-ACID BASE PARAMETERS
MONKEYS3 p Oy p07 [HCO3] Lactate
Condition (1)  Hour pH mmH g mmHg mEq/L mEq/L
Chaired (547) 0800 7.36 30.9 78.0 16.8 1.2
1000 7.34 37.3 80.5 19.6 1.2
1400 7.38 39.4 84.5 22.7 1.3
1500 7.40 39.4 73.0 23.3 0.8
(610) 0800 7.46 31.7 86.5 21.5 0.9
1000 7.37 42.8 78.0 23.0 0.9
1400 7.49 28.2 85.0 21.0 2.1
1500 7.48 39.3 79.5 28.7 ———
Caged (788) 0800 7,22 20.3 82.5 7.9 9.3
1000 7.46 24.3 77.5 16.9 2.2
1600 7.41 27.8 80.0 17.0 5.9
2100 7.47 28.3 81.0 20.4 1.6
(804) 0800 7.41 32.2 72.5 19.6 6.7
1000 7.39 34.4 62.5 20.4 5.8
1400 7.49 33.5 80.0 25.0 1.2
1600 7.40 28.4 67.0 16.7 7.6
1900 7.39 36.1 72.5 21.0 1.1
2100 7.45 39.0 81.0 26.1 2.9

e e i

b s s s s b
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TABLE IV, NORMAL VALUES FOR MONKEYS COMPARED TO DATA FROM OTHER
INVESTIGATORS (MEAN + SD)

SOURCE: .
spec.ics) ) mm Hg mm Hg mEq/L mEq/L
RHESUS

Present Study

Chaired  7.42 + 0.05 33.1 + 4.6  75.7 + 7.8  21.3 + 4.3 1.7 + 1.4
(30)
Caged 7.43 £ 0.07 29.1 4+ 4.3 74.2+ 7.7  18.9 + 4.3 3.4 + 2.7
(14)
Ref. 11 7.43 + 0.07 42,9 + 8.5 26.7 + 4.258/
(14)
Ref. 13 7.46 + 0.04 42.6 + 1.0  100.8 + 7.0
(6)
Ref. 10 31 65
(4) o ’
CYNOMOLGUS
Ref. 12 7.25+0.08 28 +5 109+ 10
(45)
Ref. 13 7.47 + 0,02 38,8 + 2.7 100.7 + 4.2
(6) ~
HuMaNLS/ 7.35 - 7.45 35 - 45 75 - 100 24 0.6 - 1.8

a. Standard HCOS.




11

TABLE V. EFFECT OF D. PNEUMONIAE INFECTION ON pH, pCO;, HCO; AND LACTATE

OF MONKEYS
% OF CONTROL (100%) r
.
TIME am
DAY  pm pH pCO;
Infected Controls Infected Controls
0 pm 99,7 + 0.6 100,1 + 0.5 103.8 + 21.9 97.2 + 22.9
1 am 100,1 £ 0.C 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 + 0,6 99,9 + 1,0 65.5 t 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 £ 1l1.4 92,9 ¢ 9.1
4 am 100,0 £ 0,9 89.6 £ 24,1 110,0 + 23.8
pm 100,7 =+ 1.4 100,55 + 1.8 81.2 + 17.0 96.4 + 19,2
fHco; ] Lactate
0 pm 99,2 + 20.1 96,1 *+ 18,2 157.8 + 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 t 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 + 21.2 99,3 + 23,2
pm 83.5 + 2 94.5 + 23.4 160,9 + 93,7 79.9 + 20,2
4 am 112.5 + 40,7
pm 96.1 * 34,6 112,6 * 49.4 181.6 + 61.2 161.8 + 140.8
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blood lactate also corresponded to postinfection 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
postinfection ir still undetermined.

Since this studv 1s not vet 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 be 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 *the 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, pPOjp, HCO3 and lactate did
not differ for the 2 groups.

The procedure of arterial catheterization resulted in a respiratory
alkalosis lasting 10-12 days or longer. Infection of rhesus monkeys with
D. pneumoniae resul:ed 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, I11. 12~17 April 1971.

Publications:

1. Bilbrey, G. L., and W. R. Beisel. Nov. 1970. Depression of free
water clearance (Cy 0) 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 human during
experimental sandfly fever virus infection, Fed. Proc. 30:396 (abstract).

3. Biltrey, G. L., and W. R. Beisel. 1971, Depression of free water
clearance during pneumococcal bacteremia. J. Infect. Dis. In press.

LLITERATURE CITED
1. Beisel, W. R., R. H, Watten, R. Q. Blackwell, C. Benyajati, and

R. A. Phillips. 1963. The rcle of bicarbonate pathophysiology and therapy
in Asiastic cholera. Amer., J. Med. 35:58-66.
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2. Brooks, M. H., J. P, Malloy, P, J. Bartelloni, W. D. Tigertt,
T. W. Sheehy, and K. G. Barry. 1967. Pathophysiology of acute falciparum
malaria. 1I. Correlation of clinical and biochemical abnormalities. Amer.
J. Med. 43:735-744,

3. Malloy, J. P., M. H. Brooks, and K. G. Barry. 1967. Pathophysiology

of acute falciparum malaria. 1I1. Fluid compartmentalization. Amer. J. Med.
43:745-750.

4. Skinner, D. G., and M. A, Hayes, 1965. Effect of staphylococcal
toxin on renal function: Irreversible shock. Ann. Surg. 162:161-180.

5. Soale, H. C., T. E. Buckman, and D, C. Darrow. 1928, Blood
volume in fever, J. Clin. Invest. 5:229-242.

6. Gonzales, C, F,, L, Finberg, and D, D. Bluestein. 1964,
Flectrolyte concentration during acute infections. Amer. J. Dis. Child. 107:
476-482,

7. Beisel, W. R,, W. D. Sawyer, E., D. Ryll, and D. Crozier, 19067.

Metabolic effects of intracellular infection in man. Ann. Intern. Med. 67:
744-779,

8, Stormont, .J. M., and C. Waterhouse. 1962, Severe hyponatremia
associated with pncumonia. Metabolism 11:1181-1186,

9. Kaye, D., and H. Rocha. 1970, Urinary concentrating ability in
early experimental pyelonephritis. J. Clin. Invest. 49:1427-1437.

10. Brooks, P. M., E. 0, Richey, and J. E. Pickering. 1957, Prompt
pulmonary ventilation and oxygen consumption changes in rhesus monkeys
associated with whole~body gamma-irradiation. Radiat. Res, 6:430-449.

11. Lees, M. H., M. R. Malinow and J. T. Parer. 1965,
Cailorespiratory function of the rhesus monkey during phencyclidine
analgesia. p. 61 to 69. In: L. B. Decourt (ed.) Temas De Medicina.
Livro-Homenagem, Sao Paulo, Brazil.

12. Banerjee, C. M., Y. Alarie and M. Woolard. 1968. Gas tension in
conscious monkeys. Proc. Soc. Exp. Biol. Med. 128:1183-1185.

13, Munson, E., S., J. R, Gillespie, and I. H. Wagman. 1970.

Respiratory blood gases and pH in two species of unanesthetized monkeys.
J. Appl. Physiol. 28:108-109.

14, Siggaard-Andersen, 0. 1963, The acid-base status of the blood.
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BODY OF REPORT

Project No. 1B662711A096: Medical Dcfense Aspects of Biological Agents (U)
Task No. 1B662711A096 01  Pathogenesis of Infection of Militaryv Impo:tance

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

Description:

Study the role of hormones in host response to infection.

Progress:

Increased metabolic clearance of both L-thyroxine (T4) and
L-triiodothyronine (T3) has been observed during acute pneumocqeccal infection
in manl/ (J. Clin. Endocr. 27:93, 1967) an”’ the rhesus monkeyg. (J. Clin.
Invest. 50:378, 1971) accompanied by probable increased glandular hormonal
secretion.2/ 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
serun binding protein early in the course of t?is infection suggested an
enhanced cellular binding of thyroid hormone.2/ 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 T4
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 ,neumo-
coccal infection 1is 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 108
viable or heat killed Diplococcus pneumoniae. Cellular uptake of thyroxine
(CT4) was assessed using a double isotope (albumin - 1251 and T4 - 1317)
two-compartmental (albumin space and cellular space) kinetic model previously
described.l/ (J. Clin. Invest, 46:762, 1967). At either 12 or 24 hr after
inoculation with pneumococci monkeys were given 10 uCi each of albumin -

251 and T4 - 1311 1v: 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,l
both methods yielding similar results. 1In more recent experiments hepatic
subcellular distribution of T4-1311 was evaluated employing a standard
cell separation procedureﬁ (Biochem. J. 92:179, 1964) and appropriately
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correcting serum contamination of each subcellular fractionéj (Endocrinology
84:270, 1'69). To assess extracellular T4 protein binding, the proportion
of free T4 (FT4) in serum was measured by equilibrium dialysisé/ (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 - 1257 and T4 - 1311 serum disappearance curves indicated that
the increased CT4 in the control and infected monkeys was due to a more
rapid disappearance of T4- 1311 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 - 1311 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 cata has been obtained on the hepatic subcellular
distribution of T4 - 13i1 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 pneumococcal infection was associated
with evidence of increased rellular biologic action of hormone by measuring
the activity of hepatic mitochondrial a-glycerophosphate dehydrogenase
(HMGPD). This enzyme is known to be quite readily and rapidly induced by
thyroid hormone administration in the rat!/ (J. Biol. Chem. 240:1427,

1965) and {s known not to be induced by glucosteroids. It thus appeared to
be an appropria?e tool to employ 1in acute infection. The method of
Ruegamer et a18 (Endocrinology 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.

Summarzb

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 Diplococcus pneumoniae in the rhesus monkey. J. Clin.
Invest. 50:378-387.

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

3. Winnacker, J. L. 1971, Regulation of growtn 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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and triindothyrnonine turnover during bacterial pulmonary infections and
fever: luplications for the functional state of the thvroid during stress
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2. Woeber, K. A. 1971. Alteratins in thyroid hormone economy during

acute infection with Diplococcus pneumoniae in the rhesus monkey. J. Clin.
Invest. 50:378-387.
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Intracellular distribution of monoamine oxidase, aspartate aminotransferase,
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alanine aminotransferase, D-amino acid oxidase and catalase in rat-liver tissue.
Biochem. J. 92:179-184.

5. Schwartz, H. I., G. Bernstein, and J. H. Oppcnheimer. 1969. Effect
of phenobarbital administration on the subcellular distribution of 251 -
thyroxine in rat liver. Importance of microsomal binding. Endocrinology.
84:270-276.
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as assessed by immunoadsorption. J. Clin. Tnvest. 47:1710-1721.
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hormones on L-a-glycerophosphate dehydrogenase and other dehydrogenases
in various organs of the rat. J. Biol. Chem. 240:1427-1436,
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Description:

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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BODY OF REPORT

Project No. 1B662711A096: Medical Defensc 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 I1:

Goats and burros were screened for parasiftic 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 werc bloody.
Shigella was isolated in 104 of 142 (73.2%) of the diarrhea cases from which
cultures were ohtained 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 severc 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 diarrheca in the animals placed on pro-

—




phviactic © (1acyobine,  During the same period, in the 48 monkeys not placed
on prophyiactic tetracycline therapy, there were 14 cases of diarrhea, onc of
which terminated in death, At the termination of the 30-day holding period,
the 3.2 monkeys placed on the prophylactic tetracycline underwent a serics of
10 rectal cultures in an attempt to determine if they were harboring Shigella
organisms in a carricr state, Sh, flexneri 4 was isolated 1-4 times in 12 of
these 32 monkeys, 1t was noted that during the second 30-day period, the
eroup that had not becen on tetracycline prophylaxis had relatively no diar-
rhea, while the group that had been on prophylaxis had an increased incidence
ot diarrhea.

Koch's 01d Tuberculin (KOT) was used for 3223 intrapalpebral tests of mon-
xevs; of which all but one were negative. The one suspect (Monkey No, A-627)
was cuthanitized, There was no evidence of infection with Mycobacterium tu-
berculosis by gross or microscopic examination of ctissue,

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

Summary, Part I:

Gastrocnteritis continued to be the most common disease problem. Prophy-
lactic therapy with tetracveline 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 diavrhea in this group, it is felt that after the
first 30 days, cven though the diarrhea was reduced, the tetracycline acted
merely as a delaying factor,

Progruss, Part Il:

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

A study is in progress to determine baseline levels of the following pa-
rameters in conditioned M. mulatta: serum proteins and glycoprotcins; serum
protvin-bound hexese, hexosamine, sialic acid and fucose; haptoglobin-types
and quantitics; and scrum Zn, Fe and Cu., Onec hundred and seventy M. mulatta
/11l be bled for 6 fasting blood samples; and quantitative procedures will be
carried out by Physical Scicences Division,

Summary, Part 1I1:

blood culturcs and hematology arc being done routinely on monkeys leaving
Eldg. 1425, A\ study is in progress to determine baseline levels for a number
of scrum levels of intcrest to the Institute.
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Progress and Summary, Part III1:

As previously discussed elscwhere in this report, 20 normal colony ani-
mals of various species werce necropsied. These represent animals from the
normal colony which cither died spontancously, or were cuthanitized becausc
of various illnesses or disorders. In addition to these animals, members of
the Pathology Division necropsicd 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 subjeccted to experi-
mental procedures,

The most significant accomplishment of the year, as far as the M, mulatta
colony was concernced, was the absence of tu? rculosis, The vigorous cradica-
tion program following last year's outbreak=/ (USAMRIID Annual Progress Re-
port, FY 1970, p. 21) was apparently effective in eliminating this discace
from the primate colony.

Except for the enteric disorders previously mentioned in the monkeys, the
general health of all species of laboratory ae}mals appears to be markedly
improved, Many diseases previously described=’ were not observed this year,

Publications:
1. Rollins, J. B., C. H, Hobbs, R, O, 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. Sci.
In press,
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BODY OF REPORT

Project No. 13662711A096: Mecical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 Ol: Pathogenes.. of Infection of Military Importance

Worl Unit No. 096 01 009: Host Amino Acid, Protein and RNA Metabolism
During Infectious Disease

Description:

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 chromatographic separations of whole
blood amino acids revealed that both vacterial and viral infections in
man resulted in a drop in total blood amino acidsllz/ (J. Infect. Dis. 117.
346, 1967; Amer. J. Trop. Med. 16:769, 1967; New Eng. J. Med. 278:293, 190(s&;
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 onse: of fever or other clinical indications of infection,
most individual plaswa amino acids were significantly depressed below
preexposure valuesé/(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 wcre 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 noniniected subjecrsZA§/
(J. Appl. Physiol. 25:52, 1968; Amer. J. Clin. Nutr. 23:986, 1970) and the
sequence of changes in plasma valine, alanine, and glvcine 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




protein synthesis, gluconeogenesis, and/or ketogenesis. Dcprcssiongyf those
amino acids wiiich are thought to be essential for protein svnthesis®
(Biochem. 1. 111:703, 1969), especially the branch-chain group (valine,
levcine and isoleucine) was somewhat greater than that observed for other
amino acid groups,

Plasma phenylalanine responded in a4 manner differcat from that of
the other amino acids; it was decreased on day 2 but bv Jday 4 and 5 was
significantly increased above preinfection values. This resulted in a

| significant increase in the phenylalanine-to-tyrosine ratio from 0.9

! (range 0.62-1.17) in the preexposure period to 1.78 (ranpe 1.37-2,64), during
the febrile phase of sandfly fever. This measurement mav 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 HGCl (DarvonR) during the illness phase
of the sandfly fever virus infection. lUunder these conditions, the clinical
| symptoms, as assessed by degree of febrile response and general malaise,
; were gignificantly 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 1l volunteers who were exposed to

105 Salmonella tvphosa organisms (a cooperative study with the Division of
Infectious Discases, i'niversity of Maryland S hool of Medicine, Contract No,
DA49-193-MD-2867). On day 1 the con-centratica of total serum amino 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 dav 1 the branch-chain amino acids were
significantlv depressed but at all other time periods thev, as well as the
sum of the amino acid which are essential for protefn svnthesis, were at
preexposure values., Serum alanine, glycine glutamine, preoline and threonine
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
glucogenic 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. Tt is also
hypothesized that the flov of amino acids from muscle to liver is greater

in vo'unteers infected with S. typhosa than with saniflv fever virus.

As was observed In the volunteers exposed to sandflv fever virus the
phenylalaniue-to-tyrosine ratio was significantlv increased from 1,99
(range 0.64 - 1.18) during the control period to 2.04 (range 1.25 - 3.20)
during the illness phase of typhoid fever. Thus, the changes in
phienylalanine~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
109+4 nedia 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 bilirubin, serum glutamic oxaloacetic or pyruvic transaminases,
alkaline phosphatase, blood urea nitrogen or urinalyses throughout the
28-day study. Tne plasma amino acids were depressed throushout 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 alanine, glutamine, valine and threonine were
also depressed, especially during the later stages of the study. Plasma
aspartate, tryptophan, phenylalanine, 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 by 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 samples obtained at 4, 28 and 52 hr after
exposure to 106 cells. Total frce amino acids were significantly lower
than control values at 28 and 52 hours. Those amino acids that are
essential for protein synthesisg/ 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. 1In 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 noninfected
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rats were injected with 14C-l—aminocyclopentane (cycloleucine) (an amino acid
analogue which is transported into cells but is not incorporated into protein)
and with 3H-leucine. At various times after exposure to D. pneumoniae, the
rats were killed and tissue concentrations of labeled cycloleucine, and bhoth
free and protein bound leucine were measured., As the Infect{on progressed,
the concentration of hepatic cvcloleucine increased while that Lo scrum

and muscle decreased. At 28 hr the livers from infected rats had 2 to 3
times as much cycloleucine as controls. The free 3H-leucine 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 3H-leucine was incorporated into serum protein of
infected rats and cnly 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 S. typhimurium and noninfected controls
were injected with 14C-cycloleucine. 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. pneumoniae, 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 14C-alanine or
pyruvate into = C labeled CO, and glucose. By these procedures we hope to
assess the effect of an infection with D. pneumoniae and S. typhimurium on
gluconeogenesis and ketogenesis.

Recently, it has been reported_that a saline wash from incubated
leukocytes will depress serum zni@sll/ (Fed. Proc. 29:297, 1970; Proc. Soc.
Exp. Biol. Med. 133:128, 1970) and Fell;lgf (Proc. Soc. Exp iol. Med. 134:
1150, 1970) and will elicit a pyrogenic response in rabbitslz (Phyvsiol. Rev.
40:580, 1960). The transport of l%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. 1Its concentration continued
to increase at a logarthmic rate for the next 2 hr, at which time the
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cycloleucine content of the liver was twice that of controls. These data
suggest that the leukocytic extract stimulates active transport of the

amino acids and that che process follows first order kinetics. A heat
inactivated (90C for 30 min) leukocytic extract or a homogenate of leukocvtes
did not stimulatc the transport of cycloleucine into liver cells. Studies are
currently in progress to isolate and characterize the medfator that will
stimulate aminc acid transport into liver cells.

Filtered serum from volunteers infected with S. typhosa was injected
into recipient rats and stimulated the transport of cycloleucine 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 zincla'IS/ (Appl. Microbiol.
18:482, 1969; Proc. Soc. Exp. Biol. Med. 136:584, 1971), endotoxin of
Escherichia coli or the double-stranded polynucleotides, poly I:C or
poly A:U, did not stimulate the transport of cycloleucine into liver cells.
These results suggest that the mediator for the stimulation of amino 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
typhimurium in rats, support the hypothesis that infection-related changes
in plasma amino acids reflect a flow of amino acids from muscle to tissues,
such as liver, and their rapid utilization for protein synthesis,
gluconeogenesis, and/or ketogenesis. This flow of amino acids is stimulated
bv a mediator that is released from leukocytes. Sera from volunteers exposed
to §. typhosa contained a similar mediator for amino acid transport.

Progress, Part III:

Recently, it has been demonstrated that amino acids can stimulate
formation of he atic polyribosomes and the rate of in vitro protein
°ynthesis_______ (J. Molec. Biol. 34:199, 1968; 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 amino acid was
significantly reduced__/ (Biochem. J. 107:615, 1968). A similar model was
utilized to determine whether the reduced hepatic amino acid content would
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 dict were
characterized by markedly lower concentrations of protein and RNA in al.




38

coflalar fractions 1s compared with cells from control rats. The bound
ribosomal RNA fraction was decreased to the greatest degree, while the
tree ribosomal concentratioas were only glightly less than in control
anfmals. A good correlation vas observed between the in vivo rate of
hepatic protefn svothesis and the cellular protein content of the liver.
Both in vivo and in vitro rates of protein syathesis were directly
correlated with the hepatic concentration of individual free amino acids
which are essential for protein svathesis.?’/  The reduced protein
syanthetic ability of the ribosomes from the liver of protein-cdeprived
rats was related to a decrease in the number of active rihosores and
aeavy polvribosomes.  The lowver ribosomal content of the hepatocytes was
sorrelated with the reducoed concentration of essential free amino aclids.
[n the protein-deprived rats, the rate of accunmulat{fon of newly
svithesized cvtoplasmic r-RNA was markedly decreased as compared to
control animals, From these data it was concluded that amino acids
regulate protein svathesis (1) bv affecting the number of ribosomes that
actively svnthesize protein and (2) by inhibiting the rate of synthesis
»f new ribosomes. Both of these processes may involve the synthesis of
rroteins 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 polvribosomes was decreased 4 hr postexposure but
ilad returned to control period concentrations at 28 and 52 hr. Pair-fed
controls had gradual decreases in percentages of hepatic polyribosomes. At
28 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 ITT:

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

Project No. 1B6627114096: Medical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 01: Pathogenesis of Infection of Military Importance

Work Unit No, 096 01 010: Effect of Ionizing Radiation on Infection and
Immmity

Description:

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 h7st systems were more
susceptible to infection when they were irradiatedla2/ (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 gnimal has seemed to
increase the animal's resistance to virulent organisms.;G. (Med. Radiol,
5(8):82, 1960; J, Immun, 87:682, 1961; Proc, Soc. Exp. Biol, Med, 108:183,
1961; J. Hyg. 66:355, 1??8). Similarly, irradiation has been reported to en-
hance gytibody responsel! (J, Immun, 91:761, 1963), depress the antibody re-
sponse=/ (Radiat, Res, 20:383, 1963), or merely delay antibody reSponse_/
(Contract 89-014501 Final Report, /1 Sep 1969), which varies with time of ir-
radiation,=/ dose of irrediationi/ or state of the antigenlO/ (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 raccine 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 encephalomyelitis (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 accompiished on the same day.
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TABLEE 1, IRRADLATION DOSID RESPOVSE TABLE OF 30-DAY-0OLD MICE

ALR DOSE IN ROENTCENS DEAD/TOTAL D50 (30
500 0/24
53) 2724
600 4724
© 650 4724

670

700 15/24
750 23/24
[ 800 24/24
Controls 0/24

I'revious studivss=! (USAMU Annual Progross Report, Y 1965, p. l43) showed

that wholu=-body irradiation of mice at 500 r delivercd 5-48 by prior to im=-
munization with a subfiei o ntly laree dose of living attenwated VEE vaccine,
had no offect on resistance. to challenge 5=14 davs lator with the parent

In order for us to clarify and broadcen previous data, thoe first sct of
experiments was designed so that eroups of mice were irradiated at intervals
of time thaE ranged from 21 days before vaccination to | day after vaccination
with 5 x 107 mean guinca pig intraperitoncal immunizing dos¢ (GPIPIDgg) of
attenuated VEE, The fmmunized mico were challenged with 107 mean nousce intra-
cranial (1C) lcthal dese (MICLDsO) of Trinidad strain VEE from 1-28 days post-
vaccination, The results are summarized in Table I,

From these results, it appears that 600 r of irradiation delay the onsct
or protection in mice, followed by a seneral trend to return to coitrol lev-
vls., 1t also appears that the shorter the time interval between irradiation
and vaccination, the longer the omset of protection is delayed,
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Since it was apparcent that immunity was delayed when irradiation preceded
vaccination, the alternate experiment of irradiation following vaccination
was performed, The results are summarized in Table 1II.

TABLE 111, 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
+14 519 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 GPIPIDg 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 expegiment was designed in which attenuated VEE at concen-
trations from 101 to 10 GPIPIDg, wore 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 resistancce 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 protcction
against an IP challenge of Trinidad VEE can be seen as ecarly as 2 days fol-
lowing administration of the vaccine (Table VI).

Previous studiesll/ have shown that 500 r of irradiation definitely in-
hibited resistance to Trinidad VEE at 1 and 3 days postimmunizatior. It is
unknown what effect irradiation has on VEE-vaccine-strain-induced interferon,
To evaluate this, a project was designed in which mice were irradiated 0-14
days before vaccination with 5 x 103 GPIPIDgn. 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 be cvaluated with respect to survival to virulent
challenge, so that interferon levels and protection can be corrclated.

TABLE V, DOSE-RESPONSE CURVE OF VEE VACCINE-INDUCED MORTALITY IN IRRADIATED
MICE

VEE VACCINE

DOSE DAY OF IRRADIATION PREVACCINATION VACCINE
(GPIPIDs;) =10 -7 6 -5 % -3 -1 CONTROLS
Survivors/Total
10° 7/9 11/12 11/12 10/11 11/12 11/12 10/12 12/12
103 7/11 12/12 10/12 9/12 11/12 8/12 5/12 11/12
10° 10/12  9/11 8/12 8/12 9/12 7/1Z 6/12 12/12
10! 11/12  8/12 10/11 11/11 8/12 7/12 10/12 12/12

0 8/12 8/12 9/9  9/11 9/12 11/12 9/12

% Survival

109 77 92 92 91 92 92 83 100
10° 64 100 83 75 92 67 42 92
103 83 82 671 67 75 58 50 100
10! 92 67 91 100 67 58 83 100
0 67 67 100 82 75 92 75

The effect of irradiation on hemagglutination-inhibition (HI) antibody
titers produced by the ¥7ccine strain in mice had been previously done in
this Institute in 196312 (USAMU Annual Progress Report, FY 1963, p. 233) and
196613/ (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 responsc significantly, in contrast to the
quantity of virus inoculated in their experiments. To expand on thesc re-
sults, a preliminary experiment was designed whgrc mice were irradiated with
600 r 0-14 days before administration of 5 x 10 GPIY1IDgqy of VEE vaccire
strain virus, Groups of mice were then bled out on days 6-14 postvaccination
(Table VII).
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TALBLE VI, COMPARISON OF EARLY VEE-INDUCED RESISTANCE ACAINST AN IP AND IC
CHALLENGE OF MICE WITH TRINIDAD VIRUS

SURVIYVORS/6 MICE BY DAY OF CHALLENGE POSTVACCINATION

CHALLENCE ROUTE 1 2 3 4 5 6
Vaccinated
IC 0/4 0 0/5 2 0 5/5
1P 0 3 6 5 5 5
Control
1C 0/5 0 0 1 - 0
1P ‘ 0 1/5 0 0 - 0

TABLE 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 18 121 130

-1 25 20 21 3683 24 43 25 70 65

0 24 11 20 1358/ 28 28 26 21 33

Vaccine Controls 1810 3880 2390 2150 905 1280 1190 1940 1080

a., These scem to be aberrant figures,

The data show that irradiation very markedly decrcases HI titers in mice,
As coxpected, 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 arca to attempt to correlate HI titer
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studies with scerum ncutralization and survivor studies,

Previous studieslﬁ/ (USAMU Annual Progress Report, FY 1964, p, 17) showad
that when mice were irradiated and then challenged with Trinidad strain VEY,
the mice became slightly more resistant to the challenge, as shown by median
dosc 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 interva. decreased,

An LD50(30 study was done on 30-day-old Swiss Webster mice, obtained
from the Fort %etrick 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 L950(3o)
500 6/48
550 16/48
600 30/48
615 r
650 28/48
700 40/48
750 44 /48
Room Controls 0/8

By probit analysis, the LDgq 30) was determined to be 615 r for the Fort
Detrick mice., Because the mecan £D50(30) is approximately 55 r lower than on
the mice currently being used, we are unablec to utilize the Fort Detrick micce.

Similarly, because of an abundance of adult (2-9-mon-o0ld) CD-1 mice, an
LD50(30) study was carried out with them (Table IX).

As expected, the LD 0(30 for the adult mice was approximately 760 r,
about 85 r higher than %or tge 30-day-old mice, The adult micc will be used
in future experiments, but the irradiation dosc will be increased to 650 r.

- — 4
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TABLE IX, DOSE-RESPONSE TABLE OF ADULT MICE

AR DOSE (ROENTGENS) DEAD/TFOTAL D50 (30)
650 3/24
700 6/24
750 9/24
760 r
300 23/24
850 24724
Controls 0/8

Summary, Part I:

Studies have been conducted to determine the effects of sublethal, acute,
‘ total-body irradiation on the immune respons2 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 scems to have no vffect on a mouse's susceptibility to the
virulent form of VEE, as indicated by the median lethal dosec,

Progress and Summary, Part II:

In chronic radiation studies, no wagk is being conducted pending approval
and completion of modifications to the Oco irradiator.

Publications:

None,
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Description:

To develop a rapid electron microscopic assay for virus 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 102 particles/ml using, 1 ml of infected serum.
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None
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Infection

Descrigtiq&:

Character e .arious torins or other inert molecules which have
biological ac-ivity.

Progress:

Work has continued on the theoretical model of the biological membranel/

(USAMRIID Annual Progress Rep. FY 1970, p. 49) in which the mechanism for
cation transport is a soap micelle enclosed by linear micelles of
phosphatidic acid joined by Ca ions, with ATPase nearby to control transport
of Na or K ions by compressing the soap. Accordingly, *' enzyme, which is
tightly bound in the membrane phospholipid, w%7ld not 1ave to shuttle across
the membrane as in the carrier protein theory<’ (Ann. Rev. Physiol. 32:21,
1970). g7sic and long-chain neutral amino acids, which share a common route
of entry2/ (Science 151:1010, 1966), should also be able to pass throug? 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 myxovirus 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 ?f the membrane.
The basic idea for lecithin membranes, as described earlier,l was a linear
micelle made up of dimers linked by hydrogen bonding between the phosphate
residues, the dimers being spaced by the kinks in unsatiurated 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 phospholipids 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 complexi/ (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 dimers. Hydrogen bonding to the
neutral phosphate residue being weaker, pores would be left in the membrane,
having in the case of lecithin a rim of positive charges to attract anions
to the entry site. Specificity of anion transport can be accounted for by
well known differences between the properties of quaternary and primary
amines on phosphatidyl ethanolamine.
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Witi, the recent acquisition of atomic models the proposed arrangement
for the linear micelles could be tested directly. The optimum arrangement
found for lecitinin 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 CH, residues between the carboxyl and the
unsaturated bond which is characteristic of the fatty acids in phospholipids.
Also, the dimer configuration leaves exposed only the ester bond of the
central fatev acid, 17 accord with the susceptibility of this fatty acid to
phospholipase action®’ (Aan. Rev. Biochem. 35:157, 1966). A model of
cholesterol, hvdrogen 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 nzeded
for best fit. Lecitain pores constructed with oleic acid spacing the dimers
and cholesterol spacing the miceclles 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 recdy for entry when
loosened by some motion of the membrane. Furthermore, staric hindrance
would limit this route to L-isomers with short chains. 1If serine residues
are rotated to bring both carboxyls between the dimers, chelation 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_gccount in every detail for the specificity of sugar transport in the
gutl (Physiol. 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 ?f the micelles with side chains
attached to the terminal inositol pairsﬁ . 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 i
misattachment of the sugars. Attachment of glycoprotein to the inositol O
pairs changes their orientation, which would alter the specificity of
sugar transport making it similar to that observed in red blood Lcllsﬁ/
(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 be}ween PI micelles, being e?pty, could bhe regulated
by nearby soap micelles/ through cation hinding.l Actively 'ransported
sugars require Na, and arce blocked by K, supgesting that size of a sugar
determines whether it will accumulate against a concentration gradient in
gut cells, where K concentration is high; transport specificity does indecd
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
ineffectivg/in gut cells where entry of amino acids inhibits sugar
transport.=

Summary:

The basic features of the theoretical model of the biological membran.
required to account for transport of all types of ions and of cell metabolitc
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 pores to be expected in a membrane built
up of linear micelles of the othcr 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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Descrigtion:

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 ezergy during acute or severe infections, little is known concerning
lipid mctaboligy during such 11lnessesl/ (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
etiologic 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 hospitalization, 10 healthy young males were equilibrated for
17 days on a constant liquid diet containing 407% of total calories as fat.
Blood lipid and lipoprotein concentrations were measured serially throughout
the illness using methods previously described3/ (USAMRIID Annual Progress
Rep. FY 1969, p. 35). Quantitative lipid fractionating studies were carried
out by ultracentrifugation 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. 1In 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/100 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 triglvceride 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 glvcerol values declined, while
‘=hydroxybutvrate concentrations increased. Lactate and pyruvate levels
were unchanged.

Lipoprotein alectrophoresis revealed a late increase in the percentage
of plasma pre-- (VLDL) lipoprotein with a corresponding decrease in the
. (HDL) fraction. Ultracentrifugation lipoprotein analysis revealed a decline
in the cholesterol content of the 8 (LDL) fraction which began during the
incubation period.

Summary, Part I:

In volunteerg 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 {llness.

Progress, Part II:

Alte;ed lipid responses occur in patients suffering severe bacterial '
disease.2/ The causes of the differing plasma 1ipid 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 describedﬁ/ (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 triglvceride fraction in infected animals as ccmpared to that in
the noninfected control animals was increased. While increased plasma
triglyceride concentrations developed in both infections, gram positive
infections led to increases in plasma concentrations of FFA, phospholipid,
and 3 lipoproteins and decrezses in cholesterol. In contrast, gram negative
infections led to decreased plasma concentrations of FFA, phospholipids,
“ lipoprotein and cholestero..
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Although the ef feet of both infections on FFA disappearance and
trigiveeride incorporation and concentrations were similar, the changes in
scerum lipid fractions were characteristic. This suggests that these infections
differ in ecither 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 triglvcerides. Similar glucose
effects were not observed in Salmonella-infected 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 incorporatiorn of
3H-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 svnthesis and
utilization of cholesterol during these acute bacterial infections, with more
marked effect occurring during the gram negative infections.
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Studies are in progress using the nonionic 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 both the fasted and fed states can be defined.

Summary. Part Ii:

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 turaover 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.

’resentations:

1. Fiser, R. H. Host lipid response during infectious illness.
fresented at Southern Society - American Federation for Clinical Research,
New Orieans, 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, I11l, 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.
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BODY OF REPORT

Project No., 1B662711A096: Medical Defense Aspects of Biological Agents (U)
Task No, 1B662711A096 Ol: Pathogenesis of Infection of Military Importance

Work Unit No. 096 0l 0l4: 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 expeiimentally
exposed to definitive dosages of the organism by the natural port of
entry, i.e,, the respiratory route. Developed vaccines must alsc 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 investigatcrs. 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
reccvery 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,




r——-—'——m m = < e

76

Part 1:

Upon installation of the modified Henderson aerosol exposure apparatus
1n Animal Assessment Division Suite 5, 64 initial aerosol recovery trials
were conducted w%th 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 hmmidity (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 Iluids were assdayved 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 concentration/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 40 recovery determinations were
conducted at a constant secondary air input of 20 ft3/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 purpos: 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=-sampl!iug 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); flulds
were plated on glucose cysteinz blood agar. Sampling took place at the ex-
posure mask and directly from the aerosol tube; there was good agrecment
between the 2 sampling points, Sixteen runs were conducted to establish re-
coyeries 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.

Prior to an exposure of Macaca mulatta to Diplococcus pneumoniae,
Type I, 5 calibration runs were made to determine a spray factor, The M
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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 2% 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 105,
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 in 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,l~log difference in the mean spray factor between Lhe
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 exposec to an
aerosol of bovine gamma globulin (BGG) with sodium f{luorescein 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 ug was desired,
The original fill material consisted of 45 ml sterile water for injection,
containing 14.05 mg/ml BGG and 10 ug/ml sodium fluorescein. Due to

e e s .
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toaming and clogging of the generator nozzle, the first group of 3 animals
received 46.3 pg and the 2nd group received only 21,1 ug. The fill was
then diluted to 7.02 mg/ml BGG plus 10 pg/ml fluorescein and the remaining
60 guinea pigs received doses from 59,3 pg to 80.2 pg, with a mean of

56.1 ug.

Summary, Part II:

A standard Henderson apparatus has been purchased and installed in the
Ciass 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 Ol: Pathogenesis of Infection of Military Importance

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

Descrigtion:

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 suppl{, gensitive evaluation of subcellular
myocardial function could be obtainedls2 (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 SotalolR (a new B-blocker produced by Mead Johnson
Laboratories) to be combined with atropine; the sccond was the duration of
effective blockade; and finaily, the heart rate (HR) effects on contractility
needed evaluation. These points were investigated in separate studies,

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 1in the contractility-HR increment study. The dose of atropine
that was combined with all Sotalol dosages was 0.2 mg/kg. The paired t test
was used for significance determinations,




82

Myocardial contractility was measured by an estimation of the maximum
velocity of contractile element shortening (Vmax)2/ (Amer. .J. Cardiol.
26:248, 2970) using the developed pressure n thod which corrects for muscle
pre-load—=" (Fed. Proc. 29:719, 1970). To compute this variable requires
high fidelitv left ventricular pressure (LVP) and its corresponding first
derivative, "dp/dt’', which is obtained by passing the pressure signal
threugh an active, noninverting diftferential which then measures the rate
cf pressure develerment (figure 1). Recorder paper speed is 200 mm/sec.
Mitral valve closure is instantaneous with the point where left ventricular
cnd-diastolic pressure (LVEDP) is measured. Aortic valve opening (Po) occurs
at 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 ¢-veloping 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 Vece to DP is constructed. It was
extrapolated by linear regression to O pressure to obtain an estimation of
Umax, 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. £ 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 ISGPROTERENOL, WITH RESULTING ESTIMATION OF
CHRONOTROPIC BLOCKADE.

ISOPROTERENOL HEART RATE CHANGE (mean + SEM)
DOSAGE % BLOCKADEZ/
.g/kg After S + A Without S + A mean } SEM
0.1 64 + 4.2
0.3 6+ 4.2 97 + 3.8 93 + 3.1
1.9 19 + 4.4 131 + 3.8 86 + 3.7
3.0 36 + 4.1 147 + 4.6 69 + 6.3
10.0 166 + 4.8

HR change after § + A
a. % Blockade = 100| 1 ~~==-mTTTTTToTEI T
HR change without S + A

et it ni
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Figure 1. Estimation of Vmax.




Dose -response relationship for Sotalel--Sotalol, given in 6
logarithmicallyv spaced doses, 0.5, 1.0, 2,0, 4.0, 8,0 and 16.0 mg/kg,
was evaluated in this study, Fach dog received no more than one dose
every 48 hr. A baseline observation of the control group was followed
by 5 isoproterenol stimulatorv log uoses, 0.1 to 10,0 ;.g/kg given at
10-min intervals, A dose level of S + A was given intravenously (1V)
during a 3-min intusion. After a stabilization period of 7 min, an
autonomic blockade baseline observation was made. This was tollowed by
a repeat ot the isoproterenol doses. The purpose of the isoproterenol
administratioca was to change heart rate (HR) and myocardial contractility
bv selective  -receptor stimulation in order to ccolculate percentage of
chronotropic and inotropic 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 cach isoproterenol dose
level as the relationship between Sotalol combined with atropine sulfate
and percentage chronotropic blockade (Table II).

TABLE IT. TITRATION OF CHRONOTROPIC BLOCKADE BY ISOPROTERENOL GIVEN IN
L.LOG DOUSES

SOTALOL - ZBLOCKADE BY ISOPROTERENOL (ung/kg)
mg/kg
+ ATROPINE 0.1 0.3 1.0 3.0 10.0

(0.2 mg/kg)

0.5 84+ 2,1 50 + 10,2 38 +4.2 34+ 9.9 31+ 6.9
0] 85+ 5.2 56+ 8.2 43+3.6 36+59 29+9.3
2.0 95 + 1.8 84 + 4.6 60 + 4.1 51 +5.0 32+ 7.6
4.0 9 + 2.1 85+ 3.5 70+ 6.1 50 + 6.0 32 +5.3
8.0 93 + 3.1 86 + 3.7 €9+ 6.3
16.0 96 + 1.8 93 + 2.7 73 + 4.9

It can be seen that as Sotalol dosage increased there is greater blockade

at the &4 lower doses of isoproterenol. At 10 ug/kg there is no change

induced bv Sotalol; two factors should be coansidered: one is the near-
maximum stimulation causced by this dose and the second is the interaction

of cholincvrgic 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.:vdial
depression (Table III).

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

SOTALOL % CHANGE FROM CONTROL PROBABILITY
mg/kg mean + SEM B
ATR;PINE

0.5 -1 + 8.0

1.0 9 +10.6

2.0 4+ 12,7

4.0 - 6+ 6.3

8.0 - 4+ 2.9

16.0 - 11+ 3.1 < 0.05

From these two titrations, 8.0 mg/kg Sotalol was chosen as optimal for
the extent-and-duration-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 B-blockade in conscious, atropinized dogs--
Baseline observations were obtained on 8 dogs; they were then stimulated with
0.3 ug/kg isoproterenol, for control values. This was followed bv a
3-min IV infusion of 8 mg/kg Sotalol combined with atropine sulfate. After
a stabilization period of 10 min an autonomic blockade baseline observation
was made. This was followed by 6 repeat isoproterenol challenges of 0.3 ug/kp
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 857%, whereas, inotropic blockade was more erratic throughout the
60 min (Table IV).
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PABLE IV, EXTENT AND DURAUION OF AUTONOMIC BLOCKADE ON HR AND Vmax

" BLOCKADE (mean + SEM)

TIME
. min . HR L __ Vmax

+10 87 + 10.4 76 + 12.8
+20 92 + 2.4 86 + 11.9
+30 87 + 7.5 76 + 16.6
+40 86 + 4.7 55 + 19.2
+50 76 + 8.2 64 + 18.6
+60 83 + 8.6 59 + 12.3

Neitner tne chronotropic nor the inotropic mean blockade values at any of
} the time perfods 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 T BEATS /MIN
B min B Mean (+ SEM)
Control 114 + 9.9
0 145 + 11.6
i 146 + 8.8
2 144 + 9.3
3 147 + 11,2
4 147 + 10.8
5 144 + 11.9
6 147 + 10.7
7 147 + 11.6
8 152 + 12.8
9 148 + 11.6
10 146 + 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 5-blockade which
persisted for at least 60 min, 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 patienti;él (Circulation 33:945, 1966 and 42
Suppl. III):45, 1970) or animals’s8/ (Amer. J. Physiol. 205:30, 1963;
Cardiovasc. Res. .:2, 1967), or isolated cardiac muscled=11l/ (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 contractilitylz’l3 (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 surgicallv in the right atrial epicardium. Heart rate
was increased by 10-20 beats/min from the control rate to slightly more
than 200 beats/min. Bolus injections of 5 isoproterenol log doses
(0.03, 0.1, 0.3, 1.0, and 3.0 .g/kg) were given IV at 3-10 min intervals.
This resulted in a graded increase in HR to - 25) beats/min. Isoproterenol
challenges were repeated following a 3-min infusion of Sotalol + atropine.
S + A produced both :i-adrenergic and cholinergic blockade and allowed study
of the intrinsic myocardial response to increases in heart rate, During
these HR pacing studies there was no correlation between frequency of
contraction and Vmax cither before or after autonomic blockade. There was,
however, a significant correlation between HR and Vmax (g < 0.05), without
autonomic blockade (Table V1) produced by isoproterenol.

TABLE VI. CORRELATION OF HEART RATE AND Vmax INDUCED BY ISOPROTERENOL

HR Vmax

beats/min ML/sec REGRESSION ANALYSTIS
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 r=0.52
190 3.59
192 23311 A
192 2.47 Y = 1.634 + 0.006X,
195 2.77 A
198 3.00 where Y = a + bX
201 3.66
204 2.56 SEM, = 0.002
210 2.09
210 2.60
216 3.45
202 2.58
222 2.68
223 2.73
234 2.74
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A correlation between HR and Vmax did not occur during isoproterencl dose
increments after autonomic blockade, in spite of the fact that HR increased
> 40 beats/min. Thus, the contractile state of the unblocked mvocardium
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 ahsence of chronotropic inotropism
during heart rate pacing was not artifactual. It was concluded that HR
does not have an influence on the myocardial contractile state in conscious
dogs.

Future studies will utilize the rhesus monkeys (Macaca muylatta)
in order to determine 1f similar quantitation of myocardial contractility,
is possible and practical in the intact, conscious animal.

Summary :

Sotalol (a new B-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 Sotalcl and atropine.

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 B-adrenergic receptor blockade with Sotalol
in the absence of myocardial depression. Presented at Federation of American
Societies for Experimental Biology, Chicago, Ill. 12-17 April 1971.

Publication:

Boucher, J. H., W. H. Zech, and A. L. Stagg. 1971. Effect of R-adenergic
receptor blockade with Sotalol in the absence of myocardial depression. Fed,
Proc. 30:228 (abstract).
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BODY OF REPORT

Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 0l: Pathogenesis of Infection of Military Importance
Work Unit No. 096 01 105: Capillary Ultrastructure in Bacterial Infection

Description:

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 liverl/gyab. Invest. 20:298,
1969), muscleg/(J. Cell Biol. 37:277, 1968), and gut=/(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 ?hoosing the best. A combination of gluteraldehyde and
formaldehydeﬁ (J. Histochem. Cytochem. 14:291, 1966), gave the best fixation
while retaining HRP activity. Because of the high osmolality of this
fixative (approximately 2000 milliosmols), 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 an? tissues removed, placed in modified (diluted by half)
Karnovsky's fixative. 2 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. 1

I —




After lerritin injection, J min was considered most advantageous.

After rixation, as Jdescribed above, the tissues were cut into 50-100 p
sections on the crvostat. The slices were incubated in the (Graham-Karnovsky
mediumi/(0.0S M Tris-HC1 buffer, pH 7.6, 10 ml, containing 0.01% Hy907 and 10 mg
of 3-3'-diaminobenzidine tetrahvdrochloride) then washed 3 times in distilled
water and postfixed in 0504 and processed for electron microscopy. Tissues
from ferritin-injected animals were processed as above except for incubation in
the peroxidase medium.

Summary, Part T:

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 min 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 trom the control mice.

Summary, Part I1:

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 II1:

A series of mice were 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 ITI:

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

Publications:

None.
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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 7f the illness and
appeared to be correlated with the extent of feverl (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 (T0) activity during the first 24 hr after infection; it was
thus suggested that the increase ig enzyme activity brought about the
increased catabolism of tryptophan—/ (Arch, Intern. Med., 121:11, 1968),
However, because of the controversy as to whether 70 activityl (J. Clin,
Invest. 45:1527, 1966) or tryptophan availabilityﬁ (J. Biol. 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 activityé/ (J. Biol. Chem. 240:1395, 1965).
Nicotinamide adenine dinucleotide (NAD) which can be formed in the liver
from tryptophanﬁ/ (J. Biol. 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 rats?/ (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 avallability 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 outd (Fed. Proc.
30:232, 1971). Mice were given single intraperitoneal (IP) injections of

99




100

viry iy amounts of teyptoaphian (75-500 mp/kg) In saline.  After this
fntection there was an facrease [n hepatice trvptophan content within

minutes whileh was quickly folloved by a raptd rise in TO activity and

an augmentat fon of NAD somewhat later (2-3 hr).  All of these changes

were proport fonal to the amount of tryptophan administerced. Allopurinol,

an fohibitor of the TO gvstem, given either simultancously or 1 hr before
trvptophan decreased enzyvme activity from 35 to 707 without markedlv
affecting the concentration of NAD. A pharmacologic dose of hydrocortisone
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 tryptophan metabolism via
kynurenine is also so regulated.

With these fundamental experiments completed, studies were then
conducted in rats infected with D. gneumoniae. Infection was accomplished
by the subcutaneous injection of 10° 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 tryptophan 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, tryptophan
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 in TO activity and a rise in liver
tryptophan concentration. Thus the increased urinary excretion of tryptophan
metabolites seen in infections of various etiologies could result from aun
increased availability of tryptophan as well as from elevated TO activity.
Recent obserwvations wihich have demonstrated an increased flow of amino 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 tryptophan which regulates 1its catabolism.

There was also a transient increase in hepatic NAD 24 hr postinfection
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, Part 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 pyridine 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. pneumoniae in mice has suggested an involvement of
gene transcription in the early response of the 1iver2210/ (Fed. Proc.
30:517, 1971; Proc. Soc. Exp. Biol. Med., 137:619, 1971). The early
increase in tegpisfe activity has been found to be absent in adrenalectomized,
infected mice.=2=~/ TIntact adrenal glands also appear to be_essential for
the full, nocturnal increase normally found in control micell (Biochim.
Biophys. 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 3H—actinomycin D to isolated chromatin was used as an
assay of unrestricted chromosomal regionslg (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 wver: e...1lyv during the infectious
pro:ess.

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

Summarxt_zagy I1:

The ezrly 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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Adrenalectomy partially obliterates it. Liver chromatin isolated 5 hr after
pneumococcus injection has an increased capacity to bind the drug actinomycin
D.
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1. Powanda, M. C. Relationship between tryptophan oxygenase activity
and hepatic nicotinamide adenine dinucleotide concentration. Presented at
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2. Steinhart, W. L. Role of the chromatin template Jduring protein
synthesis in mouse liver. Presented at Annual Meeting, Federation of

American Societies for Experimental Biology, Chicago, I1l. 12-17 April 1971,
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BODY OF REPORT

Project No, 1Bou2711A090:  Medical Delense Aspects of Biological Agents (U)
Lask No, LIB662711A096 0Ol: Pathogenesis of Infection of Military Importance.

Work Unit No, 096 Ol 403: Host-parasite Relationships ir Pathogenesis of
Virus Intections

Description:

Identity 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 tn 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 effcct on the fetuses and newborn to occur when dams were
inoculated at this time of gestaLioni/ (CES Annual Report, FY 1970,

p. 27%). Additional studies, to determine whether the attenuated virus
acts directly un the fetuses or the placentae to produce the observed
results, are planned in the near future,

Sunmary:

Work was resumed late in the 4th quarter of the year, Studies are
preliminary at this time and will not be reported until next tiscal year,

Publications:

None.
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Project No. 18662711A096: Medical Defense Aspects of Biological Agents (L)
Task No. 1B662711A096 01: Pathogenesis of Infection of Military Importance

Work Unit No. 096 01 404: Mouse Brain Ultrastructure in Viral Infections

Description:

Studv the ultrastructure of VEE viru ‘ction of the mouse brain.
Progress:
Background - The ultrastructure of lan equine encephalomyelitis

(VEE) virus has been studied in tissue culiure cells and in preparations of
isolated virus but not in the intact animal. The purpose of this investi-
gation {s 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 titer of 10/ median mouse intracerebral lethal doses
(MICLD,O) per gram of tissue. As this is not possible in the adult mouse,
suckli%g mice were used. Twenty-four litters were injected intraperitoneally
with 1000 LDgy 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 titers higher than 10'weanling MICLDSO/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.
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None.




Project No. 1B662711A09¢6:
Task No, 1B662711A096 Ol;

Work Unit No, 096 01 800:

Reporting Installation:

Divisions:

Period Covered by Report:

Professional Authors;:

Reports Control Symbol:

Security Classification:

PRECEDING PAGE BLANK 113

ANNUAL PROGRESS REPORT

Medical Defense Aspects of Biological Agents (U)
Pathogenesis of Intection of Military Importance
Biovlogical Effects of Microbial Toxins

U. S. Army Medical Research Institute of
Infectious Direases

Fort Detrick, Maryland

Animal Assessment, Bacteriology and Pathology
1 July 1970 to 30 June 1971

Joseph C., Denniston, Captain, VC (1, I1I)
Michael D. Kastello, Captain, VC (II)
James W, Stiles, Captain, MSC (I)
Virginia G, McGann, Ph.D. (1, II)
Douglas W, Mason, Captain, VC (II)
Richard 0. Spertzel, Lt Colonel, VC (II)
RCS-MEDDH-288(R1)

UNCLASSIFIED

PUTn




/1Y

RESCARCH AND TECHNO1 OGY WORK UNIT SUMMARY

I AGENCY AL CEPION

DA 010871 71

s DATE OF sumARY?

07 0]

REPORT CONTROI SYMBOL
I DRAE (AR 16

D CATE PAEY ..M AY (& Rin{ 15 SUMMANY s suMuaAY SCTY? [o womn sECUmMTY® REGRADING® o OIE'N INSTA'N |88 SPECIPFIC DATA- |§ LEVEL OF sum
A . N R o y . FON'.ACVO. ACCESS
Ll Lk : D CHANGE U U NA NL — = A WORK UNIT
IV e ® SRCGAAM ELEMENT CROECT NUMBER TASK AREA NUMBER WORK UNIT NUMBER
[ e T 2 TTIA 18662 7114096 01 800
U JOMY RS [ +
ok paal g 106 12120 (9

111 TUR Frecede with Secuinity Clasellicetian Code)®

(1) Biological Effects of Microbjal Toxins of Military Medical Importence

(11)

iCay angasd

016800 Toxicologpv;

T I RTIFIC ARMD TECMNMOLUG

003500 Clinical Medicine;

002300 Biochemistry; 004900 Defense

Ty svaRv oAl T T T4 ESYIMATED COMPLETION CATE 18 PUNOING AGENCY 16 PEAFORMANCE METHOD
6 10 CONT DA l C. In-house
T e —
o S A0 AL KL 18 RESOURCES ESTIMATE | & PROFESSIONAL MAN YRS | b FUNDS (In thousande)
& DATES (5080 Tive EXP RAT ON LA LT
LNETHY TR FisCAL 71 3 40
v NA d AMOUNT vean [CURNENY
e % NC OF AWARD f.CUM. AMT. 72 3 60

9 RELPONSIBLE DO, DRGAN 2IAT ON

20 PERFORMING ORGANIZATION

wamt *

USA Medical ResoarJﬁ‘TﬁETTTUtE‘LT"—‘"‘““

NAmE ®

Animal Assessmen

Dt o ——

Infectious Diseases
woumess s FOrt Detrick, Md 21701

RESEONS BLe IND vIDUAL
Crozier, D.
301 263-4111 Ext 5233

THLEPRONE

~aME

' GENERAL USE

Foreign intelligence considered,

USAMRIID
soomgss® FOrt Detrick, Md 21701

PRIMCIPAL INVESTICATOR (Fumioh SEAN 1 U §. Acadenmic [natituiien)
Kastello, M.D.
301 663-4111 Ext 7244

SOCIAL SECURITY ACCOUNT NUNBER

naug *

TELEPHONE

ASSOCIATE INVESTIGATORS

Mason, D. W.

Spertzel, R. O. DA

U S PR AT Bee s T (Y e ¥8toxin; (U) Chronic infusion; (U) Lung pathologv;
éi) Leukocvres; FUf Military Medicine

23 TEUmNmIC AL D8 ¢ . T vE D i6 Aivao ACr, 1% PROGARESS ‘Fumiah individual paragrapha identitiod by numbdet Frecede tont of each with Socurity Classilication Code )

FB (U') Study the biological effects of microbial toxins,

24 (U) The effects of staphvlococcal enterotoxin B (SEB) on animal hosts arc measured
by a number of parameters,

25 (L) 70 07 - 71 06 - lonkevs continuously infused with SEB exhibited marked
cdifrerences fror bolus-injected rmonkeys While both groups developed leukopenia, the

leukopenia persisted throushout the experimental period in the centinuously infused
animais, but the single-bolus-injected animals demonstrated a rebound leukccviosis,
Pulmonary endothelial cell necrosis was both characteristic for, and more

the continuously

infused

animals.

Severity of lesions vuried directly with dose o

severe in, f

intused toxin,

toxins

Publication:

ARV L LR W) | A

Amer. .

Vet., Res.

»!

31:1845-1851,

1970,

Prelivinary worx for study of per os-induced intoxication of monkeys with microbial
is nearlv complete,

e At e e

MA Y

°‘1498 RS LSy

Ots OF

Tre 5 FORM ARE OBRSOLLE TE
2 Afe <4 FOK ANMY USF: ARE OBSOLETE

TCHMS 14084

' NOV 88




115

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 Ol 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 yearl/ (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 concentrvation ot the smaller dose levels was below sensitivity
limits of (he toxin assay procedure, Although serum SEB was undetectable
in 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 iuncluded anorexia, retching, emesis, diw.rrhea, 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 time
when infusion was initiated, and persisted throughout the experimental
period., All leukocyte cell types were involved. Lmmature 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
(SGOT) values occured 30 hr after commencing the infusion. A significant
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decrease (P < 0.0l) in plasma proteins developed progressively during the
study,

Postmortem examination ¢f intoxicated animals revealed acute pulmonary
hemorrhage and congestion, The monkeys infused with 5 mg/kg/5 hr developed
the most severe lesions, Histologic 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, while endothelial cell 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, siwmultaneous vesiculotion
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:to 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 intoxication 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 throughout the
experimental period in continuously infused animals, whereas rcbound
leukocytosis was observed in single-bolus-injected animals. Second,
pulmonary endothelial cell necrosis was both characteristic for, and more
severe in, the continuously infused monkeys. Additionally, severity of
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th.o lesoon increased 1o vroportion to doses of infused toxin,

e fact that persistent leukopenia :s observed in toxin-infused
monkevs, while early leukopenia tollowed by a rebound leukocytosis is
sect- in boius-injected animals, sugyests that either SEB is not recirculated
totlowing its initial clearance, or that it is present in only trace
amounts, or as an altered, undetected molecule, The leukopenia observed
during infusion studies, which involved all leukocytic cell types, could
have resulted irom the following 3 mechanisms: impaired release of
leukocytes, their destruction, and their sequestration in tissues,

[mpaired production or release is suggested by the lack of a
rebound leukocytosis and the absence ol immature cells of the granulocytic
series during the infusion period. 1In single-bolus-challenge experiments
with SEB, rebound leukocytosis developed 3-6 nr postchallenge. Immature
cells of the granulocvtic series reach 907 of the total population by the
9th hr following challenge. Impaired release of leukocytes alone would not
scem sufficient Lo account for the relatively rapid development of the
tnitial 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 endotheiial cells. On the other band,
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.

lLeukocyte destruction as a contributing factor in the initial carly
leukopenia seems unlikely. However, disrupted white cell: were observed in
pulmonary capillaries and could contribute to the sustained leukopenia during
continuous texin infusion, It thus seems that lcukocyte sequestration
would account for the initial rapid leukopenia observed, and that seques-
tration, impaired relcease, and destruction of Jentocytes all contribute
to the sustained leukopenia observed throughout the infusion studies,

The small (30 nm), 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. Sincec 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,
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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 mg/kg/hr) suggests
that SEB is involved in the necrotic process itself,

A manuscript has been sutmitted 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
mc | for tracking the toxin molecule after acute and chronic exposure via
t!  (limentary 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 IIL:

Preliminary work for study of per os induced intoxication of monkeys
with microbial toxins is nearly complete,
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Publication:

Rhoda, D, A., and W. R. Beisel. 1970. Lymph production during staphy-
lococcic B enterotoxemia - induced shock., Amer, J, Vet, Res, 31:1845-1851,
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Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (1Y)
Task No. 1B662711A096 01: TPathogenesis of Infection of Militarv Importance
Work Unit o. 096 Ol 801: Mediators of Microbial Toxin Activity
Deseripeion:

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

Progress:

Bradykinin is a vasoactive polypeptide found in plasma w110? produiices
vasodilatation and subscquent hypotension. Tella and Waegnaxth- (Trans.
Roy. Soc. Trop. Med. 56:6, 1962) studi:d a Plasmodium infection ia monkeys
and found a decrease in levels of the bradykinin precursor, bradvkininogen.
Other investigators studying intoxications with either ljgbfg_clla coli or
its endotoxin found that a vasoactive polypeptide was released< Surg
Gynec. Obstet., 118:807, 1964), that there was a rise in levels of plasma
kinin and a decrease in plasma k1n1nogen_/ (Circ. Res, 22:155, 1968), that
the rise in plasma kinin levels could be prevented bv a protease inhibitor
with coinciding decreases in fatalities@l (Arch. Immun. Ther. Exp. 17:4006,
1969), that a kinin was relecased in vitro in human plasma when exposed to
E. ggli_or its E?dotoxin_/ (Life Sci. 9:3 313, 1979). Other workers ane
found no change—’ (Experientia 26:63, 1970) or the opposite effectl' (lFed.
Proc. 27:92, 1968) in similar studies. Recent human studies have shown
that in gram negative bacteremia there is a definite increase in liberation
of bradvkin1 7s evidenced by changes in levels of factors in the plasma
kinin SVHCOHFJ- (Clin. Res. 17:371, 1969; Ann. Intern. Med. 71:763, 1969),
However, this increase was scen only in bacteremic patients with associated
hypotension. Normotengive patients had normal levels of the measured
factors.

To investigate bradyvkinin involvement in certain infections, a suitable
assay technique was necessary. The method of choice 17 Lhe radio immunoassay
technique recently perfected by Talamo and his grnup- Lah, Clin, Med.
74:816, 1969). "t is specific, simple and sensitive to the N,01-ng level

Irogress in sctting up the bradvkinin radioimmunoassav has been
somewnat slowed, First, after twn attenpts, an apparently ~uccessful
radiviodination of tvrosvl-8-bradvkinin was performed. Hiph vadicactivity
was present in the eluants resulting from passage of the reaction mixture
throush a column of Dowex 1. After dituting this labeled hapten to the
desired activity, attempts were made to determine the antibodv titer in the
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antiseru.. collected from the immunized rabbits, Most undiluted samples
demonstrated 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 analvsis of some of

these antisera, thev demonstrated a definite antibodv response also,

but they cxamined only undiluted samples. Undoubtedlv two possibilities
exist: (1) an inadequate antibody response in the immunized rabbits or

(2) a pvorly laveled and/or impure labeled hapten. 1In regard to the

first possibilitv, the following paths are now being explored:

(1) immunization of 2 additional rabbits with immunogen previously
preparcd, (2) preparaction of fresh immunogen and injection into

additional rabbits, und (3) possible use of additional tests, e.g. a
micro-complement fixation test and determination of binding affinity, to
exanine previously harvested antisera. To investigate the second possibility,
a portion of the labeled hapten form t-e second iodination 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
radioiodination. 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 antiserum he uses in his radioimmunoassay 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.

Summary:

Difficulties in preparing suitable labeled hapten and anti-
bradykinin antisera have delayed the utilization of the radioimmunoassay
technique to explore the involvement of bradykinin in infection.
Publications:

None
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Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 01: Pathogenesis of Infection of Military Importance
Work Unit No. 096 01 802: 1In vivo Distribution of Microbial Toxins
Description:

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

Progress:

Various in vitro labelcd staphylococcal enterotoxin B (SEB) prepara-
tions hiyg/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 1311, 1251 fluorescein,
peroxidase, and tritium by utilizing in vitro techniques. In vitro labels
separate either spontaneously or through the actions of enzymes when these
in vitro labeled toxins are tested in animals. Fluorescein and 1315 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 1251

or 1311 can attach in vivo to proteins other than SEB. Therefore a portion
of the TCA precipitablg_;Ztivity may well represent free 1251 or 1311 which
has attached to proteins other than the toxin and previous localization
studies may represent either the toxin or an extraneous protein.

Personnel of 1!. S. Army Biological Laboratoriesﬁ/(Technical Manuscript
464), demonstrated an in vivo labeling SEB with the isotope l4c,  This
material was purified by the method of Schantz et al.z/(Biochemistry 4:1011,

1965), and the activity was verified by immunological and toxicological
methods.

Tritium labeled enterotoxin B was prepared by growing the organism
Staphylococcus aureus strain 10-275 in a medium containing tritiated N-Z
Amine (Wilzbach procedure). The enterotoxin was purified by a modification
of the method of Schantz et al.2/ Levels of incorporation have varied from
5-400 cpm/ug of purified SEB. Further studies are being continued to
increase the incorporation of the radioactive isotope.

-




A proliminary study was

conducted, in which 2 mg/kg of 3H-SEB was

inoculated intravenously into a rhesus moukey. C(learance from the blood was
apparently complete before the 80-min sampling (Table 1),

TABLE [. BLOOD LEVELS OF 3H-

SEB IN A RHESUS MONKEY

TIME
POSTINOCULATION CPM SEB LEVEL
min ug/ml
20 5% 1.2
40 26 0.6
60 14 0.3
80 0 0
120 0 0

The animal was euthanitized a
toxin (Table II).

TABLE II. TISSUE LEVELS OF 3

t 120 min. Various organs were tested for labeled

H-SEB IN A RHESUS MONKEY

ORGAN CPM/100 mg
Kidnev, 6 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.2 Preliminary testing in vivo was done.

Publications:

None.
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BODY OF REPORT

Project No. 1B662711A096: Medical Defense Aspects of Biolosic ol Ayents (1)

Task No. 1B662711A096 0l: Vulnerability of Man to Bioloyical \gents

Work Unit No. 096 01 803: Subcellular Biological Effects of Microbial
Toxins and Microbial Discasc

Description:

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 desipned
to characterize this phenomenon, and to evaluate whether it could cxplain
the clinical effects of SER. Dctailed descriptions and results of these
experiments have been reportedlf (J. Infect. Dis. In press).

Briefly, mitochondria isclated by differential centrifugation of
rabbit liver homogenate, were incubated at room temperature with SEB for
60 min. During the incubation period, optical density measurcments 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 mitc~-*~ndria were only slightly affected. Prior addition of specific
equine ant in prevented swelling of liver mitochondria induced by SER.
Cyanide « 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 tiis
response was not mediated by deterioration of mitochondrial membrancs

t! ‘h peroxidation of membrane lipids. SEB-induced swelling uas prevented
b nddition of 2 membrane stabilizers, Mg+t and EDTA, suggestin;, that
t ects of SEB may be the result of direct interaction of the toxin

with imitochondrial membranes. Further evidence for this hypothesis was
provided by the finding that cytochrome oxidase 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 tor
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 ritochondria, although the ATPasc¢ 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 membranc-bound ATPase.
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These findings suggest that a mechanism of action of SEB may be to cause
alterations in structure of mitochondrial 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.

SEB-induced swelling of mitochondria in vivo could account for the
clinical signs and svmptoms associated with SEB intoxication. Mitochondrial
swelling would result in loss of ions, substrates and cofactors from within
nitochondrial 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 autoradiographic examination of rabbit liver 2 hr post-
challenge with tritiated SEB, which revealed silver grains overlying hepatic
narenchymal 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++ 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
measurements and confirmed by autoradiographic techniques. It was
hypothesized that mitochondrial swelling in selected tissues in vivo, with
resul tant impairment of function, could account for the clinical syndrome
associated with SEB intoxication.

Progress, Part II:

SEB has been found to accumulate within lysosomes of rabbhit kidney
cells? (CES Annual Report, FY 1970, p. 93). Since lysosomes contain a
variety of proteases capable of digesting exogenous proteinsl/ (Lysosomes
in Biology and Pathology, Vel. 2, p. 216), a study was initiated to determine
their role in the metabolism of SER., Lysosomal proteases extracted from
purified liver and kidney IVSosomeqﬁ¢_5/ (Arch. Int. Physiol. 72:698, 1964);
J. Ultrastruct. Res. 16:13, 1966) were used to digest SEB in vitro at 37 C for
up to 72 hir. Digestion of tcxin was determined by monitorlnc ‘the increase of
ninhydrin-positive material in the incubatipn mixture.
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Initial experiments measured catabolism of SEB as a function of pl.
A broad pH activity profile was found with 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 SEB.

The amount of this material relcased by exaustive lvsosomal digestion
when compared to that released by total hydrolysis of the protein with
6N NC1l indicated that approximately 87 of the molecule was hydrolvzed bv
lysosomal proteases. Disc gel electrophoresis and immunoelectrophoresis
showed that fraguwentation of the toxin did not occur. Predominant amino
acids released by lysosomal digestion were lysine, threonine, tvrosine,
asparagine, aspartate, threonine and isoleucine. These were found in
the ratio of 10:3:3:3:2:1, respectively. Orly trace amounts of proline,
glycine, glutamine and serine, were observea. These findings suggest that
lysosomal digestion resulted in cleavage of a small portion of the carboxv]
end of the SEB molecule. Furthermore, this data suggested that lvsosomal
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 fluorescein-labelled SEB was digested by lysosomal enzvmes, a
substantial portion of the fluorescein. 48% in 36 br, was removed from the
molecule. Chromatography on Sephadex G-50 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 SFB. These experiments
suggest that evaluation of SEB catabolism, by monitoring the release of
fluorescein label, may lead to erroneous interpretations since it onlv
reflects the release of a small number of labelled amino acids from the
carboxyl end of the molecule rather than an extensive digestion of the
toxin.,

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

toxin.

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

Summary, Part II:

Studies of in vitro catabolism of SEB by lysosomal enzymes are described.

Based on release of ninhydrin-positive material from hvdrolvrsate. and
immuno~ and disc gel electrophoretic characterization of hvdrolvsates,
results indicated that this toxin is relatively resistant to hvdrolytic
attack by lysosomal proteases. In addition, fluorescein tag was found to
be readily cleaved from SEB by lysosomal enzymes, suggesting that studics
which utilize release of this label as an indicator of SEB catabolism are
subject to erroneous interpretation.
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Progress, Part 111:

Because resistance of SEB to lvsosomal hydrolysis was an unexpected
tinding, additional studics were performed to determine the catabolism of
various other proteins by lysosomal hydrolases (lable 1). 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 tnis treatment. ACTH, insulin, casein, fibrinogen, were also
significantly digested. Y globulin, SEB, chymotrypsinogen, protamine,
welatin, RNase and lyvsozvme were found to be relatively resistant to
lvsosomal 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 [. EXHAUSTIVE DIGESTION OF PROTEIN BY LYSOSOMAL EXTRACTS

PROTEIN % HYDROLYZED IN ISOELECTRIC
72 HR POINT
Mean + SEM

Hemoglobin 590 + 9.2 6.9
BSA 38.8 + 4.6 4.7 - 4.9
ACTH 32.3 4.6
Fibrinogen 23.5 + 3.6 5.5 - 5.8
Cytochrom. ¢ 19.7 + 6.4 9.8 - 10.0
Casein 17.9 4.0
Insulin 17.6 + 0.0 5.2
Chymotrypsinogen 8.8 9.5
7S Y Globulin 8.2+ 1.6 7.3 - 8.2
Gelatin 7.0 + 3.0 4.7 - 5.0
SEB 6.9 + 1.0 8.6
Lysozyme 4.9 + 1.0 11.1
RNAase b.4 + 1.5 9.6

Protamine 0.8 12.1
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Protein hydrolysates were further characterized by basic and acidic
disc-gel electrophoresis. Degradation of hemoglobin was so complete that
no protein bands were cobserved following lysosomal digestion. Other
proteins such as BSA, Y globulin, fibrinogen and gelatin were fragmented into
a number of smaller polypeptides. Llectrophoretic patterns indicated that
the majority of resulting fragments were positivelv charped residues. In
contrast, electrophoretic patterns of cationic proteins following 72 hr
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
immunogenicity. Serological responses of rabbits immunized with 50 pu: 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. .gar zel
precipitin analysis demonstrated that antibodies produced by digests of
fibrinogen and Y globulin identified with those produced by the corresponding
control antigens. These data indicate that hydrolysis of these 2 proteins
by lysosomal enzymes releases 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 1I. SEROLOGICAL RESPONSE OF RABBITS ADMINISTERLD LYSOSOMAL
DIGESTED AND NATIVE ANTIGEN

IMMUNIZING REACTION WITH
ANTIGEN TREATMENT NATIVE ANTIGLN
S
HA Titer Precipitin—
None 640 +
Fibrinogen
Lysosomal hydrolysis 80-320 +
72 Hr
None 1280-2560 +

75 ¥ Globulin
Lysosomal hydrolysis 160 - 320 +

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

Studies ot in vitro catabolism of various proteins by lysosomal
hydrolasces have been conducted.  Results indicated that cationic proteins
showed greatest rezistance to lysosomal hydrolysis, as measured by release
of ninhydrin-positive material, disc-gel electrophoretic and immunoelectro-
phoretic characterization of hydrolysates. In addition, the serological
responses to hvdrolysates of fibrinogen and Y globulin suggested that
immunogenic fragments were released after lysosomal 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 endothelium 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. No 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 SEB.

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. G. Lysosomal 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.
Lysosomal processing of exogenous proteins. Fed. Proc. 30:600 (abstract).
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2. Canonico, P. G., and M. J. Van Zwieten. 1971. Swelling of

rabbit liver mitochondria induced by staphylococcal enterotoxin 3.
J. Infect. Dis. 1In press.

LITERATURE CITED

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

2. Commission on Lpidemiological Survey. Dec. 1970. Armed Forces
Annual Report FY 1970 to the Epidemiological Board. p. 93 to 109. Fort
Detrick, Maryland.

3. Tappel, A. L. 1969. Lysosomal enzymes and other components,
p. 216 to 240. 1In J. T. Dingle and H. B. Fell (eds.), Lysosomes in
Biology and Pathology. Vol. 2. American Elsevier Publ. Co., hew 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 grannules 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.




-

e e 8 AR Bt e n B iR Y St . .




W-—-——_—-——k

Project No. 1B662711A096:

Task No. 1B662711A096 02:

Work Unit No. 096 02 002:
Reporting Installation:
Divisions:

Period Covered by Repo' t:

Professional Authors:

Reports Control Symbol:

Security Classification:

ANNUAL PROGRESS REPORT

143

PRECEDING PAGE BLANK

Medical Defense Aspects of Biological Agernts (L)

Prevention and Treatment of Biological Agent
Casualties

Evaluation of Efficacy of Experimental Vaccines
in Man.

U.S5. Army Medical Rescarch 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 !1. 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)

ULiCLASSIFIED

St Maiie IC ™ e




(44

5 o
RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY DA 010820 | 7107 01 | oonrcadmess
3 DAYE PREV SUM'RY |4 KIND OF SUNMARY 3 SUMMARY 3C Tvd s wORNK I!CU.ITV’ u .lG.AOONGt Ba DISO'N INSTR'N 1y !’!Cl'lC.DATA' 9. LEVEL OF SUM
T
71 01 06 [D. CHANGE u U NA NL [FKoe Owe | & vorc war
10 NO CODES* PROGRAM ELEMENT PROJECT NUMBER TASK AREA NUMBER WORK UNIT NUMBER
i = By 62711A 18662 711A096 02 002
b. CONTRIBUTING
< PYPpb/ £, 1CDOG 1212b (9

19 TITLE "Precede with Securily Claseilicatian Code)

(U) Evaluation of Experimental Vaccines in Man in BW Defense Research (11)

12 SCHENTIFIC AND TECHNOLOGICAL AREASY

003500 Clinical Medicine; 004900 Defense; 002300 Biochemistry

I 13 STARY DAYE 14 EITIMATED COMPLETION DAYE 13 FUNDING AGENCY 16. PERFORMANCE METHOD
61 10 CONT DA l C. In-house
17 CONTRACY GRANTY
'8 RESOURCES ESTIMATE | & PROPESSIONAL MAN YAS | B PUNDS (In theusande)
& DATES/EFFECTIVE CXPIRATION PRTITACING
b numMBEn * PISCAL 71 2 190
€ v AE NA 4 AMOUNT vean [TUNWERY
& KIND OF AwARD f.CUM. AM . 72 2 160
19 RESPONSIBLE DOOD ORGANITATION I 1 20. PERFORMING ORGANIZA TION [ l
waue* USA Medical Research Institute of wage Medical Division
Infectious Diseases USAMRIID
sooness:®* Fort Detrick, Md 21701 aoomess® Fort Detrick, Md 21701

PRINCIPAL INVESTIGATOR (Fumish SSAN I U $. Acsdemic Inetitution)

Bartelloni, P, J.

RESPONSIBLE INDIVIOUAL waug®
wauE. Crozier, D, receswons. 301 663-4111 Ext 6135
YELEPHONE. 301 663-4111 Ext 5233 SOCIAL SECURITY ACCOUNT NUMBER:
! GENERAL USE - ASSOCIATE INVESTIGATORS
Foreign intelligence considered. gane firdncisco, N. .M. DA ’
NAME:

ily Cleseification

| 0) "Vaccines; { *Ymmun zatfg%; (U) Encephalitis, equine (EEE); (U) Milit Medicine;
U) Chikungunya; (U) Adenovirus Type 21; (U) Plague; (U) Human volunteer .Rift Valley Fev§r

rl TECHNICAL OIJIC"IV[,‘ 28 APPROACH, 213 PROGRESS (Pumish individus! patagraphs identiiied by niamber Precede toxt of sach with Secwrity Clanlmulﬂv Code.)
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.

i 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 antigenicity
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 270. A few
mild local reactions occurred, Primary immunizations resulted in hemagglutination (HA)
antibody responses in 83% of subjects. Subsequent administration of booster doses of :
vaccine resulted in HA response in 93% of subjects on day 270.

Adenovirus Vaccine, Live, Oral, Type 21, was found to be of low reactogenicity, anc
to elicit a satisfactory neutralizing antibody response in 90% of volunteers 28 days
after administration of vaccine. No evidence of communicability amoung unvaccinated

controls was found. 3

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

Publications: J. Immun, 1971. In press., J. Infect. Dis. 1971, In press.
P Avarlable to contradinrs upon originator's approval ‘

DD FOnM 1498 bty OUS EDITIONS OF THIS FORM ARE OBSCLETE 00 FOKMS '44RA ' 1OV 4%
1 MAR 68 ,

ANG '499 1 ' MAR 68 (FOR ARMY USE’ ARE OBSOLETE




L 145

BODY 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 02 002: Evaluation of Efficacy of Experimental Vaccines
in Man.

Description:

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

Progress, Part 1I:

Evaluation of Inactivated Rift Valley Fever Vaccine (Medical Division
Project No. FY 69-10): 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, Inactfvated, Tissue Culture Origin, NDBR 103, Lot 6
(National Drug Co.) was completed. Clinical, laboratory results and sero-
logical deigrminations 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 (437%) had adequate neutralizing antibody:
of these, 5 showed a decrease 1in 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 adequate
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 vaccine I8 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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TABLE I. NEUTRALIZING ANTIBODY REPONSESQ/ IN 16 VOLUNTEERS WITHOUT PRIOR
RVF EXPERIENCE TO THE ADMINISTRATION OF 2 DOSES OF 0.5 ML EACH OF
RVF VACCINE 28 DAYS APART.

LOGy g SNI BY DAY AFTER THE FIRST DOSE

VOLUN-

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 2.5 265 2.1 287 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 2.4 243 1.0
KWJ 0.0 2.3 1.4 1.4 1.8 2.7 2.0 0.0
VVE 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
EJR 2.1 1.4 2.1 2.3 1.6 2.0 1.7 1.0
JAR 2.2 24 20 22 1.6 2.5 30 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
RS 1.7 L8 24 25 25 22 22 2o
DES 0.9 1.4 1.5 1.8 2.4 ND 1.8 1.8
REE 2.6 2.1 ND 2.0 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

A 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 O.
b. ND = Not done.
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until day 360. The majority of vaccinees had significant neutralizing
antibody at varlous times after vaccination until day 360 when only 6 of
14 subjects or 437 had significant ncutralizing antibody.

Progrens, Part LL:

Lvaluation of Inactivated Chikungunya Vaccine, Dried, Tissue Culture
Otdpin, lot £-20 (Medical Division Project No. FY 70-5): Clinical and
laboratory results in 16 volunteers administered two 0.5 ml or 1 ml doses of

"kungunya vacelne 28 davs apart were reported previously.l- Blood was

tatned tor serological tests prior to vaccination and on days 14, 28, 42,
S, 90, 180, 270, and 360. Tissue culture serum neutralization tests,
comploment-fixation (CF) and hemagglutination-inhibiting antibody (HI)
determinations were performed by Mr. V. R. Harrison, Department of Virus
Discascy,Division of Communicable Disease and Immunologv, Walter Reed Army
Inst ftute of Research, Washington, D. C. Table II shows chese serum neut-
ralization indices. Although not shown in the table, the majority of subjects
in both Groups I and 11 achieved significant neutralizing antibody 14 davs
following the first dosc 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 Groups I and II.

TABLE I11. SEROLOGICAL RESPONSES OF VOLUNTEERS
WITHOUT PRIOR CHIKUNGUNYA EXPERIENCE
TO THE ADMINISTRATION OF 2 DOSES OF
CHIKUNGUNYA VACCINE.

MEAN LNI* BY DAY (Range)

DAY Group 1 Group II
(0.540.5 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 (1.4-3.0)
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)

* Logjp serum neutralization test.
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Mean LN1 remalned significant and neutralizing antibody pcrsisted to day 360
in both groups. Although the mean LNI on days 56 through 360 were slightly
higher in CGroup 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 IN1 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. Ouly 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 low throughout the entire study and did not correlate with
neutralizing antibody titers. There did not appear to be any significant
differences in mean neutralizing 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 reactogenicity 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, US? (E Medium) intramuscularly in the deltoid region of ’
the arm on day 0 and a ©.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 reactogenicity. 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 3,0 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.




In only 4 subject did local symptoms 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 dav
following vaccination.

Table II1 shows the serological responsces for the tirst 11 months.
Twentv-four of 29 subjects developed HA antibodivs in response to the
initial immunization. The geometric mean titer (CGIT) was 1:25. by day 90,
the GMT had declined to 1:19. All 29 individnals failed to produce CF
antibodies following the first immunization.

Twenty-six individuals showed a booster response as measured bv HA
antibody following the second inoculation. The GMT on day 105 was 1:140.
During the following 6 mon periovd 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, bv day 180 the CF titer
became negative in all but 1 subject.

The second booster inoculation stimulated HA 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. The CF antibody responsc
tu 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 11I:

Twenty-nine individuals administered a primary and 2 booster inoculations
of Plague Vaccine experienced mild local reactions. Primary immunization
resulted in HA antibodv 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 937 of the individuals respectively.

Progress, Part IV:

Evaluation of Adenovirus Vaccine, live, Ural Type 21, Lot IOCLX—QijglL

(L-AV-21) (Medical Division Projcect No. FY 71-2): The clinical, scroiogicai

safety, infectivity, and communicability of L-AV-21 were evaluated in
volunteers.,

The vacciue virus used for imnunization was an adenovirus Tvpe 1 strain
(V-270) obtained by Wyeth Laboratories from bhr. R. Chanocl., National Institutes
of Allergy and Infectious Diseases, lational Institutes of Health. The strain
was isolated in human embryonic kidncv (HEK) cell cultures, passaged 3 addi-
tional times in HLK cultures and |1 times in human diploid fibroblast (WI-38)
cultures. The product was lvophilized, mixed with an inert vehicle and
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TABLE ITI. HEMAGGLUTINATION AND COMPLEMENT-FIXING ANTIBODY
RESPONSES OF 29 INDIVIDUALS ADMINISTERED PLAGUE
VACCINE USP (E MEDIUM)
VACCINE
— HA POSITIVE CF POSITIVE
ML DAY No. ¥ cMrd/  No. % amrd/
0 2 7 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 7 s 1.5
180 25 86 67 310 0.7
210 24 83 48 2 6 0.5
240 24 83 44 1 3 0.2
270 23 79 24 1 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 10°'™ median tissue culture infectious doses (TCIDSO)
as titrated in HEK cell cultures.

Fifteen healthy male volunteers found to be free of demonstrable adeno-
virus Type 21 antibody bg tissue culture neutralization tests were studiec.
Ten subjects were fed 10 -4 TCIDg5q of L-AV-21. Five volunteers were admin-
istered enteric coated placebo capsules. Volunteers were housed on Lwo
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 blocd 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,
14, 18, 21, and 28 for sernlogical studies. Serum neutralization tests were
performed on serum samples from volunteers in HEK tube cultures using Adeno-
virus Type 21 Vaczine Strain (V-270). Serum ncutralization end-points were
determined at a time when the test dose of virus showed 10 TCIDgqg in LEK
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 Microbiolc3ical 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 Tvpe 21 in the stcol.

ADV-21 shedding was demonstrated first on day 4 and last on day 21 of the study.

Duration of fecal shedding varied between 4 days and 17 days. YNone of the 5
volunteers receiving the placebo tablet excreted ADV-21 in the steel during
the study. One immunized volunteer, No. 3, excreted ECHO virus Type 6 in his
stool from day -4 to day 12 of the study.
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TABLE IV. ADENOVIRUS EXCRETION IN STOOL IN
SUBJECTS RECEIVING L-AV-21%

ONSET OF RECTAL DURATION OF
VOLUNTEER SHEDDING EXCRETION
NUMBER day 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 had titers of l: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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ADV-21 NEUTRALIZING ANTIBODY TITERS IN SUBJECTS ADMINISTERED
ORAL L-AV-21 AND AN ENTERIC COATLD PLACEBO CAPSULE.

NEUTRALIZATION TITERS®

ek T e

VOLUNTEER DAY OF RECIPROCAL
NUMBER EXCRETION 28 Day
IMMUNIZED
Excretors ADV-21 1 8 2
2 11 32
3 10 64
5 4 4
6 11 8
8 10 2
10 13 32
11 17 64
13 15 64 -
Non-Excretor 15 0 2
PLACEBO 4 0 2
7 0 2
9 0 2
12 0 >
14 0 2
a. Day C titers were < 1:2
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TABLE VI. RELATLIONSHIFP BETWEEN ADV-21 RECTAL SHEDDINC
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
i 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 anzibody. The infection
rate obtained with this lot of vaccine virus (106- TCIDsQ/capsule) appears
to approach 907 and thus is entirely suitable for use in man.

ADV-21 was not recovered from the pharynx of immunized volurreers.
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
antibodv 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
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variable period. No pharyngeal cxcretion of ADV-21 was observed. No
evidence of communicability of vaccine virus was obtained. I[iincty percent
of vaccinees developed infection when administered an oral dose of approxi-
mately 106'4TCID5O of ADV-21 vaccine.

Progress, Part V:

Evaluation of Eastern Equine Encephalitis (EEL) Vaccine, Forxrmalin-
Inactivated, Tissue Culture Origin, NDBR 104 (Medical Division Project lo.
FY 71-4 and 71-5): Clinical and serological evaluation of a laboratory lot
of EEL vaccine, formalin-inactivated, tissue culture origin, Lot 1-1966
produced by the Virology Division, USAMRIID has been described in previous
reportsl/ (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 19570.

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 each and designated Groups I and II. Group 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 lLastern
virus neutralizing antibody. Additional specimens will be obtained on days
4z, 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 [kl vaccine produced by The National Drug Company, Swiftwater, Pa.
utilizing large scale production methods has been administered to a limited
number of subjects. [t has been found to be of low reactogenicity when
administered subcutaneously in 2 different doses 28 dayvs apart. Serological
results are not yet available.

Publications:

1. Calia, F. M. and P. J. Bartelloni. 1970. Rocky Mountain spotted
fever. Laboratory infection in a vaccinated individual. JAMA 211:2012-2014.

2. Harrison, V. R., K. L. Fckels, 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,
B. A. Dudding, P. K. Russell, and k. D. Buescher. Immunization by selective
intestinal infection with adenovirus type 7. J. Infect. Die. In press.
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BODY OF REPORT

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

Task wo. 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 immunizins; 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 particulate
vaccines: Western equine encephalitis (WEE), Lastern equine encephalitis
(EEE), Rift Valley fever (RVF), Chikungunya (CHIK) and {) fever (Q). The
rationale and preliminary experiments relating to this project were
described previously}/ (USAMRIID Annual Progress Report, FY 1970, p. 121).

The median intraperitonecal effective dose (EDSO) was determined for
each vaccine by bioassay; an ED5y was defined as that quantity (ml) of
vaccine injeccted intraperitoneally (IP) at 0 and 4 weeks which protected 507
of animals against a challenge with 100-1000 median IP lethal doses
(LDSO), or median IP fever doses (FDSO) in the case of Q fever, of
homologous 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
enmployed were: the California strain of WEL, Cambridge strain of EEE,
Entebbe strain of RVF, CHIK 168 mouse-adapted strain, and Phase I Coxiclla
vburnetii.

Lakeview (LV6:LAK) golden Syrian female hamsters, 8-10 weeks old, were
used for assays of WEE, LEEE and RVF vaccines. The hamster could not be
employed for  studies so that Hartley strain zuinca pigs (Fort Dctrick),
250-300 gm, were utilized. Male, Charles River, CD-l strain (laH/ICR)
Swiss albino mice, 17-20 days old, were used for Chikungunya assays.
Different challenge doses were employed to detcrmine [Dgy valuus for cach
component of the proposed combined vaccine, but studies with LLEL and RVF
vaccines indicated that EDgg values remained essentially the same for
different levels of challenge (Table I).
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TABLE T. MEDIAN INTRAPERITONEAL EFFECTIVE DOSE (EDgg) FOR COMPONENTS
OF PENTAVALENT VACCINEZ.

VACCINE CHALLENGE DUSE EDSO
WEE - Lot 6 630 0.003
(Virology Division,

USAMRIID)

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 5002/ 0.002
(WRAIR)
CHIK - Lot E-8

(WRAIR) 1,600 0.017

- Lot 1 1,600 0.017

(Virology Division,

USAMRIID)
G FDso.

If 50 EDgy 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 EDgg. 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 4 lyophilized vaccines (EEE, WEE.
RVF and Q) in fluid CHIK vaccine. This preparation contained 1 irmunizing
dose ia only 0.85 ml. As expected, this product was hypertonic. Analyses
indicated an osmolality of 736 millosomols with 2.4 gm/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,
hypertonicity of the combination raised a question regarding acceptability
of such a product in primates. It was elected to perform a pilot study in
rliesus monkeys to evialuate local and systemic effects of a hypertonic
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combined vaccine administered subcutancously (SC). Isotonic and
hypertonic 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 '; the
zecommended volumes of diluent. Analysis of the hypertonic preparation
revealed an osmolality of 600 milliosmols, 2.48 gm/100 ml protein,

340 mEq/L Na, and 10.8 mEq/L K. Both preparations were injected SC in the
shaved skin at the nape of the neck. One ml of hvpertonic vaccinc was
administered to 4 mronkeys, and an equivalent anticenic mass of isotonic
fora (2.0 ml), to another groun of 4. Control animals received 1.0 or

2.0 ml of physiological saline. Rectal temperatures of all animals were
obtained by constant temperature recording for 72 hr before and 48 ir
after the single injection. The site of injection was observed daily for
2 weeks. There was no visual our 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
pentavalent vaccine, it became possible to evaluate the effect of
combination. Protective efficacy of each component 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 EDgy 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 § fever challenge, the difference between the
pentavalent and monovalent Q vaccine groups was not statistically
significant (X2 = 2.5).

Some difficulty was encountered with the assay technique for CHIK
vaccine. 1t was discovered that age of mice at challenge was a critical
factor; unimmunized animals older than 6 weeks demonstrated nounspecific
as well as nonpredictable resistance when the challenpe 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 CHIK 168 virus, and,
therefore, assay for vaccine efficacy could not be interpreted. .. new lot
of vaccine has been prepared by Virology Division, USAMRIID, and potency
assays are in progress.
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TABLZ 1. LVALUATION OF EFFICACY OF A PENTAVALENT COMBINED VACCINE FOR
WEE, LEE, RVF, Q AND CHIK.

PROTECTED/TOTAL (%)

CHALLENGE CHALLENGE DOSE Pentavalentg/ Monovalenthj—wUnimmunized
ORGANISM (LDSO) Vaccine Vaccine Controls
WEE 11,130 10/10 (100%) 10/10 (100%)  0/8 (0%)
EEE 100 10/10 (100) 10/10 (100)  0/8 (0)
RVF 1,000 10/10 (100) 10/10 (100)  0/8 (0)
Q 1,160/ 8/10 (80) 10/10 (100)  1/10 (10)
ch1kd/ -- 8/10 (80) 10/10 (100)  6/6 (100)

a. Combined WEE, EEL, RVF, Q and CHIK vaccines.
b. Vaccines homologous for challenge employed.
c¢. Represents median intraperitoneal fever doses. ,F

d. Challenge experiments were carried out for CHIK, but an irregular
death pattern invalidated the LDgy 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 ¢ vaccines
were as effective ip a pentavalent vaccine as they were when given alone.

Difficulty was encountered in assaying CHIK vaccine: animals older
than 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 be a serious problem,
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Progress, Part [l:

The scerologic responses of nonkeys were examined to determine iv
2 live viral vaccines, 83rd tissue culture passage (1C83) of Venezucelan
equine encephalomyelitis (VLL) ond 17D strain of yellow fever (VF),
interacted antaponistically or synergistically when administered in varying,
dosage schedules. A preliminary sLudyg (USAMRILD Annual Report, I7 1969,
p. 171) had shown interference by TC83 with development of serum
neutralizing (SiN) antibodies against YF (reperted as an index SK1). A
consistent, but insignificant difference in VEE hemagglutination-
inhibition (HI) responses also had been scen.

To evaluate further this antagonistic effect, groups of 6 monkeys werc
examined for VEE, HI and SN antibodies and for YF SN antibodics (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-, 1l4- and 28-day serology was examined.

TABLE I. GROUPING OF MONKEYS IN INTERFERENCE STUDY OF 17D AND VEL (TC83)

VACCINES
VEE VACCINE TRLATMLNT e
GPIPIDsgq Greup Description Code For Tables
0 I 17D alone 17D
5.000 11 17D & TC83 simultaneously, 17D-TC83
same site
II1 17D & TC83 simultaneously, 170+7TC83
different sites
v TC83 & 17D on day 3 TC83+3+17D
v 17D & TC83 on day 3 17D0+3+TC83
VI TC83 & 17D on day 2 TC83+2+17D
VII 17D & TC83 on day 2 17D+2+TC83
VIILI None 1C871
250,000 IX 17D & TC83 simultanecusly, 17D-7C83
same site
X TC83 & L7D on day 3 TC83+3+17D
X1 17D & TC83 on day 3 170+ 3+TC83
XI1 None TC83
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Groups 1X, X and XL, pgiven 250,000 median guinea pig intraperitoneal
infectious d75cs (GPIPIDgy) were comparable to Groups I, II and IIL of the
1969 study.z

when the mean antibody responses of days 14 and 28 postvaccination of
Groups [X, X and X1 are comparable to results from 1969 if the same criteria
are used to evaluate antibody response (SN1 21,0 was considered a positive
respoase), lable LI, A marked interference in YF SN response is seen when
TC83 is administered with 17D, However, the interference with the VEE HI
response observed in Group XI (Table 1I) is in marked contrast to that
obtained in the previous study,g. in which the comparable group of monkeys
developed the highest HI titer.

TABLE 1I. COMPARISON OF 1969 AND 1971 RESPONSES TO 17D AND 250,000 GPIPIDsg
VEE VACCIWE

COLDITION 2 (MEAN SNI TO 17D) % (GMT HI TO VEE)
No. Year Day 14 Day 28 Day 14 Day 28
17D-TC83 1 (1969) 9 (1.7) 55 (2.2) 100 (120) 100 (135)
IX  (1971) 0 33 (1.6) 100 ( 57) 100 ( 64)

TC83+3+17D IT (1969) 75 (1.4) 100 (1.9) 100 (214) 100 (214)
X (1971) 67 (1.5) 67 (2.1) 83 ( 46) 83 ( 61)
17D+34TC83 IIL (1969) 92 (1.8) 100 (2.1) 100 (302) 100 (254)

XI  (197!) 83 (1.6) 67 (1.8) 0 9 ( 80)

In addition to the antagonistic effect of TC83 to 17D antibody stimulation
when the 2 vaccines are administered together, this same effect is seen wiien
TC83 precedes 17D vaccination by 2 or 3 days. This effect also can be scen
when 17D precedes TC83 if the 1C83 inoculum is increased (Group XI vs.

Group 1), Table ILL. That this interference in YF SNI is only a delay in the
antibody response and not an inhibition of antibody development can be scen
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 titers obtained.




TASLL LIl. YELLOW FLVER NEUTPRALIZATION RESPONSE 1o 17D VACCIHEJ/
VEL VACCINE GROUP NU. BRESPOSDING/6 (MEAN SNT) ., BY DAY
DOSE = —_— R R e
GP]PIDSU NO . Code 7 10O 28 56
0 I 17D 4 (2.1) 4 (2.0) 5 (2.0) h (4.2)
5,000 11 17D-TC83 1 (1.7) 2 (1.8) 2 (2.0) b (3.4)
111 17D+TC83 4 (2.0) 4 (1.8) 4 (2.1) 6 (3.7)
1V TC83+3+17D 4 (1.8) 3 (1.7) 4 (1.8) 6 (3.%)
\Y 17D+3+TC83 3 (2.0) 3 (1.7) 6 (1.9) 6 (3.9)
VI TC83+2+17D 0 0 3 (1.7) 6 (4.1)
VII 17D+2+TC83 4 (1.9) 4 (1.8) 6 (2.1) 6 (3.5)
250.000 IX 17D-TC83 0 0 1 (2.2) 6 (4.1)

X TC83+3+17D 2 (1.7) 2 (1.8) 3 (2.4) 6 (3.6)

X1 17D04+3+TC83 2 (2.1) 2 (1.9) 3 (1.9) 6 (4.3)

a. Day 0, all <1.7. Day 14 did not differ markedly from dayv 10 or 28,
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The VEE HI and SNI titers arc shown in Tables 1V and V. The interaction

of 17D vaccination with development of TC83-induced antibody response
remains inconclusive duc the relatively poor response of the TC83 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 1V and V.

In conclusion, TC83 vaccine interferes with responses to TF through
day 28 postimmunization; by day 56 no difference can be scen (Table 111).
YF vaccine interferes with the VEE HI response when the vaccines arce viven
simultaneously (Group 11) and when either preced.s the other at the low
dose of vaccine; this difference appears to be abolished vhen tar vaccine
dose is increased, except for animals receiving 17D before 1es3 (Croup XI)
(Table IV). VLL SNI response is affccted similarly by adwinistration of
17D vaccine, although the differcvnces are not quite as apparcent (lable V),
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TASLE TV,

VEL HL RESPOLSE UF MON&EYSR

/

VEE VACCIA.. GROUP NO. RESPONDING/6 (GEOM. MEAN HI TITER) BY DAY
DOS L - = — e e
GPIPIDgy, No. Code 10 14 28 56
5,000 I 17D-TC83 2 10) 3 (20) 5 (26) 5 ( 26)
I11 17D+1C83 4 (24) 4 (48) 5 (6l1) 5 (121)
v TC83+3+17D 1 (20) 1 (40) 4 (34) 5 (53)
v 17D+3+TC83 1 (20) 1 (80) 2 (40) 2 (57)
\'A TC83+2+17D 2 (10) 2 (14) 5 (23) 5 (23)
VII  17D+24TC83 0 0 1 (20) 3 (20)
VIII TC83 1 (20) 1 (14) 4 (20) 4 ( 20)
250.000 IX 17D-TC83 4 (57) 6 (SIT) 5 (7V) 5 (90)
X TC83+3+17D 3 (20) 5 (71) 5 (6l1) 6 ( 61)
L 17D+3+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.
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TABLE V. VEE SN RESPONSE OF MONKEYSg/

VEE VACCIWE GROUP NO. RESPONDING/6 (MEAN SNI) LY DAY
DOSE _— — e ———
GPIPID, No. Code 10 28 56
5,000 II  17r-1C83 2 (1.7) 2 (1.7) 4 (2.0)
III  17D+TC83 4 (1.8) 3 (1.7) 5 2.0
IV TC83+3+17D 1 (1.7) 2 (2.0) 3(2.2)
v 17D+3+4TC83 0 1 (1.9) 2L @)
VI TC83+2+l17D 0 1 (2.2 3 (1.9)
VII  17D+2+4TC83 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)
XL 17D+3+TC83 2 (1.8) 2 (1.8) 1 (1.9)
XII  TC83 4 (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 scen (Table J11).
YF vaccine interferes with the VEE IlII response when the vaccines are piven
simultaneously (Group II) and when either procedes the other at the low
dose of vaccine; this difference appears to be abolished when the vaccine
dose is increased, except for animals receiving 17D before TC83 (Group XI1)
(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 VEL and SNI antibody
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to YF were measured through day 56 postvaccination. A delay in YF SNI
antibody response was observed when TC83 vaccination preceded, or was
cuincident 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.
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Project No. 1B662711A096: Medical Defense Aspects cof Biological Agents (U)

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

Work Unit No. 096 02 005: Studies on Antibody Production and 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:

Employving bovine serum albumin (BSA) as a classical soluble protein
antigen, evaluation of kinetics of the immune response of rabhitec by
quantitative binding methods has been completedl/ (USAMRTID Annual
Progress Report, FY 1970. p. 127). BSA was selected as the model
antigen because it is a foreign, rapidly degraded precteiis, whose only
demonstrable biological effect is immunogenicity. Thereby, normal
immune responses of the rabbit to primary and secon'ary stimulation was
established.

In the primary sequence described previously,J/ 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 1gG 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 bacame maximal at day 7
and was Larely 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, svnthesis of specific
1gG reached a maximum on day 14, decreasing thereafter at a rate compatible
with the 7-day half-life of normal y globulin. However, followinn
immunization with BSA-adjuvant, specific 1gG synthesis continued for
45-60 days. Throughout this period, antibody levels were 25-507 higher
than “hose obteined without adjuvant. Furthermore, the total quantity
of IgG synthesized was approximately 100 X g¢reater than that found after
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 werec observed: In animals

e
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immunized with BSA alone in the primary stage, IgG response was detectable
by day 4, increased rapidly to a peak value at day 7, and was sustained
through 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 IgG 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 wug. Sustained 1gG levels appeared to result from
reinforcement of anamnestic 1gG with new primary IgG by day 14. Normally,
primary immunization with 10 mg BSA would produce approximately 107 of
these levels. Therefore, we reasoned that increased efficliency 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
k 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 anralysis 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 voccine dosages and schedules desirable
for use in man. Parameters of such studies must include characterization
of that IgG level prerequisite for anmamnestic memoryg/ (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
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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. Feasihilitv
of projecting vaccine dose and schedule for humans {from analysis of
rabbjt 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 compiement fixation (CF) techniques. Sera were
separated into fractions containing IgM and IgG immunoglobulins by
Sephadex G-200 chromatography.

Titers 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. 1I 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 extracellularlv. Lipid did not influence the response. Absolute
antibody content of the sera will be estimated when information recarding
quantity of antigen mass in both the vaccine and serological reagent can
be obtained.

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

Summary, Part II:

The feasibility of employing an immunological model onimal, the
rabbit, to evaluate FFE 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 IIT:

A feasibility study was initiat?d to determine if cytolvsis of antigen
target cells by immune lymphocytesé (Cell Bound Antibodies, p. 75) can

be used as an indicator system for detecting memory folloving cessation of
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antibody svnthesis. Efficacy of a vaccine depends upon its ability to
leave active cellular "memorv' as well as to induce antibody synthesis.
When there is no scerological evidence of response, a practical in vitro
method to determine prior experience with a given antiyen without
affecting the host would be highly desirable. The assay method using
DlCr-tagged target cells#/ (Immunology 12:525, 1967) was explored because
of its simplicity and rapiditv. Using goose red cells as antiyenic target
cells with splenic lymphocytes from immunized inbred C57-BL/6 or DBA mice,
conditions of the assav were reproduced and immune cytotoxicity was
demonstrated. Durin: these studies, inhibition of cytotoxicity by specitic
homologous antibody was confirmed2/ (Nature 213:1246, 1967). The possible
applications ol these tindings are being evaluated.

Summary, Part [11:

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 imrune 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,

ad jacent 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 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 ald 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 eplzootic area to control the
disease. Pre- and postvaccinal sera were collected from 157 Equidae in Mexico. A 96%

seroconversion rate was obtained.
Studies previously reported here on experimental toxoilds are now reported under
Work Unit 096 72 800,

Publications: Amer. J. Trop. Med. Hyg., 1971, In press.
Proc. U. S. Animal Health Assoc., 1971, In press.
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BODY 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 02 007: Evaluation of Experimental Vaccines in Laboratory
Animals

Description:

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

Progress and Summary, Part I:

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

Progress, Part I1I:

In carly May 1969, a severe cpizootic of Venezuelan equine encephalomye-
litis (VEE) erupted on the Pacific Coastal Plain of Guatemala, adjacent to the
El Salvador border, From this area, the discasc rapidly swept westward and
northward in Guatemala, and eastward through E1 Salvador, Honduras and Nica-
ragua before subsiding in October of the same yeanl/ (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
cascs 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 rcquest for assistancc,
the extent, location or duration of the epizootic was not known; nor was it
certain that the epizootic was duc to Venczuelan-type virus., However, based
on information available from epidemiologic and ccologic surveys conducted
previously by several groups, it seemed rcasonable to assume we were dealing
with VEE,

To abort the epizootic, it was crucial that a well-organized VEE vaccina-
tion program be conducted, Since vaccinated animals arc not protectcd until
7-10 days after inoculation, there was no hope of stopring the spread of the
epizootic by immunizing animals in areas where the discasce already was occur-
ring. For the establishment of barricrs of immune animals to contain the cpi-
zootic, it would be necessary to inoculate Equidac approximatcly 2 weeks be-
fore the arrival of the discase. We were, however, unable to cvaluate the
ability of the countries' governments to carry out the massive vaccination
programs within the required period of time,
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Despite unanswered qrestions about (1) the ability to start the program,
(2) the villinuness of th national governments to participate in an approach
that had never been tricd in the control of VEE, and (3) the rate of spread
ot discase from the init al focus, we cvlected to rely on immune barriers to
contain tho discase. [t was reasoned that this approach would permit the
most offective use ot the vaccine, since the animals to be vaccinated were
some distance from the center of the epizootic and thus could be expected to
be free ot discase 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,

The vaccination campaigns in both Guatemal. and El Salvador began on 15
July 1969, Both governments were well-organiz nd the campaigns were fully
opvraticnal in the subscquent 3-4 days. Thi: rticularly encouraging in
£l Salvador, since it wa: at war with Hondur

Delincation of the epizootic arca was co. ! by the lack of accurate
case-reporting. In some cases, false reports .k were submitted in an at-
tempt to obtain vaccine., In remote areas, horses died without the owmers'
knowledge, since animals were allowed to roam freely, The uncertainty of lo-
cating discased animals caused some concern relative to usc of the vaccine.
In particular, we were concerned with the reaction of ¢wners 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 climinated 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 cfficiently as with conventional ncedle and syringe, It should
also be noted that the jet gun cmployed 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, The urgent nced 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 ficld do serve to indicate that in field
usec, the vaccine was effective, Scven to 10 days after vaccination, even on
ranches where active cases were occurring, all equine cases of VEE ceased,
Complete protcction occurred in local areas, e.g., valleys or large ranches
within the eventual cpizootic arca, where vaccination was completed 7-10 days
prior to spread of the discasc into the arca., In Guatemala, an immune bar-
rier of vaccinated horses, about 50 km wide, was estublished on the Pacific
Coastal Plain, This barrier prcvented the spread of VEE westward, 1In the
upper and lower Motagua Valley, vaccination also was successfully employed to
hait the discase, Similarly, by the use of a massive VEE vaccination program,
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the disease was confined to the Pacific Coastal Plain of Honduras and con-
tained in the southwestern corner of Nicaragua.

Although the 1969 epizootic was contained, thce discase crupted again in
1970 in Guanacaste Province of Costa Rica. It is postulated that tho infec-
tion originated in Nicaragua., [f this is corrcct, VEE infection breached a
barrier zonc on which morc than 907 of the Equidac had been vaccinated the
previous summer, and which was free of reported cases of VEE in both 1969 and
1970. The source of the epizootic in Mexico is not known,

It must be emphasized that the vaccination program employcd an attcnuated,
live-virus vaccine, While this product has proven to be both safc and c¢ffi-
cacious in the vaccination programs reporteu here, a ditferent picture cmorgzes
for inactivated preparations of viruient VEF virus., In the spring of 1970,
an inactivated VEE vaccine, prepared commercially in Contral America in ac-
cordance with standards established for Eastern and Western cquine cncephalo-
myclitis vaccines in the United States, was uscd in Nicaragua. Concurrent
with the use of this vaccine, encephalitis appearcd in horses, and the deaths
were traced to the vaccine, This corresponds to findi ngs 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-
case, The inability to produce an inactivated vaccine that was both safe and
cffective 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 Equidac prior to and > 30 days after vaccina-
tion. Thesc Equidac 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,
Hemagglutination-inhibition (HI) titcr:s of 4 mulces and 3 horscs went from
< 1:10 to 1:10 only; all other animals with pretitcrs of < 1:10-> 1:20 had
maximum titers of 1:320, at 30 days.
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SAULE T, UL PESPONSE OF PQUIDAE 1-1/2 MON POSTVACCINATION WITH ATTENUATED
VER (TC-33), MLAICo, ly7o

REC }PRO( AL LORSES MULES BURROS TOTAL
nid/ ek Pemale Mal. Female Male Male EQUIDAE
10 0 3 0 4 ) 7
20 A 6 % 2 1 17
40 {2 Dy 4 2 1 46
30 13 17 ) 1 0 34
loo 23 17 2 2 1 45
320 4 30 1 9 8
50 73 13 12 3 157
Mcdian
titer 36 30 40 30 40 80
Mean titer 92 3 47 36 49 67

a. 6 horses had preexisting titers of T 1:20 and were excluded from study;
all other prevaccination titers were < 1:10,

Summary, Part 11:

In early carly May 1969, the first scverc cpizootic of VEE crupted on the
Pacific Coastal Plain ol Guatemala, adjacent to the E1 Salvador border., [From
this area, the discase rapidly swept westward and northward in Guatemala, and
castward through [I1 Saivador, iHlonduras and Nicaragua before subsiding in Oc-
tober 1969, 1In Junc 1970, the discase appeared in Mexico near the Guatemalan
border, and by July had spread westward about 200 miles, 1In August, casers
were reported in Guanacaste Province, Costa Rica, An attenuated, live-virus
vaccine was used o aid in the control of thesce epirvootics. Vaccination of
the horse population at the periphery of the cpizootic arca was accomplishoed
to create an immune barricr in an attempt to limit the spread of VFE infec-
tion, Vaccination of Lorscs also was practiced within the c¢pizootic area to
control the disvase.

Presentations:

l. Spertzel, R, u. 1970, VEE, a discase on the move, Presented at An-
nual Mecting of ©. 3, Anl al 'walth Association, Philadelphia, Pa., 21 Oct 197Q
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2, Spertzel, R. 0. 1971, VEE--the disecase and the recent cutbreaks in
Central and South America. Presented at Forecign Animal Discases Sceminar,
National Animal Disease Llaboratory, Ames, Iowa 15 Jan 1971,

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

Publications:

1, Spertzel, R. O., and R. W, McKinney. 1971, Venczuelan cquine onceph-
alomyclitis in Central America and Mexico., Am, J. Trop. Med. Hyg. (In
press).

2, Spertzel, R, 0., and R, W. McKinney. 1971, VEE, a diseasec on the
move, Proceedings, Annual Meeting, U, S. Animal Health Assoc. (In pruss),
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30DY 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

Descrigtion:

Test and evaluate combtinations 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 previously.;g
(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 davs 28, 42, 56, 90, 180,

and 270. The results are shown in Tables I and Il (underlined figures indicate
> 1.7 logs).

As shown in Table I, the majority of subjects developed significant
neutralizing antiboedy to WEE virus by day 28 with a mean LNI (1og)( serum
neutralization index) of 1.9. All subjects developed adequate antibody to
Western virus on days 42, 56, and 90 with mean L.!I 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. WEL NEUTRALIZING ANTIBODY RESPONSESQ/ OF VOLUNTEERS

ADMINISTERED 2 DOSES OF COMBINED WEE AND EEE VACCINES
ON DAYS O AND 28

LOG;y SNI BY DAY POSTVACCINATION

VOLUN-
TEERS 28 42 56 90 180 270
CLG 2.6 3.2 3.3 3.2 2.8 2.8
GMG 2.0 9.3 2.6 2.1 o2/ ND
BLG g 3.2 2.5 2.5 2.0 2.2
RWH 1.4 3.0 3:1 2.6 2.9 2.7
WNT 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 2.3 285 2.8 Zennls ND ND
DAL 1.1 2.3 2.3 2.0 2.0 23
RLM 1.2 3.4 2.9 2.5 1.9 1.6
DMP 2.1 2l 2iols 259 135 1.6
RDP 2.3 33 3.3 2.8 3.4 3:0
GWR 2.3 3.4 3.4 3.1 ND ND
CTR 1.8 Bl 2.6 2.3 ND ND
JINS 2:4 3.3 2.8 2.7 2.3 1.8
WET 2.5 33 2.5 2.3 ND 2.0
SSW 2.8 3:7 3.8 3.6 2.9 2.8
MEAN 1.9 2.9 288 2.5 2.4 2.3
No.
1.7/
TOTAL 12/16 16 '16 16/16 16/16 10/11 10/12
% 75 100 100 100 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 demonstrable neutralizing antibody on day O.
b. NI = Not done.
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TABLE 1I. EEE NEUTRALIZING ANTIBODY RESPONSESZ’ OF VOLUNTELRS
ADMINISTERED 2 DOSES OF COMBINED WEE AND EEE VACCINES
ON DAYS O AND 28

—— LOG,, SNT 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 2.3 2.4 npb/ ND
BEG 1.1 31 2.5 2.0 1.9 1.8
RWH 1.8 3.1 2.8 2.6 2.4 2
WNJ 1.3 2.4 1.9 258 1.5 1.7
KRK 1.5 2.2 2.9 2.5 2.0 W
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. 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 i.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 %3
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

% 44 100 100 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 O.
b. ND = Not done.
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The majority of subjecors failed to achieve significant LEE neutralizing
antibody by 28 days after the first dose of combined vaccine. The mean LNI
28 days after the first dosc of combined vaccine was 1.7 logs. lowever 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 EEF 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 studv (Table III). The mean EEE LNI and the number of
subjects with significant neutralizing antibody titers up to day 270 did not
sjow a significant difference between study FY 67-6 and the present study by
X" analysis.

TABLL III. COMPARISON OF RESPONSES TO COMBINED WEE-EEL VACCINES GIVEN 1IN
2 DOSES FROM MEDICAL DIVISION PROJECTS FY 69-6 and FY 70-6

T WEE EEE

DAY 69-62/ 70-6 69-62/ 70-6

POST b mean - mean % mean % mean

VACC. 1.7 logs LNI 1.7 logs LNI 1.7 logs LNI 1.7 logs LNI
14 27 1.4 ND ND 27 1.5 ND ND y
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 e 100 2.8 100 25D 100 2.5
90 84 17 100 25:5 88 2.2 94 2.3

180 56 L1 91 2.4 50 1.8 73 1.9

270 56 1.8 83 2.3 63 1.8 75 1.9

|
|
|
|

360 38 1.6 38 1.5
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Ta

Summary :

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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Project No. 3A61101A91C: Independent Laboratory In-house Rescarch

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 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.

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.

# Training with the WI-38 cell strain, a diploid cell derived from

Efforts have been initiated to purchase a single lot of fetal
bovine serum free of detectable cyvopathic and noncytopathic
adventitious agents. Upon completion of the purchase, frozen
seed stock of WI-38 at passage 14 (ATCC) will ge grown to producc
a USAMRIID stock of W1-38 cells., The cells will be refrozen at
approximately passage 20, This seced will consist of dpproximately
250 ampoules. The expected date of seed production is July 71.

Upon completion of this preduction, the sced will be characterized
to present literature values for WI-38. Concurrent with character-

ization, virus susceptibility studies and devclopment 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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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 coatact
with other cell culture areas.

Trainirg 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 USAMRIID 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
W1-38 is presently at the seed stock development phase.

Publications:

None
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Project No. 1B662711A096: Medical Defense Aspects of Biological Apents (L)

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

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

Description:

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

Progress, Part I:

Recent progress in characterizing antibodies has led to the establishment
of 5 major classes of immunoglobulins. These are IgG, IgM, IgA, IgD and
TgE. 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 e§ternal
secretions, i.e. saliva, colostrum, respiratory tract secretions, etc.f/ (Adv.
Immun. 9:1, 1968). In these secretions, IgA exists in a unicue form; it is
compased of 7S IgA produced locally by plasma cells in close approximation
to th? epithelial surface and a secretory component made In the epithelial
cell.=

A review of the literature indicates that a number of factors may be
involved in stimulating formation of secretory immunoglobulin, e.g. route
of 1nocg1ation, 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 tularensis3/ (J. Tmmun. 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. Coxiella burneti and Venezuelan cquine encephalomyelitis
(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
tracheobronchial washings (TBW) for antibody activity determinations. Guinea
pigs were sacrificed by intraperitoneal (IP) administration of lLethal (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 lHank'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 evaluvated
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Tor contamination witiv ervthrocevtes: an obscervation of no contamination was
conitrmed by Lowry protein determinations on each supernatant fluid.

Tracuneobronchial washings were collected from guinea pigs immunized in
the following manner. dne groun was prepared with 200 p2 bovine gamma globulin
(BGC) in complete Freund's adjuvant by tootpad injection and another with 300
e BGG alone instilled directly into the trachea after the animals were
anaesthetized I[P with Surital (Parke-Davis Co., Detroit, Michigan).
subsequently, T3W and serum were obtained at 7-10-day intervals for 35 days.
doth serum and ToW were titrated for hemagglutinating (HA) and complement
fixing (CF) antibodies. Antibodv could not be detected in either serum or
TBW of animals administered 300 pg 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 sroup of guineca pigs was immunized with 1000 median guinea pig intra-
peritoncval immunizing doses of TC-83 by either the IP or IT route. T3W and
sera were obtained seriallv 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.

[t appeared from these studies that detectable amounts of local antibedy
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 0 fever
ricke tsiae was investipated. Guinea pigs were immunized IP with Phase II
Henzerling strain vaccine. Two weeks later they were challenged IP with
virulent Phase 1 C. burneti . TBW and sera were collected 11 days following
challenge and were tested for antibody content (Table 1). Postchallenge CF
titers of sera were high in all animals. 1In contrast to preceding studies,
antibody was deteccted in TR4 from guinea pigs following this challenne. CF
titers were low; no microagglutinins 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 primarv stimulus would show
the zreatest booster response. Confirmatorv studies are currently in progress.
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TABLE I. SERUM AND TBW ANTIBODY RESPONSLS OF IMMUNIZED AND NONIMMUKNIZED
GUTNEA PIGS 11 DAYS FOLLOWING CHALLENGE WITH PHASE 1
COXIELLA BURNETT .
SERUM ANTIBIDY TBW ANTIRODY
- Cmilen e —— e
VACCINEQ/ Responders Meagulgggrséj - Responders  llean Titer-
DILUTION Tested CF Microagg. Tested CF Microaay.
1:5 5/5 512 4 1/5 2 Nep
1:25 S/5 512 8 4/5 4 Neg
1:125 5/5 512 4 5/5 4 Neg
1:625 5/5 512 8 5/5 L Ney
E No vaccine 5/5 512 8 1/5 2 Neg

a. Phase II, Henzerling strain Q fever vaccine (WRAIR, Lot DP-7); 0.5 ml
injected IP.

b. Mean reciprocal titer.

Summary, Part I:

An animal model has been developed using the guinea pig to cvaluate
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 O fever. Further studies are in
progress to evaluate this finding.

Progress, Part II:

Work by MacKaness and othersﬁL—é/ (J. Infect. Dis. 123:439, 1971:

J. Exp. Med. 132:1035, 1970) has shown that microorganisms capable of
surviving within phagocytic cells of the reticuloendothelial svstem,

viz. mycobacteria, Burcella, Salmonella, viruses, are primarily climinated
from the host by interaction of immunocompetent lymphocytes with macrophages.
This interaction produces an "activated" macrophage with significantly
enhanced antimicrobial properties. Antibody alone does not seem capable ot
protecting the host from these intracellulsr organisms.

Preliminary experimenis have been performed with guinea pigs immunized
with 200 pg BGG in complete Freund's adjuvant by footnad injection.
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foritoneal exudate cells (L) were recovered tollowing IP injection by
Bayol=t 10-13 days after immunization. Approximately 9 x 10/ PE cells

(607 Lymphocvtes, 407 macrophages) were obtained. The cells were
centrifuged, washed several times and finally resuspended in Hank's Balanced
Salt Solution (UBSS) to a concentration of 2 - 2.5 x 108 cells/5 ml. An
aliquot of tie pooled cell suspension wvas tested for antibody activity by

the HA test. These PL cells were then injected I into nonimmune guinea »i s,
36 hr later, these adoptively immunized animals were tested for cutaneous
aypersensitivity.,  The skin test dose erployed was 10 pg BGG/0.1 ml HBSS.
Control injections were 0.1 ml of HBSS were administered on the contralateral
side ot tie saavea abdomen. Induration and erythema were measured at 24

and 48 hr; a pesitive shin test was defined as greater than 5 mm induration.
with this technigue, 50% of nonimmune 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 nonimmune guinea pigs will confer protection against

challenge with virulent « fever or VEE microorganisms.

summary, Part Il:

A technique for obtaining immunocompetent cells from the peritoneum of
puinea pigs has been employed to transier delayed hypersensitivity. Work
15 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: y
wone.,
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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, pestis,

25 (U) 70 07 - 71 06 - The investigation of P. pestis cytochrome o has been completed,
A report of this entire study wiil be submitted for journal publication shortly. Dogs,

cats, and swine are susceptible to experimental plague infection; dogs and cats demon- r
strate P, pestis bacteremia as a result of the infection while swine do not, All 3
species examined respond to plague infection by duveloping antibodies to the specific
fraction 1 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 {s little or no correlation between the quantity of plague vaccine
adininistered and the serological response. After a finite number of booster inocu-
lations are given, an antibody plateau level {s 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; in Rapid Diagnostic Methods in Medical

Microbiology, p. 67-81, 1970; Infect. Immun, 3:498-499, 1971,

Infect. Immun. 1971, In press.
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BODY OF REPORT

Project No, 1B662711A096: Medical Defense Aspects of Riological Agents (U)

Task No, 1B6b2711A096 02: Prevention and Trecatment of Pioiogical Agent
Casualties

Work Unit No, 096 02 102: Development and Lvaluation of an Effective Vaccine
Against Plague

Des»rigtion:

Study the clinical and serological response of dogs, cats, monkeys, and
swine to experimental plague infection, Determine the cffectiveness of long
term immunization in man,

Progress, Part I:

Studies on cytochrome o isolated from Pasteurelia pestis have been
completed,

The molecular weight and homogeneity of purified cytochrome o were
investigated by discontinuous electrophoresis in various concentrations 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 hovine 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 electrcphoresis over a
wide range of gel concentrations,

Further studies in an Aminco-Chance dual wavelength spectrophotometer
have substantiated initial observations that cytochrome o participates in

1 the bacterial electron transport system between cytochrome b4z and molecular
oxygen ''Steady state' experiments were performed using washed I, pestis

particles obtained by sonication. The degree nf reduction of various com-
ponents of the electron transport chain was examined spectrally in the
presence of NADH or succinate. In hoth cases cytochrome o was about 6%

less reduced than cytochrome b . Complete reduction with sodium dithionite
indicated that about 20% 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
i report of this study will De submitted for journal publication shortly,
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Progress, Part 11:

Meycrl/(Mcdicinc 21:143, 1942) postulated that dogs played an important
role in the epidemiology of plaguc by convgying plague-infected fleas from
field rodents to man, #8lanc and Baltazardﬁ/(Arch. Inst, Pasteur Maroc 3:175,
1945) isolated P, pestis from fleas collected from a cat gyd a dog found dead
in a house where cases of plague had occurred, [Pollitzer~' (Plague, WHO
Monograph 22), in his review, stated that epizootiii 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, S 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 werc 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
gye fraction I antigen of P, pestis by the methods outlined by Cavanaugh et al

2/ (Bull, WHO 32:197, 1965),

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:es had ({-veloped at the site of
inoculation in both dogs which had received parent.ral injections of infected
material, P, pestis was repcatedly isolated frem material aspirated from
these lesions %?35-3hys 3-10. Later attempts to isolate I'. 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 ] 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 A antibody by day 8 and
the peaks of !lA antibody titer occurrecd between days 8 and 21, A decline from
peak values to a constant HA antibody plateau was seen 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,
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Experimental plague infection in the cat -- bLxperimental plaguc
infection appeared to be a very scvere disease for the cat, All of the
arimals 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 cral and 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 og disease and sporadically through day 20 in the cat with the pro-
tracted infection, From orally infected cats, I'. pestis was isolated from
the throats of 1 of 3 on day 3, 2 of 3 on day 6, and 1 of 3 on day 10, No
isolations were obtained from thc throats of animals infected by the paren-
teral route, One characteristic of feline plague was formation of large
abscesses at the site of inoculation., Positive cultures were obtained fror
aspirates of these abscesses, Similar abscesses also appcared 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 P, pestis 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 organs an
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, HA
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 lIA titers 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 thc 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 lIA antibody by day 7, Peak titers were reached Py 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 antibudy to fraction I antigen,

Summary, Part II:

Dogs, cats, and swine are susceptible to experimental nlague infection,
Both dogs and cats demonstrate P, pestis bactercmia as a result of the
infection while swine do not, All 3 species studied respond to plaguc
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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, Eestis EV76(51f), Lot 2. A recently passed strain of P, pestis 195/P with
a mouse median lethal dose of <10 cells was used as the cﬁhlﬁenge organism,

Thirteen monkeys (Macaca mulatta) were assigned to 3 groups. Six animals
werc immunized intradermally (ID) with 1.0 ml Cutter vaccine on day 0 and given
an 0,2 ml booster &noculation on day 90; 3 animals were inoculated intramuscu-
larly 6IM) with 107 viable EV76(51f) organisms on day 90; and 4 animals were
fed 10”7 viable EV76(51f) gn a banana on day 90, All animals were challenged
ID on day 180 with 1 X 10° P, pestis 195/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 remaindcr was stored at -40 C for later testing,
The microhemagglutination and microcomplement fixation tests of Cavanaugh,
using purified fraction I antigen of P, pestis, werc employed.

During the immunization phase of the study no adversec 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,

When challenged by the intradermal route with 2 X 10° P, pestis 195/pP, all
animals developed symptoms of infection, i.e,, fever 2104 F, 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, P. pestis
was isolated from heart blood, peritoneal exudate, and thoracic fluid as we
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 ?. pestis on days 4-7 only. The lesions had healel and the lymph
nodes had resolved by day 28 in all animals,

Primary inoculation of Group I with 1,0 ml] killed vaccine failed to elicit
demonstrable HIA 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 EV76(51f) vaccine by either the oral or
parenteral routes responded by producing both HA and CF antibodies,
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Following challenge, all animals that survived responded to the infection
with a rapid rise in both HA and CF antibclies. Peak titers were observed
between days 7-14 postinfection. During the next 200 days the titers, while
declining somewhat from the values obscrved during the peak period, remained
higher than those observed at any time during the immunization phase of the
study,

It is noteworthy that Y of 10 animals surviving infection with virulent
P. pestis had demonstrable antibodies to fraction I antigen prior to infcc-
tion. Two of 3 vaccinated animals in which antibodics cculd not Le demon-
strated succumbed to the disease within 4 days of challenge, The results of
previous studies have demonstratced 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 frcezing.

Summary, Part 1l1:

The antibody response of rhesus monkeys to immunization with killed
plague vaccine was less uniform than with a living, attenuated plague vaccine,
All animals having dJemonstrable antibody at the tire of challernge survived,
while 2 of 3 without demorstrable antibody dicd 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 rlague imrunizations
were tested for ilA and CF antibodéﬁs to the fraction I antigen of I, pestis
by the methods of Cavanaugh et al=,

The routine immunization procedures as applied to this greup diffcered
from those rcported clsewhere 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 nl evcry 6 ron
as required., One or morc preimmunization sera were availabtle from 11 indi-
viduals, At least onc serum taken after the primary series and after cact of
the first 2 booster inoculations were obtained. 'hen the initial scrologicul
response of the 11 subjects who received an average of 3.0-3.5 ml of vaccince
are compared with the volunteer group receiving a total of 1.4 r1 of antigen,
the results are quite similar, The positive geometric mean titers of the 2
groups differ by less than a factor of 2 as measured aftcr the primary irmuni-
zation, the lst and 2nd booster inoculation,

When the 32 individuals are taken as a single group, several gcneral
conclusions can be drawn from the data: (1) After approximatcly 4 bcoster
inoculations of killed plague vaccine, each individual reached a platcau with
respect to HA antibody. Additional booster immunizations did not markedly
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increase the plateau titer; (2) Once an individual reached a stabilized
platcau, absence of further booster immunization for periods of 2-7 yr are
reflected by either no loss or very gradual loss of HA 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 HA 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 respense, 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,l, Hunter, J.D, Marshall, Jr., D.V,
Quy, J.H, Rust, Jr., S. Purnaveja, and P,E, Winter. 1970, Some observations
on the necessity for serological testing of rodent sera for Pasteurella pestis
antibody in a plague control programme, Bull, WHO 42:451-450,

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

3, Habig, Ww,, B.W, Hudson, J.D, Marshall, Jr., D.C. Cavanaugh, and J.ll.
Rust, Jr., 1971, Evidence for molecular heterogencity of the specific antigen
(fraction I) of Pasteurella pestis, Infect, Immun, 3:498-499,

4, Harrison, D,N., D.C, Cavanaugh, J,ll, Rust, Jr,, and J,D, Marshall, Jr,
1971, Characteristics of a phage-infected strain of Pastcurclla pestis isolated
from a human case of plague. Infect, Immun, In Press.
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23 (U) Develop vaccines of low reactogenicity 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 (L) 70 07 - 71 06 - I: The M-44 Strain of Coxiella burneti{ has been freed of rif
viruses and redesignated the R-M (Rif -free M) strain, Master and working seeds have
been produced and 5 lots of purified vaccine suitable for human use have been produced;
tes:ing {s 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 _enpts are in progress to remove the coutaminant and proceed as with the RMSF product.

Publication: Bact, Proc., 1971, p. 85.
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Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U)

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

Work Unit No. 096 02 300: Immunologic Studics with Rickettsiac

Description:

Develop vaccines of low reactogenicity for imnmunoprophylaxis
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 lots 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 11 organisms. The phase I strain was the RIF-free
(resistance inducing factor-free) vaccine (Henzerling origin) strain
obtained from National Drug Co.; the phase Il 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
(FDS ) for both strains. A decrease of 50% in the length of the
febr?le 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-free, an aliquot of the WR-El 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-.ediately inoculated
by the yolk sac route into certified RIF-free eggs (SPAFAS). On day
6 when 30% of the eggs alive on day 2 werc 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 cgg
passage), and stored at -70 C. This represented master seed and an
E2 passage was prepared as the working sced. 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, Departmentof Biologics
Standards, National Institutes of Health; both were negative. ]

The R-M Strain E2 material was used to prepare a scries 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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1o, use with inactivated organisms and recovery rates had been followed
by serological methods rather than measurement of infectivity, 1t was

decided to approach the problem with both physical and chemical methods.
The chemical method developed included @ 30-min incubation at 37 C with

a final voncentration of 1.257 trypsin followed by low speed centrifugation.
This procedure gave essentially 1004 yields and was extremely simple

and effective. (Median infective doses for eggs greater than 1012/ml with
nondialyzable N levels of <50 g were common.) This methed 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 isopvcnic density gradient centrifugation utilizing a 707 sucrose
cushion. Nitrogen levels were elevated (approximately 600 pg 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 thioglgcollate and Sabouraud's media,
diluted to a standard concentration of 107 1Dg for eggs per 0.1 ml,
filled in 1-ml amounts in tubing glass vials, and freeze-dried at the
Dept. Biologics 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
vield 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 tetracyclines; however, treatment with them 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 spot:ied 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 vac-ine for F{SF was a phenolized suspension of infected ticksl
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(Public Fealth Rep. 40:2159, 1Y25). This was replaced by the Cox-
type vaccine prepared from rickettsiac srown in fertile chicken epg
yolk sacs, and killed with formaldehyde£’ (Public Health Rep.
54:1070, 1939). Accumulated experience indicat%s hat these vaccines
confer unsatisfactory levels of immunity in man3a® (JAMA 211:2012,
1970; Annual Progress Report, Contract DA 40-19Y3-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 becn 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 sced material in duck yolk sacs,
where leukosis virus replicates poorly or not at all, and then passage h
in chicken eggs free of avian leukosis virus. 1f 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.

Summary, Part 11:

A DEC-grown, formaldehyde-inactivated RMSF vaccine has becn
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, proccdures
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. Acrec, F. W. Melchior, Jr., and G.G.

Wright. 1971. Development of an improved vaccine for Rocky Mountain
spotted fever. Bact. Proc. 1971, p. 85,
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protection was seen,

This work unit has been terminated., Related studies will be published
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Project No. 1B662711A096: Mecdical Defense Aspects of Biological Agents (U)

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

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

Description:

Produce inactivated arbovirus vaccines which may be combined
selectively for prophylaxis in specific geographically oricnted ways,

Progress:

Using previously describedl/ (USAMRIID Annual Progress Report,

FY 1969, p. 157) methods, small lots of formalin-inactivated Eastern
equine encephalitis (EEE), and Venezuelan equine encephalomyelitis
(VEE) vaccines have been produced. 1In addition studies have recently
been initiated to develop inactivated vaccines for Mayaro (MAY),
0'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 (CLC) cultures
to produce seed for vaccine production.

Both the EEE and VEE viruses were titrated using 3-weck-old
white mice (CD-1 strain of Charles River Mouse Farms, Wilmington,
Mass.). Virus samples were diluted in cold phosphate buffered
saline containing 17 normal rabbit serum, Groups of 5 mice were
inoculated intracerebrally (1C) with 0.03 ml of log;n dilutions
of virus-containing fluids and were observed for 10 days for deaths,
Titration endpoints were determined by the method of Rueed and
Muenchg/ (Amer. J. Hyg. 27:493, 1938) and expresscd as aedian
lethal doses (LDSO) per 1.0 ml.
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Nince-day-old chick embryos were minced and trypsinized according
to conventional methods. The resulting cell preparations were suspended
to a final concentration of 4 X 10% cells/ml in a growth medium consisting
of tagle's basal medium containing lUs calf serum and 17 glutamine, plus
100 . g/ml cach of neomycin, U.S.P. and streptomycin, U.S,P. Bellco
840-cm? cell production roller vessels (Rellco Glass, Inc., Vineland, N. J.)
were sveded with 170-ml portions of the cell suspension, placed on a
Bellco roller apparatus, and incubated at 35 C until confluent cell sheets
were obtained (18-24 hr). Once all confluency was achieved, the growth
medium was decanted and replaced with scerum-free medium 199 containing
neomycin and streptomycin as in the growth medium. The CEC roller cultures
woere held an additional 20-24 hr at 35 €. Prior to infection, the medium
was removed and the residual fluid was drained from the cultures.

Potency assays of EEL vaccines was carried out in Lakeview strain
Gol'en Syrian hamsters (85-95 gm) (Lakeview Hamster Colony, Newfield, N. J.).
Groups of 10 hamsters were inoculated intraperitoneally (IP) on days O and
7 with 0.5 ml of 5-fold dilutions of vaccine, Challenges with virulent
EEE virus were performed 21 days after the last vaccine dose using
103 - 104 hamster 1PLDgp. Animals were observed for deaths for 14 da¥7.
Titration endpoints were determined by the method of Reed and Muench.=
“he potency of a vaccine was expressed as the median effective dose (EDSO)’
i.e. the volume of undiluted vaccine given in each dose of the 2-dose
series which protected 507 of the hamsters from death following challenge.

VEE vaccines were assayed using 3-week-old CD-1 white mice, Groups
of 10 mice were inoculated 1P on day 0 with 0.3 ml of 5-fold dilutions 2f
vaccine. Fourteen days later the mice were challenged 1P with 103 - 10
mouse IPLDgy of virulent VEE. Titration endpoints and EDgp values were
determined as described for EEE vaccines,

Roller bottle CEC cultures were infected with PE-06 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 I, optimum yields
of virus were obtained at a convenient harvest time of 18-24 hr at an
acceptable MOI of 0.005.
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TABLE 1. EFFECT OF MO1 ON PROPAGATION OF LEF VIRUS IN ROLLLR BOTTLE
CEC CULTURES

HOURS POST- LOGlO LDSU/ML BY MO1
INOCULATION
5.0 0.5 0.05 0,005 0,005
6 z27.0 26.7 £7.0 6.5 5.0
12 8.9 ~9.0 79,0 ~8.73 8,7
18 9,2 9.0 5.8 8.7 8.7
24 9.0 9.0 9.1 9.2 8,2
3C 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 titrations performed
with fluids removed from these cultures at regular intervals are
shown in Table 1I. Although use of i00 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
sreater cytopathic effects (CPE) than those maintained with 300 ml.

TABLE 1I1. EFFECT OF MAINTENANCE MEDIUM VOLUME ON PROPACATION OF EEE
VIRUS IN CEC ROLLER BOTTLE CULTURLS (MOI = 0.005)

LOG, . LD /ML BY MAINTiNANCE MEDIUM VOLUME

HOURS POST- 1050

INOCULATION 100 _m1 200 ml 300 ml
6 i) 7.0 6.8
12 9.9 9.1 9.1
18 10.0 9.5 9.1
24 10.3 9.8 9.3

30 9.3 9.3 y.13
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Thus, the amount of total protein nitrogen can be expected to be greater
in the 100- or 200-ml harvests. Assays of additional 18- and 24-hr
harvests from cultures maintained with 100-300 ml of medium indicate that
sipgnificantly higher titers are not consistently obtained with the smaller
volumes of medium.  lu all cases, however, titers of 2 109-0 LDgy/ml were
obtained regardless of maiatenance medium volume,

For final processing into vaccines, all harvests were clarified by
centrifugation at 900 g for 30 min at 4 C, followed by filtration through
a 0.45; membrance filter (Millipore). These steps ensured removal of
cellular debris which might adversely affect virus inactivation. Studies
at USAMRIID (unpublished data) have indicated that little or no loss of
infectivity occurs as a result of these clarification measures.

Inactivation of clarified virus harvests was accomplished by addition
of formalin (Formaldehyde, 377 assay) to a final concentration of 0,05 or
0.1%. 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 I1I are
representative results of such titrations which have been performed on the
majority of vaccimnes thus produced.

With 0.05% formalin “complete inactivation' generally occurred in
16 hr; using a final concentration of 0.1%, ''complete inactivation' occurred
in 8 hr. The exact "killing time'" varied 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 0.05% vaccines and a
24 hr period for the 0,15 vaccines.




TALLE 111. FORMALIN INACTIVATIOWB/UF REF VIRUS AT 37 C

LOG,, 1Py 0.0 ML BY y
HOUR POST- _FORMALIN CONGEAI RATION VIRUSY
FORMALIN 0.05. 0.1, CONTROL
¢/

0 Do 1B, L i

2 2.9 - 4.4 1.6 -

4 1.3 - 1.8 1.0 =

6 1.0 1.0 -

8 1.0 od/ 4.0

10 1.0 0 -

12 <1.0 0 <

16 0 0 z

18 0 0 -

2 0 0 -

30 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 lots 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 EEE vaccines, 18 small
lots of experimental vacciunes were prepared using either 0,05/
or 1.0% formalin and inactivaticen periods of 24 - 48 hr. Shown
in Table IV are the results of potency assays performed on vaccines
prepared during this study.

TABLE 1V. EFFECT OF FORMALIN CONCENTRATION AND LENGTH OF 1INACTIVATION
PERIOD ON POTENCY OF EFE VACCINES

EDSO (ML) BY HOURS OF INACTIVATION (rangz)

FORMALIN

CONCENT RAT 10N 24 Ju 36 48
%

0.05 0.0353/ 0.03027 v.025¢7 0.015

(0.028-0.045) (0.012-0.069) (0.020-0.034)

0.1 0.023 0.033 0.030 -
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a, Mean of 3 lots.,
b, Mean of 7 lots,
¢. Mean of 4 lots.

These results suggest that potent EEE vaccines may be produced with
either 0.05% formalin using a long (e.g., 48 hr) inactivation period or
with 0.1% formalin using shorter periods of inactivation. Not shown
in Table IV are the volumes of maintenance medium employed or 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 109:3 to 1010-2 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 MOl of 0,006 was employed.
This represents a 10-4 dilution of the CEC virus seed material.

TABLE V. EFFECT OF MOl ON PROPAGATION OF VEE VIRUS IN ROLLER BOTTLE
CEC CULTURES

LOG;( LD5q/ML BY MOI

HOURS POST-

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 m! 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 advantagceous. Cell destruction was moderate at 12

hr but increased greatly by 24 hr postinoculation. Thus, high
titered virus material with lesser amounts of cellular debris could
best be obtained with a harvest a2t 18 - 20 hr.

TABLE V1. EFFECT OF MAINTENANCE MEDIUM VOLUME ON PROPAGATION OF VEE
VIRUS IN CEC ROLLER BOITLE CULTURES (MOT = 0,000)

LOG10 LDSO/MLE/ BY MAINTENANCE MiiDIUM VOLUME

HOURS POST-
INOCULATION 100 ml 200 ml 306 ml
2 3.2 3.3 3.¢
) 6.5 6.3 6.0
12 9.9 9.0 9.0
18 9.9 10.3 9.9
24 10.0 9.3 9.3

a. Mean titers of samples o tained from replicate sets of cultures,

Thirty small lots of VEE vaccine have been prepared using procedures
described for EEE with regard to clarification and addition of formalin
to final concentrations of 0.05 and 0.17, 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. Suprisingly 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 VI1. FORMALIN INACTIVAT]ONE/ OF VEE VIRUS AT 137 C

; o
HOURS POST- LOG,,, LD5g/0.03 ML bY vigush’ i
FORMALIN FORMALIN CONCENTRAT LON CONTROL |
0,057 Tl
0 10.0 16, T 10,0
2 3.3 5.0 =4
{
4-16 od/ 0 -
24 0 N ‘.7

96 - - 3.0




4. Determined by IC inoculation of adult mice with 0.03 ml,

b. Virus subjected to 37 € only.

.- not tested,

d. 0 = survival of 50/50 mice inoculated at 8-16 hr with undiluted vaccine.

As with EEE, VEFE vaccines were inactivated for extended periods to
determine the cff 'ct on potency. Table VII1 is a .ummary of the results
of single-dose potency assays performed on 30 lots of VEE vaccine prepared
with 0.057 and 0.1% formalin and inactivated for 24 - 96 hr. These data
indicate that VEE is quite stable, antigenically, even after treatment
with formalin for 96 hr. The volume of maintenance medium 2nd pre-
inactivation titers of the fluids used to prepare these vaccines varied
from 100 - 300 ml and 108:3 to 1010.7 MICLDgg/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.

E TABLE VIII. EFFECT OF FORMALIN CONCENTRATION AND LENGTH OF INACTIVATION
PERIOD ON POTENCY OF VEE VACCINES

EDSO (ML) BY HOURS OF INACTIVATION (range)

FORMALIN
CONCENTRATION 24 30 48 72 96 ’
-10
0.05 0.0323/ 0.040b/ 0.032 0.021 0.0128/
(0.026- (0.0072- (0.0041-
0.042) 0.11) 0.019)
0.1 0.015 0.0174/ 0.026 0.0081 0.014/
(0.0039- (0.0054-
0.030) 0.034)

a. Mean of 3 lots,

of 12 lots,
of 4 lots.

of 2 lots,
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In preparation for the concurrent development of inactivated
vaccines for Mayaro (MAY), O'nyong-nvong (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 Osege strain of ONY, unavailable
elsewhere, was obtained from Dr. Allen of the Virus and Rickettsia
Division, Biological Defense Research Center. All viruses were
received as suckling mouse brain (SMB) preparatjons., 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 1073 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, WI-38 was also studied. After inoculation
all cell cultures were maintained on medium 199 containing 0,257
human serum albumin, and 50 pg/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, if 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) .n 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 4 viruses had
been passed 3 times in hoth primary hamster kidney and duck embryo,
and had been passed 2 tim<s in primary canine kidney and African
green monkey kidnev cells,

Titrations of cell culture fluid samples (i.e¢., 18 and 24 hr)
are in progress utilizing 1C inoculation of suckling mice, the
adult mouse having been shown to be resistant to, or jrrcgularly
susceptible to the 4 viruses under study.

Summary:

Eighteen small lots of potent EEE vaccine have been prepared in
rc..er bottle cultures of chick embryo cclls (CEC), The following
parameters for EEE vaccine production are presented: (1) a multiplicity
of inoculum (MOI) of 0.005 may be employed yiclding maximum titers
of virus 18-24 hr postinoculation; (2) ° 300 ml of maintenance medium
may be employed without decieasing final potency; and (3) inactivation
by USPHS standards at 37 C may be carried out with 0.054 formalin for
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48 hr or 0.17 formalin for 24 hr.

Utilizinp 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 0.1% 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, Calja, H. H. Ramsburg,
and F. E. Cole, Jr. 1971. Inactivated Western equine encophalomyelitis
vaccine propagated in chick embryo cell culture. Clinical and serological
evaluation in man. Amer. J. Trop. Med. Hyg. 20:146-149,
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efficacy of antiserum in preventing undesirable reactions to these viruses is evaluated.
The resulting immune response and its dependency on the relationship of the quantity of
antiserum given to time of its administration is investigated.
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Description:

Study the role of antibody as it relates to the clinical manifestations
of Venezuelan equine encephalomyelitis (VEE) virus infection, and the use-
fulness of immune serum in prophylaxis and treatment of this infection.

Progress and Summary:

During the year, no tests were performed.

Publications:

None.
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A multidisciplinary 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 {s needed prior to testing
methods of prevention and treatment.

25 (L) 70 07 - 71 06 - 1: Existing data on the cffects of yellow fever on rhesus
monkeys are being collected as background. Experimental work will be initiated in the
near future,

11: 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. Sci., 1971, In press.
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Task No, 1B662711A096 02: Prevention and lreatment of Biological Agent
Casualties

Work Unit No. 0Y6 02 410: Pathophysiology, Pathogenesis and Therapy of
Yellow Fever

Description:

A multidisciplinary approach is used for the study of the pathogenesis
and pathophysiology of vellow 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.g., trace metals, free
amino acids, remal 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 Lo be reported,

Progress and Summary, Part 1I:

There have been few electron microscopic studies of yelluw 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-D vaccine strain
virus will be inoculated into mouse brains and tissue cultures which will
then be examined by electron microscopy, immunofluorescence, and light
microscopy in conjunction with viral assay of the same tissues, The 17-D
strain itselr will be purified from the vaccine by ultruacentrifugation and
examined under the electron microscope to establish its size and structure,

Publications:
Chapple, F., E.,, II1, J. M. Crosbie. and B. E. Reisberg. 1971, sSurgical

Technique for cross-circulation of rhesus monkeys., Lab, Anml, Sci., (In
press).
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23 (U) Evaluate chemical compounds for treatment and control of virus diseases of

24 (U) Test chemicals in tissue culture and laboratory animals against selected

25 (V) 70 12 - 71 06 - Two mudel systems were examined preparatory to testing anti-
In the first, an [nverse relationship between dosage of virulent Asibi
strain yellow fever virus and duration of clinical illness was observed in rhesus

The incubation period did not change with virus dose.
doses illness was prolenged suificiently to permit testing of treatments.

Thus, at the lower

In the second wodel of VEE in mice, no evidence of protection was obscrved when
splenic heterotransplants to mice were made before infection with the virus,

Methods are beiny developed to perform plaque-reduction, serum-neutralization
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Task No. 1B662711A096 02: Prevention and reatment of Bielogical Agent
Casualties

Work Unit No. 096 02 411: Evaluation of Promising Compounds for Antiviral
Use

Descrigtion:

Identification of compounds with therapcutic or prophylactic usc¢ in virus
infections.,

Progress:

During the past year, a resecarch 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 (MICLDSO).

0f the 12 monkeys used in this trial, one survived the acute infection.
This monkey (A-256) responded to inoculation with 100 MICLDgqy of virus with
a body temperature of Z 103 F for 76 hr., The febrile response commenced 72
hr postinoculation, A maximum body temperature of 135,4 F was recorded at
120 and 132 hr postinoculation, The monkey exhibited leukopenia, 1ympho-
penia, and depressed hematocrit values during the first weck after inocula-
tion., Serologic determinations on preinoculation and convalescent scrum
samples are still pending,

Of the monkeys that died after inoculation, thosce receiving 100 or 1,000
MICLDg develoned pyrexia between 60 and 96 hr, and died 84-116 hr postinocu-
lation (mean of 3 animals = 105 hr)., Monkeys inoculated with 5 or 10 MICLDgy
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 administercd 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 MICLD:, and 82 hr in those
given 5 or 10 MICLDgq. It is concluded that the use of lower doses of vellow
fever virus than the standard 1,000 MICLDg( dose will produce a fatal infec-
tion that has an extendad experimental period, during which the cffects of
antiviral compounds could be assesscd,
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L1 oan attempt to alter the course of VEE infection in mice, an experiment

wat run in which adult, male CD-1 strain mice werce inoculated with 40,000

i.on cells (Ivmphocytesy from adult, female Fort Detrick strain white mice,
ard then incculated by the same route with 10,000 median mousc intraperito-
ncal lethal doses (MIPID5;) of Trinidad strain VEE from 30 min-96 hr after
treatment,  Mixtures of heterotypic lwvinphocytes are reported to relcasce inters
teron for +3-72 hr when maintained in vitro. It was hoped that the adminis-
tration cof splenic heterotransplants would protect recipients against a
lethal dose of VEE, There was no observed difference in mortality rates
amony treated and untreated mice receiving VEE virus in this experiment,
scerum samples have been collected from treated, uninfected mice at various
times after administration of heterotypic spleen transplants for interferon
assay.

S

Work 1s progrcssing on the development of microtitration methods to run
scerum 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 reseolved in the immediate future.

Two model systems were examined preparatory to testing antiviral agents,
In the first, 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 trcatments., The incubation period did not change with virus
dose,

In the second, no evidenie of protection was observed in mice given splen-
ic heterotransplants before infection with VEE virus,

Methods are¢ being developed to perform plaque-reduction, serum-necutrali-
zation testing using microtitration equipment,

Publications:

None,
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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,

25 (U) 71 05 - 71 06 - 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 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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Task No. 1B662711A096 02: Prevention and Treatment of Biological Agent
Casudalties

Work Unit No. 096 02 412: Develop Serological Methods tor Military
Vaccine Lvaluation

Descrigtion:

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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S50DY OF RI'PORT

Proje.t No. 180 6270eA0490: Medi(al Defense Aspecis of Biological Agents (1Y)

e U

Task o No. 1RO 2706A09n 02 Preventr o and Treatment of Birological Agent
Casvalties |

work Uait Noo o avn o sionr o pevelopment ot a Polyvalent Staphvlococcus !

e Lot

aureus Toxoid

f{s\rlp(inn:

Develop a polvealent toxoia which would include Staphylococcus aureus
enterotoxins A, ¥, {, and D and othor exoproteins.

Progress:

A 27-dav, formaiin-detoxitied, crude, staphylococcal enterotoxin B
(SEB) tuxoid was prepared. To determine an optimum dosage and schedule
tor administration of the crude SEFB toxoid, 2 schedules were tested for
comparison to a known SFB toxeid. L Lot 87285 SEB toxvid, produced by
charles Prizer Co., Terre Haute, Indiana, was used and simultaneously
studied. All pgroups were challenged by the intravenous route with Lot
14-30 SER toxin » weeks after the last dose of toxold was administered.
The groups, aleng with the dose, schedules, illness, and deaths are shown ’

in Table I.

Y T
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Tanll b, RESPONSE OF MONKF, S [MMUNIZED WIUTH ETIHER CRUDE OR TOT 57087
AGAINST CHALLENGE WITH 1.0T 1.-30 TOXIN

TOXOID SCHEDULE o e 111./¢ TEAL
Tot 87285 0.5 a1 sc 19 N
L wk
0.5 ml SC 300 6 A)
Lot 87285 0.1 m1 1nb/ 10 4 0
3 wk
0.5 ml SC 100 4 1
Crude 0.5 ul sC 10 o) 0
4wk
0.5 ml SC 300 H J)
Crude 0.1 ml 1D 10 5 ]
3 wk
0.5 m1 sC 100 6 4
Controls 10 6 0

(No Toxoid)

&~

100 6

a. Subcutancouslv.
b. TIntradermally.

In order to study the effectiveness of the SEL toxoids against a more
natural route of intoxicdation, immunized monkevs were challenged by ouastri
lavage (GL). This is accomplished by passing . t-Fr pediatric catheter inira-
nasally to the stomach., The toxin is then instillcd in the stomach via the
catheter. The catheter is flushed with 5 ml of sterile «aline before remowal,
The monkevs were immunized with either Plizer's Lot 87285 (czoid or with the
crude toxnid. All monkeys were immunized using the same cchedule: 901 ]
intradermallv (ID), fellowed in 3 wecks by 0.5 ml SC, ana then 2 wveeks later
with 0.5 ml sC again. Six weeks after the last towoid aiminfetration the
monkeys were challenged with 40 .g/kg [T0 median illness doses (Thgp) [ of
Tot 14-30 SEB toxin bv GL. Because Lot 87285 toxoid (Pfirer) contains about

4 times as many ug of Ny as does the crude toxoid, it was thovght, for a bettor
comparison, that one group of monkevs would be immunized nsing the PHicer tezoic

at a 1:4 dilution. The results arc summarized in Table ).




ha o antoksietbin

TASLE [T BEFFICACY TN MONKEYS OF LOT 87285 AND CRUDE SER TOXOLD AGATNST
A CASTRIC CHALLENCGE WITH LOT 14-70 TOXTN

Foxolh : CHALLENGE

(40 u/kg)

111/Total
Crude 476
Lot 387285 1/5
Lot 87285 1:% tilution) 6/6
Controuls 475

A trivalent material omposed of purified enterotoxins A, B, and C
was prepared at a final concentration of 500 ug/ml of each enterotoxin,
Toxoiding with tormalin was continued for 28 days. Excess formalin was
removed bv dialvsis against merthiolated saline. The final product was
filtered through a 0.2 | millipore filter and bottled aseptically.
Electrophoretically and ifmmunologically no unaltered toxin was demonstrgble.
The product was safety tested usinz the technique previously described2
with a modification. TIrstead ot rectal thermccouple probes being used, a
copper constantan thermic<ter was implanted intr.muscularly in the lumbar
region for temperature mrnitoring. 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 davs 21 and 35 challenge was accomplished 6 weeks
after the last injection.

TABLE TUI. RESPONSE OF MONKEYS IMMUNIZED WITH TRIVALENT ENTEROTOXOID

ENTEROQTOXTN ORAL CHALLENGEL PROTECTTN
aal ke :
A 40 100
A 200 50
K 40 13
B 400 33
¢ 40 80

¢ 400 67




Though toxicity was demonstrated in the safety test, no adverse reactions
were noted in immunized animals,

Summary :

A trivalent enterotoxoid was prepared utilizing perified enterotosjne
A, B, and C. Residual todicity remained as shewn bv satety tests altheush
it was not demonstrable by other methods. Protection from oral challenge wos
greater against enterotoxing A and C than B,

safety tests and irmunizations were perf{ormed bv Animal Assessment Divigion.
Immunological studier were performed by Bacteriologv Division.

Publications:

None.
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3 (U) Develop a microtechnique for the short-term culture of lymphoid cells and study
in vitro the effects of SEB on these cells.
P4 (U) Lymphoid cell culture allows the assay of the mitogenic properties of SEbL, and
Fhe effects of "he lvmphoid mitogenic process on other tissue culture cell iiver,

PS (U) 70 12 - , 1 06 - A reproducible, uncomplicated, economical microtechnique for
house or human lymphocyte culture has been established which uses a norbicarbenate
ﬁfffer system which eliminates the need for an oxypcu-air-carbon dioxide controlled
umidity incubator and allows the use of any 37 C source,

A study of stimulation of lymphocvtes with SEB nas been intliated; 1t has been
found that (a) SEB-sctimulated lymphocytes are able to kill mousc fibrobla ts and lL-cel.
and (b) cell-free supernatants from SEB-stimulated lymphocyte cultures are toxic to
pther tissue culture cells.
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Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (L)

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

Work Unit No. 096 02 801: Effects of Staphvlococcal Enterotoxin 3 on
Lymphoid Cells in 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 CO
incubator and controlled humiditylagx— (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-2-Hydroxyethylpiperazine-N'-2-ethanesul fonic 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 CO, 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 materialsused.

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 buifer system and, therefore, the cultures could be maintained
in anv 37 C source.

Progress, Part I]:

Using the new culture technique described above, the effects of
staphylococcal enterotoxin B (SEB) on lymphoid cells wece studied. It was
found that SEB could stimulate lymphocytes in mouse spleen and thymus and
in human peripheral blo>d. The SEB stimulated over 607 of the mouse spleen




mononuclear cells and3707 of human peripheral blood mononuclear cells as
described previously.=" The effect of SEBL contact with these cells was to
initiate both morphologic changes and mitotic cveles. These effects, and the
number of cells atle to be effected, were comparable qualitatively and
quantitatively to the effects scen with other lyvmphocvte stimulants such as
phytohemagglutinin.

The mitogenic 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-SEB antibody, the
in vitro response of the spleen lymphocytes to SEB was markedly inhibited, and
only large amounts of SEB in 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~immunized 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 non.pecific mitogenic stimulus rather
than as an antigenic stimulus in its effects on lvmphocytes.

Lymphocytes which have been stimulated by a variety of substances, both
mitogens and antigens, release substances which can effect macrophaées and
lymphocytes, and can be toxic to tissue culture cell lines in vitro_ai/
(Mediators of Cellular Immunity, 1970; Fed. Proc. 30:647, 1971). Therefore,
experiments were performed to determine i{f 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 bv 3EH,
were able to inhibit mouse L cell and normal mouse fibroblast growth and were
able to kill L cells and fibroblasts in 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 2lCr 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 1. cells and normal
fibroblasts. The cell-free supernates from the SEB-stimulated lvmphocvte
cultures were able to inhibit L cell and fibroblast growth and killed u ajority
of either the L cells or fibroblasts as judged by the trypan blue sta: ing
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 learst in part to be associated with a
protein fraction which has no cnzyme 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 mouse 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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Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 03: Laboratory ldentification of Biological Avents

Work Unit No. 096 03 006: Early Immune Response in Infectious Diseases
and Toxenia

Description:

Develop and employ in vitro methods of studying lymphocyte activation
by antigens and toxins.

Progress, Part I:

In the report last yearl/ (USAMRIID Annual Progress Report, FY 1970,
p. 203), work was described which demonstrated that staphylococcal
enterotoxin B (SEB) induced normal lymphocytes to release a migration-
inhibition factor (MIF).

To determine whether SEB-induced release of MIF was an active cellular
process, the effect of a metabolic inhibitor, mitomycin-C, was examined. As
shown in Table I, mitomycin-C in a concentration of 10 pg/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 MITOMYCIN-C ON SEB-INDUCED RELEASE OF MIF FROM
NORMAL LYMPHOCYTES

MIGRATION INDEX9/ Of SUPERNATANT FLUID

SEB SER + Mitomycin-C Without added SEB
(Cuntrol)
75% 102 100

a. Migration Index = Migration test supernatant
Migration control supernatant
purified macrophages from guinea pig peritoneal exudate cells.

X 100; assayed with

* = p <0.05
To characterize SFB-induced ' | 20-fold concentrated supernatant fluids
of SEB-stimulated and unsensit! : lymphocyte cultures to which cquivalent

concentrations of SEB have bee. added terminally were examined by
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Sephadex G-200 chromatography. Four peaks that corresponded to guinea pig
macroglobulin, ¥-G globulin, albumin and components with molecular weights
<10,000 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 periton=al exudate
cells (Table II).

TABLE II. MACROPHAGE MIGRATION-INHIBITION BY SEPHAD:IX G-200 FRACTIONS
OF SEB-STIMULATED LYMPHOCYTE SUPERNATANT WLUIDS

FRACTION EXPERIMENT NO. MIGRATION INDEX2/
I 1 134, 102
2 104, 91
3 116
1 126, 113
11 2 113, 102
3 86
1 89%, 74%
I11 2b/
3 75%
1 119, 69%, 78%
v 2 55%, 81%, 88
3 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, 4 of 8 experiments with Fraction 1V showed
inhibition. This activity could represent: (a) an inhibjtory factor
unique for SEB-lymphocyte interaction; (b) an active fragment of IF
with higher molecular weight, or (¢) a factor cytotoxic for macrophages.

These findings add to the growing cvidence that lymphocytes can be
"turned-on" bv both specific antigenic stimulation and by many nonspecific
stimulants, and once 'turned on'" will undergo stereotyped, precoded 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 hven
shown that irradiated, immunized animals without detectable serum antibodyv
retain the capacity to exhibit delayed type hypersensitivity as measured by
skin testingé (J. Exp. Med. 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, wcre
sensitized with bovine gamma globulin (BGG) in complete Freund's adjuvant.
Control animals were sensitized but not irradianted. At varying times after
sensitization, peritoneal exudate cells were obtained and allowed to
migrate out of capillary tubes in culture media with or without BGC. At the
same time, serum was obtained for measurement of anti-LGG titers as
measured by a sensitive hemagglutination assay. Results are shown in
Table III.

As expected, at both 8 and 13 days following BCGG sensitization, humoral
antibody responses of irradiated animals were markedly depressed. In
keeping with findings reported in the literature,2/ delayed hvpersensitivity
was demonstrable at day 13 in irradiated as well as control animals. Such
evidence has been employed to support the thesis that induction of delaved
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TABLE III. EFFECT OF X-TRRADIATION ON INDUCTION OF DELAYED
HYPERSENSITIVITY TO BGG AS MEASURED BY MACROPHAGE
MIGRATION-INHIBTTION

/ NUMBER SHOWING 1A TITER

TREATMENT pAYZ MTGRATION-INHIBITION L _ )
WITH BGG Median Range

b/

X-Ray—" 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

* m 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 MIF, 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 vitro
macrophage migration-inhibition was radiosensitive when tested 8 days
after sensitization. At 13 days after sensitization, it appeared to he

relatively more radioresistant than humoral antibody production.
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Progress, Part 11T:

Lxperiments were initiated to determine whether membrane conformaticnal
changes are the initial triggerin; events which activate lymphocytes. It
is planned to incorporate spin labels into living lymphocyte membranes,
and examine spectral changes following specific and nonspecific lymphocvte
stimulation by means of electron spin resonance (ESR) techniques.

Spin-labelled dihydrotestosterone was 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 lvmph node lymphocytes purified
by discontinuocus BSA-gradient ultracentrifugation. Following incubation,
the cells were washed repeatedly.

The results of initial experiments sugzgested 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 dihydrotestostecrone 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. wormann, V. McGann, and W. S. Irvin. 1971,
Chemotactic activity generated by staphylococcal enterotoxin B. Infect.
Immun. 3:94-99.

2. Kaplan, J. 1971. SEB-induced release of macrophace migration
inhibition factor from normal lymphocytes. Fed. Proc. 30:647 (abstract).
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Work Unit No. 91C 00 131: Mathematical and Computer Applications in
(096 03 008): 1Infectious 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 amino acid, renal
physiologic data, and radioimmunnassay standard curves have been maintained
and upgraded.

The National Institutes of Health SAAM-25 program is being used in
the multicompartmental analysis of monkey lipid 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 covariance 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 titers 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

cf 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 procuremcnt 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 & densitometer. Again, punched paper tape will be the
computer-compatible output of the system,

A computer program originating from the Rockefeller Institute has

been adapted for use on the Fort Detrick computer. This program determines
relative and absolute protein gradients produced during zonal centrifugation,

Summarz:

Mathematical, statistical and computer techniques have been applied to
data emanating from the Institute,

Publications

None
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Work Unit No. 91C 00 132: Application of Electron Spin Resonance
(096 03 009): Spectroscopy to Infecticus 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) cpectroscopy 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-l-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. PROBABLF. ATTACHMENT SITE OF THE SPIN LABEL REAGENT,
3- (2-I0DOACETAMIDO)-2,2,5,5-TETRAMETHYL~-L-PYRROLIDIFYLOXYL.,
ON POLYNUCLEOTIDES.

POLYNUCLEOTIDE PROBABLE SITE
OF ATTACHMENT
r(C), o e
r(A), N (1)
r(G), N (7)
(1), N (7))

r(U), 2
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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 60% ethanol~-HMP,
conditions A and B respectively. Results are shown in Table II.

TABLE 11. EFFECT OF REACTION CONDITIONS ON YIELD OF SPIN LABELLED

POLYNUCLEOTIDES.
CHEMICAL YIELD
(Spin Label: Base X 104)
POLYNUCLEOTIDE Experimental Experimental
(1 X 103 M) Condition A8/ Condition BB/
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
oligonucleotide (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 multistranded (poly I:C) polynucleotides.

The effect of temperature on poly I:C could be followed using ESR techniques.

GCenerally 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 IIT. CORRELATION TIMES OF POLYNUCLEOTIDES AT 25 AND 37 C.

CORRELATION TIME (X 10 SEC) Y

POLYNUCLEOTIDEE/ At 25 C At 37 C
rA 2.2 1.3
rU mixed 0.5
raS.ru 3.7 252
ra®. 2ru ) 2%
ra-rus 2.7 1.7

rA*2rU® 3.2 2.8 (7)

rl 1.6 1.1

rC 3.3 1.9

G 210 >10

s
rl-xC 3.0 285
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 investicated to
determine if weakly immobilized spectra were sensitive to conditions
found in biological systems (Table 1V). 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 vesolved, the
following study was performed. Correlation times for varyingz ratios of
d-DNA to free spin label were determined and compared to similar values
obtained from electronic simulation of the same conditions.
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TABLE IV. EFFECT OF VISCOSITY ON CORRELATION TIME OF DENATURED DNA.

VISCOSITY CORRELATION TIME Y
DILUENT2/ (centipoise) (x 109 sec)
Buf fer n,O.éO 1.2
Buffer - 20% sucrose As1.50 1.8
Buffer - 30% sucrose ~n2.40 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.

CORRELATION TIME (Y)

g;gﬁﬁi RATIOQ/ Experimentally Electronically
FREE SPIN Determined at 25 C Simulated
oo b/ 3.3 (3.3)
3 0.9 0.7
1 0.35 0.3
.33 0.1 0.1
o</ 0.05 (0.05)

a. Superscript "s" indicated labelled d-DNA
b. = pure d-DNA
c. O = free spin
Effective correlation times c¢f spectra experimentally determined were

in agreement with values obtained by electronic simulation, suggesting it
is possible to resolve additive spectra.




Summary :

Fmploying electron spin resonance spectroscopy techniques, we have
established that: (1) nucleic acid can be spin labelled under nild
conditions and the amount of label c¢aa 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 nuclei: acid biopolymers are different although not
necessarily under all conditions, and (3) spectra from complex
noninteracting mixtures can be resolved into their individual comnonents.

Presentations:

1. Caspary, W. J. Radical formation of carcinosenic 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:
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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. iophys. Soc. Abstracts 11:23a (abstract).
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23 (U) Assess trace metal changes during infectious illness as a possible aid in early
identification of disease etiology.

24 (U) Measure serum trace metals during infectious illness of laboratory animals and
man and determine mechanisms responsible for observed changes.

25 (U) 70 07 - 71 06 - Early significant decreases in serum Fe and Zn levels with a
concomitant rise in serum Cu were demonstrated in humans infected with either acute
bacterial or viral infections.

Recent animal studies have shown that infection-induced alterations in trace metal
metabolism are initiated by an endogenous mediator released by neutrophils. Isotopic
studies with Zn-65 have shown that the endogenous mediator protentiates the redistri-
bution of Zn within the host,

Normal baseline values and ranges for serum Fe, Zn and Cu are being established
for the rhesus monkey,

Publications: J. Lab, Clin, Med. 76:293-303, 1970,
Proc. Soc. Exp. Biol. Med. 136:584-587, 1971,
Fed. Proc. 30:643, 1971 (abstract).
Internat. Rev. Neurobiol. 14: 1971, In press.
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Project No. 1B6062711A096: Medical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 03: Laboratorv ldentification 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 encephalomyelitis vaccine - Medical Division
Project FY 69-1 and sandfly fever virus, Sicilian tvpe, Medical Division
Project FY 70-1) 1nfections}:ﬁ/ (Amer, J. Med. Sci. 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 (dav 30),
serum Cu concentrations still remained significantly elevated.

Similar early depressions in serum Zn concentrations were observed in
a group of volunteers studied prospectivelv after oral exposure to living
adenovirus type 21 vaccine (Medical Division Project FY 71-2). Serum 2n
concentrations were depr2ssed 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, 2n, 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 host 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 1illness.

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 obcerved in a variety of laboratory animals following
experimentally-induced infections or the administration of endotoxin or
synthetic double-stranded RNA compoundsl.'é:l. (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 reticuloendothelial system (RES). Further studies
in animal models have shown that the infection and stress-induced alterations
in Fe and Zn metabolism wiae mediated by an endogenous humoral factor released
in part by neutrophilesgl__/ (Fed. Proc. 28:691, 1969; Amer. J. Physiol.
216:1287, 1969; Proc. Soc. Exp. Biol. Med. 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 variocus laboratory animals were shown to produce
significant dose-related depressions in serum Zn and Fe concentrations in
normal, endotoxin tolerant, or hypophysectomized animals.l-8

Preliminary data from our laboratory ~haracterizes the partially
purified mediator isolated from both 2-hr serum and from peritoneal
leukocytes to be heat labile, non-dialyzable, low molecular weight proteins
(20-30,000 MW), which are soluble in organic solventgll»12/ (Fed. Proc.
29:297, 1970; Bact. Proc. 1970, p.81). These initial data suggest that the
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endogenous medifator present within 2 hr in the serum may be released, in part,
by polymorphonuclear leukocytes. Although similar In some respects to
endogenous pyrogen, the endogenous mediator of serum Zn and Fe depression
does not show the species specificity that has been shown for endogenous
pyrogen.

Since the endogenous mediator has 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 Universitv 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 intraperitoneally (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 metabolism have
shown that the ia vitro addition of these trace metals and other divaleac
cations inhibit .- partially inhibit its in vivo 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 mav induce the release of
more endogenous mediator as has been shown for endogenous pyrogen. Another
possible mode of action is that the mediator also mav act as a hormone-like
substance eliciting its effect directly on the RES, either by promoting the
increased uptake of Zn and Fe in these tissues or bv inhibiting their relecase.
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 II:

It has been demonstrated that the depressions of serum Zn and Fe during
infection and other stresses in various laboratory animals arc mediated by an
endogenous factor released, in part, by neutrophiles. The mediator was shown
to be a heat labile, nondialyzable, low molecular weight protein, and, i:c 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: ‘ H

Recent isotopic studies employing 65Zn 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 uC1/100 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 pg protein/ml IP 6 hr prior to sacrifice
(18 hr after the 63zn 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 II1:

Isotopic studies employing 65zZn demonstrate that the endogenous mediator
produces a redistribution of Zn in the tissues when administered to the host.

Progress and Summary, 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 1g/100 ml
(SD + 17) with a calculated range of 68 to 136 ug/100 ml. When determined
on a day-to-day basis, 95% of the values from a given individual were within
18 1g/100 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. Beisel, W. R. Influeace 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, R. S. Further characterization oi the endogenous
mediator(s) of serum zinc and iron depression during {afection and other
stresses. Presented at Federation of American Socicties for Experimental
Biology, Chicago, Ill. 13-17 April 1971,

4, Beisel, 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. Bostian, and W. R. Beigsel. 1970, The effect of live attenuated
Venezuelan equine encephalomyelitis virus vaccine on serum iron, zinc, and
copper concentrations in man. J. Lab. Clin. Med. 76:293-303,

2. Pekarek, R. S, 1971, E{fect of synthetic double-stranded
RNA on serum metals in the rat, rabbit, and monkey. Proc. Soc. Exp. Biol.
Med. 136:584-587,

3. Pekarek, R, S., and W. R. Beisel. 1971, Further characterization
of the endogenous mediator(s) of serum zinc and iron depression during
infection and other stresses. Fed. Proc. 30:643 (abstract).

4, Beisel, W. R., and R. S. Pekarek, 1971. Acute stress and trace
element metabolism. International Rev. of Neurobilology, l4: (in press).

5. Wannemacher, R. W., Jr., R. S, Pekarek, P. J. Bartelloni, R. T. Vollmer,
and W, R, Beisel. 1970. Changes in individual plasma amino acids following
experimentally~-induced sandfly fever virus infection. Metabolism (in press).

LITERATURE CITED
1. Pekarek, R. S., K. A. Bostian, P. J, Bartelloni, F. M. Calia, and

W. R. Beisel. 1969. The effects of Francisella tularensis infection on iron
metabolism in man. Amer. J. Med. Sci. 258:14-25,

2. U. S. Army Medical Research Institute of Infectious Diseases.
1 July 1970, Annual Progress Report, FY 1970, p. 221 to 230, Fort Detrick,
Maryland.

3. Pekarek, R, S., G. A. Burghen, P, J. Bartelloni, F. M. Calia,
K. A. Bostian, and W. R. Beisel. 1970, The e«ffect of live attenuated
Venezuelan equine encephalomyelitis virus vaccine on serum iron, zinc, and
copper concentrations in man. J. Lab, Clin. Med. 76:293-3013,

4. Wannemacher, R. W., Jr., R. S. Pekarek, P, J. Bartelloni,
R. T. Vollmer, and W. R, Beisel, 1970, Changes in individual plasma amino
acids following experimentally-induced sandfly fever virus infection.
Metabolism (in press).
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5. Pekarek, R. S., and W. R. Beisel. 1969, Effect of endotoxin on
serum zinc concentrations in the rat. Appl. Microbiol. 18:482-484.

6. Commission on Epidemiological Survey. Dec. 1970. p. 13 to 21.
In Annual Report, FY 1970, to the Armed Forces Epidemiological Board, Fort
Detrick, Maryland.

7. Pekarek, R. S. 1971, Effect of synthetic double-stranded
RNA on serum metals in the rat, rabbit, and monkey. Proc. Soc. Exp. Biol,
Med. 136:584-587.

8. Peharek, R, S., and W. R. Beisel., 1969, Zinc depressing effects
of endotoxin and leukocytic pyrogen in the rat. Fed. Proc. 28:691 (abstract).

9. Kampschmidt, R. F., and H. Upchurch. 1969. Lowering of plasma
iron concentration in the rat with leukocytic extracts. Amer. J. Physiol.
216:1287-1291.

10. Kampschmidt, R. F., and H. F. Upchurch., 1970. 1ae effect
of endogenous pyrogen on the plasma zinc concentration of the rat. Proc. Soc.
Exp. Biol, Med. 134:1150-1152,

11. Pekarek, k. S., and W, R. Beisel. 1970, Characterization of the
infection~induced endogenous mediator of serum zinc depression. Fed. Proc.
29:297 (abstract).

12, Pekarek, R, S., and W. R. Beisel, 1970. Endogenous mediator of
serum iron depression during infection and endotoxemia. Bact. Proc. p. 8l.
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BODY OF REPORT

Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U)
Task No., 1B662711A096 01: Laboratory Identification of Biological Agents

Work Unit No. 096 03 0l11: Chemical Mediators of Infection

Descrigtion:

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 1in
the early diagnosis of infectious disease,

24 (U) Determine glycoprotein 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. Thils system promises to be a convenient
model to mimic changes seen in circulating glycoglobulins in infectious disease.

Publication: J, Infect. Dis. 122:329-334, 1970,
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Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 01: Laboratorv Identification of Biological Agents

Work Unit No. 096 03 012: Evaluation of Serum Glycoprotein Changes in
Early Diagnosis of Infectious Illness

Description:

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
di7tribution in the major serum fractions, i.e., albumin, aj, 1y, @, and
1/ (Amer. J. Clin. Path. 50:137, 1968). Current efforts in this
laboratory, therefore, have been directed toward development of assavs
for the 4 major protein-bound carbohydrate moieties, hexoses, hexosamines,
sialic acids and methylpentoses, as a means of quantitating total
protein~-bound carbohydrate which can then serve as an indirect measure of
total serum glycoprotein.

Preliminary results indicate that 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 quantitation and eventually calculation and
storage of information in computerized form.

Initial experiments confirm published tnformation2/ (Cancer Res. 27:2155,
1967) regarding the sterile subcutaneous turpentine abcess in the rat as a
means of producing changes in circulating glycoglobulins. We are abhle to produce
a nearly 2-fold relative increase in the percentage of 19, and - glvcoglobulins
48 hr after injection of 1 ml turpentine subcutancouslv in the rat. This
may prove to be one ~f the most convenient experimental models to mimic
changes in serum glycoprotein levels seen in infectious illness.,

Summaryv:

Methods are being developed to improve characterization of serum
glycoproteins. A sterile, subcutaneous turpentine abcess in the rat appears
to be a good model to mimic changes seen in circulating glvcoglobulins in
infectious disease.
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Panlications:

Rollins, J. B., G. A. Burghen, and Y. R. Beisel. 1970, The influence

of altered viral virulence on the response of host serum alphay glycoglobulins.
J. Infect, Dis. 122:329-334,

LITERATURE CITED

. Klainer, A. S., W. R. Beisel, and W. K. Atkins. 1968. Determination

of serum glycoproteins on cleared cellulose acetate strips. Amer. J. Clin.
Path. 50: 137-141.

2. Sarcione, E. J. 1967. Hepatic svnthesis and secretory release of

plasmu alpha-2 (acute phase)-globulin appearing in malignancy. Cancer Res.
27:2025-2033,
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Project No, IB662711A096: Medical Defense Aspects of Biological Agentes (U)
Task No, 1B662711A096 03: Laboratory ldentification of Biological Agents

Work Unit No. 096 03 013: Serum Protein and Enzyme Changes for Diagnosis
in Infection

Description:

Fvaluate changes Iin 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
i11llness of varying etiologyllﬁ/ (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 ‘ndividual substances. At least 29 proteins of human
serum have been physiochemically defined?/ (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 whereby the specific proteins which give rise to the
changes in serum protein classes in infectious diseases can be identified {is
polyacrylamide gel electrophoresisﬁ (Ann. N.Y. Acad. Sci. 121:404, 1964).

Serum enzyme tests have aided in the diagnosis of myocardial infarction,
pancreatitis, acute hepatitis, toxic liver damage and muscular dystrophygglgf
(Methods of Enzymatic Analysis, p. 651, 1963; Interpretive Enzymology, 1967).
In the case of hepatitis the rise in serum glutamic oxaloacetate
transaminase and glutamic pyruvate transaminase usually occurs before
symptomatic changes in the bilirubin level and the onset of jaundiceg .
Recently it has been shovn that the mean serum lactate dehydrogenase (LDH)
activity of 11 volunteers with experimentally induced typhoid fever rose
significantly within one day after the men had received a dose of typheoid
organismsll/ (Metabolism 1971, In Press). Though this rise in LDH activity
is not clinically significant when measured as total serum activity, it may
become so when a sample of the serum is subjected to electrophoresis to
reveal the iscenzyme pattern.
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Serum alkaling phosphatase has been shown to increase in pneumococcal
tufection in micel?/ (Proc. Soc. Exp. Biol. Med. 124:812, 1967) and to
decrease during virus injection in chickensl3 (Appl. Microbiol. 15:

677, 1907). Multiple forms of alkaline phosphatase activity have been
Jdemonstrated, the patterns of which fall into 3 rather distinct categories:
one associdted with hepatobiliary involvement; a second with parenchymal
cell damage of the liver; and a third with increased osteoblastic
activltyli/(Amer. J. Clin, Path. 40:349, 1963). Serum alkaline phosphatase
acrylamide gel patterns may thus aid 1in dilagnosis.

Polyvacrylamide gel electrophoresis will be carried out using the
Ortec model 4200 system. Quantitation will be achieved by analyzing either
the gels themselves or photographic copies with the Farrand densitometer.
Fvaluation of the diagnostic potential of serum protein and isoenzyme
patterns will be achieved by simultaneously analyzing the sera obtained from
an individual at varius 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
quanti{ties rather than relative values so as to be able to assess optimum
conditions of storage for samples and to allow comparison between various
infections,

Summary:
An evaluation of the suitability of electrophoresis of serum proteins
and isoenzymes in an acrylamide gel medium as a diagnostic aid in infectious

discases was started recentlv. At present, efforts are directed towards
determining optimal conditions for analysis,

Publications:
None
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FY!CNN CAL OBJECTIVE.® 24 APPROACH, 218 PROGALSS (Fumish individual patagraphs identilled } numbder Precede tex! of sach with Secwity Clseetficeiion Code )
23 (US Develop tests for use In rapid diagnosis of viral diseases,

24 (U) An interferon of tissue culture origin will be produced and characterized.
Standard methods for bioassay will be applied. Interferon is to be produced in quantity
and partially purified, Antisera to partially purified interferon are to be tested for
possible use in an immunological assay for interferon.

25 (U) 70 07 - 71 06 - I. Chick and mouse interferons have been produced and charac-
terized. The mouse 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 carbohydrate was not associated with the bulk
of the recovered interferon activity.

II. Computer techniques have been applied to the probit analysis of plaque reduction
data, Rabbits and guinea pigs are currently being immunized with chick and mouse inter-
feron in order to obtain antisera for possible use in an immunoassay.

Publications: Bact. Proc., p. 213, 214, 1971,
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BODY OF REPORT

Project No. 1B662711A096: Medical Defcnse Aspects of Biological Agents (U)
Task No, 1B662711A096 03: Laboratory ldentification 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 describedl/ (USAMRIID Annual Progress Report,
FY 1969, p. 221). The preparations ¥7re assayed for interferon
content by a plaque reduction method<’/ (Virology 13:323, 1961),
a cytopathic effect (CPE) inhibition methodé/ (J. Nat. Cancer Inst.
38:771, 1967), and a hemagglutination yield reduction method=
(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 Reducté?n Inhibition HA YIELD
) VIRUSESZ/ by 5072 by 50%S REDUCTION
(o]
BY 0.5 LOG,qS
VSV 25,000 300
D7 25,000 200 32,000
EMC 1,600 100
VEE 6,3C0

a, Vesicular stomatitis, GD7, encephalomyocarditis, Venezuelan cquine
encephalomyelitis viruses.

b. Interferon units/3 ml.

¢. Interferon units/ml
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The antiviral activity of the processed L-NDV-Bl fluids was shown
to be acid-stable, nondialvzable, trypsin sensitive, and nonsedimentable
when centrifuged at 100,000 X g for 3 hr, In plaque reduction assays,
linear dose response data were obtained, and the plaque size of the
challenpe viruses were reduced., The interferon fluids were not toxic
for L c¢ells or lethal for embryonating eggs, did not neutralize VSV l
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 carbohvdrate reactive as fucose-bound proteinz/ (Methods of
Biochemical Analysis, Vol 1, p. 279.) was found in the interferon and
L control fluids, Fractionation of an interferon fluid by precipitation
at pH 11.0 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 95% ethanol to 1l volume of this supernate resulted in
an alcohol precipitate with a 10.8% 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 1I. SUMMARY OF FRACTIONATION PROCEDURE OF L-CELL INTERFERON
AS BIOASSAYED AGAINST TRINIDAD VEE BY A PLAQUE REDUCTION

METHOD
PREPARATION INTERFERON RECOVERY FROM
PREVIOUS STEP
A
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 |:

Chick and nouse interferons have been produced and characterized.
The mouse 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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Progress, Part 11l:

Currently, the interferon fluids are diluted 1:100 in maintenance
medium, and stored at -60 € as a mouse interferon standard for use in
our laboratory.

In order to obtain interferon preparations suitable for use as a
laboratory standard and for usc¢ as an immunizing antigen several variables
of the induction process were studied. For chick interferon Chikungunya
and Rio Bravo viruses at a multiplicity of approximatcly onc 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 wecek prior to induction. For mouse in:crferon,
best yields were obtained by using L-cells aged for onc 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 usc 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 becn 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 intcerferon, hering the
establishment of resistance the probit of developing plaques has been
shown to be linearly related to the sum of the logarithms nf timc
and concentration. Significant changes in the dose-responsc occur
on ageing of cell monolayers 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 cclls between daye 2 and 5 after
planting. The 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 problcmﬂ (Ann, Appl.
Biol. 36:196, 1949) has bcen used to modify a computer program for
probit regression which has bheen used to calculate individual lincs
as well as to compare samples under the assumption of a common
dose-response. A consideratijon of the weighting cocffirient in
this type of problem indicates that the interferon dose ot which 27%
of the plaques develop can be most preciscly estimated and mav al low
greater discrimination between samples than the usual median plaque
depressing dosc (PDDg() endpoint.
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In order to obtdain antiscia ‘hick and mouse interferon for
possible use in an immunodssay, tabbits and guinea pigs are currently
being immunized,

Future plans include the application of an assay for human interferon i
to studv the development of interferon in vaccinees.

Summary, Part 11:

Computer techniques have been applied to the probit analysis of
plaque reduction data. Rabbits and guinea pigs are currently being
immunized with chick and mouse interferon in order to obtain antisera for
possible use in an immunoassay.

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:

l. Jordan, G. W. 1971. Application of probit analysis to interferon
plaque creduction data. Bact. Proc. p. 214,

1
2. Luscri, B, J. 1971. Preparation, bioassay, and partial fractionation ’
of an efficient L cell interferon. Bact. Proc. p. 213.
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Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U)
Task Nc. 1B662711A096 03: Laboratory ldentification of Biological Agents

Work Unit No. 096 03 403: Separation, Purification and Concentration of
Arobvirus Agents and Antigen-Antibody Complexces

Description:

Develop an in vitro diagnostic test for rapid detection of antibody
causing militarily significant disease,.

Progress:

The isolation and the identification of viruscs, 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 enccuntered
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 soughtllza_Jﬁ/ (J., Immun., 98:314, 1967, 104:1031,
1970; Life Sci. 6:2135, 1967; Science 169:298, 1970).

A diagnostic test was developed in this laboratory for the 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, microquantities (50 ul) 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 scrum controls, indicates
the presence of specific antibody.

A previous reportil (USAMRIID 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 purifieg/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 spred centrifugation onto a CsCl cushion (density = 1,59). After
dialysis overnight to remove the CsCl, 17 human serum albumin was added

to stabilize the antigenicity of the purified virus preparation. Antigenic
potency was determined by the reaction of antigen and hyperimmune rabbit
serum,

Preliminary experiments employing adenovirus antigen and clinical
specimens demonstrated the existence of nonmigrating proteins in human
sera that resulted in false positive reactions; that is, a precipitate

was visible at the crigin 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 nonmigrating 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 adenovirus-7 antigen in the
electrophoretic technique, both human and rabbit sera showed no loss in
antibody titer,

In an attempt to correlate electrophoretic results with a standard
serological 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 titer., No correlation, however,
was seen with complement fixation (CF) titers. Statistical correlation
between electrophoretic and neutralization titers awaits the availability
of additional clinical specimens.

S O S S S SN SR Gt 3
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S
TABLE 1. CORRELATION OF RESULTS OBTAINED FROM ELECTROPHORETIC,
NEUTRALIZATION AND COMPLEMENT FIXATION TESTS ON 20
SERAZ/ USING ADENOVIRUS TYPE 7 AS ANTIGEN
ELECT ROPHORETIC RECTPROCAL TITERS/
REACT IOND/
Neutralization CF
POSITIVE z256 160
256 80
256 10
z128 10 1
2128 <35 '
128 20
64 160
64 80 Q
64 80 ‘
NEGATIVE <4 80
<4 20
1" 20
' " 10
n 10
e |
" . 5 :
" 75 i
T 1" 6
]
11" ‘5
1 (_5

a. No electrophoretic test performed on one specimen. '
b. Screened at 1:10 dilution of serum

} c. Performed at WRAIR

e et B e A e
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Summary :

An inmunoclectrophoretic procedure utilizing microprecipitation on
coellulose acetate plates has been developed for the laboratory detection
ol antibodv to a specitic virus, The usefulness of this technique in
diagnosis was demonstrated with adenovirus, type 7, and homologous
antiscrum. Virus antigen was concentrated and partially purified by Genetron-
113 extraction and subsequent handing 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 necutralizing antibody.

Publications:
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Description:

Attempt to hasten identification of an arbovirus infection in man.

Propress:

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 avajlable
for this individual., The titer of the individual was calculated by
probit paper plotting with a 507 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. FY 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 1gG, IgM, 1gA
and C'3 complement during the 10-day postinfection period were
calculated by immunoradial diffusion for 6 individuals. This data
is presently being analyzed.

Plaque reduction analysis is complicated by slow plaque formution
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 has becn
shown to produce plaques using chick embryo fibroblast, duck embryo
fibroblast and baby hamster kidnev (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 VERQ
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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Investigate immunologic responses of a susceptible host after exposure to micro-
bial toxin and after immunization with toxoid.

24 (U) Investigate serological activity of staphylococcal enterotoxins and their toxoids;
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
enterotoxins contained minor antibodies for each of the other toxins. Surveys for

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 immunogenic 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 toxoid-immunized monkeys, however, resis-
tance to subsequent ingestion of toxin appeared to be associated with humoral antibody
titer.

Gel immunoprecipitation studies suggested that components of a trivalent toxoid
for types A, B and C had comnon antigens as well as type-specific antigens,
Pathophysiological and immunological studies demonstrated that type II hypersensi-
tivity was responsible for the acute reponse of monkeys to reexposure with type B
toxin,

Publication: J, Infect. Dis., 1971, In press.

naturally-acquired antibody indicated that incidence and multiplicity of antibodies in P

® 4 variahlc o cont-actors upan onginator’s approval

DD FORM ‘498 £dt % CUS EDITIONS OF Tr1S FCRM ARE OBSCLETE ) FORMS 1496A 1 NOV 63
' MAR A ArT '4v8 ! 1 MAR 68 (FORM ARMY USE) ARE OBSOLETE




325

BODY OF REPORT

Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 03: Laboratory Identiiication of Biolopical Agents
Work Unit No. 096 03 800: Immunological Studics with !licrobial Toxins

Description:

Investigate immunologic responses of a susceptible host after exposure
to microbial toxin and after immunization with toxoid.

Progress, Part I:

In previous studiele—g/ (USAMRIID Annual Progress Report, FY 1970,
p. 241; J. Infect. Dis. 1In press, 1971) serologic techniques were
evaluated for their efficiency in estimating resistance of monkeys to
parenteral exposure with staphylococcal enterotoxin B (SEB). Low-titering
antibodies, detectable by hemagglutination (HA), were associated with
resistance to intravenous (IV) challenge with %25 median illness doses
(EDg5g), whereas SEB-precipitating antibody was required for resistance to
higher doses. Essentially no information was available for evaluation
of resistance to incested toxin or of the immunologic 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 SEB, 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 titrations,
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 hemolysins 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 during storage of
reconstituted SEC for 2 weeks at 4 C.

Hyperimmune sera for any 1 of the 3 enterotoxins showed minor reactions
with each of the other types (Table I). Cross-reacting precipitins for
types A and B were difficult to demonstrate, but precipitin reactions with
SEC were observed in almost all sera. SEC precipitation showed partial
identity with that of homologous antigens.

A\ e R
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TABLE I. ANTIBODIES FOR HOMOLOCGOUS AND HETEROLOGOUS TYPES OF
STAPHYLOCOCCAL ENTEROTOXIN IN SINGLE FACTOR HYPERIMMUNE SERA.

RECIPROCAL HA TITER AND PRECIPITIN REACTION

TEST Anti-SEA Anti-SEB Anti-SEC
ANTIGEN (Rabbit 80) (Goat 222) (Goat 406)
HA Precipitin HA Precipitin HA Precipitin
SEA 160,000 4+ 80 Neg 10 Neg
SEB 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 7
from a group of imstitutionalized adult males, had antibody for the 3
enterotoxins, whereas over 60% of monkey sera had no detectable antibody and ﬁ
only 6% had antibody for more than 1 type. SEC antibodies were the predominant
type in monkey sera. Although mean HA titers 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 untitoxoid 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 ana’ysis of toxoid
serology.
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TABLE II. HEMAGGLUTINATING ANTIMODIES FOR STAPHYLOCOCCAL ENTEROTOXINS,
SEA, SEB AND SEC, IN 132 HUMAN AND 213 MONKEY SERA.
HUMAN SERA MONKEY SFRA
REACTION GROUP % Titerd/ % Titerd/
Reactors SEA SEB SEC Reactors SEA SEB SEC
No detectable
antibody 1 - - - 63 - - -
SEA ) 28 - - 2 68 - -
SEB 2 - 25 - 5 - 80 -
SEC 2 - - 40 24 - - 53
SEA + SEB q 13 20 - 0 - - =
SEA + SEC 5 50 - 64 3 59 - 39
SEB + SEC 6 - 87 57 3 - 57 16
SFA + SEB + SEC 80 64 126 130 0 . = S

a. Geometric mean reciprocal titer.

The antibody respcnse of monkeys to each component in the trivalent
toxoid was comparable to that seen previously following injection of
monovalent SEB toxoid.l/ 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 clseviere2/
(J. Infect. Dis. 1In 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 progzressive 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.
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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 GAVACE.
NO. ILL/NO. TESTED BY
PRECHALLENGE HA TITER
CHALLENGE, DOSE TREATMENT

ED g2 <1:80 >1:80

10 Toxoid immunized 9/11 1/5
Prior experience 1/1 1/5
None 6/7 Npb/

100 Prior experience ND 1/6

None 4/4 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. 1In 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 ED5p 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 EDgg. :

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).




TABLE IV. RELATIONSHIP OF SEQUENTIAL EXPOSURES AND HUMORAL ANTIBODY ON
RESPONSE OF MONKEYS TO CHALLLNGE BY GAVAGE.

NUMBER ILL/NUMBER TESTED

Challenge Dose (ED50)9/
CHALLENGE PRECHALLENGE

HA TITER 1 10 100

1 -0wk <1:80 23/27% 23/27 11/11
>1:80 2/8 3/4 8/8

2 - 16 wk <1:80 8/12 17/24 11/11
>1:80 1/5%*% 4/ 8%

3 - 32 wk <1:80 3/6 8/17%* 5/9%
>1:80 2/12%%% 5/9%
Antibody-negative control 10/17 17/19 7/7

a. Median illness dose, by gavage.

* pResponse significantly different from that of corresponding
control monkeys: * p <0.05, ** p <0.01, *** p <0.001.

It was of interest to note that monkeys with low titers were less
resistant than antibody-negative control monkeys to primary challenge with
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1 ED5g (p <0.05). Unlike our previous findings with parenteral challenges.

conversion or increase of HA titer rarely occurred; HA-positive monkeys
with titers of >1:80 often develcped 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 IC EDgq (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 EDgy. These findings suggest that if
antibody 1is associated with resistance to ingested toxin, it probably is
localized in or near the gut.
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TABLE V. [1LLNESS AND ANTIBODY RESPONSE OF MONKEYS TO SEQUENTTAL CHALLENGES
WITH ENTEROTOXIN B ADMINISTERED BY GAVAGE (6 MONKEYS/GROUP).

CHALLENGE DOSE (EDSO)-a-/

CHALLENGE 1 T

No. Week No. No.

No.  Week No. I1l  Antibody-Positive No. I1l Antibody-Positive
L 0 4 0 : )

2 16 4 0 6 0

3 22 4 0 5 1

4 24 1 0 1 .

5 26 0 1 0 3

6 28 0 3 o .

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 807 had antibody for the 3 enterotoxins, whereas over 607 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 freaquently. Gel
precipitin 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 humaral aatibodies were detected, suggesting that the
immunogenic response may involve local production of secretory antibody.

T -
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Progress and Summary, Part II:

Investigations were conducted with previously-exposed and toxoid-
immunized monkeys to define the pathogenesis of acute illness and death
following intg?venous challenge with SEBR. Results of these studies have
been reported=’ (CES Annual Report, FY 197C, p. 261). In brief,
manifestations of acute response were differentiated from the typical
enterotoxic syndrome and were consistent with hypersensitivity reactions
in subhuman primates. Cutaneous sensitivity and serological studies
implicated a type II response; reactions occurred at in vivo toxin:antibody
ratios of 1:1 - 2:1.

Publications:

l. 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 REPOR'

Project No. 1B662711A096: Medical Detense Aspects of Biological Agents (U)
Task No. 1B662711A096 03: Laboratory Tdentification of Biological Agents

Work Unit No. 096 03 801: Radioimmunological Assay of Staphylococcal Toxins
and Other Exoproteins

Description:

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 .g/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 125SF.B 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 agication, the antigen-
antibody complex is centrifuged at 15,000 rpm for 15 min. One ml of the
supernatarnt 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 _ 0.0l ,ig/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 radioimmunclogical 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 sctudies are in progress on this phasc of the system
as it would appear to be an extremely sensitive method for measuring
antibody.

Summary, Part I1:

A solid phase radioimmuno] 11 assav method has been developed for
the measurement of SEB and SF' . itibodv. Further work is in progress omn
SEA, SEC, and other exoprot
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Progress, Part 1T:

A double-antibody radioimmunoassay for SEB has been developed, using the
following reagents:

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. TFurther 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. 125I-SEB: Lot 14-30 SEB is coupled to 1251 by chloramine-T oxidationl/
(Biochem. J. 89:114, 1963). Much of the 1291-SEB used in developing the assay
has been supplied by Pathology Division, USAMRIID.

4. Rabbit Anti-SEB Serum: Obtained from male New Zecaland white rabbits
hvperimmunized by multiple inoculations of Lot 14-30 SEB in Freund's complete
ad juvant.

5. Goat Anti-Rabbit Serum: Obtained from goats administered whole rabbit
serum in Freund's complete adjuvant.

For each lot of 125I-SEB prepared, it is necessary to determine the working
concentration of labeled SEB to be employed in the test. By convention, the
dilution of 1231-SEB that produces 2,000 counts/5 min of radioactivity in the
precipitate formed by mixing 100 ul 1257-SEB, 100 ul of SEB (500 ng/ml), 500 ul
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 standaid amount of 125I-SEB in the absence of unlabeled SEB.

The immunoassay consists of adding 100 ul volumes of solutions to be tested
for SEB, or of solutions containing known concentrations of SEB (for use in
constructing a standard curve) to anti-SEB serum, 12 I-SEB, and a goat anti-
rabbit serum. The precipitates are compacted by centrifugation 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 antiserum controls.

3. Add 100 pul of appropriate reagents to standard tubes and unknowns.
100 wl of diluent is added to tubes designated as 0 ng/ml standards.

4., Incubate mixtures 5 hr at 5 C.

5. Add 100 :1 of the working concentration of 125I-SEB to all tubes. Put

2
100 il of l‘SI—SEB in tube for total count determination.

PRSP PIISTES = SRS SRS

e ———i . <
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6. 1Incubate at 5 C for 16 hr.

7. Add 100 1 of normal rabbit serum (diluted 1:5 in barbital-
gelatin) to standard tubes and unknowns. Add 350 ul of the normal
rabbit serum to the antiserum blanks.

8. Add 100 ul of goat anti-rabbit serum (diluted 1:5) to each tube;
mix.

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 ug 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 (ug/ml) IMMUNODIFFUSION
Pre-exposure a/ 0

2 min 12.20 11.2

15 min 4.00 2.8

30 min 0.91 1.0

1 hr 0.09 0

2 hr 0.02 0

4, 6, 8, 10, 18, 24, 30, 34, 48 hr ND Not testec
49 hr (terminal) 0.01 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 IT.

TABLE II. THE COMPETITIVE EFFECT ON 125I-SEP) BINDING WITH ANTI-SEB SERUM A
CAUSED BY THE ADDITION OF UNLABELED SEB -

SEB % 125 . sEB BOUND
ng/ml
0 66.8
1 66.4
2 66.3 ‘
4 65.4
8 64.4
16 62.4 i
31 56.5 i
62 48.9 ‘
125 36.6 H
250 20.1
500 8.0 I
1000 0.1

Summary, Part II:

The double-antibody radioimmunoassay technique was adapted to detect and
quantitate SEB in biologic materials. Thf assay, which has a sensitivity
25I-SEB as the radio-labeled antigen.

level of about 8 ng of toxin/ml, employs

Publications:

None.
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