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SUMMARY

A report of progress on the research program of the U. S, Army Medical
Research Institute of Infectious Diseases on Medical Defense Aspacts of
Blological Agents (U) for Fiscal Year 1972 i{s presented, This is the final

report under Project No, 1W66271l1A096, Starting in FY 1973, the number will
be 3A0621104834,
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FOREWORD

This FY 1972 Annual Progress Report is a general review of research
activities of the U, §. Army Medical Research Institute of Infectious
Diseases, Frederick, Maryland, conducted under Project 1W662711A096,
Medical Defense Aspects of Biological Agents (U) and a small effort
under the In-house Laboratory Independent Research Program (ILIR),

iW6p2711A096 01 -« Pathogenesis of Infection of Military Importance.
¢ 1W662711A096 02 « Prevention and Treatment of Biological Agent
: Casualties,

1W662711A096 03 « Laboratory ldentification of Biological Agents.

Beginning 1 July 1972, funding will be by The Surgeon General, Army,
under Project 3A072110A834.

Seven contracts were in effect with educational institutions or
industrial firms., Two of these terminate this Jate. Reports are
available through Defense Documentation Center.

Six appendices are included covering Technology Support Plans (A),
Volunteer Studies performed during the year (B), Cuest Lecture Series
(C), Professional Staff Meetings (D), Formal Presentations and Briefings
(E), and Publications of USAMRIID (F). An author index is included.

In conducting the research described in this report, the investigators
adhered to the '"Guide for lLaboratory Animal Facilities and Care,' as
promulgated by the Committee on the Guide for Laboratory Animal Facilities
and Care of the Institute of Lauoratory Animal Resources, National Academy
of Sciences-National Research Council, The facilities are fully accredited
by the American Association of Accreditation of Laboratory Animal Care.
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Ouseription:

Study e¢darlv changes in carbohvdrate metabolism and physiology induced
by experimencal discase.

Prugress:

The majority of studies have centered on the effect of infection-
related variables on glycogen metabolism in liver, skeletal muscle, and heart
Of the rat.

Influence of pentabarbital and halothane anesthesia on glycogen metabolism
in rat liver.

To determine the most desirable anesthetic agent tou use in studies on
the influence of infection on liver glycogen metabolism the effects of
halothane and pentabarbital anesthesia were compared on liver glycogen
synthetase (GS8), liver glycogen phosphorylase (GP), and plasma glucose
concentration. Animals given halothane were killed within 3 min of induction
of anesthesia while those given pentobarbital were killed at 20 min. Tn
fed animals, plasma glucose and liver GS activity were not signiticantiy
different recardlegs of anesthetic agent. However, GP was significantly
higher (p ~ 0.062) in halothane-treatd animals then those given pentobarbital.
In fasted animals plasma glucose concentration was significantly elevated
(p ~ 0.01) in animals given pentobarbital. The per cent GS in the active
or T form (XG5~I} was significantly lower (p <« 0.01) In fasted animals given
ialothane while there was no significant difference in GP activity.

Thus, in using the rat as a model of infectious disease, one wmust be
dware of the uffects of the variables of types of anesthesia and nutricionad
status.




[2f uence of Diplococcus pneumoniace (DP) and Salmonella typhimurium (ST)
sepsis on glycogen metabolism in rat liver.

Studies were performed to demonstrate the sequential changes in liver
glycogen metabolism during DP and ST sepsis in the rat., Both infections
increased the rate of glycogenolysis over that of controls., In DP sepsis,
this was associated with an early decrease in the % GS-I but with a less
dramatic effect on GP activity., Thus, an increased rate of glycogenolysis
was more clogely related to a decreased glycogen synthetic rather than an
noreased degradative activitv, In ST sepsis this was not associated with
Loaignifloene »itect on eliher GS or GP activities. Thus, the mechanisms
seeponswle tor aa inarcased rate of glycogenolysis during ST sepsis are
sore complex and possibly less applicable to study using the present enzyme
s53avs. ST sepsis promoted a significant diminution in plasma glucose
whnile DP sepsis had no significant effect on this parameter.

Influence of leukocytic endogenous mediator (LEM) on rat liver glycogen
metabolism,

Sequential changes in liver GS, GP, glycogen concentrations, and plasma
glucose were monitored following intraperitoneal (IP) administration of LEM
to fed rats and compared to rats given saline and heat-treated LEM, LEM
also promoted an accelerated rate of glycogenolysis compared to controls. :
This was associated with a decrease in the %GS~T but with no significant effect ¥
on GP activity, much like the changes seen during DP sepsis. Thus, it is
proposed that LEM may be involved in sepsis-related effects on glycogen :
metabolism, :

Effect of an IP glucose bolus on liver glycogen metabolism in rat during sepsis.

To delineate a possible alteration in dynamic response to various agents
of liver glycogen metabolic machinery promcted by sepsis-GS, GP, glycogen
concentration, and plasma glucose have been monitored following IP glucose
(1 gm/kg) administration. Such a bolus of glucose promotes a very rapid
; (30 min) increase in the %ZGS~I and & somewhat later (1-2 hr) increase in total
; GS (I+D forms) activity. Plasma glucose returns to baseline levels between
: 1-2 hr in fed and 23 hr in fasted rats.

Clucose given (as above) to rats infected IP 6 hr earlier with 2 x 10% 4
ST organisms promoted a significantly decreased peak plasma glucose
concentration at 30 min when compared to noninfected controls. More
importantly, plasma glucose remained significantly above baseline at 2 hr,
indicating a decreased glucose tolerance in infected animals, Liver GS, GP,
and glycogen concentration assays have not been performed on these tissues
but when completed should give added insight into alterations in host
homeostasis at the molecular level during septic illness.




lffect of ST sepsis on glycogen metabolism in adrenalectomized rats.,

To gain information that might reveal mechanisms involved in incre:.:ed
liver glycogenolysis during ST sepsis in the rat, GS, GP, glycogen
concentration, and plasma glucose were monitored in adrenalectomized rats
infected with 2 x 10" ST organisms. At approximately 3 hr these animals
began convulsing, and within 10 min 10 of 18 rats were dead. The remaining
rats were immedisately anesthetized and killed., At that time mesan rectal
temperature of the group was 4C below O-time controls; mean plasma glucose
concentration was 34 mg/l00 al compared to 110 for O-time adrenalectomized
animais. At vime 0 mean liver glycogen concentratioun was 15 mg/gm wet-
welght-liver, while at 3 hr it had fallen to less than 1 mg/gm. However,
there was no demonstrable influence on liver G$ activity (GP activity has
not yet been measured), At least in rats, the presence of adrenal
glands is not essential for infection-promoted accelerated glycogenolysis.
Adrenalectomized rats are much more sensitive to the lethal effects of
sepsis; this decreased resistance is assoclated with gross abnormalities
in carbohydrate homecstasis as shown by the terminal hypoglycemic and
liver glycogen depletion relatively socn after the initiation of sepsis.

Studies utilizing the isolated perfused rat liver.

To determine the influence of sepsis, and factors related to it,
on liver metabolic machinery studies utilizing the isolated perfused rat
liver have been initiated. The rate of glycogen synthesis and degradation
in this organ can be significantly influenced by altering the concentration
of perfused glucose concentration with a relative hyperglycemia (300 mg/100
ml), promoting glycogen deposit and euglycemia, and hypoglycemia
(< 100 mg/100 ml) promoting glycogenolysis. Glycogen deposition was
associated with an increase in %GS-I and a decrease in GP activity, while
reciprocal changes were seen during glycogenolysis. It is planned to
remove livers from septic animals and study them in above fashion to
determine the nature of altered glycogen metabolism at the molecular level
in the liver.

Summary:
A UCDS,

Studies have been performed to indicate that early profound changes in
carbohydrate homeostasis occur in the host during experimental sepsis.
Accelerated liver glycogenolysis is promoted in the rat by pneumococcal
and §. typhimurium sepsis and by LEM. There is a strong implication that
alterations in carbohydrate homeostasis are Important determinations of
morbidity and lethality during sepsis as revealed by the striking changes
produced by Sailmonella sepsis in the adrenalectomized rat,

Preliminary studies have shown that glucose intolerance is an early
sequela of S. typhimurium sepsis in rat,

Studies utilizing the 1solated perfused rat liver have been started.
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Project No, 1W662711A096: Medical Defense Aspects of Binlogical Agents (U)
} Task No, 1W662711A096 0l: Pathopenesis of Infection of Military Importance

Work Unit No. 096 01 002: Role of Hormones in Infectiocus Disease of Military
Medical Importance

Description:

Study the role of hormones in the host response to infection.

Progress, Part I:

Accelerated metabolism of thyroid hormone has been observed during
acute pneumococcal infections in man and the rhesus monkey,!’? In the
monkey, cellular uptake of L~thyroxine (T,) 1s enhanced early during the
course of this illness.3 Further, concentration of labeled T, and
triiodothyronine (Ty) has been reported to localize in involved areas
of lung in patients with bacterial pulmonary infections.* The patho-
genesis and significance of these alterations in thyroid hormone distribu-
tion and metabolism are unclear. Studies undertaken in the rat suggest
that during pneumococcal infecticn there may be an increased metabolic
impact of T, at the cellular level.® In vitro studies with peripheral
leukocytes reveal that enhanced thyroid d hormone metabolism during infec-

3 tion could be part of a hosu defense mechanism in which phagocytizing

‘ cells utilize Ty or T3 as a source of iodine for iodination and killing
of ingested microorganisms.6 However, the extent to which thyroid hormone ]
or iodide participate in this peroxidase-hydrogen peroxide-halide anti-
microbial system in vivo remains uncertain.

. To explore further the effects of bacterial sepsis on host thyroid
hormone economy in the rhesus monkey, peripheral retabolism and distri-
bution of !3lI-labeled-T, (}311-T,) was examined in monkeys inoculated
1ntravenoualy (KV) with 10° Salmonella typhimurium, 10% Escherichia coli,
109 Diplococcus pneumoniae, endotoxin, latex or carbon particles. Inocula-
tion of both viable and heat-=killed orgaonisms but not endotoxin, latex or
carbon particles resulted in a marked acceleration in the fractional dis-
appearance rate of 131I-T, (KT ) within 8 hr. The effect of heat-killed i
organisms on K. was transient and not evidernt by 16 hr. Monkeys receiving
viable organismg deronstrated a more persistent acceleration of Ky, corres-
ponding in duration roughly to that of the septic illness. There was at

least a 2-fold increase in the daily absolute metabolic disposal rate of ;
T, in the infected monkeys during acute illness,




0

In additional monkeys, distributive clearance of ®}I-T, (rapid cellu-
lar uptake of hormone) was evaluated at various times after inoculation
of viable or heat-killed S, typhimurium. By 4 hr, a marked enhancement
of distributive clearance of hormone was noted in both monkeys receiving
heat=killed and viable organisms compared to those inoculated with saline.
This phenomenon also appeared to be transient in monkeys receiving heat~
killed S. typhimurium since no change in distributive clearance of T,
was noted by 14 and 24 hr in these monkeys, although clearance was still
accelerated at these time intervals in monkeys glven viable organisms,
An increase in hepatie uptake and binding T, was also noted at 4 hr in
monkeys incculated with S. typhimurium,

The acute changes in T. - .abolism and distribution could not be
ascribed to decreased extra. (i iar protein-binding of hormone. An in-
crease in the proportion of . Ty in serum was noted only at 48 hr,

while the alterations in T, peripheral kinetics occurred much earlier.

A biphasic change in total serum T, concentration was seen during the
course of 8. typhimurium sepsis consisting of a significant depression

by 48 hr and a significant elevation by 192 hr. Further, in monkeys
whose intrathyroidal iodine pool had been pre-labeled with 1251 4 gimilar
pattern of change in serum protein-bound 1251 concentration was noted.

It would appear likely that the fall in serum T, concentration reflects

a depletion of the peripheral hormonal pool due to the accelerated Ty
metabolism,

Accelerated host metabolism of T, has been reported in other stressful
or hypermetabolic states such as exercise, cold exposure, malignancy,
salicylate administration and acromegaly. Thus, this resgonse may be a
relatively nonspecific one, It is possible, however, that the accelerated
wetabolism of Ty noted during bacterial sepsis is related to enhanced
phagocytic cell functions.?’® This possibility is currently being assessed
by examining in vitro Ty deiodination by peripheral leukocytes harvested
during the course of acute S. typhimurium bacteremia. However, preliminary
cbservations in monkeys with radiation induced lelZopenia suggest that
cellular sites other than circulating leukocytes are involved in T,
metabolism during S. typhimurium bacteremia. The early disappearance
rate of l311-—’1‘1, from serum in infected, leukopenic monkeys was not sig-
nificantly differeat from that of intact monkeys.

Summary, Part I:

Accelerated peripheral distribution and metabolism of T, has been
observed during several bacteremic illnesses in the rhesus monkey., This
is accompanied by a depletion of the peripheral hormonal pool and a sub-
sequent increase in thyroid gland secretion. These changes appear to be
mediated by a primary enhancement of cellular uptake and metabolism of
hormone since they could noiL be correlated with appropriate changes in
vatracellular bincing of hormone.

et fem b i 4
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The pathogenesils and slgnificance of these alterations in hormone
economy remain unclear and may represent a more general host response to
stress, lowever, a relatlonship between host phagoeytic cell function
and T, deiodination remains an attractive hypothesis which 1s currently
belng more thoroughly evaluated.

Progpress, Part II:

A sensitive simultaneous double antibody radicimmunoassay for growth
nwormoae (Gd) and insulin (IRI) has been developed.® This assay can de-
tect 0,25 ng/ml of Gl and 5=7 uU/ml of IRI. Ia collaboration with CPT
Rowberg (Work Unit 096 03 008) a computer program has been devised which
uraws a standard curve and calculates the final results for this system,
We have analyzed about 200 rat serum samples for IRI and GH from Major
Curnow's experimeats (Work Unit 096 01 001) dealing with the effects of
pneumococecal, Salmonella typhimurium, and leukocyte endogenous mediator
on carbohydrate metaboliism.

A preliminary study of sequential changes in GH, IRL, and serum
gluccse (glu) during the course of pnewnococcal bacteremila in & chaired,
conscious rhesus monkeys was carried out. After 5 days of baseline
equilibration in the chairs, 1 ml of 5 x 10® virulent Diplococcus
pneumoniae was injected IV at 0900 hr into 2 monkeys, 1 ml of heat-
killed D. pneumoniae was injected IV into one, 1 ml normal saline into
the 4th animal, The 2 infected monkeys developed fever and leukocytosis;
cne died 30 hr postinoculation, The IRI levels pre-inoculation varied
from 50-275 uU/ml and fluctuated throughout the course of the infection
without any significant change between the experimental and control groups
except that the surviving infected animal had a low IRL of 5 ul/ml.

Plasma glucose varied in the pre-incculation period from 81-131 mg/100 ml,
without any recognizable pattern during the infection except for a low level
of 66 compared to »100 for the heat-killed and saline controls.

Finally, GH varied from 1,8-21 ug/ml during the baseline period with
wide fluctuations in all monkeys during the infected phase and an elevation
to Il ng/ml on day 7 in the surviving infected animal. Additional studies
are required to establish a characteristic hormonal profile in macaques
during pneumococcal bacteremia.

lavestigations are underway in collaboration with AA Division to
examine changes in IRI, GH, and serum glucose during IV glucose tolerance
tests and pneumococcal bacteremia in monkeys having indwelling bilateral
venous catheters, FEach animal will receive 3 such tests: Baseline, at
24 nr, and during convalescence,? Preliminary baseline data in 3 chaired
monkeys who had received a glucose tolerance test (0.5 gn/kg body weight)
in the uninfected state showed a mean fasting blood glucose of & mg/100 ml
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with a peak of 199 at 5 min and a rapild drop to baseline levels of 46 at
30-45 min, The mean fasting serum IRI was 27 uwU/ml, with a rapid rise

to 90 wU/ml 5 min after glucose infusion; peak levels of 94 pU/ml occurred
at 15 min with a sharp fall to baseline levels by 30-45 min.

A radioimmunoassay for ACTH is being developed in collaboration
with LTC Collins of Pathology Division. A apecific antibody to a;~3?
porcine ACTH in goat has been prepared, The ma%or difficulties we have
encountered with fodinating and purifying the 1251.ACTH will be solved :
sy obtaining the labeled ACTH commercially. L

summnary, Part 1I:

A radioimmuncassay for GH and LRI along with a computerized method
of computing the datd has been discussed, A preliminary study in 4
rhiesus monkeys revealed no characteristic hormonal pattern in IRI, HGH,
serum glucose during the course of pneumococcal bacteremia. A model
studying these same hormonal parameters after a glucose load durine
the course of pneumococcal bacteremia is described which may minimi.e
the wide minute~to-minute fluctuations in these polypeptide hormones.

Progress and Summary, Part II1I:

Depression of serum thyroxine (T,) has been noted during acute
infection.® In addition, the hallde-myeloperoxidase~hydrogen peroxidase
system has been implicated as a major bactericidal mechanism of poly-
morphonuclear neutrophils (PMN).!0

Consequently, in vitro studies employing the bactericidal assay
developed by Quie, et al,!l have been initiated to determine the effects
of T, upon PMN function. To prevent nonspecific binding of T, by serum
proteins introduced as opsonin, Escherichiu coli were sensitized with un=~
diluted serum and washed 3 times, No additional opsonin was required in
tie final reaction mixture which was capable of killing 60-80% of phagocy-
ticed bacteria, To assess bactericidal activity of PMN treated with
ohysiclogical levels of Ty (l00 pg/ml), a 6:1 ratio of bacteria to PMN
was employed to provide maximum stress. Preliminary data indicate that
actively phagocytizing PMN exhibit increased deiodination but no change
in bactericidal activity.

Presentation:

DeRubertis, F. R. and K. A, Woeber. Accelerated host metabolism
vf L-thyroxine during acute Salmonella typhimurium sepsis, Presented at
Annual Meeting, American Federation tcr Clinical Research, Atlantic City,
N.o Jde 29-30 April 1972,
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Publications:

1. DeRubertis, F, R., and K. A, Woeber, 1972. Evidence for en-
hanced cellular uptake and binding of thyroxine in vivo during acute
infection with Diplococcus pneumoniae, J. Clin. Invest, 51:7B8-795,

2, DeRubertis, F. R.,, and K. A, Woeber, 1972. Accelerated host
metabolism of L-thyroxine (T,) during acute Salmonella typhimurium (ST)
sepsis., Clin, Res. 20:424, 1972 (abstract),

3. DeRubertis, F. R,, and K. A, Woeber. 1972. Effect of acute
infection with Diplococcus pneumoniae on hepatic mitochondrial alph. -
glyccro-phosphate dehydrogenase activity., Endocrinology 90:1384-1387.
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2 (Uf To study serial changes in tissue enzyme systems during the course of

experimental infections., This work unit is an essential element in a comprehensive
program for medical defense against BW agents,

24 (U) Studies of the adenyl cyclase system are conducted to determine what effect
Infections have on this endccrine-metabolic parameter.

25 (U) 71 07 ~ 72 06 - Prostaglanc ‘n E-1 signlficantly stimulates partially purified
hepatic adenyl cyclase at high concentrations and significantly inhibits this same
enzyme at low concentrations.

Publication: Anal, Biochem, 41:372-396, 1971.
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BODY OF REPORT

Project No. 1W662711A096: Medical Defense Aspects of Biological Agents ()
Task No. 1W662711A096 Ol: Pathogenesis of Infection of Military Impertanc~

Work Unit No. 096 01 003: Tissue Enzyme Changes in Infectious Diseasc
of Military Medical Importance

Description:

Study serial changes in tissue enzyme systems during the course of
experimental infection.

Progress:

Recent investigations have led to the development of the second mes-
senger role of cyclic 3'5'-adenosine monophosphate (cAMP) in the mediation
of hormone action.'»? According to this concept, cAMP has been placed
in the cell to serve as a "Director of Foreign Affairs', acting, therein,
to regulate cell function in response to changes in the external environment.
Since alterations in the adenyl cyclase system can reflect abnormal intra-
¢cellular metabolism in states of endocrine imbalance, it is hoped that these
studies will give more insight into the host response to infection at the
molecular level.3-®

Certain actions of prostaglandin E] (PGE;) indicate its involvement
in infectious disease processes, stimulation of leukocyte chemotaxis’ and
production of a febrile response.? Aspirin and indomethacin block
these actions by preventing the synthesis of PGE;. PGE; has been shown to
increase cAMP production in some tissues, i.e., platelets and thyroid, and
to decrease cAMP levels in another tissue, fat. Prostaglandins are
released from tissues by hormones which are known to increase cAMP levels,
that is, in liver by glucagon and in epididymal fat pad by catecholamines."
This has lead to many intriguing postulations about the role of
prostaglandins in relation to adenyl cyclase.

Studies are being conducted to determine what effect these
prostaglandins may have on the hepatic adenyl cyclase. Preliminary
cxperiments show that PGE; is significantly stimulatory at a high concentration
and significantly inhibits adenyl cyclase enzyme at a low concentration,
Table I.
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TABLE 1. EFFECT OF PGE; ON PARTIALLY PURIFIED HEPATIC ADENYL CYCLASE

Concentration of PGEy (M) % Control + SEM Sign;ficance
4.0 x 10-4 252 4 21 <0.0005
2.0 x 10-4 212 + 5 <0.0005
6.7 x 1072 153 + 18 <0.050
2.0 x 1079 152 + 21 <0.,100
6.7 x 10=6 135 + 17 <0.100
2.0 x 1076 89 + 13 <0.300
2.0 x 1077 59 + 14 <0,050
2.1 x 10-8 65 + 7 <0,0125
Summary:

PGE] significantly stimulates partially purified hepatic adenyl
cyclase at high concentrations and significantly inhibits this same
enzyme at low concentrations.

Publications:

White, A. A., and T. V. Zenser, 1971, Separation of cyclic
3',5'-nucleotide monophosphates from other nucleotides on aluminum
oxide columns. Anal, Biochem. 41:372-396.
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23 (U) Obtain clinical and pathological baseline values. Establish patterns of
disease in normal colony animals, This work unit is an essential element in a
comprehensive program for defense against BW apgents.
24 (U) Conduct studies on colony animals to establish normal values for various
biological parameters of Iinterest to investigdators using animals as test subjects,
Study incidence and patterns of disease In normal colony animals,
25 (U) 71 07 - 72 06 - Animal Resources Division received 292 monkeys, 231 of which
were unconditioned animals procured from commercial sources. More than 1000
tuberculin tests werc done, all of which were negative. Complete blood counts and
selected hlood chemistry evaluations were conducted on all unconditioned monkeys
upon arrival and periodically during the 90-day quarantine period.

Gastroenteritis was the most common disease problem in the colony, but the
principal cause of deaths in the new unconditioned monkeys was viral pneumonia
complicated by secondary bacterial infection,

Publication: lab, Animal Sci, 21:434-437, 1971 i
JLA V.M A, 159:326, 1 Sep 1971 :
J.A.V.,M,A, 160:739, 1 Mar 1972 1
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Project No. LWO02711A0Y0: Medical Delense Aspects of Biological Apents (U)

Task No. 1Wou27L1A090 O Bithogensis of Infection of Military Importance

'i

Werk Uil Noo 090 01 0% Evaluation ot Normal Colony Animals for BW
Dotensive Research

ileng viption:

Obtain bacoline clinical values, scarch tor pathological lesions, and

eutablish patterns of discase in rovrmal volony anfmals,

T AT 1o

Mroocvess, Pavd L

goats, Burros and Sheep « Burros, poats and sheep were periodically
servened for interral parasite tnfestation and treated with antihelminthic
drugs as necded,

Due to adverse environmental conditions, the poat herd developed
numerous caseds ob loot rot.  The herd was moved inside the barn and the
toot rot problem was vectitied, Construction ol a4 now pasture area with
proper drainage {s now in progress which should help orevent recurrence .
A of this probiem,

The goat herd was tested and tound to be Brucella=tree,

Monkevs - A total of 290 rhesus wonkevs (Mavaca muiatta) wis received
by the Anima!l Resouvees Division (ARY,  Duoe to the maximum utilizalion
1 provia g 1ow o ollest N

it bas been peossible to achicvve a greater rescavch k
Colatnataien troa a lower tofal aumber ol monkevs, Monkevs were recceived 1
Frote 0 oroures s ol cond i boned monhevs wore received trom the Andjmal Farm
anc Apciicd Acrobrotony Division, Fort Detrich, aad 2310 nonconditioned

Ponnevs o wes e civod prom o commeveial o sourees, Fhe nonconditioned animals
Woln tevedved o oo ot ody TR and A48,

ol v 0 oneys was Created rov diarvhea, ol ter elhiical
o i, o ! e dsee Hlancons problems,  Peathe occurred as tollows: ;
Wt 5 s e careos = pone adulo, one otaar ), sheep - 1, poats - 05
Chodutess C Lewiors Y cuthanieed due to mastaom ot ication:  monkevs - 12,
Covtreone o ibe o onkey duaths occartes ot the uneond it foned animals

de e Sdeday quacant ine-vondttioning perirod, n the First proup of

c cacvnochers wese DD odesths, o SIS o the doan by occarred duriunge the rirvst

T U T Ut WO WP AU
T T T RN N TR T St Acidi o aedh e s G s i Y poT




7 ways (4 due to measles pneumonia and 2, acute diarrhea); 5 during the 2nd

and 3rd week (3 of acute diarrhea and 2, acute pneumonia); and one 30 days
later of profuse chronic shigellosis, There were 30 deaths in the 2nd group

ot 119 monkeys, the majority due to viral pneumonia with secondary bacterial
infection, The causative agent of the pneumonia was found to be the measles
virus with exposure occurring during transit. In a 3rd group of 48 monkeys
received on 1 Mar 72, only 3 deaths have occurred to date (l, each due to viral
pneumonia, dysentery, and renal disease). The reduction of deaths in this
latter group is due to an intense antiblotic prophylaxis regime initiated

woon arrival,

~ocn's G1d luberculin (KOT) was used for 1049 intrapalpebral tests of
wongeys; all of which were negative,

AR Division also procures and issues all other laboratory animals utilized
by the Institute, To date no significant problems have been encountered in
this area.

summary, Part I:

Gastroenteritis continued to be the most common disease problem in the
conditioned monkeys. Viral pneumonia (etiology - measles virus), with sec-
ondary bacterial iufection, was seen to cause a rapid, often virtually asymp-
tomatic death in newly arrived unconditioned monkeys. This high rate has been
reduced in the last shipmerit by immediate high-level antibiotic prophylaxis
regime,

Progress and Summary, Part II:

Complete blood counts and selected chemistry evaluations are being done on
all unconditioned monkeys upon their arrival at the Institute and during the
quarantine period., The study is being continued with results from the first 2
groups now being evaluated,

Progress and Summary, Part III:

Fifty-two normal colony animals of various species were necropsied by the
Pathology Division, Thesc represent animals from the normal colony which
cither died spontanecously, or were euthanitized because of various illnesses
or disorders, In addition to these animals, members of the Pathology Division
necropsied and accessioned approximately 950 animals of various species from
other divisions in the Institute.

Except for the problems encountered in the unconditioned monkeys, the
seneral health of the colony has been good throughout the year,
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BODY OF REDPORT

Project No. 1W662711A096: Medical Defense Aspects of Blological Agents (U)
Task No., 1W662711A096 0l: Pathogenesis of Infection of Military Importance

Work Unit No. 096 01 009: Host Amino Acid, Protein and RNA Metabolism
during Infectious Disease of Military Medical
Importance

Description:

Investigate the pathogenesis of changes in free amino acid of blood
and tissues during infectious disease or in conditions induced by other
variables.

Progress, Part I:

Earlier data obtained by paper chromatographic separation of whole-
blood amino acids revealed that both bacterial and viral infections in
man resulted in a drop in total blood amino acids,}-® More recently we
have measured serial changes in individual plasma free amino acids which
were obtained from volunteers that were exposed to either sandfly fever
virus,® (Medical Division Protocols FY 70-1 and 70-3), Salmonella typhi?,
adenovirus type 21,2 (Medical Division Protocol FY 71-2), or 17-D yellow
fever vaccine virus (Medical Division Protocol FY 71-3), With both the
febrile (sandfly fever and S. typhosa) and afebrile (adenovirus type 21
and 17-D yellow fever virus) infections there was a significant depression
in total plasma free amino acids. The magnitude and pattern of individual
amino acid response appeared to be characteristic for each {nfection and
can be summarized as follows:

a. Sandfly fever virus: Depression of all amino acids 47 hr after
fnoculation with maximal responses in leucine, isoleucine and valine;

b. Typhoid fever: Early depression of many individual amino acids
with maximal response in alanine, glycine, glutamine, proline, and
threonine;

¢. Adenovirus type 21: Maximal depressions on day 6-7 with greatest

decreases in proline followed by alanine, glutamine, valine, and threonine;
and

d. 17-D yellow fever vaccine virus: Maximal depression on day 3
with greatest decreases in threonine followed by lysine, aupartate,
histidine, and methionine,

ahrmn e Tt
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PBuring the febrile stages of the inf there was A marked increase
in plasna phenylalanine-to-tyrosine ra! wut o % change was absent in the
afebrile infections, These data indic~  that ¢~ a mild asymptomatic
infection can result in alterations in 1., ividual , 'asma amino acild content,
The changes appear to be charactaristic of the Lnd.vidual infection and do
not appear to be related to anorexia or t. wuctri!~ gtate,

Previous observations have suggested that serum from volunteers infected

with 8. typhi contained a humoral factor which when injected into recipient

rats would stimulate a flux of amino acids into liver,® More recently serum

nay beca obtained from subjects with various types of naturally acquired
inrections (a cooperative study with Dr, Klalner, Ohio State University

weuical Scheol, Contract Mo, DADA 17-68-C-8080), The sera were divided into

the following groups: pneumococcal infactions, mixed infections, cellulitis,
polynephritis, and staphylococcal abscesses. When the millipore-filtered
sera were injected into reciplent rats which had been equilibrated with 14¢C

cycloleucine, a nonmetabolizable amino acld analog, a significant accumulation
of the cycloleucine was observed in the liver 4 hr after the injection of any

o) ¢he sera from the various types of infections., When heated, 90 C for 30
min, serum from an infected subject was injected into a recipient rat, no
effoct was noted on the distribution of labeled-cycloleucine, Thus, it was
concluded that a humoral factor was released in subjects with various viral
ana bacterial infections which influenced the distribution of amino acids
in host tissues, such as liver, Current experiments are being devised to
attempt to develop a quantitative bioassay for the concentrations of this
mediator of amino acld transport and to determine its presence during
various stages of infectious processes,

A computer program 1s currently being developed to evaluate the changes
in individual amino acids and the presence of the mediator of amino acid
flux as a possible means for early detection of infection,

Summary, Part I:

Both viral and bacterial infections in man are characterized by early
depression of plasma free amino acids, The masnitude and pattern of change
in individual amino acids appear to be characteristic for a particular
infection. Those changes in plasma amino acids have been observed in mild
asymptomatic viral infections but the marked elevation in plasma phenylala-
nine-to-tyrosine ratio is only observed during the febrile stages of the
infectious process, The changes in plasma amino acids appear, in part, to
be related to the release of a humoral mediator which stimulates a flux of
amino acids into tissues such as liver.® The presence and concentration of
the mediator as well as changes in individudal plasma amino acids may afford

the blochemical means  of detecting the exposure cf the host to a puarticular
infectious organism.
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i Progress, Part II:

The concentration of 21 individual free amino acids in serum, liver,

| and skeletal muscle was determined in rats during incubation, acute {llness,
: and terminal stages of experimental infection with Diplococcus pneumoniac, '’
By 4 hr after subcutaneous inoculation the concentration of total and many
individual free amino acids in serum, liver and muscle was significantly
decreased in comparison to findings in noninfected, pair-fed control rats,
By use of a nonmetabolizable amino acid analog (cycloleucine) it was
possible to detect a flux of amino acids from musecle to liver in the infec-
ted rat, The endogenous amino acids which moved to liver were rapidly

; utilized in bilosynthesis of serum proteins,

: In order to slucidate further the mechanisms by which plasma amino
{ acids were depressed in volunteers or experimental animals infected with
; elther viral or bacterial organisms, studies were continued in animal ]
! models on alteration and distribution of 2 nonmetabolizable amino acilds, !
‘ l4g0.cycloleucine and g-aminoisobutyric-1-14C acid (AIB). Cycloleucine

is transported at the '"so-called" L site on the cell membrane and is a
model for transport of neutral amino acids with branch-chains (e.g.,
leucine) or aromatic rings (phenylalanine). AIB, on the other hand,

is transported by the "alanine-preferring' A system on the cell membrane
and is a model for transport of alanine, glycine, and other neutral amino
acids with small or polar side chains, These model amino acids are subject
to intracellular transport and cellular concentrations gradients but are
not incorporated into protein or further metabolized,

Rats were injected subcutaneously with 1 uCi/100 gm body weight of
either 14C-cycloleucine or 14C-AIB and 24 hr later, when equilibrium
distribution had been established for the model amino acid, were injected
subcutaneously with 5 x 10® virulent D. pneumoniae or intraperitoneally
(IP) with 2 x 10° Salmonella typhimurium organisms, Food-restricted
controls were inoculated with heat-killed cultures of either organism
and all animals were killed 24 hr later, Two hours before killing those
rats that had received the c¢ycloleucine were injected IP with 10uCi/100 gm ;
hody weight of ®H-lecucine and those given AIB with an equivalent amount of '
®H-glycline. Liver and muscle intra- and extracellular volumes werc calcu-
lated from total water determinations and chloride space measurements,

The livers from the rats infected with both organisms contained more
intracellular and legs extracellular water than pair-fed, noninfected
controls, When cowpared on the basis of intracellular water content,
the livers from rats Infected with pneumococci, as assessed by bacteremia
and elevated body tcmperatures, had twice as much cycleleucine or AlB as
those of control animals, while livers from rats infected with S5, typhi-
murium contained 7 and 5 times as much cycloleucine and AIB respectively,
asg liver from control »nimals., Even though there was an increased rate
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of amino acid transport, the livers from animals with either infection con-
tained 867% as much free leucine as those of controls, while H-glycine
content of the livers frcm rats infected with D, pneumoniae or §. typhimurium
were 80 and 40%, respectively, of that found in the control animals, There-
fore, in both infections, these amino acids were transported into the liver at
an increased rate and were also utilized or further metabolized at an equal
or greater rate for protein sjyuthesis. This flux of amino acids into liver
and utilization appeared to be greater in the animals infected with the §.
typhimurium than those infected with pneumocacet,

Wiii. the previous studies had shown that infection-related depression
in plasma aaino acids is related to a flux of amino acids from muscle and
tissuzs such as liver, in certain infections which involve hepatic damage,
»teh as viral hepatitis, a marked increase in plasma amino acids has been
observed., One possible explanation for this iIncrease in plasma amino acids
could be the fact that the utilization by liver is decreased due to hepatic
westge,  To test this hypothesis, rats were given various doses of inhibitors
0. protein syathetic mechanisms and subsequently infected to see what effect
this would have on plasma amino acid flux of cycloleucine into liver, and
subsequent synthesis of serum proteins, When rats were infected with D.
poeunontiae and injected with 12 mg of puromycin over a 24-hr period, they
developed typical febrile responses and bacteremla as observed in infected
animals without puromycin. Similarly, the rats receiving the protein
inhibitor had an increased flux of 14C-cycloleucine into liver as compared
to noninfected controls but the concentration of serum unbound ?H-leucine
was significantly increased in both control and infected animals. As
observed earlier, infection resulted in a 2-3-fold increase in synthesis
of serum proteins; however, in the rats receiving puromycin, serum protein
synthesis was decreased in both groups of rats, The total serum amino acid
concentrations were decreased in rats infected with pneumococci, but, when
puromycin was given to these rais there was a significant increase above
control values, with a 2-fold increase in serum alanine,

If rats were infected with D. pneumoniae and given 0.6 mg of cyclo-
hexamide IP over 24 hr (another inhibitor of protein synthesis) nonme of the
rats survived for 2% hkr. 1In control rats receiving cyclohexamide there was
a very marked accumulation of serum amino acids; serum protein synthesis was
only 15% of that in untreated controls, When infected rats received lower
doses of cyclohexamide (0.3 or 0.6 mg/24 hr) they survived for 24 hr after
intection with D. pneumoniae and had bacteremia very similar to that of
untreated rats, In these rats there was an increased flux of amino acids
into liver but there was no increased synthesis of serum proteins, as
obscrved in untreated infected rats., Similarly, the concentration of
metabolizable leucine was {uncreased in the serum of rats receiving the
cyclohexamide, From these data it may be concluded that by blocking the
utilization of amino acids for protein synthesis an infectlion will result
in a marked increase in serum free amino acids., Thus, the increase in serum
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amino acids In subjects with viral hepatitis may be related to au elevated

flux of tissue #mino acids into serum and a decreased hepatic utilization
as the result of liver damage.

When weanling rats were fed an amino acid deficlent diet (67 casein)
the liver had a decreased protein biosynthetic capacity.}l If these rats
were then challenged with a subcutaneous dose of D. pneumoniae there was
a marked accumulation of cycloleucine in the liver and a 2-3-fold increased
incorporation of radioactive leucine into serwn proteins as compared to
noninfected diet~controls., Thus even though these rats were severely
seoteinsdepleted they did utilize thelr meager body stores to mobilize
2man0 acids inr {lux to livaer and subsequent increased synthesis of serum
oroteins, Thils cuggests that the movement of amino acid into liver and
subsequent synthesis of cerum proteins is a basic defense mechanism
against infectious organisms aud takes place at the expense of other body
tissues.

Summaryv, Part II:

From the evidence obtained from 2 model infections, D. pneunoniae and
S. typhimurf{um in rats, it may be concluded that the infection-related
changes in plasma amino acids reflect a flow of amino acids from muscle
to liver and that the increased movement of amino acids into intracellular
fluids takes place at both the '"L" and "A' sites on the hepatocyte membrane.
There appears to be a greater movement of amino acids into the liver of rats
infected with §. typhimurium as compared to D, pneumoniae and may be related
to an increased rate of gluconeogenesis and/or ketugenesis in these rats.
When serum and hepatic protein synthesis was blocked by inhibitors, puro-
mycine or cyclohexamide, the plasma amino acid concentrations were markedly
elevated in the Infected rats even thouvgh there is marked accumulation of ]
cycloleucine in their livers. This would suggest that decreased utilization g
of the amino acids for rcerum protein synthesis can result in an increase in
plasma amino acid concentrations in infections such as viral hepatitis,
This flow of anino acids into liver and subsequent ircreased synthesis of
serum proteins takes place even in severely protein-depleted rats, suggesting
that this is a vital process in the host defense against infections,

Progruess, Part T11]:

Recently it his Deen reported that a4 saline wash from incubated
peritoneal leukocytes that have been stimulated with glycogen will mediate
a marked .ncrease in the transport of '%C-cycloleucine into liver cells of
rats.? These siudics bave becn extended to show that this leukocytic
endogvnous mearator (LEM) also has a significant effect on the hepatic
accumulation of Y4C-ALB, With one injection a maximal effect is noted in
3 hr; by 9 hi the .onventration of the amino acid analogs are back to that
observoed in siaine-injected rats. If the rats receive repeated iInjections




0i LEM at 4-hr intervals, the cycloleucine accumulates loparithmically and
by 12 hr attain a liver-to serum concentration gradient similar to that seen
in animals infected with §. typhimurium. Thus, it may be concluded that

LEM has a4 relatively short biological half-life as to its effect on serum
amino acid flux into liver and, in addition, repeated injections result in
continual stimulation of the amino acid transport sites on the membrane of
hepatocytes,

Studies have continued in attempts to characterize the LEM prepared
frouw different species of experimental animals, LEM prepared from rat,
rebuit, monkey, aand dog all stimulate a flux of amino acids into liver
when injected into recipient rats, while LEM from goat and burro had no
activity, Both pronase and trypsin inactivated the amino acid flux activity
of LEM prepared from rabbit; however, it took approximately 20 hr for either
pronase or trypsin to completely inactivate the LEM, The LEM is stable for
at least 7 days when stored at either 4 or -20 C at a pH range of 4,7-8.0.

When the crude preparations of LEM from rabbits were fractionated on
G-200 Sephadex columns, amino acid flux was observed in a fraction of high
molecular weight, > 200,000, and a low molecular weight fraction, approxi-
mately 10,000, A crude extract of LEM from dogs had similar distribution
of activity when fractionated on G-200 Sephadex, When the various fractions
were dialyzed against water and back-extracted with either DEAE cellulose
and pR 6.5 buffer or CM cellulose and p4 5.0 buffer, the amino acid flux
activity of the high molecular weight fraction was in the CM supernatant
while for low molecular weight fraction it was Iin the DEAE supernatant,
in another study in which unfractionated rabbit LEM was extracted immediately
with either DEAE or CM cellulose, most of the amino acid flux activity was
present in the DEAE supernatant fluid. This would suggest that the higher
molecular welght fraction merely contains aggregates of the lower molecular
welght material., This conclusion was supported by another experiment in
which crude LEM was first centrifuged at 105,000 x g for 40 min to remove
any particulate matter, This material was then passed through an Amicon
ultrafiltration apparatus witk a 100,000 m,w, filter, In > studies in
which the concentration and pH of the crude LEM were varied, an approxi-
mitely equal distribution of the amino acid flux activity of LEM was found
in both fractions, greater than and less than 100,000 m.,w. Since both of
these subfractions oi LEM lose activity when heated to 90 C for 30 min, it
may be concluded that the higher molecular weight is not an endotoxin con-
taminant, The most plausible explanation for the appearance of activity
at these different molecular weights is that the LEM exists in an aggregate.
cenfiguration,

While the pures: fractions following fractionation on Sephadex G-200
column and hatching with elther CM or DEAE cellulose stil] contain 3 to 4
protein bands whern electrophoresed on dacrylamide gel, attempts ave continuing
LG purify the mediator of amino acid flux. 1t is hoped that eventually we
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will be able to obtain enough material to produce an antibody against this
protein and subsequently develop a radinimmunoassay., Once this has been
accomplished it will be possible to analyze sera rapldly for the presence
of this endogenous mediator. This may be one of the earliest indications
of the presence of an inflammatory state of the host,

Summary, Part IIX:

A mediator 15 released from phagocylzing peritoneal leukocytes which
will stimulate a flux of cycloleucine or AIB into liver of recipient
animals, This medlator can be produced from a variety of animals but has
« certain degree of specificity for the homologous speciles, The LEM is
heat-labile, protein in nature and apparently of lower molecular weight
(10-20,000 m,w.) but is capable of forming higher molecular welght aggre-
gates, The mealator is in extremely low concentration relative to the
other contaminating proteins present in the crude extracts,

Progress, Part IV:

In an attempt to determine the site of action of LEM in regulating
the rate of amino acid flux into liver cells, studies have been initiated
in endocrine deficient animals. In hypophysectomized rats which have
been maintained for at least 3 weeks postsurgery, a crude extract of LEM
would markedly stimulate a flux of 14C-cycloleucine into the liver as
compared to similar injection of heat-inactivated LEM (90 € for 30 min)
or saline. If rats were adrenalectomized and maintained on 1% NaCl for
3 days and subsequently injected IP with 1 ml of crude LEM, there was a
marked stimulation in the flux of cycloleucine to liver tissue while
heat-inactivated LEM or saline injections had no effect. These data w-nld
suggest that neither the anterior pituitary (adenohypophysis), which

contains thyrotropic, anenocorticotropic, gonadotrophic, and growth

hormones, nor the posterior nituitary (neurohypophysis) are necessary
for the effects of LEM on aminc acid transport, Similarly, the adrenal
corticoids or catecholamines Jdo not appear to be involved in the LEM-
mediated effects on amino acid flux into liver., Additional studies are
currently beiny, carried out in thyroildectomized and diabetic animals to
see what effect these have on LEM-stimulated amino acid transport into
liser.

Summary, lart iV:

The action of LEM {s apparently not mediated through the piltuitary
or adrenal glands,

Progress, Part V:

Mzthods have been developed for the in vitro determination of the
wrotein synthetic ability in the liver of various animals in response to
alitiwer a viral or bacterial infection. This work is based on the work
of previnus iavaestigators at USAMRIID.12-1B who showed alterations in
overail host protein synthesis in response to an infection. The methods




eapioyed dret amino acid incorporation,l® percentage of active ribosomes,1?
41k ribosomal patterns,!®

The amino acid incorporation procedure employs the use of a labeled
amine acid to determine the rate of incorporation of a ribosomal preparation.
wWhereas the % active ribosome test indicates the percentage of the total
ribosomes present that are active, by the use of labeled puromycin which
forms a peptidyl-puromycin bond and removes the polypeptide from the ribo-
somg and at the same time shuts it down from further protein production,

Yoo vibesomal patteons are obtained by layering the ribosomal preparation

L0 0 Lo lOle trdeient and oceparating fractions by ultracentrifugation.
Jeviw ol the heaveer to the lighter polysomes pives one an idea of the

caaved. 0L CToakatwn or eLsrepation as compared to the normal ratios,

There is ap casly incercase in amino acid incorporation, % of active
rioetnes, and % in the nolysome area of the ribosomal patterns in both
uirlococcal and Salmoaella infectlions. This is followed by a return to

norial or below normal values in all 3 tusts as the time of {nfection
progresses,

Recently work was begun on in vivo incorporation of labeled orotic
acid into the RNA of the following fractions of rat liver; total homogenate,
auclel, nonseuimentable RXA (S-RMA), total ribosomes, and free ribosomes,?9:20
Preliminary work on subfractionation of rat liver after 16-20 hr of pneumo~
coccal infection has revealed a2 marked increase in incorporation of orotic
acid into total ribosomes of infected animals as compared to controls.
Smaller increases were noted in the free ribosomes, S-RNA and total homo-
genate with no change in the nuclear fraction. This indicates that while
the production of ribosomes involved in the formation of intracellular
proteins (free ribosomes) is significantly stinulated, the formation of
ribosomes responsible for the production of extracellular proteins (bound

ribosomes which make up a part of the total ribosome preparation) are more
greatly stimulated.

Studies will also be performed on infected and control rats raised
with & deficient protein cilet!! to determine their ability to incorporate
orotic acid into RNA in response to an infection.

Summary, Part V:

The cffocts of I{nfection on the ribosones of rat liver are characterized
by an early increase in the production of ribosomal RNA, especially that

associated with the bound ribosomes, followed by a decrease back to or below
control levels.

ot mi e e i o
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Presentations:

1. Wannemacher, Jr., R, W, Interrelationship between nutrition and
iufection with regard to changes in plasma amino acids. Presented at
; Western Henisgsphere Nutrition Congress 111, Miami, Fla,, 30 August -
2 September 1971,

? 2. Wannemacher, Jr,, R, W, Several factors affecting plasma free
amino acid concentrations. Presented at meeting of Fedcration of American
Socleties for Zxperimental Biology, Atlantic City, N. J., 9-14 April 1972,

3, Wanneaacher, Jr., R. W,, R. S, Pekarek, and W, R. Beisel. An
enwoganous mediator (s) of plasma amino acid flux and trace metal depression
‘ during experimentually induced infection in man., Presented at 12th Annual
; Meeting Americen Soclety for Clinical Nutrition, Atlantic City, N. J.,
29 April 1972.

f, &4, Wannemacher, Jr., R, W. Ribosomal ribonucleic acid synthesis and
function as {nfluenced by amino acid supply and stress. Presented at

527th Meeting, The Biochemical Society, School of Agriculture, Aberdeen,
Scotland, 1-2 June 1972,

; Publications:

l, Wannemacher, Jr., R, W, 1971, Interrelationship between nutrition
and infection with regard to changes in plasma amino acids, In Program
Western Hemisphere Nutrition Congress 1II, p. 42,

: 2. Wanmnemacher, Jun., R, W., C. F. Wannemacher, and M. B. Yatvin,
1971. Amino acid regulation of synthesis of ribonucleic acid and protein
| in the liver of rats. Blochem, J. 124:385-392,

J. Wannemacher, Jr., R. W., M, C., Powanda, R. §. Pekarek, and
; W. R, Beisel, 1971, Tissue amino acid fiux after exposure of rats to
Diplococcus pneumoniae, Infec, Imnun, 4:556-562.

4, Wannemacher, Jr., R. W., R. S. Pekarek, P, J. Bartelloni, R, T,
Vollmer, and W. R. Beisel, 1972, Changes in individual plasma amino
acids following experimentally-induced sandfly fever virus infection,
Metabolism 21:67-76.

5. Wannemacher, Jr., R. W., R, 8. Pekarck, and W, R, Belsel. 1972, %
Mediator of hepatic amino acid flux in infected rats. Proc, Soc, Exp. ;
Biol, Med, 139:128-132, i

6., Wanncmacher, Jr., R, W, 1972, Several factors affecting plasma
and free amino acids concentrations, Fed. Proc. 31:270 (abstract).
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7. Wannemacher, Jr., R. W,, and R, S, Pekarek. 1972, An endogenous
mediator(s) of plasma amino acid flux and trace metal depression during
experimentally induced infection in man. Am. J. Clin., Nutr, 25:41 (abstract),

8. Wannemacher, Jr., R, W., H. L. DuPont, R, S§. Pekarek, M, C. Powanda,
A. Schwartz, R, B, Hornick, and W. R. Beilsel, 1972, An endogenous mediator
of serum amino acid and trace metal depression during typhoid fever, J.
Infect, Dis., 1n press.

9. Wannemacher, Jr., R, W, 1972, Ribosomal ribonucleic acid synthesis
J4ine function as Influenced by amino acid supply and stress. Proc, Blochemical
Soc,, p. 5-6.
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BODY OF REPORT

Projuct Ne, 1W662711A096: Mcdical Defense Aspucts of Biological Agents (U)
Task No, LW662711A096 01: Pathogenesis of Infection of Military Importance

Work Unit No. 096 0l 01U: I«Efect of Irradiation on Infection and Lhmmunity
for BW and RW Defensive Research

Jescription:

Investigate interrelationsinips between acute or chronic irradiation and
discase processcs,

Progress, Part [

In previous studies,? 600 r irradiation was shown to delay but not to
prevent the onset of protection from the attenuated form (1C-83) of Vencazuvle
an cquine encephatomyelitis (VEE); but the smaller the time interval between
irradiation and TC-83 inoculation, the greater the delay of onset of protecs
tion, Since tihe ultimate result of vaccination, protection, with the attenu-
ated VEE virus was the same in irradiated and nonirradiated mice, the period
of viremia in irradiated mice following TC-83 immunization was probably pro-
longed until the host immune mechanisms had recovered from irradiation dam-
age., Limited studies in 19668 showed that 500 r irradiation deliverced 24 hr
prior to TC-83 inoculation prolonged viremia by 3-6 days, An experimeat was
designed to dufermine to what extent viremia was prolonged in irradiated micoe
and how this prolongation correlated with the proeviously obscrved delay in
onsct of protection relative to challenge,

Thirty-day=-cld white, Swiss mice, obtained from Microbiological Associ-
ates, lne., Walkersville, Mc,, were irradiated as previouwsly described,l  ar-
radiation was timed so that inoculation with 3000 median guinea pig intra-
peritonecal immunizing dosces (CGPIPLD () of TC-83 occcurred at 0, 2, 7, and I4
days postirradiation. The experiment was designed, however, so that all mice
were vaccinated on the sawme days, Viremia levels were followed for 15 days,
Hach mouse was bled every 5th day and marked by car punching. This cnabled
us to study any cyclis changes in the viremia and determine whether it was
prolongued in any one mousce, Onc hundred microliters of blood were drawn ret-
robulbarly from cach mouse and misxed with 0,4 ml of phosphate buffered sa-
line; 0.3 ml ol this misture was injected 1P into a recipient mouse, The rue
cipieats were caallenged 14 days tater with 1000 median mousc intracranial
lethal dosces (MICIDSO) of Trinidad strain VEE, [If virus was prescnt in the
donor blood, tuevn tace recipient should resist challenge,

ihe results, Table I, show that frradiatioa prolongs the TC-83 VELE vi-
remia in mice; the shorter the time interval between irradiation and immuni-
zation thu longer the viremia is prolonged, Viremia of liv unirradiated
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TABLE 1, DURATION OF VIREMIA IN IRRADIATED AND NORMAL MICE GIVEN TC-83 VEE
AS MEASURED BY SURVIVAL AFTER TRINIDAD CHALLENGE

SURVIVORS /TOTAL BY DAY OF

DAY OF BLEEDING IRRADIATION PREVACCINATION _ VACCINE
POSTVACCINATION _ -14 -7 — -2 (hr -1) CONTROLS
1 3/7 1/12 2/11 5/12 4/11
2 5/12 5/11 6/12 3/12 4/11
3 417 3/11 1/12 3/11 5/11
4 5/10 1/6 2/10 5/11 1/11
5 1/7 4/11 2/9 4712 0/11
5 0/7 3/7 3/8 4/12 0/12
7 0/11 2/12 2/7 3/11 0/12
8 0/7 1/10 1/7 1/11 0/12
9 0/10 0/5 1/5 1/11 0/12
10 0/8 0/9 0/5 1/10 0/12
11 0/7 0/6 0/7 1/11 0/11
12 0/12 0/7 0/6 0/6 0/12
13 0/6 0/11 1/38 0/6 0/11
14 0/10 0/5 0/5 1/83 0/11
15 0/6 0/9 0l4 0/9 0/12
;
% by Day

1 43 8 18 42 36
2 42 45 50 25 36

] 3 57 25 8 25 45

- 4 50 17 20 45 9
5 14 36 22 33 0
6 0 43 38 33
7 17 28 27
8 10 14 9
9 0 20 9
10 0 10
11 9
12 0

a. Probably aberrant figures,
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vaccine controls persisted for only 4 days, which correlated closcly (5 days)
with thosc animals irradiated orn day «l4, However, when the mice were irradi-
ated 7 days prior to immunization, viremia lasted 8 days, 2 days prior, 9
days, and at hour -1, 11 days. A spurious viremic responsc was obscrved in
one mousc in day -2 and day 0 group on 13 and 14 days postimmunization, re-
spectively, In mice vaccinated 1 hr postirradiation, viremia was present in
individual mice on at lecast 2 consecutive bleedings, e.g., viremla persisted
in individual micc > 5 days. lowever, in all other groups, although viremia
of the group was detected up to 9 days postirradiation, in cach {wmstance this
ropresented viremia in different mice; thus, in these mice viremia could not
have beca present more than 5 days,

Although most of the irradiation work has been done in 30-day-old mice,
some studles werce completed in adult mice (2-9Y mon old). As previously re-
ported,® the median lethal dose (LDgq 30)) for the adult micc was 760 r, !
about 85 r higher than for 30-day-old mice., A scrics of studies was designed j
utilizing the adult mice in order to evaluate the cffect of age of the mousc,
Mice were irradiated with 650 r from 21 days pre~ to 9 days postvaccination
with 5000 GPIPIDgo TC-83, (rom days 1-28 postvaccinatlon, groups of mice wem
challenged IP with 1000 MICLD5qg of Trinidad strain VEE, Table II. As ob-
served with the 30-day-old mice,! irradiation beferce vaccination delayed the
onset of protection to Trinidad VEE, The delay was not as pronounced as that
seen with young mice; however, the same general troend was noted: the shorter
the irradiation-to-vaccination tim. interval, the greater the delay of onsct
of protection to Trinidad VEE, Also, as in 30-day-old mice, irradiation of
adult mice after vaccination inhibited the onset of protection, but a time

factor, if involved, was not as obvious as when irradiation preceded vaccina-
tion,

The effects of 600 r irradiation on hemagglutination-inhibition (HI) an- ‘
tibody titers produced by '[C-83 VEE in 30-day-oid mice have been reportod,l v
However, because of a fow aberrant figures and statistical inadequacics, fure
ther studies weve planned, Before the project began, the 1-MEV Xerar unit
became inoperable, It was found that by placing the mice 90 em in front of
the Autorad 500 Cobalt source, a 2 r/min-dosc could be achieved when utiliz-
ing both Cobalt sources, 'The project was redesigned so that the mice re-
ceived 300 r (2% hr in front of the Cobalt source) on days =14, -10, -7, and
-1 preimmunization IP with 5000 GPIPIDgqy of TC-83 VEE, The mice were then
bled from days 1-60; results arc pending,

A joint project with Pathology Division involving the determination of
the histopathology of Trinidad and TC-83 strains of VHEE in 30-day-old CD;
mice (obtained from Charles River Breeding Laboratorics, Ine., Wilmington,
Mass.) with and without radiation was initiated, The mice were placed in one
of 6 groups: 1) control, (2) irradiated, (3) infected with TC-83, (4) in-
feected with Urinidacd, (5) infected with 1C-83 and irrvadiated, and (6) in-
focted with Trinidad and irradiated, The irradiated animals were oxposed to
500 r, infected 4 days later, and then scvially sacrificed with 8 mice por
aroup on days 3, 4, 5, and 6,
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The control animals were essentially normal histologically ex:.ept for
moderate infection with chronic murine pneumonia (CMP) in a few. Animals in-
oculated with TC-83 showed no significant differenczs from the controls, Ir-
radiated controls had CMP only and expected depletions of bone marrow and
spleen, The regeneration of the lympheid and erythroid elements had almost
corrected the depletions by day 6, Irradiated animals inoculated with TC-83
did not differ signiticantly from irradiated controls.

Animals infected with Trinidad VEE, on the 3rd and 4th days postinfection
a2ad a mild-to-sovere, acute, lvmphodd necrosis in germinal centers of the
sprecn, lymph nodes and/or lywphoid nodules of the small intestine, 'lhis be-
Cum luss apparent on day 5 and had almost disappeared the next day, A mini-
wal encephalitis in the slfactory lobe was observed in 2 of 8 mice on day 3,
which by day 4 was manifested by 4 neuronal necrosis in 7 of 8 mice, On days
5 and v, all 8 had a minimal-to-severe encephalitis or meningcencephalitis
with neuronal necrosis., No other significant deviations ftom controls werce
observed except some mycloid depletion on days 3 and 4 postinoculation.

Irradiated animals infected with Trinidad had depletions of lymphoid and
bone marrow elements similar to tne irradiated controls on days 3 and 4, but
the effect persisted longer, so that on days 5 and 6 they.were still moder-
ately depleted. Unlike those nonirradiated mice infected with Trinidad VES,
a true encephalitis was present minimally in only one irradiated mouse, but

neuronal necrosis was progressive (0 of 8 on day 3, 5 of 8 on day 4, 8 of 8
on day 5, and 7 of 8 on day 6),

Additional studies on the histopathology of irradiated infected mice are
planned, but are held in abeyance pending repair of the 1-MEV unit.

Summary, Part 1:

Radiation and immunity studies were continued, Viremia is prolonged in
irradiated, vaccinated mice, thus contributing to the eventual develeopment of
protection with a living vaccine,

Histopathological examination of this material revealed that no lesions
were produced in mice with the TC-83 strain of VFE wvirus whether tie mice
were irradiated or not; the meningocacephalitis, produced in mice by infoc-
tion with Trinidad strain ol VEE virus, was altered to a ncuronal necrosis by
irradiation, presumably because of depression of the immune responsze. In-
iection with Trinidad strain prolonged the depletion of the bone marrvow and
lymphoid clements produced by irradiation.

Several mwechanical failures of the [-MEV X-ray unit have hindered the
progress of this project throughout the year,

Progsress and Summarv, Part 1l:

A satisfactory Cobalt-60 =ource has been unavailable,

Procurvment action
has been initiated.




48
Publicatlons:
None,

LITERATURE CITED

1. U. S, Army Medical Research Institute of infectious Diseases,

L July 1971, Annual Progress Report, FY 1971, P. 41 to 54, Fort Detrick,
Maryland,

2. U. S, Army Medical Unit, 1 July 1966. Annual Progress Rerort,
FY 1966, p. 147 to 152. Fort Detrick, Maryland,




. |

ANNUAL PROGRESS REPORT

Project No. 1W662711A096:
Task No. 1lW662711A096 01:

Work Unit No. 096 01 0l1l:

Reporting Installation:

Division:

Period Covered by Report:
Professional Author:
Reports Control Symbol:

Security Clagsification:

49

Medical Defense Aspects of Biclogical Agents (U)

Pathogenesis of Infection of Military Importance

Rapid Electron Microscopic Assay for Virus

Particles of Diseases of Military Medical

Importance

U. S. Army Medical Research Institute of
Infectious Diseases

Fort Detrick, Maryland

Physical Sciences

1 July 1971 to 30 June 1972

Anne Buzzell, Ph.D.

RCS-MEDDH~-288 (R1)

UNCLASSIFIED




50

" " " - YT AGENCY ACCEIHONT 13 DATE OF GUNNARYS REPORT CONTROL STNBOG
RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY DA 0LO810 72 06 30 DD-DRAE(AR)I8
T OATE P REv T RT e KINO T TUN AT 1o SUUNARY 1CTF T8, WORK tRCURITY [ ARGRAGING'  Jon DHEN ini ke [UR PRCIFIC OATAL V. LEVEL 0F SUW
71 07 01 |H. TERMINATIPN U U NA NL B ves Do | A worxumy
'o MO./cODER:® BROGAAM ELEMENT FNGJECT NUMBER TABK AREA NUNBER WORK UNIT HUMBER
n PRIMARY 62711A 1W662711A096 01 ) 011
s, cfwbaiddrid 62711A 1B662711A096 _ ST
e, ciwridyrkd —TCDOG 1212b (9

L TITLE (Pratede win setwity Cissattication Codo? (U) Rapid electron microscopic aasa&“fot vitun plrtlﬁa.a
of diseases of wmilitary medical importance

12, SCIENTIFIC AND TECHNOLOGICAL Y7o

003500 Clinical medicine; 004900 Defense; 003200 Biochemistry

~ETART GATE 0 TiT A TED COMPLETION DATE TS FUNBING AGRNCY ' 16 PERFORNANCE BEYHOD
62 02 CONT DA l C. In~house
T EGNTRAGY/GRANT 16 AESOUNCES KETIMATE | & PROFESSIONAL HAN YRS | b PUNDS (In theusanws)
& OATES/EFPECTIVE: EXPIRATION: YRTTTBINT
. 7n 1.0 15

& HUMBEA: NA viscAL ’ ) )
e tyen; d AMOUN: vian [EORNYH
« KIND OF AWARD: 1 CUM, AMT. 72 1.0 36

ill. ALIFONSIBLE DOD OMGANIZATION 1 I 20, PEAFORMING ONGANITATION l L

wawes  USA Medical Research Institute of e+ Physical Scierces Division

Infectious Diseases USAMRIID
sooness® Fort Detrick, MD 21701 scomeu’ Fort Datrick, MD 21701
[PRINCIPAL INVEBTIGATON (Fuiniah BEAN if U.§. Acsdemic Inatitution)
AEAPONSIULE INDIVIDUAL wAue:* Buzzell N A,
Name; Crozier, D. reenone: 301 663-7181
TELEPHONE: 301 663-2833 OCIAL SECURITY ACCOUNT NLIMALR:
31, GEMERAL USE ASSOCIATE INVESTIGATINS
Foreign intelligence considered LR DA
ulhl

, KRY DI(FNH BACK with securlly CloseiNeailon Coade)

(U) Virus; (U) Electron microscopy; (U) Negative staining; (U) Military medicine
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23 (U) To develop a rapid electren microscopic assay for virus particles. This
work unit is an essential element in a comprehensive program for medical defense
against BW agents,

24 (U) A method is being developed which involves the transfer of virus from a
millipore filter to an electron microscope grid with negative staining,

25 (U) 71 07 - 72 06 - Pending completion of a series of papers on the model for
mechanism of membrane transport, experimental work on the electron microscopic assay
for virus particles has been temporarily halted, A survey of the virus literature
will be undertaken shortly to extend the membrane model to the process of virus
penetration and release, 1t is expected that this survey will be useful also in
providing new ways to improve and simplify the virus assay,
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Projoct No, 1W662711A096: Medical Defense Aspects of Biologleal Agents (1)
Task No. 1W662711A096 (01: Pathogenesls of Infection of Military Importance
Work Unit No. 096 01 011: Rapld tlectron Microscopic Assay for Virus

Particles of Discascs of Military Medical
Tmportunce

Nosvwipt lon:

To develop a rapid clectron microscopic assay for virus particles.
droghess and Summary:

As reported previously, experimental work on the electron microscopic
assay for virus parctieles has been halted, pending completion of a serles
of papers oun a model of membranc transport, a model which appears potentiaily
capable of accountiug also for the ability of virus particles to enter
« cell,  The papers covering the basic aspects of the membrane model have
now been almost completoed, so that it is expected that work on the virus
assay can be resumed shortly.

The survey of the literature, necessary for extending the membrane
model to cover the mechanism of virus penctration and release, should also
be useful in connection with the virus particle assay. New methods may now
be avatlable to make posslble a closer identification of the particles from
their image in the clectron microscope,  Such methods would simplify
development of the assay, which mav othorwise have to {nclude the use of
ferritin tabelled specitic antisera,
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None,
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y a membrane model to explain mechanisms of action of infectious ageﬁts.
This work unit is au essential element in a comprehensive program for medical
defense against BW agents,

24 (U) The literature will be surveyed for applications of the membrane model to
virus-host cell interactions and other infectious disease processes,

25 (U) 71 07 - 72 06 - After revision of the first two papers on the proposed model
for membrane structure and function for resubmission for publication, and completion
of a paper on sugar transport now urderway, a l{terature survey will be undertaken
to see if the model can be used to account for the pei 2:tration and release of virus
particles from host cells, The model can account for “e behavior of myxoviruses

In some detail and appears likely to do so for other vi uses as well,
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Work Unit No. 096 (01 012: Biophysical Studies of Membrane Transport iu
Infections of Military Importance

-

Description:

Apply a membrane model to explain mechanisms of action of infectious
agents,

Progress and Summary:

Work has been completed on the theoretical model for biological
membrane structure and function described in the previous report.! The
key feature of the theory is the lipid micelle, bilayers of limited ex~
tent, of which 2 major types are envisioned. Phospholipid micelles,
with molecules arranged in a linear fashion, would occupy a substantial
fraction of the surface, the linear micelles being arranged for the
most part in parallel rows., Soap micelles, of equal importance but
occupying a far smaller area, would be scattered throughout the membrane,
the bylayered clusters of a few hundred ionized fatty acid molecules being
trapped between neighboring pairs of linear phospholipid micelles.

These 2 types of micelle would constitute the actual tramnsport
sites in the membrane; the soap micelles with their strong negative
charge allowing rapid transport of monovalent cations and some types of
cationic molecules. The slits between the phospholipid micelles would
allow transport of a wide variety o ions and metabolites. The arrange=
ment of various individual phospholipids would provide specific binding
sites along the edges of the slits to arrest passing ions or molecules
and orient them properly for passage through the slit into the cell.

The principal classes of phospholipids found in biological membranes
could account for the broad categories of transport: phosphatidylcholine
and phosphatidylethanolamine accounting for transport of anions;
phosphatidylserine, for amino acids, mainly small, hydrophilic ones;

and phosphatidylinositol, for sugars. A study of molecular models shows
that the required specificities could be produced by simple physical
adjustments of molecules about the slit,

Lnzymes embedded in the membrane would regulate transport activity
by altering the compression of the membrane or by shifting phospholipid
micelles relative to one another, the conformation of the enzymes changing
as they interact with substrates.? Sudden motion of an enzyme embedded
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near a row of linear phospholipid micelles would loosen molecules already
oriented across the slit orifice, the molecules then entering the cell
through the widened slits, Transport through a soap micelle would be
regulated by compression, the spacing between individual scap molecules
determining the size of the cation that could be sequestered. Thus,
enzymes would not have to move back and forth across the membrane to
regulate transport, as theorized in the carrier protein model,

he concepts, based originally on the properties of the external
tewraaes of cells, have been extended to include mitochondrial membranes,
acaiizing the peculiarities in the lipid composition of these membranes,
the theory can account in detall for the characteristics of carboxylic
scid transport as well as other properties of these membranes. Molecular
sodels have been bullt which illustrate the steric factors underlying
the transport specificities,

Two papers were written, covering in detaill all features of the
model described in the previous report! except for sugar transport. A
paper on that subject 1s now well underway, The 2 completed papers
were submitted for publication but rejected. The validity of the theory
was not questioned, The principal grounds for rejectlon were (1) that
the papers were too long for the first presentation of a new theory;
and (2) that the subject of transport specificity was not covered com-
pletely. Therefore, it seems advisable to finish the topic of sugar
transport before re-submitting the papers for publication, as had ini-~
tially been planned.

On considering how to shorten the papers it was decided that re=-
organization of the first 2 papers into 3, one devoted to amino acid
transport exclusively, would solve much of the problem, as well as
giving greater emphasis to the coverage of amino acid transport speci-
ficity, Ideas for reorganization with respect to other topics covered
also indicate that the presentation can be shortened considerably without
excluding any of the evidence needed for support of the theory. Re-
organization of one of the papers, covering phospholipid structure, is
now complete and writing tightened so that it is much shorter and easier
to read. Furthermore, a new section covering anion transport has been
added. It is intended to complete the reorganization of the remaining
material, into papers on cation transport and amino acid transport, be-
fore proceeding with the sugar transport, It now appears possible that
the total length of the presentation, even with inclusion of the paper
on sugar transport, can be kept within reasonable bounds, so that length
will not be a hindrance to acceptance of the papers for publicatiom,

Publications:

None,
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23 (U) Study early changes in lipid metabolism during infectious and toxic illnesses.
This work unit is an essential element in comprehensive program for medical defense
against BW agents.

24 (U) Measure serum lipids and lipoproteins during induced illness und examine
the kinetics of fatty acid metabolism,

25 (u) 71 07 - 72 06 - The kinetic data from monkeys infected with Diplococcus
pneumoniae or Salwonella typhimurium have been subjected to multicompartmental
computer analysis, Results suggest an increased mobilization of fatty acids and
utilization for synthesis of triglycerides and for catabolism as a source of energy
in the infected animals., Feeding a high fat, high cholesterol diet resulted in
marked alterations in cholesterolgenesis and increased humor and cellular immunity,

s

Publications: Proc. Soc, Exp. Biol., Med., 138:605-609, 1971
Amer. J, Vet. Res. 33: 323-327, 713-719, 1972
J. Infect. Dis, 125:54-60, 1972
Clin. Res. 20:233, 271, 1972
Fed. Proc. 31:727, 1972
Proc. Soc. Exp. Biol. Med. 140:314-318, 1972
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. Project No. 1W662711A096: Medical Defense Aspects of Biolosical Agents (7)
| Task No. 1W662711A096 0l: Pathogenesis of Infection of Military Importance

[ Work Unit No. 096 01 013: Host Lipids in Infectious and Toxic Illnesses
! for Defense Agalnst BW

Description:

: Study early changesin 1ipid metabolism during infection and toxic
ﬁ illness.

Progress, Part I:

F As part of a continuing study on lipid metabolism during illness, the
;o data from rhesus monkeys infected with either Diplococcus pneumonise or
Salmonella typhimurium were subjected to multicompartmental computer
analysis. Free fatty acld (FEA) metabolism was studied using 3H-pa1mitic
acid as previcusly described, The data from about 200 evperiments
involving injection of labeled FFA into control and infected monkeys are
being analyzed. The raw data (counts of radicactivity) from the FFA and
triglyceride compartments have been corrected for counter efficiency and
for an impurity present in the triglyceride fraction in the early time
periods. The model was extended to include the triglyceride compartment
and has been fitted to about a quarter of the experiments. When all are
satisfactorily fitted, the amount of free fatty acild being transformed into
triglycerides can be found as a function of time and compared between
control and experimental groups. Reversible and irreversible loss from
the FFA compartment can also be calculated so that the transformed lipid

may be expressed as a fraction of total irreversible loss from that
compartment,

In order to elucidate further the effects of infection on conversion
of FFA to triglycerides, control and D. pneumoniae-infected monkeys were
given a dose of a nonionic detergent, Triton WR 1339, which blocks the :
utilization of triglycerides by peripheral tissues. This resulted in i
marked increases in the serum triglyceride concentrations of the animals H
treated with the detergent. 1In the animals infected with the pneumococci,
however, serum triglycerides were “ncreased to almost twice that found in
the noninfected animals treated with the detergent. These data suggest
that in infected animals there is a more rapid synthesis of triglycerides

s ot e i ALttty i bt
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thurt in the noninfected group and may be related to increased mobilization
of fatty acids as a source of energy.

Summary, Part I:

The monkey model for infection and endotoxemia has been expanded and
the data have been subjected to multicompartmental computer analysis. Pre~
liminary results suggest that there 18 an increased mobilization and
utilization of fatty acids in the infected animals.

Progress, Part II:

A number of investigators have suggested that the_feeding of high
caloric diets can result in depressed {mmune response.2 In order to study
the effectes of diet on the immune responses, rhesus monkeys were fed a high
fat, high cholesterol diet for 9 months and cumpared to a group fed a low
fat diet. The animals fed this high cholesterol, high fat diet had serum
cholesterol levels of 400-600 mg/100 ml, Cholesterogenesis during infection
in these monkeys was markedly depressed when compared with the normal diet
group of infected monkeys. Both prior to and after infection with D. pneumoniae
a marked effect was noted on both humoral as well as cellular immunity in
monkeys fed the high fat, high cholesterol diet. Changes included: TB skin
test became positive, quantitatively and qualitatively different precipitin
response to ovalbumin, lessened immunoglobulin response, RE system clearance
of colloid impaired with morphological changes noted by electron microscopy
of the polymorphonuclear leukocytes. This work is preliminary but suggests
that the marked effects on immune defense mechanisms can be altered by
manipulating the dietary fat intakes.

Summary, Part II:

When monkeys were fed a high fat, high cholesterol diet marked effects
were noted on cholesterol metabol!sm and both humoral as well as cellular
immunity in these animals. These studies stress the importance of prior
dietary Intake on host response to infection and also suggest the important
teedback mechanisms on cholesterol synthesis.

Publications:

1. Fiser, R, H., J. C. Denniston, R, B. Rindsig, and W. R. Beisel. 1971.
Bffects of acute infection on cholesterogenesis in the rhesus monkey. Proc.
Soc. Exp. Biol. Med, 138:605-609.

2, Fiser, R. H., J. B. Rollins, and W. R, Beisel. 1972. Decreased
resistance against Infectious canine hepatitis in dogs fed a high-fat ration.
Am. J. Vet. Res. 33:713-719.
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3. Tiser, R. H., J. C. Denniston, and W. R. Beisel. 1972.
Infection with Diplococcus pneumoniae and Salmonella typhimurium in

; moukeys: Changes in plasma lipids and lipoproteins. J. Infect. Dis.
125 :54'60.

4, Triser, R, H., J. C. Denniston, J. Kaplan, V. G. McGann, and
W. R, Beisel. 1972. Hypercholesterolemia and altered immunity in
rhesus monkeys. Clin. Res., 20:271 and Fed. Proc., 31:727 (abstracts),

; 5. Fiser, R. H., J. C. Denniston, and W. R. Beisel. 1972.
Gram negative septicemia versus endotoxicosis: Differential effects
on lipid mectabolism. Clin. Res. 20:233 (abstract),

6. Fiser, R, H., J. C. Denniston, M. C. Kasteilo, R. B.
Rindsig and W. R. Beisel. 1972. Cholesterogenesis during acute
infection in chronically hypercholesterolemic rhesus monhkeys. Proc.
Soc. Exp. Biol. Med. 140:314-318,
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23 (U) Prepare specialized equipmeut for use in aerosol exposures of man and
laboratory animals to blological materials and their products, This work unit is

an essentlal element in a comprehensive program for medical defense against BW agents,

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

25 (U) 71 07 - 72 06 - bDue to higher priorities, no work was conducted during the
report period,
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23 (U) Determine to what extent varifous infectious diseases cause changes in
riyocardial function. This work unit is an essential element in a comprehensive
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baseline values and then measure changes Induced by infections induced in rhesus
monkeys,

25 (U) 7L 07 - 72 06 - A wethod for the implantation of long-term ventricular
pressure transducers {n the rhesus monkey has been devised, Cardiac indices
evaluated {0 thelr response to {ncreased myocardial inotvoplsm included: Peak
dp/dt, Peak dp/dt over P-0, Peak Vee and Vmax, The second index showed the

most sensitive and accurdte response Lo increased myocardfal contractility
achieved through praduated doses of isoproteronol, Infection with Diplococcus
pnewnoniae cdused a slight, translent decrease in all parameters studied in 1 of

2

2 monkeys gplven 10U miltfion orgunisms intravenously,
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Deacrlption

Determine to what extent various infectious diseases cause changes in
myocardial [unction,

Progress:

The established methods of meusuring cardiac performance leave much to
be desired in describing the innate contractility of the myocardium, Cardiac
output, stroke volume, stroke index, etc, measure the heart's ability as a
pump, rather than as a muscle, due to the fact that the loading conditions
of the heart at the time of measurement affect these parameters,! In addition,
these parameters frequently do not decrease until late in the course of myo-
cardial disease,?:?

Recently, attempts have been made to define myocardial contractility
from high ficdelity intraventricular pressure measurements and the corres-
ponding first derivative of pressure (dp/dt). These studies have dealt
with the isovolumic phase of systole as there is little change in ventri-
cular geometry at this time which would be another variable with which to
contend.® A single heartbeat may be described during 1its isovolumic phase
by relating the velocity of the contractile elements (Vce) to the corres-
ponding isovolumic pressure (IP).

[ cak d

A controversy exists as to which derived index, Peak dp/dt,—
Peak Vce, or Vmax, is the most valid for measuring the contractility of
the myo:ardium. It ts the purpose of this study to discuss the use of
these indices in conscious chaired rhesus monkeys.

Electromechanical pressure transducers with head diamecters of 6.2 mm
(Model 1017 Dynasciences, Chatsworth, Cal,) and 3.0 mm (P-15 Konigsberg
Instruments, Pasadena, Cal.) were implanted In the apex of the left
ventricle of the heart in male rhesus monkeys via a left 4th intercostal
thoractomy., Simple interrupted sutures were used to anchor the cable to
the intercostal muscles where it exited the thorax and a pre-placed
suture in the skin was anchored to the cable emerging from the skin by
taping the suture ends to the cable.




The monkeys wese sufficlently recovered from anesthesla in a few hours
to be placed in their rvestraint chairs, which were constructed of plexi-
nlass and allowed limited arm and leg motion but prevented access to the
transducar cable, Tney were fed a ration of commercial monkey feed and
fresh fruit and given at least 1 hr free exercise daily after immobilizing
the transducer to thelr body with a protective bandage.

The monkeys were acclimated to the chairs and general environment for
1 weck prior to surgery; data collection began 1-2 wecks after operatively,
Cowv were Repl as bdoal as possible by limiting access and visual stinulil
coo i quarters dne by duplicating daylight and evening hours with
wrtrzienal 1ight, All recording devices were kept in an adjoining room
aau interfaced to the monkeys via wires.

Pressure within the left ventricle was detected using the Dynasclences
Yodel 31017 and Konigubery Model P-15 implantable transducers. The signal
[rom each transducer was amplified to a level of approximately 1 volt full
scale by a Dynasciences Model BE-3 preamplifier. The preamplifiers were
powered from a regulated supply to overcome calibration errors from battery
aging. The signal was conducted via a multiconductor cable from the animal
roomw to the separate, sound-insulated room where the recording apparatus
was located,

In the recordinyg room, the signal went through a Brush Universal ampli-
fler with differential inputs for hum cancellation., The hum induced through

the approximately 50 ft of cable between the rooms was unmeasurable when the
differential inputs were used,

A Brush Mark 200 pressurized-ink recording system was used (Brush Instru-
ments, Cleveland, Ohio). Tracing were made of left ventricular pressure, and
of its first derivative with respect to time, as developed by a Biotronex
Laboratory Model 620 analog computer (Biotronex Laboratory, Silver Spring,
Md,). System frequency response was maintained at maximum bandwidth througn-
out the system, to obtain a maximum amount of detail on the tracings, The
high-frequency limit of the differentiator was 320 hz; the high-frequency
limit of the pen drives of the Brush Mark 200 system was approximately 100 hz
for small deflections. Because of the mass of the pens, a simple expression
for frequency response cannot be given as the response changes with respect
to both frequency and amplitude,

Isoproteronol studies were conducted by taking & baseline recording,
injecting a bolus of 1soproteronol intravenously (IV) and then recording
at 30 sec postinjection. The change in the parameters studied is expressed
as % of change (% a) from baseline values, by use of the equation:

o _ Ewperimental value-base.:.ne value
< 8 Baseline value

X 100

i R 0™
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When more than one injection was given per day, at least 15 min were
allowed for recovery between trials, The dose range was from 0,001-1,600
ug/kg isoproternol.

Diplococcus pneumoniae (1 x 102 organisms) were injected IV into 2
monkeys (A-607 and B-12)., Continuous monitoring of core body temperature
was achieved by use of implanted thermocouples connected to a continuous
print-out recorder (Model 16 Electronic Honeywell, Inc., Philadelphia, Pa,).

Pressure recordings were taken every 2 hr during the first day of
nductlon and then every 4 hr for the next 2-3 days, Blood cultures were
waken every 12 hr until at least 3 consecutive samples showed no growth of
LD, pneumoniae.

Vce was caiculated at S-msec intervals, throughout isovolumic systole,
by the equation Vee = = X Vmax 1is obtained by extrapelating back to
zero pressure that por%ién of the Vce curve that is linear, Po was definec
as that pressure which occurred simultancously with peak dp/dt, Peak Vce
was defined as the largest Vce which was used in the regression analyses
for Vmax and is not usually synonymous with the absolute peak Vce. All
presures used are developed pressure (DP) which is total pressure (TP)
less end diastolic pressure (EDP),

The monkeys recovered well from the surgical procedure, They began
to eat a day or two following surgery and at no time was there swelling
of the incision line, They were allowed at least a 1-hr period of
exercise each day to maintain muscle tone and prevent decubital sovres
from the chairs., This is belleved to be the major factor that allowed
us to keep 2 monkeys for the period of 4 and 5 mon respectively. During
this time they gained in body welght and muscle mass and never developed
decubital sores or infection along the transducer cable entering the body.

In order to assess the rellability of choosing one hearbeat to
analyze, rather than averaging results from a number of heartbeats, we
analyzed the results from 10 consecutive heartbeats. These data are
presented in Table I, It can be seen there 1is no significant difference
among these 10 curves and therefore we feel analysis of cne systolic
event is sufficiently accurate to describe the heart's contractile element
velocity and pressure relationships at a given time,

A total of 358 observations were made on 5 chaired, consclous monkeys,
These data are presented in Table II. The smallest number of observations
contributed by a monkey was 12 and the greatest was 162, Data collection
was not begun until 2 weeks postoperatively in order to help assure a
basal state,

2 enGia b
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TABLE I, ANALYSES OF 10 CONSECUTIVE HEARTBEATS

HEARTBEAT PEAK dp/dt PEAKPig[qg PEAK Vce Vmax

? mm Hg/sec sec-1 sec-}
; 1 3464 52,4 2.585 2,857
: 2 3472 50.3 2.359 2,844
i 3 3522 51,0 2,609 2,930
Z 4 3581 51.9 2,585 3.072

5 3564 51.6 2,942 3,034
; 6 3531 51,2 2,942 3,073
i 7 3506 51,5 3,054 3,144
§ 8 3589 52.0 2,871 2.990
: 9 3506 50,1 2,507 3,033

10 3405 49.3 3,09 3,189

Investigation of the Myocardial Indices:

A good index of myocardial contractility should respond to inotropic p
intervention and be unresponsive to changes in the loading conditions of
the heart, We have investigated the first criterion by measuring the
amount of change, after increasing doses of lsoproteronol, of the
following indices:

1, Peak dp/dt

2. Peak dp/dt |
Po 5

3. Peak Vece 1

4, Vmax

The data are tabulated in Table 1II, There 1is extremely good corre- ‘
lation between the log dose of isoproteronol and both Peak dp/dt and !
Peakpdg[d . There 1is less correlation between Peak Vce and the dose of

)

isoproteronol and no correlation whatever between Vmax and the levels of i
isoproteronol challenge.
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TABLE IILI, RESULTS OF INCREASING DOSES OF ISOPROERONOL ON THE
INDICES OF MYOCARDIAL CONTRACTILITY

INDEX coansmnonrcommn:m* SLSPE v

R
Peak dp/dt 0.98 71,49 325.60
Peakpg de 0,93 30.48 89.65" "

kK
Peak Vee 0,78 7.99 22,19
Vmax 0.0 0.13 0,0178
HR 0.93 20,89 9.00""
*k P < 0,01

1t appears that the most sensitive indices of increased myocardial
inotropism are Peak dp/dt and Peak dp/dg, while the other indices are

much less sensitive to changes in the inotropic background of the
myocardium,

Pneumococcal Infection:

The IV administration of 1 x 108 D. pneumoniae to 2 monkeys was performed
as a pillot rtudy to determine if myocardial depression or enhancement
occurred during pneumococcal septicemia dn to determine which index woula
demonstrate these changes, Both monkeys had an initf{al febrile response
of 105 F within &4 hr which lasted no more than 6 hr. Monkey A-607 never
again became febrile or showed any sign of clinical illness although
pneumococcl were cultured from his blood for 48 hr. Monkey B-12 had a
diphasic fever pattern and became clinically 111, exhibiting anorexia and
depression, for 2 days during the 2nd febrile period. Positive blood
cultures were obtained for 60 hr.

Monkey A-607, which never became clinically 111, at no time exhibited
any significant change in the parameters studied, Monkey B-12, however,
had a decrease in all the parameters studied (Vmax, Peak Vce and Peak dp/dt

0
which corresponded to the time between his 2 febrile states and prior to the
time he became c¢linf:ally 111, This decrcase was in relation to the control

monkey's values but were well within the sick monkey's normal range as
established by the nean + 2 8D,

The usie of Vma:. n&- been critrzed on both theoretical and practical
ground st Our expr. ! -1ce with it has shown it to be a quantity extremely
subject to minute erc>:s in analyses., Table IV shows the effect on the
parameters of Intere ! due to an increase and decrease of only 2 mm Hg
pregsure throughout iscvolumic systole. 'This could occur as a re-ult of
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TABLE IV, RESULT OF A CHANGE OF 2 mm Hg ON A SINGLE HEARTBEAT®

HEARTBEAT  PEAK dp/dt  EEAK dp/dt PEAK Vce

o Vmax
Original 2505 45.2 2,199 2,508
+ 2 mm Hg 2505 41,7 1.900 2.369
- 2 mm Hg 2505 44,7 2,565 2.898

a, Sece Table I for units,

error in analyses both due to the difficulty of finding the true zero pressure
point on the pressure curve and as a result of errors in visual discrimi-
nation, which we feel to be in the range of * 0.5 mm Hg at the sensitivity
levels used., Thercfore, extreme care must be taken when hand analyzing

these pressure curves 1f meaningful, comparable results are to be obtained,

The use of total pressure or developed pressure has similar effects
on the Vce curve. The use of DP (DP = TP - EDP) and hence lower than TP,
results In consistently higher Vce and Vmax values than those obtained
using TP, We analyzed the results from the lsoproteronol study, using
both TP and DP; there was no difference. The results from the normal

observations were also calculated using both TP and D and are reported
from the DP data,

Peak dp/dt and Peak dp/dt showed, by far, the greatest sensitivity
to increased inotropism 8f all the indices studles., Peak dp/dt, however
is said by many to be influenced by the loading conditions at the time
of measurement and hence i1s not ideally suilted for use under conditions
when preload and aferload change.®-? Others claim that preload, as
measured by EDP, has little if any effect on Peak dp/dt,1°+13 It has
been stated, however, that EDP is nol a reliable indicator of end-
dlastolic volume, which is the better index of preload. We did not
investipate the effects of preload on these Indices in this study,

but preload, as measured by EDP, did not change much, 2.9 & 2.8

(mean * 2 SD) in over 300 observations over a period of several months
in normal rhesus monkeys, nor did it change significantly after isopro-
teronol challenge. Therefore, if EDP is a useful indicator of preload,

and preload does affect Peak dp/dt, our valuey for Peak dp/dt were not
influenced by preload.

Changes 1in afterlead (aortic diastolic pressure), however, may have
affected our values for Peak dp/dt, but it was not measured,

-
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Peak dp/dt has heen cluimed to be sensitive to changes in myocardial

tnotropism and to be free of variations in the heart's ioading condi-
tions,?*38:18 ¢ this latter statement is true, it would appear that this
index would offer the most reliable, sensitive and accurate measurement of
myocardial contractility in the rhesus monkey, a8 it showed extremely good
response to increasing doses of isocroteronol, We believe any value for
this index out of the limits of 33,3-64.1, i.e. 2 8D below and above the
mean, indicates efthar a depressed myocardium (< 33,3) or Lncreased contrac-
tility (> 64.1) in the chalred, conscious rhesus monkey.

D, ppneumoniae caused a amall, transient depression of all the para-
meters studled in 1 of 2 monkeys to which 1t was administered., This decreuse
began from 10-16 hr postinfection and lasted from 10-14 hr, depending on
the parameter studied, This depression occurred during the iunitial febrile
peak which was befors the monkey became clinically 111, During the period
of clinical 1llness, the monkey exhibited the second peak of diphasic fever
but the cardiac [ndices we used did not decline as they did during the
infttal febrile puak, even though blood cultures wera positive for pneumo=
cocel during this second febrile period, It may be thar the initial {ebrile
rasponse and myocardial depressicn were due to metabolites present in the
inoculum of pneumococcus as myocardial depression did not occur during the
second febrile peak even though pneumococcus was isolated from the blood,

Sumnary:

A nethod for the implantation of long-term ventricular pressure transe
uucers in the rhesus monkey has been devised, Cardiac indices evaluated in
their resporve to increased myocardial i{notropism included: Peak dp/dt,
Peak dp/dt, Peak Vee anc Vmax, Peak dp/dt showed the most sensitive and

} P

accurate response to increased myocardial contractility, achieved through
graduated doses of isoproteronol, D. pneumoniac caused a slight, transient
decrease in all parameters studied in 1 of 2 monkeys given 1 x 10%® organisms
1V.

Publications:

Nong,
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Investigate ultrastructure and permeability chanpges of capillaries resulting
from bacturial infection. This work unit is an essentlal element in a comprehensive
program for medical defense against BW agents.

24 (U) Infect white mice, introducing protein markers at varying times; study the
tissues ultrastructurally,

25 (U) 71 07 - 72 06 - Results of proteln marker localization have been inconsistent
and could not be reproduced with a high degree of accuracy even in controls,
Procedures have been undertaken to standardize results obtained from both {nfected
experimental animals and noninfected controls, Progress has been made to the point
that differences can be observed and reproduced between tissues from animals
sacrificed immediately and at 1, 2, 5, 10 and 20 min after peroxidase injection.

The progression of pneumococcal infectfor has also been standardized so that
infected aninals can be compared with controls; the differences are repeatable,

Terminated since FY 1973 funding will be uuder The Surgeon General, Army.
New Project No, 3A062110A834; Accession No, DA OA6421.
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Project No., 1W662711A096: Medico? Defense Aspects of Biological Agents (U)

Task No. 1W662711A096 01: Pathogenesis of Infection of Military Importance

Work Unit No. 096 01 1050 Capillary Ultrastructure in Bacterial Infections
of Military Medical Importance

Juascription:

Inve stigate ultrastructure and permeabilicy changes of capillirvies
resulting from bacterial infection,

Progress:

Several procedures wore undertaken to insutre standardization in the
localization of cvxogenous protein tiacers. The specific enzymatic activity
of different stocks of horseradish peroxidase (HP) werce shown to boe different.
Therefore, only cne vnzyme stock was used for any one experiment. HP has u
tendency to aggregate when dissolved in saline [or long periods of time.
Therefore, the solutions were made-up immediately before injection.  The
timing was determined to be critical. Variations of as little as 30 see
could produce differences in the patterns of localization. ALY manipulations,
therefore, were cavefully timed and repeated identically in all experiments.
Length of incubation, thickness of tissue blocks, arca of liver from which
the tissues wore taken were all inflTuencing the localization, and were all
standardized.  One of the most critical arcas of the experiment was the metaed
ot ancssthesia. Various types of anesthetics were tested and, 1n general,
shiown to produce crvyatic tocalization.  The experiment was redesigned so
that the anioals were sacrariced at the time o tissuc pavvesting by
vervical distocation with no anesthesia,

The Pragros

~ton ob Diplococvus sncuponioe, Pype 1) dinfoction wa
chserved to gitfter according to the aniwtl, This variation wis overcone
two wavs: (1) the virulence of the culture was inereased by 8§ sassages
through mice, wad (2) wmonitor the rectal temperature of infected mice an
sacrifaee at Lhe same time dwring the infection as observed from temperatusrc
charts,

1

Afcor =candardcecation of procedures, wmice were infected and P
Injected as Lracer,

Wl s

enecoids aiter perovidase was indectosd intravenously o into omi.o,
veaclion produel was foand i the sinosoio, the space Pivsse and adjaeeng
aorciene of e dintorcebiular spoces ot the civer, As expasure Cime
b e ol e biviey proace ssed gy e intercellutar

apedoes
b
uati?, o o feer Jajevtion of peve ddasc, the deepest intescelluiar

IR+
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spaces were labeled from the space of Diesse to the pericanalicular tight

junctions; labeled pinocytotic vesicals could also be seen in the hepato-
; cytes.,

: Pinocytotic activity is peaks at 10 min postinjection. Collecting
: vacuoles are also formed at this time. The sinusoid is often empty at this
i time. Twenty minutes after injection, the only activity is found in peri-

canalicular lysosomer. At no time is reaction product positively located
within the bile canaliculus.

After 6-hr exposure to D. pneumoniae, Type I, 3 changes in peroxidase
! uptake could be seen. A definite gradient across the endothelium was

i obscrved immediately after HP injection. Pinocytotic activity was observed

regularly after l-min exposure. After 5 min, the bile canalicull contained
‘ reaction product.

Summary:

Procedures were standardized for anesthesia dosages of HP, and pneumococcal
infection in a study of capillary ultrastructure.

Publications:

None.
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template activity chromatin in host cells during infection, This work unit is an
essential elemerit in a comprehensive program for medical defense against BW agents,

24 (U) Urinary excretion of nitrogen and metabolites of tryptophan, as well as the
extent and/or pattern of serum protein synthesis are measured during infections of
man and laboratory animals, The incorporation of radiocactive precursors of RNA

into RNA isolated from various subcellular fractions is measured during infection,

25 (U) 71 07 - 72 06 - Increased excretion of metabolites of tryptophan and alter-
ations i{n the urinary output of the catabolites of the pyridine nucleotides were
noted in man during sandfly and typhoid fever without resort to an oral dose of
tryptophan and thus allow discrimination between viral and bacterial illnesses,
Sepsis caused by either Diplococcus pnewnoniae or Salmonella typhimurium
induces a loss of body nitrogen and increased synthesis of specifir serum proteins,
the latter can be demonstrated to occur even in malnourished rats suggesting the
eysentiality of the response,
Diurnal variation in the template activity isolated from rat liver has been
demonstrated,
Publications: Infec. Immun, 4:556-562, 1971

Biochim, Blophys., Acta 252:239-245, 1971

Fad, Proc, 31:710, 1972 (abstract)

Termlnated since FY 1973 funding will be under The Surgeon General, Army.
New Project No, 3A062110A834; Accession No, DA 0A6422.

) Study alterations in nitrogen and tryptophan metabolism, RNA btonynthesis, and
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Host Cell Biosynthetic Mechanisms in BW
Defense Research

Description:

Study alterations in nitrogen and tryptophan metabolism, RNA biosyn-
thesis, aud template activity of chromatin in host cells during infection,

Progress, Part I:

Tryptophan metabolism in human subjects, as measured by the urinary
excretion of tryptophan metabolites, can be shown to increase during
typhold fever even in the absence of a 3-gm oral load of tryptophan.

Eleven volunteers who contracted typhold fever durlng a typhoid vaccire
evaluation study conducted by the Division of Infectious Diseases, Uni=
versity of Maryland' demonstrated significant increases in kynurenine,
acetylkynurenine and o-aminohippurate during manifest clinical illness,

No increases in kynurenate, xanthurenate or anthranilate wete observed
unless a 3-gm oral dose of tryptophan was administered 6 hr before urine
collection, Ne-nethylnicotinamide, a catabolite of the pyridine nucleotides,
was found in lessened amounts on the first day of febrile illness but was
within the control range during the height of illness. This observation
suggests that changes in pyridine nucleotide metabolism occur in infectious
illness but are not necessarily linked to alterations in tryptophan cata-
bolism,

Preliminary analysis of data from volunteers with experimentally-
induced sandfly fever revealed a significant increase in urinary kynurenine
excretion and evidence of increases in 3=hydroxykynurenine and 3-hydroxy-
anthranilate output. The change 1n kynurenlne excretion appeared to
parallel fever index and was 1n some measure apparent before divtary intake
lessened, Varlavlons in N-methylnicotinamide excretion appeared not to
corvelate with those noted in tryptophan catabolites,® Further analysis
must be undertaken to assess whether the excretion patterns of tryptophan
metabolites in the absence of an oral load of tryptophan differ signifi-
cantly during bacterial and viral illness.

In order to study the mechanisms of the enhanced excretion of tryptophan
metabolites, rats were put in metabolic cages and allowed to equilibrate
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betore bedng infected wicth elther Diplococcus pneumonlae or Salmonella
typhimurium, Ln both instances palr-fed infected animals excreted sig-
niflcantly more nitrogen but, on the vther hand, significantly less
dlazotizable materlal (l.e., metabolltes of tryptophan) than thelr con-
trols.? The explanatlon for the decrcased excretion of tryptophan cata-
boll vs may lie in the essential ity of tryptophan to protein synthesis

in rodents"’® and the marked increase Lin serum protein synthesis observed
during sepsis,

Suminery, Part L

wneressed excretion of metabolites of tryptophan and alterations In
urinary output of cutabolites of the pyridine nucleotides were noted
ducing sandtfly and typhola fever, These changes were demonstrated in
the absence of an oral dose of tryptophan and thus may allow discrimi-
antion between viral and Lacterial lllncesses, Lessened excrction of de=
glradation products of tryptophan were noted in rats exposed to D.

pneumoniae and S, typhimurium,

Progress, Part LL:

Rats fed a dlet adequate for growth eliminated more nitrogen when
cxposed to D. pneumonilae vhan their palr-fod controls which had been
injected with heat=killed pnreumococci. The average increase in nitrogen
excreted amounted to 37 mg/24 hr on day 1 and 25 mg/24 hr on day 2.
These differences were significant at the 0,005 and 0,05 level, respec=
tively as Jjudged by the palred t-test, Analysils of the urine samples
for speeific nltrogen metabolites showed urea nitropen, ammonia, a=~amino
nitrogen sud cereatinine to be exereted In greater quantitles by the in-
fected animals thian the controls. The significantly Increased excretlon
of creatinine on duay 2 is consistent with the data from studies in man®
and with the hypotiuesds that infection induces a [low of amino acids from
skeletal muscle to Lliver.’

[n contrast to the enhanced overall catabolle activity on day 1 in
the infected animals, there was a significant incerease in the incorporation
ol radivactive leucine into serum proteilns at 18 and 24 hr postexposure, i
corresponding In time to the onget of fever and bacteremin In these animals. A
Little change was nored in total liver proteln incorporation at these
Limes,

Rats were inleeted with Lo Do pneumoniae; 22 hr later they were ion- i
jeeted with 100 pCi “a=lewcine/100 pm body welght,  Two hours later they }
were killed, Coellulose acetate strip clectrophoresis of the sera vevealed 3
significant increases in che a; and . protedin fractions ana narked decreases )
in the aloundn and v globulin fractions, When the strips wore stained lfor 3

sdycoproteins and the gata vendered as mg ol protein bound carbehydrate, 1




the @), n, and R-glycoglobulin fractions displayed siﬁnificant increases
while the albumin and y fractions remained unchanged, Radiochromato-
grams of the electrophoretic strips as well as analysis of individual
fractions indicated that the a;, ¢y, and B serum protein fractlons of the
infected animals contalned more 3H~leucine than similar fractions in non-
infected palr-fed controls, while radiocactivity in the albumin fraction
was significantly decreased,

A marked increase in serum protein synthesis is also observed in rats
iea w oprotedn delicient diet (6% protein) for 28 days after weaning and
peior go thedr enpusure to infecting organisms, The increase i1s of the
safie magnitude as that found to occur in rats fed a diet optimal for
prowth (18% protein) and thus suggests that serum protein synthesis by
the liver is a fundemental host response to infection,

When 8. typhimurium was used as an infectious agent, palr-fed in-
fected rats excreted on the average 135 mg more nitrogen than the saline~
injected controls over a 5-day period following exposure. Though there
was a significant increase in anitrogen output by the infected rats on
duay 1, thepreponderant outpouring did not ocecur until day 3. By day 5,
the difference between control and infected rats was minimal, Prelimi-
nary data Indicate that salmonellosis also enhances serum protein syn-
thesis,

Very recently we have been able to induce a pattern of increased
serum proteln synthesis resembling that observed during pneumococcal
sepsis In the rat, by the administration of an extract from peritoneal
leukocytes, This same leukocytic extract has been shown to induce a move-
ment of amino acids from muscle to liver tissues.? Similar extracts have
also been shown to elicit the synthesis of acute phase globulins,!?

We therefore suggest that the concomitant outpouring of body nitrogen and
the enhanced synthesis of gerum protein observed in these studies have a

common origin and are interrelated facets of the liver-mediated response

to a prolilferating infectious organism,

Surmmary, Part Ll

Sepsis caused by either D. pneumoniase or 5. typhimurium induces a
preater loss ol body nitrogen than occurs in pair-fed controls, Con-
comitant with this outpouring of nitrogen there 1s an enhanced synthesis
of serum protelns which occurs even In rats fed a protein defielent (67
protein) diet for 28 days after weaning and prior to exposure. Celluluse
acetate vlectrophoresls reveals that the a” and & protein and of, 1% and
dlycoplobulin fractions are increased in pneumococueal sepsis, This is
confirmed by the analysils of Jimleucine incorporation into serum protains,

89

-



90

The Increased synthesis of serum protelns does not become evident untll
after the onset of fever and bacteremia, This infection~induced increment
in serum proteln syntliesls can be mimicked by the injection of an extract
of peritoneal leukocytes as can the flux of amino acids from muscle to
liver, These data supgest that the enhianced excretion of body nitrogen
and synthesis of serum proteins in infection have a common origin and

are interrelated facets of the liver medilated host response.

Vo, Pare ILTs

During the past year the transition to a new investigator has
occurred, Previous work done at this Institute has shown diurnal varla-
tion in genetic template expression in the mouse!l and a chan%e in this
normal variation during D. pneumoniae infection of the mouse,'2,!3
The system used to gather thils data consisted of isolated mouse chromatin
and a bacterial DNA-dependent RNA polymerase isolated from Escherichia
coli. Progress for this year has centered on the inveatigation of
the basic findings in the rat.

Preliminary data obtained from time intetvals more frequent than
previously studied has been used to construct a day curve of template
activity, The data supports the hypothesis that diurnal variation is
present in the rat and that the magnitude of the variation is greater
than that reported in the mouse,!! This work has also utilized the
above mentioned bacterial enzyme.

In order to standardize further the assay system and to allow
further study of the multifactorial mammalian transcriptional process,
work is iIn progress to isolate the rat liver DNA-dependent RNA poly-
merases, This species-specific in vitro system will enable further
studies into the earlier observations!? concerning the increased Ilncorpora-
tlon of precursors into ribonucleic acids during infection,

Summary, Part LI]:

The study of the template activity of isolated mammalian chromatip
has been extended to another species, the rat, Diurnal variation in
the template activity of this anilmal has been established.

Pregentation:

Powanda, M. C,, R, W, Wannemacher, Jr., and G, L. Cockerell, 1972,
Nitrogen metabolism during sepsis In rats, Presented at, Annual Meating
vl Federatlon of American Socleties Ffor Experimental Blology, Atlantic
City, N. J. 9=14 April 1972.
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Publicationa:

l. Wannemacher, R. W.,Jr,, M. C, Powanda, R, S, Pekarek, and
W, R, Belsels 1971, Tilssue amino acld flux after exposure of rats to
Diplococcus pneumoniase, Infec., Immun. 4:556=562,

2. Powanda, M. C., and R. W, Wannemacher, Jr. 1971, Tryptophan
availabllity as a control of hepatic pyridine nucleotide concentration
in mices Bilochim, Blophys. Acta 252:239-245,

3. Powanda, M« C., R, W. Wannemacher, Jr., and G. L. Cockerell,
1972, Nitrogen metabolism during sepsis in rats., Fed. Proc. 31:710
(avstract).
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in order
+tC.,

24 (U) Extend investigations of the effect of arboviruses opr the fetus,
to understand how the observed effecl on fetuses occurs,

25 (U) 71 07 - 72 06 - Studies were conducted to elucidate the site of action of
TC-83 virus which results in fetal death when mouse dams are inoculated on the
days 10-12 of gestation. Developing viremia levels in maternal and fetal tissues
following inoculation of the dam indicated virus levels in embryos as high as

2 logs more virus/gram of tissue than observed in maternal blood. However, the
highest virus levels were seen {n uterine tissues. Histopathologic studies
suggest that placental lesions precede fetal death,

Terminated since FY 1973 funding will be under The Surgeon G

neral, Army.
New Project No. 3A062110A834; Accession No. DA GA6423.
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. Luraption:

pduenclly des study Lactors invelved in tho pathoguenesis of virus discas.s,

VrCgYess

Studics have shown that pregnant mice incculated with live, attenuated
Venczuelan equine vncephalomycelitis (VEE) vaccine virus (TC-83) during a cer-
tain stage of gestation had diminishbed litter size, more stillbirths and in-
creased mortality of young,! The sawme studices suggested that transmission of
TC-83 from dums to young occurrced in utero, Previous studics had shown that
the maximum detzimental cffect on the Fotuses and newborn occurred when dams
were inoculated on days 10-12 of gestation.,? To determine relative viremia
titers of maternal blood and vmbryonic tissues, dams were inoculated on the
10th or 12th day of gestation with 3000 median mousce intraperitonecal (IP) im-
munizing doscs (MIPLDS\. In Fxporiment 1, sclected dams inoculated on day 10
were killed 12 and Zaﬁxr postinoculation and at 24-hir intervals thercalter,
Maternal blood and an vmbryo suspension from cach dam were examined for virus
titers, Results arce shown in Table I, Peak embryonal viremia was attained
by 48 hr postinoculation of the dam and sustained through 96 hr, This period
of maximum cuoryonal viremia cerrclated with the peak maternal viremia: how-
ever, the macteraal blood virus Uiters were approximately 2 logs lower in mag-
artude,

b et

In Fxper.meat 2y dams were inoculated on the 12th day of gestation and
killed dativ, a. ia dxperimeat 1. Maternal blood, uterine tissue and omhry-
oni¢ suspensions were assaved Lov virus titers,  Results are shown in Tabi.
I1. The virus titers in the uterine tissue were exceptionally high, exeeeding
values attained io cither embreoos or maternal tissucs,  Future studics will
attempt to scpasate placental and aterine tissues and rurther ovaluate thesc
veeptionally awgh virus titers,

To investigate the mode of actiom of TC~33 in producing the severe detris
mental cifcets previcuslv obscerved, the gross and histopathological etfects
>f TC=83 virus on vhe fotus, placenta and uterus were initiated, Nincty-six
prognant mice were iaoculated [P oon the P2th dav ol gestation with 5000
SIPIR,, TC-83 virus,  dwelve intocted and 12 nonintected dams were necropsied
ar 24 hr int rvals wntil! 1 day post partun., A pross determination of number
of fetuses, viability, sites ol resorption and placental sites were made in
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TABLE 11,  VIREMIA LEVELS IN MATERNAL AND ¢ETAL TISSUES AFTER INOCULATION Or
DAM WITH 5000 MIPIDm TC-83 VIRUS

HOURS POST- ‘TLSSUE
INOCULATION Maternal Embryo Uterus
Blood

24 48 + 4.4 £ 0.1
43 + 3.9 £ 0.3 5.5 £ 0.2
72 3.9 £ 0.2 5.4 £ 0,7 8.0 = 0.1
96 + 4,2 £ 0,7 8.9 + 0.4
120 b 4.9 % 0,8 5.5 = 0.3
144 - + 4.1 £ 0,2

a. Viremia present; too low to quantitate,
b, No detectable virewmia; limit of detection 2.0,

each mouse, Portions of the uterus and its contents were collected from ecach
mouse necropsied, fixed in 10% neutral buffered formalin solution and evalu-
ated histologically., Maternal blood and fetal tissue were collected for vi-
remia assay, but a laboratory accident prevented an accurate virus determina-
tion,

Results of macroscopic observations are summarized in Table III, While
placental attachment sites were relatively uniform in all groups, significant
frtal death with resorption was secen in the experimental group by 5 days post-
inoculation. By day 6, the maximum cffects were observed, as the mean number
of live feiuses did not change significantly thercafter. It would appear taat
resorption of most of the dead embryos began shortly after fetal death,

The histopathologic observations are sumnarized as follows: No lesions
were observed in either the fetuses or dam which could be attributed specifi-
cally to the cffeets of TC-83 virus, Necrotic foci in the lumen of the uterus
which were ecither resorption or abortion sites werc observed in both contro.
and inoculated dams with about the same frequency on days 1 and 2. In thesc
cases, the lesions obviously had been present more than 2 days; they are con-
sidered to be the result of ecarly embryonic death, rather than an cffect of
TC-83 virus. On the other hand, in mice necropsicd after day 2, the resorp-
tion sites occurred primarily in the infected mice. Marked placentitis and/or
placental necrosis also were secen primarily in inoculated mice. Results
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sugpgest that the primary lesion resulting in the severe offects observed may
be in the placenta; however, thesc results are limited, The evceptionally
high virus titcrs in the uterine tissues (which may b. ¢.~irely a result of
placental tissue) would further suggest that this rapidiy growing tissue may
be a primary target organ for this virus, Additional studies will be ori-
ented toward further elucidation of these observations,

Summarx:

Studivs were conducted to clucidate the site of action of TC-83 virus
wrnicn results in fetal death when mouse dams are inoculated on the 10th«12th
days of gustation, Developing viremla titers in maternal and fetal tissues
following inoculation of the dam indicated virus titers in embryos as high as
2 logs more virus per gram of tissue than observed in maternal blood. How-
ever, the highest virus titers were seen in uterine tissues, Histopathologic
studies suggest, but are too minimal to be conclusive, that placental lesions
precede fetal death,

Additional studies are in progress,
Publicatiouns:

Spertzel, R. 0., C. L, Crabbs, and R, E. Vaughn, 1972, Transplacental
transmission of VEE virus in mice, Infec. Immun, (In press),
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23 (U) Determine the ultrastructure of arbovirus infection in the mouse central
nervous system, This work unit is an essential element in a comprehensive program
for medical defense against BW agents,

24 (U) Mice infected with VEE virus are killed at regular time Intervals and their
brains examined by electron microscopy.

25 (U) 72 04 - 72 06 - The new investigator has studied normal brain and other
tissues, Animals will be infected with VEE virus in the near future,

Terminated since FY 1973 funding will be under The Surgeon General, Army,
New Project No, 3A062110A834; Accession No. DA QAR424,
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Description:

Determine the ultrastructure of arbovirus infection in the mouse
central nervous system,

Progress and Summarv:

The outcome of a viremia is dependent on g multitude of factors,
among which are virus conceniratiou, organotropism (if any), condition
of the host, and virus size.

Large viruses, such as vaccinia (250 mu) are cleared in minutes by
the reticuloendothelial system, while smaller ones, such as Venezuelan
equine encephalomyelitis (VFE) (60-75 mu)2 have longer half-lives,! This
longer half-life may be decisive in favoring endothelial invasion by a
cireulating virus. Indeed numerous investigators have shown viral antigen
in significant amounts in the endothelium of the central nervous system. 3=
Neural infection and spread along axons, perineural space and endoneural
cells’ is probably secondary to endothelial invasion and growth.

Adult mice will be inoculated with 1000 median intracerebral lethal
doges by the intravenous route. They will be killed serially in timc and
tissues taken {principally brain) for electron microscopy study,
titrations and H & E section.

Normal brain (and other tissues) have been processed and studied by
vlectron microscopy, in anticipation of actual inoculation and harvesting
of infected rissue.

Publication:

None.

gad b a=iat.
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(U) To evaluate the ultrastructural changes in lymphoid tissue of mice infected
with virulent and attenuated strains of VEE virua. This work unit is an essentizl
element in a comprehensive program for medical defense against BW agents,

24 (U) Groups of mice are infected with Trinidad VEE and the TC-83 vaccine strain
VEE, At various time intervals following inoculation, mice are sacrificed. Sections
of spleen are collected and prepared for electron microscopy to study the lymphoid
elements, The remainirg tissues are formalin fixed for later light microscopic
evaluation, Fluorescein tagged antibody 1s toc be used to localize the virus in

the tissues.

25 (U) 71 07 - 72 06 - Light microscopic evaluation of lymphoid changes early in
infection with virulent and attenuated strains of VEE have been compared., Tissues
have been prepared for electron wicroscopic study but technical difficulties have
Helayed this study,

Fluorescein conjugated anti{-VEE antibody of rooster origin was prepared and is
being tested,

Terminated since FY 1973 funding will be under The Surgeon General, Army,
New Project No. 3A062110A834; Accession No. DA 0A6425,
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Descriptiong

Study ultrastructural changes ol lymphoid tissue lesions produced by
VEE and yellow luver,

Pro;i'ress :

Lymphoid necrosis has been observed in mice infected with the virulent
strain of Venezuelan equine encephalomyelitis (VEE) virus. Hyperplasia of
reticuloendothelial (RE) cells is described in mice infected with the
attenuated vaccine strain of VEE (TC-83)., These mice develop an enhanced
antibody response to antigenic challenge. It has been theorized that
this enhanced immunity is related to the effect of the virus on the RE
system. It does appear that the lymphoid system is a target organ for
VEE virus. An ultrastructural study of the lymphoid changes during in-
fection should help explain the pathogenesis of VEE infection. It may
explain the mechanism of enhanced antibody response produced by attenuated
VEE infection in nice.

Fifty 35-day-old white mice were divided into 3 groups. One group
was inoculiared with 5000 median mouse intracerebral lethal deses (MICLD_ )
of TC-83 by the intraperitoneal route (IP) route. The 2ud group receivid
1000 MICLD, ,of Trinidad strain VE., and the 3rd group served as a control
group. Mice fron each group were killed at 12-hr intervals through 48-hr
post-inoculation and then at 24~hr intervals through the 6th day.

Sections of spleen were collected from cach mouse and prepared for
electron microscopy. The remaining tissues were formalin fixed and prepared
for light microscupy., Snecial interest was direcced toward the presence ang
severity of lymphold cuanges. These {indings have been summarized in Table 1
RE cell hyperplasia was not pronounced in any of the infected mice. Techni-
cal difficulties with the electron microscope have delayed the exanination
of the tissues at the ultrastructural level,




E
H
i
|
¥

N8

TABLE L, PRESENCE OF NECROS1S IN LYMPHOLD TISSUES

TIM: POST- PRESENCE OF LYMPHOID NECROSISa
INOCULATION ) _
hr CONTROL TC-83 TRINIDAD
12 -~ - -
2a - - ++
36 - + -+
48 - =+ +—++
72 - - -+
96 - - "+
120 - - +
144 - - -

a. ~ No pathology
+ Minimal
+ Moderate
4+ Severe

Anti-VEE antibody was produced by inoculating roosters with Trinidad VEE.
The gerum was collected, fracticnated and conjugated with fluorescein isothiocy-
nate. The conjugated antibody will be used for localization of the virus in
tissue sections, Initial attempts Lo test the conjugated antibody on VEE-
infected tissue culture cells have yielded poor results, and it has not vet
been determined if the conjugated antibody is satisfactory for use.

Summary :
Lymphoid changes in mice infected with virulent and attenuated strains of
VEL have been compared by light microscopy., Tissues have been prepared for

electron microscopic study, but technical difficulties have delayed this study.

Fluorescein conjugated anti-VEE antibody of rcoster origin was prepared
and 1is being tested.,

Publications:

None.
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measuring various physiologic parameters.

alpha toxin.
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Study the biological effects of microbial toxins, This work unit is an
essential element in a comprehensive program for medical defense against BW agents,

24 (U) The effects of microbial toxins on animal hosts are determined by

25 (U) 71 07 - 72 06 - Techniques have been perfected for surgical implantation

of single or multiple cannulation devices in the rhesus monkey to facilitate
Introduction of toxins at specific gastrointestinal sites. 1In addition, preliminary
studies utilizing intestinal loops have demonstrated no gross or histopathologic
differences between luops containing SEB and control loops containing saline.
Preliminary data obtained in this study suggest that the dosage of purified
staphyloloccal alpha toxin employed was lethal for the rhesus monkey and that
postmortem lesions were compatible with those seen in deaths from endotoxins. IV
administration of delta toxin at the dosage indicated appeared to have no adverse
effect, Additional studies employing significant numbers of rhesus monkeys are
needed to fill the existing void in data collected from subhuman primates and to
better elucidate the in vivo mechanism of action of purified samples of staphylococcal

1971.

Terminated since FY 1973 funding will be under The Surgeon General, Army.
New Project No, 3A062110A834; Accession No. DA 0A6426.
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Project Noo LW0H27 i 1A090:  doedical Defonse Aspuets ot Biological Agents (U)
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Work Unit No. 0U6 O© 800: Biologlcal Kffects of Microbial Texins of
Military Medical Importance

Study the biological cifects of microvial toxins in the animal host,

Pernancad cannucation devices developed ov use 10 the dug have bDewit st.e-
ceshliully mouilied Sor use in the rhesus monkey, ‘Lechniques have been poer-
fected for surgical implantation of single- or multiple-cannulation devieces
to facilitate introduction of toxing at speciiic gastrointustinal sites,
There arve indications that clinical illness, as a result of intoxication with
staphylococeal vntevotoxin B (SEB), depends on the level of the gastrointes-
tinal tract at which the toxin is introduced, Studies are currert.y .a proyg-
ress to determine Lf this difference is real.

Preliminary work has been completed utilizing SEB instilled into the lu-
men of intestinal loops using methods employed in the investigation of cholera
toxin, Forty . ol Lot 14-30 SEB in 1 ml of saline were introduced into leops
in the duodenuw, fejunum or ileum, Saline was used in alternate loops as con-
trols. In addition, covrusponding loops in another monkey contained only sa-
tine, When observed after 4 hr, no differences in fluid accumulation were
noted between loops containing SEB and saline, Mistopathologic examination
revealed minlmay to moderate dilation ol lacteals, odema of the submucosa,
histiocyte and averotic cellular debris near the tips of villi in control as
well as 8B tese loops.

Sunmary, Part 1:

Techniques have been pertecked Jor surgical fmplantation of single- or
multiple-canauieeion devicees in the rhoesus monkey to facilitate introduction
of toxins at speciiic gastreintestinal sites, In addition, preliminary stud-
fes utilizing iatestinai loops have demonstrated no gross or histopathologic
differences between loops containing SEB and control loops centaining saline,

1

Provredn, Purt ]

solol onueeet was dnltiated to Jdewtormine the pathophysiologic responses
oL Thesds Benge s Lo intravenous (IVH injection of purificd samples of




staphylococeal alpha (@) and delta (a) hemolytic cxotoxin,*l Alpha and 2
Lemolytic exotoxins are only 2 of a large number of potcencially toxic factors
and cvnzymes produced by various stralns of Staphylococcus aurcus; these arce
not te be confused with staphylococcal enterotoxins which likewise bear let-
ter designations,

Three rhesus monkeys were inoculated IV with a 4, =10 (most purified)
or -1l touxin preparation; a 4th monkey, inoculated with borate buifered sa-
line (BBS), served as a control, After surgical implantation of nccessary
Lascrumentation, monkeys were placed in restraint chairs and allowed to sta-
Jiiize for 24 hr prior to collection of bascline datu and toxin injection,
Plhysiologic parameters measured included arterial pressure (BP), mean arteri-
al pressure (MAP), electrocardiogram (EKG), respiratory rate (RR), heart ratc
(HR), body temperaturc, and various hematologic values [white blood cell
(WBC) and differential white count, hematocrit (HCT), blood urea nitrogen
(8UN} and blood chemistryl. Complete gross and microscopic pathological
studies were performed on monkeys that died,

Table I is a summary of the data sent by Dr, Rahal, indicating the le-
thality of the various toxins for rabbits, their respective activities in
terms of hemolytic units (HU) per ug protein, and the amounts of the respcc-
tive toxins that werc administered to each of the 4 monkeys,

TABLE I, CHARACTERISTICS OF STAPHYLOCOCCAL ALPHA AND DELTA HEMOLYTIC TOXINS

IDENT, MONKEY  mg INJECTED SPECIFIC ACTIVITY ug LETHAL (45 MIN)/
NO. (1v) (HU/ug) 3-kg RABBIT
a-10 B-137 1.0 10 75
=11 B-147 3.5 3,6 <140
s =142 10,0 “- --
Control B-156 2 ml BBS - --

Monkeys receiving 8BS or A toxin showed no abnormal clinical signs. However,
the monkey receiving 4-10 toxin demonstrated severce signs consisting of cme-
sis, lethargy, dyspnea and respiratory arrest terminally; the monkey which re-
ceived @-11 toxin showed similar clinical signs,

“Supplied by Dr. James J, Rahal, Chicf, Division of Infectious Diseasvs,
Voterans ‘dministracion Hospital, New York, N. Y.
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Physiologic data collected on the monkey receliving 4 toxin werce consis-
tent with values recorded for the control monkey throughout the 72-hr obser-
vation period. The ¢-10 and @-11 monkeys showed early elevation in body tem-
perature and blood pressure, believed to be associated with emesis, rctching
and struggling, From 10 min postinjection to death at 95 min, the ®-10 mon-
key showed a progressive drop in BP, RR and HR. Although the &-11 monkey ro¢-
mained morce physiologically stable throughout the observation period, both
Q-10 and @-11 monkeys showed a precipitous fall in blood pressure terminally.
Physiological data arc summarized in Table II,

The control and A monkeys showed similar hematologic values excupt for
a wmarked lceukopenic change with subsequent rebound demonstrated by the A mon-
key. Both the &=10 and a-11 monkeys showed leukopenic changes in the hemo~
gram, but rebounded prior to death., Similarly, both had terminal elevation
in the hematocrit. Hcematologic values are summarized in Table III. Additiom
ally, alterations in blood chemistry values included early elevation in blood
glucose in both the =10 and @-11 monkeys, These 2 monkeys demounstrated ter-
minal elevation in lactic dehydrogenase (LDH) values,

Elcctrocardiographic changes were numerous in the @-10 monkey and in-
cluded periods of both tachycardia and bradycardia, arrythmia, altered P and
T waves, marked AV dissociation with varying degrees of heart block and extra
beats, Similar electrocardiographic abnormalities were noted in the monkey
administered &-11 toxin, but were not as pronounced,

Monkeys given @-10 and &-11 toxins were necropsied immediately following
death, Significant lesions in the Q~10 monkey included tracheal fluid, cdem-
atous lungs, acute hemorrhage of the myocardium, gastric mucosa, and brain,
and moderate congestion of all tissues., The lesions described are compatible
with those observed in deaths from endotoxins, The immediate cause of deatn
appeared to be acutc pulmonary cdema.

In addition to the previously described lesions noted in the @-10 mon-
key, the o-11 monkey demonstrated gastric dilation, subendocardial hemorrhag.y
severe peracute infarction of the left kidney, edema of the submucosa of the
stomach, small intcestine and colen, thrombosis of the major arteries of the
lungs and kidney, splenic necrosis, and lymphoid hyperplasia of the spleen,
Cystic dilations in the mucosa of the stomach were uaique in the pathologist's
expericnce,




W AT TR T MRS T TR e

3
0°101 081 49 z6/0%1 44 ]
1°101 081 o€ 08/0%1 gt
4%°101 081 Sg 9//8¢€1 Y2 ]
z 101 081 oY 6/091 Z1
S 101 081 <g 08/9S1 9
$° 101 081 0g 08/0z1 z

ay
yaeaq .
€6 1
8°C6 (1} 8/01 06
06 9 0£/06 68
06 0¢ 9G/48 or
06 0¢ 96/08 L9
%°96 oz 09 CT1/0€1 S 10T 081 o€ 08/871 09 ]
00z ()] 001/9¢1 Gh
0°26 06 ot STI/0LT %7101 081 0¢ 08/eet 0g
06 0% 001/0%1 4
£°L6 ocl oY CET/081 %°101 G8T z€ o8/t ST
02 09 0%1/002 01 ]
0°86 08" 94 0%1/091 %°101 081 o€ 9£/0z1 S :
£°86 081 0z #8/911 7°101 081 z¢ v8/721 o
utw M
01-0 SUITES - I013U0)H !
do 3y ww do 3y
TNIVEIZIAL uH W ag TINIVIAIHAL b1 o dd THIT

114

dNTTVS GNV SNIXOF [T1-VHATV “QI-VHAIV ‘VITid TIHALSINIAQYV SADINOW % NO VIVA JI90TOISAHd  *TI qHTgvT




oy
-
—

09

09

0¢1
o%e
0%z
00¢
0zZ
0%e
o%e

ove
0%¢
00z
(0)/74
o%e
00¢

00¢
00¢

y3eaQ

IT-0

c9
0§
ot
r43
og
og¢

8t
e

o%
oy
oS
oY
og¢
T4

7

~

8/¢1
rAVA T4
89/8C1
06/021
9¢1/0L1
0Z1/891
0zZ1/2L1
0Z1/891

oct/zLn
0¢1i/091

9T1/8%1
0zZ1/0%1
001/0¢1
821/08T
771/961
e1/481
0¢1/081

27101

¢ 101
0°101

97001

£°001

081

081
081

c81
081

002
0%¢
00¢
1074
Ote

00¢
ove
081
081
081
081

081

A

0Z
0z

4
A%

€
0g
og¢
o¢
113

[43

og
[43
Lz
174
cg
114

o

<l

001/%51

801/861
BOT/891

¢6/091
701/0%1

001/9¢1
001/9¢1
011/9¢1
001/0%1
201/8%1

001/0%1

96/9¢1
021/961
001/9¢€1
96/9¢1
001/0%1
001/0%1

001/%%1

al

8%
9¢

e
<l




116

TABLE [1I, HEMATOLOGIC VALUES, STAPHYLOCOCCAL ALPHA AND DELTA HEMOLYTIC
TOXIN STUDIES

WBC HCT
TIME no./cu, cm. %
Control A @-10 a-11 Control A @-10  @-i1
¢ 11,990 16, 900 19,800 9,350 32 38 42 39
5 11,440 8,580 9,850 3,000 32 38 40 38
15 12,320 9,000 8,250 2,500 32 38 25 38
30 14,740 7,150 12,100 4,180 31 38 42 38
60 14,410 2,750 8,250 4,290 32 38 47 38
90 6,820 12,000 5,000 36 70 37
hr
2 15,180 11,700 Dead 5,500 31 35  Dead 38
2.5 9,600 9,680 34 38
3 9,790 9,460 10,350 25 32 37
4 12,100 12,430 32 36
6 14,630 10,500 13,860 25 31 40
+15" 11,000 52
12 10,450 12,800 Dead 21 30 Dead
, 24 8,690 11,100 27 28
| 36 6,710 26
j 48 11,440 9,240 27 24
; 72 11,000 13, 640 27 24

Summary, Part LI:

Preliminary data obtained in this study suggest that the dosage of puri-
fied staphylococcal & toxin employed was lethal for the rhesus monkey and
that postmortem lesions were compatible with those seen in deaths from cndo-
toxins, IV administration of A toxin at the dosage indicated appcared to
have no adverse effect,

Additional studies cmploying significant numbers of rhesus monkeys are
necded to fill the existing void in data collected from subhuman primates and
to better clucidate the in vivo mechanism of action of purified samples of
staphylococecal @ toxin,

Lonavts
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Publicatlon:

Stiles, J. W,, and J. C, Denniston. 1971, Response of the rhesus mon-

key, Macaca mulatta, to continuously infused staphylococcal enterotoxin B,
Lab, Invest, 25:617-625,
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3 (U) Evaluate the role of host mediator in the action of microbial toxins., This
work unit i{s an essential element in a comprehensive program for medical defense
against BW agents,

24 (U) A radioimmuncassay technique is employed to determine bradykinin plasma
levels [n animals which have beman infected or intoxicated with agents known to
have hemodynamic¢ manifestations.

25 (U) 71 07 - 72 06 - Progress is being made in producing bradykiu.!n antiserum

of greater binding capacity. Valid and reproducible standard binding inhibition
curves have been derived, but in actual practice, the precision of the assay is

still inadequate,.
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Deserdiption:
Evaluate the role ¢f host mediators in the action of microbial toxins.
Progress:

Rescarcn into the role played by bradvkinin in the action of micrebia:
toxins has been slowed by problems encountered in the radioimmunoassay

technique. The major problem has been in producing a suitable bradykinin
antiserum.

Since the last report,: work on this jpreblem has taken the following
direction: Two additional rabbits were immun:zed with antigen previously
prepared, and the resulting antisera gave no improvement in binding activity.
Fresh immunogen was prepared ezad injected into 2 rabbits, with similarly
poor results. Gamma globulin fractions were isolated from previously
harvested antisera in the hope of concentrating the antibodies, but the
resultant binding activity was still inadequate. A close examination of
all antisera data up to that point show:d that those rabbits immunized with
the first immunogen prepured in this laboratory gave the best binding
activity, Unforti.ately, these were rabbits lost because of a thermeostat
mal function in the animal chamber. Batches of immunogen prepared aftor
that first one may have contained a partially (or completely) deteriorared
bradykinin molerule, resulting in antibodies which would not bind well to
labeled tyrosy.-8-bradykinin,

Therefore, fresh bradvkinin was obtained from a ditferent supplier
and the bradvxinin-ovalbumin complex again prepared in the previous manner.
Upon the recommendation of Dr. Talamo, the originator of this assav, a
dose of approximately 15 mg of immunogen, as compared to 6 mg previously
used, was adminastered to each of 3 rabbits, The method of immunization
was also altered. Previously the entire dosce was injected into the toepads
of rabbits. This time, however, the rabbit's back was shaved, the dose
divided in haif, and ! series of injections given subcutancously 3 weoeks
apart.

caat st 241k o
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At this stage of the research an " ®I-labeled bradykinin product
became commerically available and was obtained. Use of this hapten has
improved the chances success with this immunoassay, since it is a
more standardized product than the one we tried to label ourselves and
has a known specific activity,

Antisera were collected from the rabbits immunized by the newer
method and larger dose and tested for their binding capacity with the
commerically-obtained hapten. Results from the binding studies show
thut the antibodv response from the newer method is somewhat better,
However, the binding capeity must still be greater and the antisera
diluted further before the assay is suitable.

Therefore, in an attempt to stimulate further antibody response in
rabbits previously immunized by the new method, a 3rd series of sub-
cutaneous injections of immunogen was given. Antisera were collected
8 weeks later and analyzed for their binding capacity. One rabbit
yiclded an antiserum which could be diluted 20 times and still give a
binding capacity above 700-800 counts. This antiserum was utilized in
the assay procedure, and standard binding inhibition curves were derived
using the linear regression method. In the case of each curve, the level
of significance and correlation coefficient gave an extremely favorable
verdict (P < 0.001) as to the line's wvalidity. In addition, the inhibition
curves was very reproducible,

Consequently, an attempt was mdde to utilize the assay procedure in
analyzing the bradykinin concentration in processed blood from a rabbit.
Four random samples previously collected and processed were chosen and
assaved 5 times.

TABLE I, BRADYKININ LEVELS OF 4 RANDOM RABBIT SERA,

ng/ml PLASMA

SAMPLE mean + SEM Range
I 10.2 + 2.7 7.2 - 15,0
II 13.2 + 10.8 2.6 - 31.2
III 7.8 + 3.4 2,2 - 12.5
v 8.8+ 5.3 4.8 - 18.8
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It is plainly evident from Table I that the assay was not consistent in
its ability to measure congtant cohcentrations of bradykinin in the same
sample. The variation between samples 1is not unexpected, since plasma
hbradykinin concentrations is dependent on a variety of processes and/or
factors. The reason(s) why the assay was not more consistent is now
being explored. It is expected that a more suitable antiserum, with a
much greater binding capacity, would contribute much to solving this
dilemma. Steps are stil) being taken to produce such an antiserum.

In cooperation with LtC Collins, bradykinin has been coupled tu
bromacetyl cellulose and used to immunize a goat. However, 4-week and
7-week antisera have falled to show an antibody response.

Summary:

Progress is being made in producing bradyxinin antiserum of greater
binding capacity. Valid and reproducible standard binding inhibition
curves have been derived, but in actual practice, the precision of the
assay is still inadequate,

Publications:
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23 (U) Study the transport and localization of microbial toxins in animal tissues
and the pathogenesis of the corresponding intoxications. This work unit is an
essential element in a comprehensive program for medical defense against BW agents.

24 (U) U=e an in vivo isotopically labeled entercotoxin and study the pharmacology
utilizing this preparation,

] 25 (U) 71 07 - 72 06 - Isotopically labeled SEB utilizing tritium resulted in a
low energy label which was difficult to demonstrate by radioautography with
exposure times of less than 3 months, SEB labeled in vivo with C-14 resulted
in a marked increase in energy which was reflected in short exposure times
necessary for radial diffusion identification, In addition, the labeled SEB
could be measured directly by scanning electrophoretic strips,

Terminated since FY 1973 funding will be under The Surgeon General, Army,
New Project No. 3A062110A834; Accession No, DA 0A6428,
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Description:

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

Progress:

Various in vitro labeled staphylococcal enterotoxin B (SEB) preparations
have been utilized to deterTige the dynamic pharmacology of enterotoxin B.*™”
SEB was labeled with 1 I, fluorescein, peroxidase, and tritium.

In vitro labels separate either spontaneously or through the actions of
enzymee when these in vitro labeled toxins are tested in animals. Fluorescein
and 1311 are both separated almost completely when the toxin is administered
via the gastrointestinal tract. Therefore, the in vitro 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 TCA precipitation as an
indication of that portion of the label which is stilllgitached to SEB. It
has been demonstrated by all routes that from 1 51 or I can attach fin vivo
to protefins other than SEB. Therefore a ortion of the TCA precipitable
activity may well represent free 1251 or g311 which has attached to proteins
other than the toxin and previous localization studies may represent either
the toxin or an extraneous protein,

U. S. Armv Riplogical Laboratorlesh demonstrated an in vivo labeled SEB
with the isotope 14C. This material was purified by the method of Schantz
et al.” and the activity was verified by immunological and toxicological
methods.

Tritium labeled SEB was prepared by adding tritiated protein hydrolysate
and amino acids to both complete and partially synthetic media. The pro-
duction of toxins utilizing isotopically reagents was not decreased. The
levels of incorporation of tritium remained low and exposure times for auto-
radiographs were at least 3 months. Though specific localization of “H.SEB
was demonstrable in the kidneys, areas with smaller amounts could not be
visualized. The highest levels of tritium incorporation occurred utilizing




a complete modia (4% N-Z Amine + 1% yeast extract) augmented by isotopically
labeled glutamic acid.

Since tritium has a low cnergy, 1&0 glutamic incorporation was attempted.
Trapping procedures [or containment of the radiocactive €Oy generated during
incubation resulted in diminution in amounts of SER produced. The C-SEB
produced had an activity of | mCi/mg which was a higher rate of incorporation
than had been achicved with tricium. The c¢lectropheretic strips scanned with
a4 gas flow radicactive counter revealed isotope counts only in the area of
SEB.  {ritium labeled material scanned previously could not be identified due
to low vnerygy. In addition, the radioactivity could be demonstrated in the
iminune previpitate with radioautography.

Proliminary in vivo studies utilizing isolated small intestine pouches
to determine histological differences in control, nonimmune, and immune
animals are in progress. Initinl studies were daccomplished utilizing non-
labuled SEB in most animals and one animal in cach group with labeled lz‘C-SEB.
Fluorescein labeled SEB was also utilized in one animal as a control for an
in vitro labeled SEB type.

Summary:

A labeled SEB hes been prepared by utilizing a complete media with added

1 1Z’C-gll.xt;amic acid. This material has a high specific activity. It can bc
; readily demonstrated by radiocautography and is to be utilized in in vivo

test systems.
Publications:

None.
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23 (U) Study the subcellular effects of microbial toxins and other informational
molecules and determine the role of lysosomal enzymes in the catabolism of
exogenous proteins. This work unit is an essential element in a comprehensive
program for medical defense against BW agents.

24 (U) A variety of techniques, e.g., fractlonation, electron microscopy, are
used to study subcellular action of toxins,

25 (U) 71 07 72 06 - In response tv pneumococcal infection rat liver endoplasmic
reticulum was found to undergo a change in its biochemical morphology: a
progressive loss of cytoplasmic catalase and peroxisomes was also observed. In
tularemia infection, only endoplasmic reticulum changes were seen. Techniques
of cellular fractionation were applied to the isolation and purification of :
Coxiella burneti frow egg yolk sac slurries. A 100-fold purification was achieved.

Lysosomal enzymes were capable of hydrolyzing staphylococcal enterotoxin B
at acid pH, The extent and pH optimum of hydrolysis was shown to be dependent on
the extent of toxin denaturation,

Publications: J, Infect, Dis, 124:372-378, 1971.

Appl. Microbiol, 23: 1972, In press,

Terminated since FY 1973 funding will be under The Surgeon General, Army,
New Project No. 3A062110A834; Accession No. DA 0A6429.
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BODY OF REPORI

Project No. 1W662711A096: Medical Defense Aspects of Biological Agents (U)
Task No. 1W662711A096 0l: Pathogenesis of Infection of Military Importance
Work Unit No. 096 Ol 803: Subcellular Biological Effects of Microhial

Toxins and Microbial Diseases of Military
Importaince

UeBCTIPLIGE
Study the subceilular effects of microblal toxins and informational
molecules ana cetermine the role of lysosomal enzymes in the catabolism

of exogenous proteins.

Propress, Part I:

Enzymatic and physical properties of rat liver subcellular organelles
during the infectious process were determincd by zonal centrifugation
techniques. Livers from ratg, :-oculated 8-48 hr previously with 10
Diplococeus pneumoniae or 10”7 Francisella tularensis, were homogenized
and subjected to isopycnic centrifugation in a Spinco B XIV zonal trotor.
Thirty~three zonal fractions were cbtained and analyzed for protein, RNA
and 6 enzyme markers of mitochondria, lysosomes and peroxisomes. A
computer program was developed to calculate and represent enzymatic
activities in the form of standardized equilibrium density distribution
patterns.

The quilibrium density distribution patterns of cytochrome oxidase
indicated tnat progressive degeneration of mitochondrial structural
integrity occurred during the course of pneumococcal infection. Activity
of peroxisomal markers, catalase and urate oxidase, were reduced by 82
and 76% respectively during move advanced stages of pneumococcal infection,
and were accompanied by a substantial increase in mean equilibrium density
of peroxisomal particles. The activiry and distribution of particle-bound
cathepsin D, acid pnosphatase, and B=-glucuronidase (R-gluc) were not
significantly different from controls. However, a moderate increase in
soluble activiiy of lysosomal enzymes was observed in experimental animals,
suggesting that in the pneumococcus-infected animals, lysosomes may be
larger, thus more susceptible to rupture during homogenization of the tissue.

The distribution pattern of B-gluc demonstrated the presence of a minor
sedimentable component with a non-lysosomal localization., The equilibrium
density of this cowponent was approximately 1.14 and coincided with the
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localization of the endoplasmic reticulum (ER) marker, glucose-6-
phosphatase, This observatjion supported the known dual localization

of g=gluc in hepatic cells.? A loss in ER-associated £~glue was
observed during advanced stages of pneumococcal infection. This finding
suggests that the biochemical morphology of ER in hepatocytes is altered
during infection and that these changes may signify a reorgaunization of
liver ER and protein sgnthesizing machinery specifically for synthesis
of serum glycoproteins® rather than cellular proteins.

In contrast to pneumococcal infection, tularemia infection was
Serked by sustained rapid loss of ER B-glue and transient changes in
thu physical-chemicul properties of mitochondria and peroxisomes.

These data demonstrate that tissue fractiopnation and zonal
ultracentrifugation techniques can be employed to evaluate cellular
responses and thereby obtain further information regarding pathogenesis
cf infection,

summary, Part I:

Fractionation of pneumococcal and tularemia infected rat liver by zonal
centrifugation techniques demonstrated alterations in the biochemical
rnorphology of cellular organelles. The most significant changes obsetrved
in pneumococcal infection were delayed loss in B-gluc activity and
endoplasmic reticulum and progressive loss of cytoplasmic catalase and
peroxigsomal particles. In tularemia infected animals there was a sustained
rapid loss of endoplasmic reticulum B-gluc and a moderate but transient
decrease in peroxisomal enzymes.

Progress, Part II:

A formalin killed, Henzerling, phase II, Q fever liquid vaccine was
subjected to density gradient fractionation in a B XIV zonal rotor. 1lwo
fractions, with equilibrium density values of 1.24 and 1.28, were found to
contain Coxiella burneti organisms. [Electron micrographs of these fractions
showad that organisms in the lighter density fraction were oval shaped with
prominent nucleoids and thick cell walls, The heavier fraction was
composed primarily of round organisms without prominent nucleoids or thick
cell walla, These findings suggest that the 2 populations of organisms
represent different pleororphic forms of C. burneti. However, the
possibility cannot be ruled out that chemical modification during
production of the original liquid vaccine altered the morphological
characteristics of the denser organisms.

Both fractions that contained organisms were judged free of
contaminating egg volk sac materials by electropn microscopy and the
complement fixaticn cest against anti-egg yolk sac sera. That quantity of
protein in the lover density C. burneti fraction which protected 50% of
guinea pigs against a live challenge of C. burneti was found to be 0.16 ug




as compared to 1.601 wg for the original liquid vaccine. Fractioration
of 2 L of liquid vaccine yielded approximately 600 ml of purified

organisms with a protein concentration of 120 ug/ml, representing a total
protein yleld of 1,98%,

Summary, Part II:

Purification by isopyenic zonal centrifugation of large quantities of
inactivated, phase II, C. burneti for use as diagnostic antigen and as a
vaccine is described. Fractionation of egg yolk sac derived C. burneti
vacelne resulted in the separation of 2 distinct populations of organisms
each deveid of microscopically and serologically recognizable components
of egg yolk sac. One population of organisms, characterized by an
equilibrium density of 1.24, was rod shaped with a thick, densely-stained
wall and prominent central body. The 2nd population, with an
equilibrium density of 1,28, had a coccobacillary shape, thin cellular
walls and lacked a prominent nucleoid.

Progress, Part III:

Studies concerning hydrolysis of staphylococcal enterotoxin B (SEB)
by lysosomal enzymes in vitro were continued. Hydrolysis gs SEB in vitro
was monitored by determining the release of TCA insoluble 51 tagged
peptides and amino acids, Iodination of SEB was accomplished 2y the
recently developed enzymatic method of Morrison and Hultquist,” which
employs bovine lactoperoxidase isclated from raw milk.

SEB was iodinated by mixing 500 ul of SEB (5 mg/ml), which had been
dialyzed against 0.05 M phosphate buffer, pH 7.2, with 5 mCi 1231 and 25 Hg
lactoperoxidase. The ilodination reaction was initiated by addition of
50 Wl of 2.5 mM Ho0p and at the end of 1-2 hr the reactlon mixture was
dialyzed against cold buffer to remove unreacted 1251, An iodination
efficiency of 99% was obtained for SEB. Rabbit YG immunoglobulins were
enzymatically iodinated with an efficiency of 93% and a specific activity
greater than 3 uCi/ug protein. Acetate strip electrophoresis of
enzymatically iodinated SEB or YG failed to demonstrate any evidence of

denaturation., Both proteins formed precipitin lines with specific antisera
using the Ouchterlony technique.

A substantial release of 1231 was observed when iodinated SEB was
incubated at pH 2.5 with liver, kidney and peritoneal exudate cell
homogenates, as well as a purified liver lysosome extract. The amount
of 1231 released at pH 3.5 and 4.4 was substantially lower (Table I).

The ability of SEB to bind with specific antisera was lost after digestion
at pH 2.5 but not 3.5 or 4.4

i v AT Al MmO 0 TanT
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TABLE I. HYDROLYSIS OF SEB-lzsI BY LYSOSOMAL CATHEPSINS.

y 12313/ 3y SOURCE OF LYSOSCMAL ENZYMES

Liver Tritgsome FKidney G.F.&/ Liver G.F. PMN G.F,

SEB TREATMENT

Extract=
Trace Labelled :
2.54 55 40 59 49
pH 3.5 28 20 19 16
AN 13 14 13 6
7,38/ - - - 4
Formic Acid Oxidized
2.5 92 86 84
pH 3.5 80 96 89
4.4 87 93 90
100 C for 60 Min
2.5 10 27 32 46
pH 3.5 45 63 35 64
4.4 44 80 44 76 ]
7.5 - -- -- 32
Extensively Iodinated 3
2.5 11 10 12 ﬁ
pH 3,5 11 10 14 !
4,4 9 14 8 i
705 - - lo g
i
Chloramine-T Iodinated g
2, 10 11 5 !
3.5 9 10 4 i
PR s 8 7 3 j
7.5 -- -- 3
a. l251 released into a soluble 57 TCA supernatant after 24 hr incubatiun,

b. Liver lysosomes isolated after Triton WR-1339 injestion by the method
of Trouet./ Sonified saline extracted lysosomal protein composed 10%
of the total protein in the incubation mixture.

¢, Large granule frauction isolated by differential centrifugation of
homogenate., G.F. was incubated with toxin at a protein to protein ratio
r of 2:1.

d. Citrate buffer 0.1 M containing 0,01 M cysteine.

¢. Phosphate buffer 0.1 M containing 1.0 M KCL.
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The pH optima for SEB hydrolysis was found to be between 2.75 and
3.0, Hydrolysis was more effective in citrate buffer than glycine-HC1
or acetate buffer., In the presence of ilodoacetamide, the pH optima
for hydrolysis of SEB shifted slightly to a lower value. Cysteine
(0.001 M) increased the extent of hydrolysis nearly 2-fold.

In contrast to trace labeled SEB, toxin oxidized with formic acid
was more extensively digested by purified lysosomes and kidney homogenates.
SEB iodinated by the chloramine=T method and heavily iodinated SEB were
less susceptible to lysosomal hydrolysis, The latter SEB derivative,
formed by additional enzvmatic iodination of trace labeled SEB in the
presence of 3,001 M KI for 12-24 hr as described by Agner,s resulted in
s yellow procucc which was electrophoretically distinct from native or
trace labeled SZB, and did not react with specific ancisera. SEB heated
at 100 C for 60 min, on the other hand, was more extenslively digested at
pH 4.4 and 3.5 than in pH 2.5.

These results indicate that lysoscomal cathepsins are capable of
hydrolysing SEL at an acid pH. Cathepsin D and probably cathepsin C are
primarily responsible for the hydrolysis of the toxin. Susceptibility of
the toxin to hydrolysis seems dependent on the conformational state of the
molecule, since native toxin is hydrolyzed almost exclusively at pH 2.5,
while heat-denatured or oxidized derivatives are appreciably digested at
pH 4.4, a value which more reasonably approaches the intralysosomal pH.

These results support the hypothesis that certain proteins and microbial
protein toxins must be "denatured" prior to hydrolysis by lysosomal
hydrolases within the vacuolar system of intact cells.

Summary, Part ITI1:

Lysosomal cathepsins were capable of hydrol.ysing SEB at acid pH.
Hydrolysis occurred most readily at phR 2.75 - 3.0, were enhanced by
cysteine and unaffected by iodoacetamide. Heavily iodinated SEB was found
to be less susceptible to digestion while heat-denatured and oxidized toxin
were readily hydrolyzed at pH 4.4,

Presentations:

1. Canonico, P. G, 1971. Cellular biology of SEB. Presented to
the Netional institute of Child Health and Human Development, Bethesda, Md.

2. Canonico, P. G. 1971. Lysosomes and protein catabolism. Presentec
to the Graduate Student Association, Bureau of Biological Research, Rutgers
University, New Brunswick, N. J.

Publications:
1. Canonico, P. G., and M. J. Van Zwieten. 1971. Swelling of

mitochondria Jrom rabbit liver induced by staphylococcal enterotoxin B.
J. Infact, Dis. 124:372-378,
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2. Canonico, P, G,, M. J. Van Zwleten and W. A, Christmas. 1972,
Purification of large quantities of Coxiella burneti by density gradient
zonal centrifugation. Appl. Microbiol, 23. In press.
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Subjects in both groups exhibited a secondary antibody response with
mean LNI of 2.6 in Group 1 and 2.3 in Group lI. All individuals in
Group I had LNI >1.8. Two subjects failed to achieve significant
neutralizing antibody in Group 11. The mean LNI 42 days after the booster
dose of vaccine was 2.3 in both groups.

Summary, Part I:

An EEE vaccine produced by the Merrell-National Laboratories,
Swiliwatel, 2a. utilizing large scale production methods has been admin-
istered to a limited number of subjects. It has been found to be of low
reactogenicity when administered subcutaneously in 2 different doses 28
days apart. Significunt neutralizing antibody developed in the majority
of subjeets 14 days after the second dose of vaccine. A booster dose on
day 180 elicited a secondary response in the majority of subjects.

Progress, Part II1:

Clinical and Laboratory Evaluation of Repeated Immunizations in Man:
Immunization has become an accepted method to prevent infection in man.
With the exception of local and systemic reactions following the adminis~
tration of a vaccine, few other adverse effects to vaccination have been
clearly defined in man. Amyloidosis has been reported as a complication
in experimental animals receiving frequent and large amounts of antigen.

To determine whether frequent and repeated immunizations are associated with
adverse effects in man, a study was initiated in 1958 in 99 individuals at
Fort Detgick who were receilving a variety of antigens for an extended period
of time. Seventy-seven of the original 99 subjects were re-studied in a
similar manner in 1964.% No evidence of clinical illness was found in
subjects in either study which might be attributed to immunization.

However several unexplained laboratory deviations were noted as follows:

1. High incidence of lymphocytosis,

2. An abnormal serum protein electrophoretic pattern in some of the
subjects characterized by poor separation of alpha-2 and beta-globulin
fractions.

3. Elevated serum hexosamines.
4, Unexplained abnormalities of liver and renal function.

5. A high incidence of scrum antrgamma globulin activity.

e i e
g 4
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No conclusive evidence was presented that these abnormalities represented
adverse effects of intensive immunization.

The study to be described represents a 25-year follow=up evaluation
of the 99 individuals. Eleven had died; 11 have not yet been seen; the
77 other subjects had received an average of 100 ml of antigen and vver
40 skin tests each since 1946.

Each individual was studied with a complete history, physical
examination, chest x-ray and electrocardiogram. Blooud was obtained
Irow each subject for the following laboratory studies: white blood
cell, differential, platelet count, hematocrit, partial thromboplastin
and prothrombin time, leucocyte alxkaline phosphatase stain of peripheral
blood smear, lupus erythematosis ccll preparation, sodium, potassium,
chloride, copper, zine, iron, calcium, phosphate, creatinine, uric acid,
SGOT, alkaline phosphatase, bilirubin direct and indirect, cholesterol,
triglycerides, free fatty acids, blood urea nitrogen, phosphates, venereal
disease research laboratory test (VDRL), serum hexosamine, antinuclear
antibody, rheumatoid latex factor, serum protein and lipoprotein electro-
phoresis, IgG, IgM, IgA, IgD, Kappa and Lamba light chains, C'3 and
lymphocyte stimulation studies. In addition, 24 urine specimens were
obtained from each subject for creatinine, protein and immunoglobulin

determinations. The results were compared with 25 control subjects from
Fort Detrick.

Although the studies on these subjects are in progress, preliminary
data indicate that no clinical illnesses have been detected that might be
attributed to immunization. The previously noted laboratory observations
of lymphocytosis, proteinuria and alterations in the serum protein
electrophoretic pattern were not detected in the present study. Some
individuals continue to manifest abnormal liver function studies and
elevations of serum hexosamine. The significance of these laboratory
deviations are not known. Serum and urine ilmmunoglobulin values did not
differ from control subjects,

: Summary, Part II:

A 25-year clinical and laboratory follow-up study was conducted in
77 subjects who had received frequent special immunizations. Although
studies are still in progress no clinical illnesses were found that could
be attributed to intensive immunization. Liver function studies and
serum hexosamines were found to be elevated in some of the vaccinees and
remain unexplained. Lymphocytosis, abnormal serum protein electrophoretic
patterns and protelnurie noted in previous studies were not detected in
the present study.
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Deterniie the Voagibllity or eoaxbining verious irouniring onbizens
and establisl tne cunpatibility, optimal Jdose, busr senvdaie roer
administration, and efiicacy of the combinaticas.

Progresy:

It was previouslv ohserved that formalin-inaciivated vacoines fov
hastern and Western equine encephalitis (FEY and WEE), Chikungunva {(Ch1K),
Rift Valley (RVF) and § Fever (0) retalned their inaunogenic properties
after combination inte a pentavalent product.+ These studies have bheen
expanded to investigate the feasibiiity and efiicacv of simultaneous
) immunization o Hartley strain guinea pigs wita the pentavalent preparation
4 and the liviag, attenuvated vaceine for tularemza (LVS vaccine) and/or for
- Venezuelan equine encephalemyelitis (VEE, vaccine strain TU-85). Ocher
i workers have shown that TC-83 vaccine administerad alone or simultaneously
with LVS vacezine produced neo adverse reaction .n guinea pips and protects
them against challenge with virulent Trinidad strains of Vi), whereas ;
LVS vaceine, or the LVE=VES vaccine treatment swrelv indicated an altered
state of resistance, as indicated by prolongation of surviva! tine, but dic
not protost Gyl fatal ivfection with viruleat sJrancisel... tularca”is,
strain SCHI-$4, - i

On Hav 0, une graowd of puines pigs was {oounisdd wits 20 v cdae, o
2nd groue wita TC~o® vaccine, o o Poprony wite roth ool
adrministerea simult.acously,  rmunization ol & additional viowrs

corresponded to that of the firet 7, except tioar puatavaion? voovine was :
adiinisterea sinmultineously with atienuated vaooinae(sy on dav 0 and a
Ing dese ef opentavoaent vaceine wan glven on dav 2800 LVE vaceine al g
desage of 2,2 n 10% viable cells was injeuvted subuitaneousiv JN0) 1 thne

-

groin area; .I=30 veaocine, at o desaye eguivailent o 1oiadinan Jose

isocuiates novaperitonealldy (IP) en one siar ¢ oo i e and :
pencaviivnt caceine  Jsoteonic (¢ obedy Tiulds, e irfecien T80 i :
oade o thie Ledaren. The dndoecied ddose ol o enieoa o Yallan . ;
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aid 20 guines piy 1PiDgy of Q vaccine. lmmunized and nonimmune coatrol
i pulne:. plgs were challenged on day 47 with 400 mouse 1P lechal doses of
‘ Trinidad gtrain VEE, with_100 viable cells of strain S5CLi-S4 of

I tularensis, or with 107 vichle cells of the attenuated strain 425 of
. tularensis.

Thirty-four of 35 guinea pigs immunized with TC-83 vacelne, alone or
sinultaneously with other vaccines, survived an ' cnallenge with highly

{ virulent Trinidad strain of VEL at a dose lethal for all nonimmune contrd
{ animals (Table I). Immunization with LVS vaccine protected guinea pigs

: S eeeatoodle ofallerge with stradn G423, @ fularesla strair of

j

i oo v odeiedee, wnd enlected gignificant prolongtiolon of sarvivel tine

L eawde, vl oaniva.s chullenged SC with highly viruient tularemia.

} sioni Lo PROTECTIVE BEFICACY OF VENEZULLAN EQUINI ENCLPUALTTIS (VEE,
L TC~82 VACCINE AND TULAREMIA LVS VACCINE ALINISTERGD
SIMULTANECLSLY WITH OR WITHOUT PENTAVALLENY VACCTNG (V).

CHALLENGE ORGANISN

. N7 . _

3 I.JkgéﬁgTIOk Trinidad Strain Tularemia Strain

i VEE 425 scav-ss
a/ . bl

] p/T~ P/T P/T RN

1 dave

; PV + TC~83 7/7 - _— _—

PV 4+ LVS -- 15/15 1/13 23+ 3.5

‘ PV + TC=83 + LVS 9/5 10/10 1/9 22+ 2
=52 10/10 _— -
LVS - 12/14 C/i3 25+
TC-83 + LVS 8/9 14/14 4714 26+ 6

Unimmunized 0/9 /17 c/12

o+ 0,2

—_—— e i
i
4. P/T = Protected/Total. i
b. MITD = Mean time te death + SEM,
Sarum samples wevre collected for sevolegical evaluation fror ol
aimals on day -3 and day 38, fron survivors or VHEE chinllonge on cav o g,
.com survivors of tularemia challenge on day 102, Cnly preliasinary data
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can be reportued at this time, Preimmunization scra had no detectable
antibodies for VEE; hemagglutination inhibitien (MHI) titers were <l:1U,
and tularemia agglutinin titery <1:10, Except fo:r 6 animals {n the proup
that received the LVS-TC-83 vuaccine treatment, a good VEE antibody response
developed following TC~83 dimmunization (Table I1). The 6 retractory
aniwals, members of a group in which some guinea plgs inadvertantly
received 0.01 human dose (rather than 1 human dose) of TC-83 vaccine, had
prechallenge HI titers <1:10, but 5 of the 6 survived chullenge. The
reciprocal geometric mean titer (GMI) for the other 4 members of the grou;
was 760, a value compatible with that of other TC-83 immunized groups.
Antivody vesponsc to tularemid imnunization was essentially the same tor
all groups.

TABLE 1I. RECIPROCAL GEOMETRIC MEAN TITERS OF PRECHALLENGE SLERA FROM
GROUPS OF GUINEA PIGS IMMUNIZED WITH TC-83 AND/OR LVS VACUINI,
ALONE OR SIMULTANEOUSLY WITH PENTAVALENT VACCINE (PV).

PRECHALLENGE VALULS FOR CHALLENGE GROUY

PRI

IMMUNIZATION Trinidad 425 SCHU-S4

GROUP VEE titer Tularemia )

HI agglutinin titer

PV + TC-83 830 - -
PV + LVS - 175 211
PV + TC-83 + LVS 1880 197 160
TC-83 933 - -
LVS - 201 150
TC-83 + LVS 37 150 175

Antibody response to 4 of 5 components ¢f the pentavalent prepavrdtion
was also evaluated (Table III)., Simultanecus immunization with live LVS
vaccine did not affect the responses to any of the 4 components.
Simultaneous immunization with living TC-83 vaccine appeared to suppross
WEE and EEE responses but enhanced response to Q vaccine,
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TABLE 1IT. RECIPROCAL GEOMETRIC MEAN TIVERS 7 DAYS AFUER THE 2ND
INJECTION OF PENTAVALENT VACCINE (PV) ADMINISTERED ALONE
OR IN COMBINATION WITH TC-83 AND/OR LVS VACCINL.

MEAN TITERY )

IMMUNTZAT LON HI Complement

GROUD Fixation
WEE EEE RVF Q
2540 930 2.5 7.6
Vo JC-nd oy7 128 2.4 23.0
PV o+ LVS 1222 1469 1.4 5.2
PV + TC-83 + LVS 1483 1888 L.5 14,0

a. Test antigens: WEE -~ Formalin-inactivated Western equine encephalitis
virus
EEE - Formalin~indactivated Lastern equine encephalitis
virus
RVF - Formalin-inactivated Rift Valley Fever virus
Q <~ Formalin-inactivated Q fever, phase 11

It 4s obvious that serological techniques employed to measure humoral
antibody were ineffuctive for evaluating protection conferred by
immunization with live attenuated vaccines. Guinua pigs lackiug HI antibody
were resistant to challenge with VEE and most animals with tularemia
agglutinins succumbed to challenge with virulent tularemia strain SCHU=-54.

it is difficult to assess the significance of resistance to challonne
with tularemia strain 425, Mechanisms for establishing infection arc
probably quite different from attenuated and fully virulent strains, as
15 suggested by the numbers of bacteria required to produce fasal intections.
Attenuated organisms mav exert their effect by accumulation of endotexin-
like products; their ability to invade cells of the host wmay bhe blocked or
delayed; or their sowmatic or soluble products inay provoke an accelerated
host defense response. In any event, some wodification ol their infectious
properties s advancageous to the host and permits effective utitication of
specific and nonspocific mechanisms of resistance.




157

sumnary

Simultanecus immunization of guinea pigs with pentavalent vaccin:
nelther enhanced nor suppressed immunogenic responses to llving attehuated
viral and/or bacterial vaccines. Serologlcal respouses to WEE and ELE
components of the pentavalent vaccine appeared to be suppregsed by
simultaneous immunization with TC-83 vaccine. However, serological
response to the Q Fever vaccine component of the pentavalent preparation
was enhanced by immunization with TC-83 vaccine.

YOt e s
e 3O

1.0 wanonico, P. G., M., J. Van Z2wieten anc W, A. Christmas. 1972,
ruvalicatson of larye quantities of Coxiella burneci by density gradient
~onai centriiugacica., Appl. Microbiol. 23. 1Iun pruss.
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Deve el o dneeal reference waodel systes for osoudyiap the ciia o
wlo yital, wy entrdpolation,

Ay be wmproyed to predict drmuae roesponses Loondo.

.
of uxpuricenial viaocinus and to detioc paraect

Uoopless :

Studies coatinued to investigate the [(casibility of ewploving an
animal model systewm to establish optimal dosayne and schedule for
administration of experimental vaccines to man.

Rabbits were immunized with daactivated Hustern equine encephalltis
(LEE) vaccine, NDBR 104, Lot 1l; antibody responsvs were studied in
conjunction wich those of volunteers lmmmilzed with the same vaccine,
Medical Divisicn Protocols FY 71-4 and 71-5.%

To deterwine 1f EEE vaceine was capable of producing o truial dlpmuane
response through the IgC phase and if low soerelogical responses in humans
are due to low dosage, & rabbits weve {njecied with 1,5 and 1.0 ml of the
subcutaneous o5¢) wites. Rabbit sera obtaived at ?=day intervals for
6 weeks and at 3, oon were studiced in detall,

Whale sera were screened Tor horagsiutinacien onhiivities Gy nntiooay
by Lhe nmethod of Clarke and Casniﬁ,z ard for vomplenont tix. o G
antipody oy stwradra procedoses. i additoon, 2ol oof 1resh seria wer
chromatogratiea on upwatrd-Liow (=200 Seprhades colurns (200 o 4D amd) in
Tris buifere. saliae, pH 7.3 Drotein contest of cinatos was deterainee
by UV absury

ron nsouph a contfacous fiow nesitor. 1 conorast Lo
titrations witlh wihole serum, b1 catibody aobivity wis deterisued without
keolin abscry tion oa an aliguat Jrom each fuboe.  Caromatoepra b o) cach

seram vividua She usual 4 UV sbsorbing peoks. a1t opesk (1ubd

centadined ol oavtivioy of speeifile JoM ane oo noarpeciiic, selineproteiu
hemay, iotiteowon toaibitor. The Lne pook (70 coasisted prinarily i
vogloduili, ..o Suoe specifle ledy some LA ool e annibelory ot vy,
Tas e A0l seL.sTal g e Char stuey. Thoe ol pear (48) contadnea adbuniu
Alie SLNOT Y sorun grote s woleh o exbicibtoe some inaibitoery aoadvily,
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The 4th peak, peptide and/or amino acids, demonstrated no activity,
Results are shown in Table I,

TABLE [. HEMAGGLUTINATION-INHIBI'TION (HI) AND COMPLEMENT FIXATION (CF)
RESPONSES IN RABBITS IMMUNLZED WITH EEE VIRUS VACCINE,

ANIMAL DAY WHOLE SERUM RECIPROCAL HT ACTIVITY (UNlTS/ml)é/
NUMBLER APTER ANTIBODY TITER CHROMATOCRAPLY PLAK
mrhe WS HI - CF lst Perk Pnd Peak
J <20 8 135 56
L4 7 20 32 67 151
14 &0 64 123 646
28 40 32 304 884
42 30 32 176 230
135 160 4 58 688
365 80 4 N2/ KD
0 <20 4 ND ND
45 ? 20 32 14 73
14 40 32 17 145
28 40 32 0 181
42 80 32 0 254
135 320 4 68 315
365 320 4 ND NI
0 <20 2 44 0
46 7 320 128 159 434
14 160 28 53 S0k
28 50 16 70 /30
42 4G 8 80 333
135 320 16 53 Gho
270 40 3 0 349
0 <00 2 I 23
7 80 64 174 412
47 14 50 64 EY) 612
28 20 8 99 329 1
42 20 4 196 286 !
142 160 4 310 571 !
365 160 4 N ND .

a. Sum of HI activity in a UV peak (uarea under curve). i

be NJ = Not Doac
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This HKEE vaccine preparation produced a torval :minune response in
vrabbits. By day 14 after the last injecticn, whol. serum HI and CF citers
averaged 1:80 and 1:64 respectively. Specific IgM HI activity, expected in
the lst chromatographic peak, was masked by lipoprotein inhibitors that
could not be removed. In the 2nd peak, specific Iyl activity generally
became maximal by day 28 but subsequently decreased. This findiny, in
combination with responses observed from whole serum, indicated that
conversion to IgG occurred and, therefore, that the capability for
immunological memory had been established by the vaccine dosages cnyioved.
The increase in HI titers seen in both whole scra and IgC fracticns by days

‘ar

135-142 cannot be explained at this tinme.

Uf considerable interest was rabbit 45, This animal developed nodk
paralysis 9 mon after vaccination and was killed. Neither viral isclaticn
techniques nor histopathological studies provided a diagnosis. buring ti.
following 2 mon, 8 of 15 healthy nonvaccinated animals caged in the sanw
area developed CF and/or HI titers against EEE antigen; IgC conversion was
confirmed by chromatography in 2 of these rabbits. Unltke findings ahscerved
with vaccinated animals, antibody activity disappeared within 45 days.

For volunteer studies, smaller doses of vaccine were emplored. Lipght
men received 2 doses of 0.5 ml each of EEE vaccine 28 days apart amd another
eight 2 doses of 0.25 ml each 28 days apart. Whole sera obtained at
specified intervals were screened for HI antibodies.? Sera of 3 individuals
with the highest titers and 3 with low or intermediate respouses on days 35
and 42 were selected for detailed study, as described for rabbit sera.

Two vaccinees, GFN and JTR (Table II) developed essentlally no antibody
response following immunization: no CF antibody, sporadic HI titer:, and
no significant serum neutralizing (SN) activity as indicated by loy
neutralization index (LNI). HI activity of chromatographic samples never
exceeded baseline values which, influenced by the lipid content of scium,
varied from sample to sample of each individual. [t should be auted chat
both individuals were from the low vaceine dose group. Whule serun tiiors
for subject RWM werc representative of responses of 9 other vaccineus,

i.e. no CF antibody, sporadic HI titers and transient LNI activity. As
with nonresponders, HI activity in peak 2 did not exceed baseline ioves,

Antibody reuponses of the 3 veolunteers who apparcntly ressondeu
maximally to vaccine are shown in Table III., althoupzh not saown by Lie
tabular presentation of data, inspuction of chromatographs cowpined wion
serological activity suggests that all 3 individuals had some iorn wi
prior expevience to antigens in the LEE vaccine. A11 déveloped sopniticani
levels of whole serum titers for Hl, CF and SN antibodies, Siwundiiicont
increases in il activity were observed in the 2ad caromatopraphic peai o
sera from subjects BCB and GAS., Values for chromategrapaic analve.os o
sera from subject HGH resembled those described for voluntecr RWM, Toore 1.

a poor responcer; however, serological activity for voiunteer vl wan oot

to o sharp peax upon a low baseline rather than distributec among o 2=
tube range.

dnihan N Cuimiabed Vb /) ! . PRVRIFERRV) NI MR R R NEEY
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TABLE II. VALUES FOK VOLUNTLERS WITH POOR ANTIBODY RESPONSES FOLLOWLAG
IMMUNIZATION WITH EKE VACCINE.

. . . e df
- WHOLE SIRUM TITERS HI ACTIVITY (UNITS/ml)™
SUBJECT  bAY —— ~e/ CHROMATOGRAPHY PEAK
HI CF Ly1s 1 2

) 0 <10 <2 0 56 Ld
LA B <10 <2 0.50 75 28
: 20 <2 0.50 67 3
g <15 <2 C.75 86 3B
33 <10 <2 1,.5 44 18
42 10 <2 1.25 62 32
36 10 <2 0.85 84 19
90 <10 <2 0.65 150, 29
180 <10 <2 0.35 N ND
a/ 0 <10 <2 0 110 30
JTR~ 7 <10 <2 0.25 63 34
14 20 <2 0.15 82 24
28 <10 <2 0.15 56 32
35 <10 <2 0.90 70 22
42 <10 <2 1.15 126 11
56 <10 <2 0.80 78 20
90 <10 <2 0.40 5 18
180 <10 <2 0.38 ND ND
b/ 0 <10 <2 0 82 63
RuM= 7 <10 <2 0 121 4
14 20 <2 0.50 275 A9
28 <10 <2 0.50 90 43
35 <10 <2 1.50 104 0y
42 20 <2 1.87 384 oy
56 <10 <2 2.00 282 -1
' 90 <10 <2 1,15 580/ il7
! 180 <10 <2 0.50 NIy s

a. 0.25 ml EEE vaccine per dose on Days O and 28,

o. 0.5 ml ELE vaccine per dose on Days 0 and 28.

¢. LNI = Log neutrulization index, titration in suckling wmice,
courtesy Virology Division.

we Sum of HI units in a LV peak (area under curve) .

«. ND = Not Done.
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TABLE III. VALUES YOR THE THREE VOLUNTEERS WITH MAXIMAL ANTIBODY
RESPONSES FOLLOWING IMMUNIZATION WITH BkE VACCINK.
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WHOLE SERUM RECIPROCAL

HI ACTIVITY (UNITS/ml)

d/

SUBJECT DAY ANTIBODY TITER CHROMATOGRAPHY PEAK
HI CF Nt/ 1 2
0 <10 <2 0 211 43
sops 7 20 <2 0.65 103 24
14 160 <2 1.65 521 95
28 40 <2 1.75 111 140
35 160 <2 2.75 301 910
42 160 4 3.55 222 462
56 80 2 2,75 517 201
90 320 <2 2.25 262, 615
180 80 8 2.10 NDE ND
0 <10 <2 0 486 97
Hone/ 7 <10 <2 0 548 62
14 20 <2 0.60 429 95
28 <10 <2 0.20 93 59
35 40 2 2,10 176 58
42 80 4 2.10 208 75
56 160 4 2,20 128 51
90 80 <2 2.00 168 104
180 20 <2 2,24 ND ND
0 <10 <2 0 3430 57
cas/ 7 10 <2 0 42 13
14 20 <2 0.86 130 28
28 <10 <2 0.86 65 45
35 40 <2 2.86 135 121
42 160 32 3.05 245 210
56 80 4 2.61 108 83
90 ND <2 2.61 1464 112
180 20 <2 1.25 ND N

a. 0.5 ml EEE vaccine per dose on Days 0 and 28.
b, 0.25 ml EEE vaccine per dose on Days 0 and 28.

c¢. LNI = Log neutralization index, titration in suckling mice,
courtesy Virology Division.

d. Sum of HI uaits in a UV peak (area under curve).

e. ND = Not Done.
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Six months following the 2nd dose of vaccine only subjects BDB
and HGH had significant levels of neucralizing antibody. Therefore,
g 0.3 ml booster dose of vaccine was administered to all subjects.
Wich few exceptions untibody responses at 28 and 42 duys after the
hooster resembled in both magnitude and duration those following the
2nd dose of vaccine. We were unable to determine the nature of
response to booster, l.,e. anamnestic vs. new primary, because carlier
bleedings were not obtained.

Of particular intererst weve 2 individuals, JIR and DLW. Dboth
Senpgendua woeanlv co the lst 0.25=ml injection but failed to respond to
swidvguent anjuctiong consequently, the possibility of low dose
Lolerance must be cousidered. Of additional interest was an apparent
incredsce between days 560 and 90 in specific Igh activity of chromatographi.
cwicples from gsubjects shown in Table [II§ this finding wus simllar to o
dulaved Increase that occurred in the more intensively immunlzed rabbics.
Among factors that may contribute to this phenomenon arc: (1) changes in
quantity and/or serological effilclency of specific immunoglobulin classes,
(2) activation of secondary antigenic systems, e.g. latent viruses,

(3) presence of a low concentration of live viruz, (4) adjuvant effect of
viral nuclele acid and (5) breakthrough from a state of partial tolerunce.

It is clear from review of these data that it is feasible to employ
a reference animal model, the rabbit, for evaluation of responses to
vaccines. However, it is equally clear that serological techniques are
not sufficiently sensitive to quantitate antibody trospouses to arboviral
vaccines in a meaningful manner, Therefore, studies were initlated it an
attempt to develop an improved HI test.

Nonspacific arboviral hemagglutinin inhibitors in normal sera have
Leen reported to be lipoproteins which could be removed by kaolin
absorption prior to antibody titration,2» In the f{oregolny experisments,
normal Iinhibitors were found in the lst and 3rd chromatographic peaks,
None were detected in the 2ud peak of sera {rom nonimmunized hunang or
rabhits; therefore, specifdc IgC titers in the 2nd peak of lnmmune scera vouiu
be detecmined directly without treatment. However, {n order to titrate Ipgn
in the lst peak, it was necessary to remove inhibitcrs. We found that
absorption of chromatographic eluates by the standard kaolin method removed
all HI activity, antibodies as well as Inhibitors. Furthermere,
chromatography ol immune rabblt setrn alter absorption with kaolin duamorstrute,
that 604 of IgM and 904 of IgG activity were removed, Theretore, tho
standard procedure eaploying kaolin absorption will not yicld valid avboviius
antibody titers for either whole sera of serum fraction:.

Similar findings have been reported for other viruses, e.;. recvirus
and rubella, and tne use of polyaunlon complex as an inhlbitor absorbant
hus been proposed.”™® The schema for stepwise precipitation of Iipoproteins
from sera with Cat™ and destran sulfate’ was esplored as a betterl methou ror
renmoval of nonspecific aroovirus inhibitors. Since the borate und phosphacu

s et AR a1 bt R ]
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buifers empleved in standard HI purocedures are .o ospatible wi

; requiring Ca ions, a new buffer system was requiveda. It was VYound Lhat

: the single pH (6.2) buffer system emploved in the rubella test was
unsatisfactory in the LEEE system and possibly for all proup A arboviruses,

: ELF antigen was stuble for only 4 hr and inhibitory titers often excevdedd

; 10,000. A new dual buffer system was developed. Antigen and .ovum wore

' incubated in 0.,0125 M 2-(N-morpholino) propanesulfonic acid (MoPS) sd'ine,

containing 0.0025% gel-tin and 1% bovive seruc. albunin (BSA), adiusted te

pH 7.5. After incubation, goose erythrocytes (RBC) were aadel in 2 cell

adjustlng diluent of 0,05 M 2-(N-morpholine) ethanesulfoni: acid (u:)

- ‘*t. velatin and BSA, adjusted to pH 6.0. These tests can b

\.u..v‘.';l.'v‘.k.«l in 4 hr.

. "
Lin v o svsten.
b

With this dual buffer svstem, the relaticnships ol virus hooay cwiioa.,
; antibodies, and inhibitors could be exploreu, Viral hemaggiutinln Uic..
were equal o or greater than these obtained .n tue standard Levaird/
phosphate system and were stable for »48 hr at 1:400 ditution ci il
antigen. ntibodies and inhibitors apainst tne same antijgen viniel b
measured independently in serumn; effects of wnhilbitoer remuvail woere
evaluated in anti-sheep RBC and anti-goose RBEC sera by independent
titration of inhibitor with EEE antigen and antibodies with sheep .n

goose RBC. Two groups of lipoprotein inhibitors could be precipitated

from human and rabbit sera. Although the ser. of noth specles contaiac.
both groups, their distribution varied. Human sera contained more inbaabiior
precipitated in the low density (VLDL) and low density group (LDL). Rabbir
serz contained more inhibiter in the high density fractions (b)),

3 Inhibitors carn be precipitated from aged or fresh sera. Heativyg or cgloy.
known to denature lipoproteins, coes nct affect irhibicien. Sincc
delipidation by exhaustive ether extraction does not alfcoet inhihice:

; activity, viral hemaggiuntinin may bind to protein, rather cthan iipid.,  ine
- arbovirus inhivitors in serum have not been icentilied,

™ ——

The finuwi details of velumes and conditions are buelng o
app'lication of the new test to nermal and lmmune sera {roo

H

Summary:

F
AL >N A

gido

Sera fron vabbits and volunteers irgvaaaov. wiid
analyvzed for I 0 production by hole sevun soscivg can tluoafi an oo
gel filtrution chromatogurapiy. No Tgl was odeeted u, de 6 mon W)
immunicaticon ol veiunteers, except 1o 5 Inalviauwais Wi
compatible wot’' prior experience with the Lilress.
2.5 times as mach vaccine produced significant ane wiils
unexplained ceiayed increase in spccific antiluay aoi:
in both man anc raepcoics after the indtiai ros.onse do oo

Discrepeavics 1t the standard hemagg.tl it t.on-in:
procedure prosgtec developrnent of o new Ll tesh ov
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23 (US Evaluste experimental vaccines or antigens in laboratory and other animals

before use in man. Assist in control of an epizootic, This work unit {s an csserntial
element in a comprehensive program for medical defense apainst BW agents.

24 (U) Promising vaccires are given to laboratory animals aad safely tested piim
to administration to man. Supply vaccine and technical assistance to conduct o
vaccination program fn order to create a barrier of immne horses and therely cupb
the spread of the disease in these animals,

25 (U) 71 07 - 72 06 - Back-passage of TC-81 virus in burros was accomplished,
After 7 consecutive serial passapes, no evidence of reversion to virulonce was
obtafned, In addition, fleld observations were mide on the safety and efticacy
of 1C-83 vaccine during the 1971 Texas VEE epizootic. ‘The results Jdttained were
consistent with observations wmade in the laboratory and in 1969 and 1970 in
Central Awerica,
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Casualtics
Selo Lo WY OO Evadluation of Hxperimonial Vaooine s o da e Julody
Animals in BW Doeloioe hesuarch
IS8 K
svaiuate wipericental vaceines as to salet and crdivacy in daiondla, o-

vustigate cawe possiole reversion bo vivralenoce of ive, atconuatea Vedeo

cguine encophacomyelitis (VEE) virus (TC-83) viecine,

made during ficid use of tie vaceine during Vi vpigootics,

R

Y s . . .
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Progress:

After the 19609 Central Amewican cpizootic and the Targe demand for live,
attenuated VEE vaccine, numerous attempts werce made by personncl ol the U, o,
Army Medical Ruscarch and Development Command to induce the U, 8, Deparvtment
of Agriculture (USDA) to license the vaceine tor cxport and for conitingency
use within the United States. In spite of vxbengive use of vaceine in Sun=
tral Amoerica, where it appeatred to be both safe and offective, UsDA officiale
continued to oxpress scrious reservablons about thoe dangers of reversion Lo
virulence, should horsc=-to~horse transmission oconr,

Back=passage of TC-83 vaccine virus from wurro to burve was ioitiat.d o
determine 1f such transmission would causc the vacceine virus Lo
virulence. Although no ovidonce of reversion to virvulence was obhorved dur-
ing serial passage of the virus by subcutancous or [ntrapeiritei .
routes in small laboratory animals, scveral laboratoricvs actempis o oaors
horse passage of the virus,
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Vaccine administration to hquidue is charact.riood oV, T rleeraa
viremia with a transicent Lever in approximacciy 507 ol wrimads.,  obone
where 35-407 of vaccinated individuals may saow some reaction Lo (e v Ca o,
only 17 of horses show vven a transiont reaction consistim ol anero 1o ane
depression for 12-24 hr, Thus, .Johuson, who uscd Lover s a seidce, cailed
twice to recover virus beyond the 2nd passape; and Metonnoio, weo o teotlog
the 72-hr sample for transmission, was unabl.o to ‘ntect cocipleats oo

L
4eh passage,”  USDA personnel in Mexico Clity coloe Lo 100 i or covan pre
cach of 5 animals L1y fo dayvs postinovulation., Sene sarn e W

h of 5 animals daily lor 5 days j 1 Lat ;
pooled and an aliquot was given to vach o % additiona: horses, 80 Lhs

metiiod, thoey actained 5 passages, with ne indicatios,
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Laoour laboratory, o otiphtly diglerent approaco weo cand, One bhorro wa
asvd Lor vach passape level,  Serum wan collectod at 100 v intoryitis o rinogs
ulation; a4 portion ol cach sample was Immediatery inocu. Led 1P into weanling
mive and intraccerebrally (1C) into i-2-day-old wmice,  Heram Fron cach ploeeding
was stored at =20 ¢ in 1= and 10-ml volumes., L Cests In wmic- indicated the
pregence of wvirus, the l-ml sample was titvated for vivewia, On the basis of
these titrations, the 10-ml sample corresponding to the hichest titer ol vivus
was selected for iacculatlon into the next burre,  Resalbls are sumsariood in
Table I, It can be seen that there woere an Lrrepuiar viseinea patiecn, abseneys
S deetable o vitemda Do Burros 6 and 5, and no fever In burrcos 3y, 4, 5 oano ®
CodowduL ity transwilssion sgudies based on these wosponne s could volgive

.

wicidevseattty o The prolonged viveala and che high vivomia titewn onoe
suvcee 2, 3 and 7 wre concistent witho daca on primdsy vaccinal fon w Ul -8

seported proviousis o wy owr laboravory,® and indicate w Inervewse

i

VN U T IOC P
anocan be seen wicth Surves B, 5, 0 and .

WLILR Chde method, 7 opassdstvn were atitdined,  Neoovidenoe ool rovore o o
virusence, as indicaced by icthality by neurai or crxorancural rouies Do Weadd-

1ing mice or clinical signs in burros, has been obsoyved,

In oaddition to <he backe=passage studles, addiblonal sal -ty otudlics were
conducted in the field, Ouservation ol approximately 22,000 Lgaidie by USDA
and/or U. S. Public Uealth service persomnel dn 5 svates indicaved a seaccion
rate of less than 10, These results were consisbent with those reported by
our laboratory and with cmpinical obscrvations ia Central Awmericd,

In 1969 and 1970, numerous ficld observations altested to tihw cliicacy of
the vaccine; deaths of nonvaccinated animals wore documenced in berds where
all vaccinees survived., Thuose same observations hoave boen made in Yenas, A
not-uncommon herd report, from an area with active cacephaiitic cascs, 1ol
On 20 July, 38 working horses were vaceinated, bubt the owner conswder ¢ it oo
much trouble to reund up che remalning horses,  Inomsd=Adge U, eocephalitn

S death bepan to oecur in these nonvaceinatoed anind s, 5 VLot T o0, e
clov was made on 31 Auwgusc,  Horses were paniured R T T
the ranch,  The 38 vaceinated horses roemelaed WLt L P AR
coldings on tue same asbace dicd, and one was L R I R
tion, In Pasture A, il 10 coli und I of 1o madre . ooy Ghe obeer D oo,
woere notiveably encopaalitlic,  Similiar resules woro coen for Pasiare o,

Chis strin:nyg procvoelion with o olnc o des s ol vaerine o consdoUon widh
cite hagh degeee ol seroivgoe conversiond choerveu pin cTerd une o Lae oviecioe,

Duving the 196y aad QY70 Gencral Naevioan o Gl Ui SO IEEEIA
Vel a0l Waos o made Ul e Live, atlenunied vacean. wo vl o 1
Clbe Ul 0T ACUIVG Cad e LI ELA WOTe 0eeurTine e 1A vt OO o - TN

vacceinated more tna.. O Guotd previounly, Wolnln Ul owres 0 e
e Ul paivesn L Voo BOTed) Cies 0l G G 0t T Lk e -
Coved o s Indsdcn day witer vaceinals on oG e, oa. el Lo S -
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was more frequent,  This biphasic pattoern of discasc [oljowing vaceination
was sueen also during the 1971 Texas cpizootic, Follow-up information was not
available in all cascs, but data indicate that the majoricy ol the deaths oc-
curred in hosses with carly onset of illness.

At the time of the original observations in 1969, thoe ecarly, scevere dise
case was attributed to an acceleration and exacerbation of a preexisting in-
fection due to vaccination with the attenuated straing whereas the more mild
disease was considered to represent infection of the animal within a lew day
aftuer vaccination, but before development of effective jmmunity., A study by
saay cboaiuvt in 1970 in Costa Rica, suggested that both patterns of discasc
followiny vaccination represcnted infection with the virulent virus prior to
vaccination and scverity of the disease was, in fuct, determined by the titer
of viremia at the time of vaccination, Of 35 animals studicd, 2 deveioped
the carly, severe form of illness 2 days postvaccinatvlon, A 3rd animal do-
veloped overt encephalitic on the 5th day, but eventually recovered, One of
the 2 horses which developed the early, severe form of the discase had vi-
remia of 1,6 x 108 logs ai the time of vaccination, The other horsus which
became ill on days 2 and 5 containcd trace amounts of virus in prevaccination
sera, Two other horses which remained asymptomatic also had trace amounts of
virus in their blood at time of vaccination. Horsces that did not contain
virus at time of vaccination did not develop any cvidence of discasc,

The data of Eddy* suggest that both forms of th: discasc arc probably duc
to preinfection with the virulent virus and the form of the discasc may be
related to the stage of viremia at time of vaccination, lis data further
suggest that the vaccine may serve to protect horses already infected with
the virulent virus, This protection concept received some support in a docu-
mented case study during the 1971 Texas outbreak, The surviving, nonvaccina-
ted animals in the herd previously discussed were vacclinated at the time ot
the herd ifnvestigation., Ninc of the nonvaccinated horses had fevers of 103-
105.5 I' at the timo of vaccination., Virus was isolaved from 3 of thesc ani-
mals (only 3 sampled) from scra collected at the time of vaccination, Of
these 9 animals, only onv died, The other 8 apnimals recovercd without apparve
ent permanent scquelae, At the same time, 3 ot 3 horses nol vaccinated with
fevers of 103-105 ¥ died, 1In addition, 9 nonfebrile animals at the time of
vaccination never developued any clinfical illness, On the basis of the 1007
virus iseolation rate, all febrile animals were presumptivels VEE cases,  0f
this presumption is correct, since the 897 survival ratoe ol infectoed animais
at time of vaccination fLar exceads the expected recovery rate lUrom VEE inrec-
tion in the equine, tihce above information supports the concept that aticnu-
ated vaccine affords some protuctio» to horses already inlfected with vivuieat
VEE virus.

Summary:

Back=~passage of TC-83 virus in burros was accomplished, Avter 7 conscoa-
Sove sudial aassges, no wvidenee of rovoersion to virubence was obtalinea,  La
eoblition, ficia observations wore made on the salviy and criicacy ol WU-a)
veeelne during the (971 Yexas VEE epizootic, The roesults atiained were
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consistent with obsvrvations made in the laboratory and in 1969 and 1970 in
Central America,

Presceatations:

1., Spertzel, R. 0, Venczuvlan cquine encephalomyelitis, Prusented ag
Forvign Animal Discasces Training Course, National Animal Discas. Laboratory,
Ames, Iowa, 10 Scp 71.

2, Gpurtzel, R, 0, VEE-~the clinical picturc and produciion of u vuau-
ciae for its puevencion, Presented at Hersce ilcaltin Confewence on Vinvaician
Sqeine Lneephalomyelitis and Equine Infection Anemia, Rutgers Unlvessity,
New Brunswick, N, J. 11 Sep 71,

3, Spertzul, K, 0, Natural nistory of VE{ inifection in disvasced hosts:
equines., (Discussant). Presented at Workshop-Symposium on Venczuclan in-
cephalitis Virus, Pan American Health Organigation, Washington, D, C.

15 Sep 71.

4, Spertzel, R, 0, Epilzootic control--vaccination and quarantinc., DPros
sented at Florida State Veterinary Medical Association Convention, Miami
Beach, Florida. 27 Scp 71,

5, Sperczel, R, O, Overview of the 1971 Texas Venezuelan equine encueph-
alomyelitis epizootic. Prescnted at Annual Meeting, U. &, Animal Health
Association, Oklahoma City, Okla, 29 Oct 71,

6, Spertzel, R, 0. Venezuclan equine encephalomyclitis, Proesented it
Standardbred Short Course, New York State College of Agriculture, Cornell
University, Ithaca, N, ¥, 22 Jan 72,

7. Spertzel, R, 0, Venezuelan equine encephalomyelitis, Presented at
Annual Meeting, Indiana State Veterinary Association, Indianapolis, ind,
25 Jan 72,

8. Spertzel, R, 0. Venezuelan cquine cneephalomyelitis in the United
States. Presented at 72nd Annual Conference of Veterinarvians, Philadelphia,
Pa, 7 Feb 72,

9. Spertzel, R. 0. Venezuclan cquine encephalomyelitis,  Presenbted at
Svmposium on Military Veteripary Medicine, Walter Reed Army Lnstitute of
Rescarch, Walter RPoed Army Medical Center, Washington, D, C, 14 Fob 72,

10, Spertzel, R, 0. VEE--cpidemiolopy and the rocent sproead pattorns of
the discasce in South America, Contral America and the U,S5.A, Presentod at
Confervnce on Venczuclan fquine Bacephalomyelitis, Ontario Vetovinary Assoo -
ation, Toronto, Canada. 25 Apr 72.
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ll. S8pertzel, R, 0, 1971 outbreak of VEE in Tuxus: spread and control,
Presented at Conference on Venczucelan Equine Encephaleomyclitis, Kansas City,
Ransas, Sponsorced by Jenscn=8alsbury Laboratories and Awericvan Association
of Equine Practitionvrs, 7-8 Jun 72,

12, Spertzel, R, 0, VLEE--vpidemiology and the wecent sproad patterns of
the discase in South America, Central America and the U,S5,A, Presented at
VEE Mecting, Montrual, Canada, Sponsored by Bguine Practitioners Association
of Quebece and Blue Bonnets Raceway, 1Y Jun 72,

s e, R, G, Controi of VEE eplsootic-vpidemic by vaccine duvel-
eonu ab cuINiD, ndghth Zi-Annual Army Seience Concorence, West Point,
Ne W, 20-23 Cun 72,

Puilcations:

. Spertzel, R. 0,, and R, W, McKinney, 1971, VEE, a discase on the
meve,  In Proceedings, 74th Annual Mecting, U, 5, Anaual Health Assoc,,
p. 268 to 275, Philadclphia, Pa.

2, Spertzel, R, 0., and D, U, Kahn, 1971, Salcty and clficacy of an
attenuated Venezuclan equine ¢pcephalomyelitis vaccine for usc in Hquidae,
J. Am, Vet, Med, Assoc, 159:731-738,

3. Spertzel, R, 0. 1971, Overview of the 1971 Toxas Venezuelan cquine
encephalomyelitis epizootic. In Proceedings, 73th Anaual Mecting, U, S,
Animal Health Assoc,, p. 162 to 165, Oklahoma City, Okla,

4, MeManus, A, T., and D, M. Robinson, 1972, Stability of live attenu-
ated Venezuclan equine encephalitis vaceine., Appl, Micrebiol, 23:054-655,

5, Spertsel, Ro ©., and R, W, MeKinacy, 197%,  Venczuelan equine wn-
cephalomyelitis in Ceatral America and Mexico, Milit. Med,  (In press),

6., Spertzel, R. 0. 1972, Vencauelan equine enceplalowye Litis, 1o
Procuecdings, Stundaradred short Coursc, New York State College ol Agricu:ture,
Corncll University, Ichaca, N. Y. (a0 pruss),

7. owpurtzel, R, 0., and D, Crozice. 1972, Coatrol ol Vil oplzootic-
cpidemic by vaceine doveloped at USAMRLIID, 1o Army Soionse Conlercnce Pro-
cecdings,  (In press).

3. Spertzel, R, 0. 1970, atural bistory ol Vi tafeecion in dincased
hoscs;  cquines, Workshop=Symposium on Vepnczuelan Suneepnailios Virvus, Par
American Health Organization, Washlogton, D €. {(in preus.s,
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2, Spertzel, R, 0,, and D, E, Kahn, 1971, Safety and officacy ol an
attenuated Venezuelan equine encophalomyclitis vaccine fox use in hquidac,
J. Am, Vet. Mced, Assoc, 159:731-738.

j 3, U. 8, Army Medical Research Institute of Infectious Discasues,
LoJuly 197l. Annual Progress Report, FY 1971, p. 179 to 183, lort Detrick,
Maryland,

4, Eddy, G, A., D, H. Martin, W. C. Recves, and K, M, Johinson, 197,
Ficld studics ol an attenuated Venezucelan equine encephalomyelitis vaccoine
(strain TC-83). Infec. Immun, 5:160-163.
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M
Mun

Juseription:
Fest and evaluate combinations of vaccines in men.
PI.‘UET:;;.‘_;_.‘S_:
Associated Administration to Volunteers of Venezuelan Bquine lnceplialomy-

alitds Vaccine, Live, Attenuated and Yellow Fever Vzcclnu 17D Strain (Medical
Division Protocol No. TY 72-4): A study in voluntecrs has boeen fnittated Lo

compare single, simultaneous and closely spuaced administration of yellow [over
(YF) vaccine, 17D strain, and Venezuelan Equine Encephalomyelitis (VEE) Vacoine,
Live, Attenuated, NDBR 102, on the basls of neutralizing and heamagglutinat ion
Inhibicion antibody responses to both antigens in volunteers. The onset and
duration of viremia and circulating iaterferon levels resulting [rom Infoction
with VEE and Y¥ vacclne strailns will be studled.

Thircy=two healthy male volunteers, not previcusly famunized with VI or
YI' vaccine and having ne history of inlectlon with these viruses will Lo
divided into 4 groups, A, B, €, and D OGroups A and b will consist o o
subjects each and groups C and D will conslst of 10 volunteoers cach,
Individuals in each groups will bo administerced vacceloe as Follows:

VACU TN ADMINTSTERED
“d\ u .*tud\'/

GROLP NO. SUBJECTS N TG
A 6 ¢
B 6 0
cb/ 1o 0 0
b Lo +10 0

d. 0 0.5 wl ool vaceine wil!l be adninistorad
subcutancously.

by subjects in Group € will e administered vaos foe

shualtaneousiy but at ditlerest Liocalation it
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The stwly begun In May will be reported on in detall in FY 1973,

Summary

182

A study on associated administration of yellow fever and VEE virus vaccines

was initiated.
Publications:
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Diplold o qe“ﬁifbé; (U) Immunization; (U) Vaccines; (U) Military medicine

23 (U) Evatuate human diploid cell cultures fer use as substrate for preparation
of viral and rickettsial vaccines, This work unit is an essential element in a
comprehensive program for medical defense against BW agents,

24 (U) The human diploid cell, WI-18, Is studied to establish the technical
requirements to produce and quality control cell strain substrates for liuman
vaccine.

25 (U) 71 07 - 72 06 - Sced stocks of WI-38 have been and are continuing to be
prepared, This cell is available in quantities greater than 10,000 square
centimeters per day to {investigators of USAMRILID, WI-38 has been examined for
its abllity to: assay human interferon, produce levels of virus acceptable for
vaccines to Q fever, Rocky Mountain spotted fever and selected Group A, Group B,
and California Group arbovirus strains. A Mayaro virus pilot vaccine has been
produced and is presently heiny evaluated,

Terminated because the accession number is chanved starting FY 1973,
New accession number will be DA QB6416,
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Project No. 3A61101A91C: Independent Laboratory [n-touse Rescarch

Task No, 3A61101A91C 00: (Prevention and Trecatment of Biological
(1B662711A096 02) Agent Casualtics)

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

Nescription:

Evaluate human diploid cell cultures for usc as substrate fur
preparation ol viral and rickettsial vaccines.

Prosress:

A separatc laboratory area in USAMRIID has been organized for the
production and characterization of human diploid cells. This arca meots
U.8, Public Health Scrvice requirements for the propvagation o cells to
be used in vaccine production. The human diploid ecll arca is presently
capable of growing and maintaining cells without contact with other cell
culture areas.

Arrangements for procurement of low passape starter cultures ol
WI-38 cells have been made with Dr. Leonard Hayflick of Scanford Uni-
versity and Dr, John Shannon of che American Type Culture Collceiion.
Frozen sced stock have been made and are continuing to be made from the
above culturecs. Quality control analysis of secod stock material itas shown
the absence of Mycoplasma and normual values for izocngyme patterns aiid
clhiromosome complement:.

Approximately 500,000 cm2 ol WI-38 ccl!l culinze has beon Lanued Lo
UCSAMRILD {nvestaigators., dajor cfforts with Wi-38 colls dncicace: hiurwn
interferon assay, susceptibilily tu wroup A arsovirus, suascep.iolilod
Q fLever and Roexky Mountain spotted rever vickeotsZ.a, suscepiilicy Lo
selected proupn 4 arbovirus strains and Gaiirfornia sroup arioviesuses.

Y

A 7+ pilolc Lot of vaceine apulnst Mavaro virus (Grog) o arbovicss)
nas been preparced by Major Robinsow ol this wrvacion.  The vaecing waw
prepared under laberatory conditions venderin. it waitanle jou adrind..ra-
tion Lo man.

The use ol WI-3o hwman dipiola ceolls an o aodol For ponpr, . am cot.o
ror human vac<z. ¢ hes beaen success.ul.  Dijort. ave proseaciy boeln oo as
sidercd vo procure other characierized war woriol. celd wosiing, e
aoility of a ¢oll to support the . rouwth ol apolloe varus o SonueiTeuw

Taveis Lo the laadtiag circumstance Lo propaltaceva o rocuitoe vaoens oy,
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Based upon evidence of varying susceptibility of human diploid cell

strains, there is recason to procure and screen strains other than
WI-38.

Guidelines for use of human dipleid cell strains for oral human
vaceines have been presented by the Division of Biological Standards.
An application for an oral polic vaccine soon followed and was approved.
The precedent for human diploid cells as substrates for vaccine has
been set and within the near future a major dependence may cxist on
diploid cell lines to fill the U.S. vaccine needs.

; .
ISR

Seed stocks of WI-38 have been and are continuing to be prepared,

Those cells are available to investigators of USAMRIID in quantities

10,000 cm? per day. WI-38 has been examined for its ability to: assay
human interferon, produce levels of virus acceptable for vaccines to

Q fever, Rocky Mountain spotted fever and selected Group A, Group B,

and California Group arbovirus strains. A Mayaro virus pilot vaccine
has been produced and is presently being evaluated,

Publication:

None,
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23 (U) To cvaluate the contribution of humoral and cell-mediated fumune responsc:
to experimental {nfection, This work unit i{s an vssenclal element in a comprehensive
prouram for medical defange against BW asents,

24 (U) Develap an animal model for evaluating the contribution of humoral antibody
and cellemediated immundty in resistance to certain {nfections,

25 (W) 71 07 - 72 06 - Pasefve trapsfor of anticorum or pleen cells from VEE
fmmune donors centforred specific adoptive Iwaunity to fnbred recipient mlce.
Thymui-dependent lvmphocvtes were demondtrated to be primarily responsible for
cell-mediated protective activity which became nagimal 7-10 dhve vollowlog
immunization.,  Interferon wis excluded as o <danificant tactor in cell-mediacesd
aspects of adoptive fmeunlty,  In vitro responsiveiaess ol faowe cedl prepirations
correlated well with in vivo protective etficaey.
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Project No. LW662711A096: Medical Defense Aspects of Biological Agents (U)

Lfask No. 1W662711A096 02: Prevention and Treatment of Liological Agent
Casualties

work Unit No. 096 C2 010: Humoral and Cell-Mediated Factors in Immunity
to Militarily Important Diseases

; Denoraation:

To evaluate the contributlon of humoral ana cell-nediated Liossiae
reLponses in resiscance to experinental inrfeculon.

As one phase of a program concerned with humoral and cell-mediated
aspects of procection against infectious disease, studies were designed
teo evaluate the protection conferred by passive transfer of antiscrum and
; of immune cell preparations to a susceptible host infected with
Venezuelan equine encephalomyelitis (VEE), a group A arbovirus. ;

Passively transierred antiserum administered by iatraperitoneal (IP)
injection protected mice of inbred strains C57 and C57 BL/6 against
simultaneous subcutaneous (SC) infection with 100 Lbgqg of virulent
Trinidad strain VEE virus (Table I). Antiserum therapy was equally
; effective for intact rice and Lfmmunosuppressed mice that were neonatally-
] thymectomized or pretreated with anti~thymocyte serum (ATS).

IRPPR =

1 TABLE I. EFFICACY COF IMMUNE SERA IN PROTECTION OF NORMAL A;?
TMMUNOSUPPRESSED MLCE AGAINST VEE VIRUS CHALLENGES:
’ | RESTRSE 0
IMMUNOSUPPRESS LV SERUM \fl“i‘)l\mi“ ;
TREATMEN: PROPHYLAXIS™> NUMBER/GROUD v Mt
None None 30 00
Normal 40 L0
Imaune 40
Thymectomy None 0 iaf
Normal i Do
Iaiune 10 v
Anti-inyaceyie serum Noneg 20
(Alsy, Norwmal oy
Innunc Y w
a. 100 ]ﬁSO virulent Voo vivus ilsoculated SC at tooe of progos ool

b, Serum o .oanisteraed Lo
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Iv injeccion of 6~9 x 107 immune spleen cells that were harvested
frow donor mice 7 days after immunization with attenuatec VER virus were
aluo capable of preventing infection (Table 1I). Intact immune cells were
required to demonstrate the protective effect; washings from intact cells
and wonically~disrupted cells (100 watts, 30 sec) had no protective
propercies, indicating that preformed antibody was not the active factor.

TABLE IT. . vECT OF INTACT IMMUNE SPLEEN CELLS, SUPERNATANT WASHES OF
IMMUNE CELLS OR DISRUPTED IMMUNE SPLEEN CELLS IN MICK INFECTED
SC WITh 100 LDsn VIRULENT VEE VIRUS AT THE TIME OF ADUPTIVE

ey
L WREATIV

e N nd RESPONSE OF ReCIPIENTS 0 VEE CHALLRNGE
4.4.\,...‘\: L.:u =
Death/Total Mortalitv 7

None 40/40 100
Normal splee9 cells 40740 100

(5-9 x 107)
Immune spleen cells 6/40 15

(6-9 x 107)
Washag from immune cells 10/10 100

W ..5 ml)
Sonically-digrupted immune cells 10/10 100

(5-7 x 107)

The capacity c¢f imnnuae spleen cells ty confer adopt.ve uunity was a
sime-dependent function (Tuble TID). Cells narvested 7-17 days atlter
concr lamunileation socsessed maximum anciviral gactivity,; wichin 25 aayvs
after immunization, essentlally no acriviiy was aemenstrable.

.
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TABLE ILI. ANTIVIRAL ACTIVITY OF IMMUNE SPLEEN CELLSE/ ORLAINED AT
VALRIOUS TIMES FOLLOWING IMMUNIZATION Ov MICE WITH ATVENUATED
VLEE VIRUS

DAY OF CELL HARVEST 7 RESPONSE OF RECIPTENTS TO VLE Crl-erLLVl-.'NC;l-.-ll/-
POSTIMMUNIZATION Ceath/Total % Mortality
4 €/10 60
6/40 13
8 2/20 10
i0 2/15 15
13 2/15 13
25 23/29 79

a, 6-9 x lO7 spleen cells injected IP at time of challenge with
virulent VEE virus.

b. 100 L050 virulent VEE virus inoculated SC.

Protection conferred by adoptive transfer of immune cells was a :
specific immunologic phenomenon. Spleen cells from mice limunized with i
attenuated Semliki Forest virus (SF) or with TC-83 protected against
only the corresponding virulent strains (Table 1V). ;

TABLE IV, SPECIFICITY OF ADOPTIVE IMMUNITY CONTFERRED BY IMMUNE SPLELN
CELLS FROM DONORS IMMUNIZED WITH SF VIRUS OR VEE VIRUG

RECIPIENT o/ RESPUNSY. TO VIRULURT 6 . bl N
TREATMENT DONOR CELLS— SF (100 LDSOJ VELD (160 b 3
None - 10/10 10/
Immune Spleen VEL G/L0 /10
cells Sk /G /e %
a, Immune spleen cells havvested 7 days after donor mtarizet. w7 !

3 x 103 ¢FL of-attenuated VEX virus or ol ailenucled 2F viros
(A-774 sticin) . 6-9 = 107 donor cells administered 1P al Sire o,
chailunge with virulent strains of virus,

B,
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Antibody responses in recipients 2, 4, 6 and 8 days following transfer of
immune donor cells were not significantly different from those of normal
apleen cell recipients or of untreated mice, indicating that a secondary

antibody response by donor cells was not responsible for the protective
activity (Table V).

TABLE V. ANTIBODY RESPONSES TO SC CHALLENGE WITH 100 LDgp VIRULENT

VEE VIRUS IN MICE SIMULTANEOUSLY TREATED WITH IMMUNE OR NORMAL
SPLEEN CELLS.

RECTPROCAL ANTIEODY TITERE/

INTRAPERITONLAL ' N
REATMENT 2 Days 4 Days 6 Days 8 Days
HI  CF HI  CF HI  CF HI  CF
. b/ .
None ND= <2 10 <2 ND 64 1280 256

fgfgai Spjeen 8?;1;1) <10 <2 10 <2 160 32 1280 128

Immune spleen cells
(6-8 x 107 in 0.5 m1) 0 2 20 4 160 32 640 128

4. HI = Hemagglutination inhibition; CF = complement fixation

b, ND = Not tested

To evaluate the role of interferon in adoptive immunitv, mice were
treaved with interferon (2500 units) or with Poly 1:C (100 ug/dose) to
induce production of interferon (Table VI). Significant protection against
challenge was observed only in mice treated with Poly I[:C adiministered
1 day before and at time of challenge, suggesting that a mechanism cther
than interferon production was primarily involved in the cell-mediated
response. These studies, however, do not exclude a role feor interferon
in protection.




TABLE VI: LEFFECT OF POLY I:C OR PASSIVELY ADMINISTIRED INTERFERON ON
SURVIVAL OF MICE INFECTED SC WITH 100 iDgsg VIRULENT VEE VIRUS

IP DOSE RESPONSE TO VEE CHALLEPNGE
TREATMENT - 7 ,
1 2}
Day of Treatmentl Dead/Tested Mortality %
-1 0 +1
Interferon 2,5 x 103 15/15 100
units
Poly I:C 100 ug 14/18 78
100 ug 8/12 67
100 ug 100 ug 15/24 G
100 ug 2/242/ 8

a, Day 0 = time of virus challenge.

b. Difference be:ween last 2 treatments significant: P <0.001, t-Test.

That immune spleen cells were gpecifically sensitized to VEE antlgen
was demonstrated by an in vitro lymphocyte stimulation test. Cells
harvested 7-10 days after donor immunization exhibited & maximum response
te stimulation with a y-irradiated preparation of VEE virus (fable V1I1).

TABLE VIL. RESPONSIVENESS OF IMMUNE SPLEEN CULLS TO VEE ANTIGEN AS A
FUNCTION OF TIME FOLLOWING DONOR ZILXDMUNIZALION

DAY OF CELL HARVEST FOLLOWING
IMMUNIZATION

Lov VTITRu LY Mol
REACULVITY /
Cone =3 dd

(A uPM w10 3)-

L1su

5400

3250

NS

il

biJleronce .n CPM retween VEEb=siimulateu

aymphocytes.,

SURPEOCYIRL dadu s lihniaoy
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Jhe reaction was antigen~specific in thuat no stimulution occurred upon
exposura to a y-irradiated preparation of SF, It is noieworthy that

Iu vitro reactivity correlated closely with In vivo antviral activity ol
immune gpleen cells (Table III).

Further experiments were performed to determine {f thymic-derived
lymphocytes, known to be corrclatcd with cell-mediated immunity, were
responsible for these in vivo and in vitro findings. In these studies
spleen cells were harvested 7 days after immunization with attenuated VEE
virus and treated with complement and various cytotoxlc antisera. Ome
allquot was employed for in vivo passive transfer experiments aud another
ior in virro lyaphocyte stimulation with speeific antigen (VEE) or
wensnecific mitogens, staphylococcal entevotoxin B (SEB) and
sayrotenagglutinin (PHA) . Tritiated thymidine incorporation was used Jds
an index ol proliterative rasponses to either antigen or nitogen (Tabic VI,

TabBle VIII.  COMlLlollNT=DAPENDENT EFFECT OF RABBIT ANTLI-MOUSE THYNOCYTL
SERUL., MOULL ANTI=¢ SERUM OR GOAT ANTI-MOUSLE Y-GLUBULLN us
ROTLCLLVE CAPACITY AND IN VITRO REACTIVITY OF VLE IMMUNE
SPLEEN CELLS.

7

IN VITRO REACTIVITYE

SERUM PROTECTIVE CAPACITY -
TREATMENT {Jeuad/Challenged) A CPM x 107
VEE St Pl f
Normal Rabbit (1:4) 1/10 1700 36000 40000 i
Rabbit Anti-Mouse 8/10 200 6000 15000
Thymocyte (1:4)
Normal Mouse (1:10) 0/10 2675 30000 L4HH00
Mouse Anti-0 (1:10) 7/10 175 el 3t0u
Nornmal Goat (l:3) 0/10 1350 42504 UL
Goat Anti-Mouse 0/10 1275 6009 o
Y-globulin (L1:3)
a. Difference in 7P beiween stimtiated and nonstisulatea lyaphouytes,
stimulation by treatuwent with Vit antigen and Scoi ov PCHA. ;
T vitie protestave actdvity and i vitre responsivencess Lo Viloae Lol 1

Was Virtualiy aoc.ashed Dy trediment with ATS or antli-0 serum,  On the cloey
Aanc, treatsent ol duawne cells with anti-avuse y=g.obulin viv not astoer

MoV oproteclive JUbiVeey or i o viEre respousivences oo Vb onitigen or e
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Piay but Sis reactovioy was markediy depiessceo.s e mitogesl abavity

O SEB uffecis borh bone=adarrow deriveds Iyvasin eytos (B=cells) anld
tiviis=dertved Tvaphocytes (Tecolls) fu contrast o oHA wbhoh stanas e oaly
Tecells, these Cladings fndicate that the T-cell o priamrily responsible
for the 1y vitre inmune responsce to VEE antiyen, oot tor fu vive

protectfon attorded an adoptive host,

sSummnary
SIS0

Passive transfer of antiserun or spleen ool o fron funatie doier s

corferrald s ific adoptive Lemunlty to inbreo roeciprent nlee.
Chynbomdepundent dvaphoceytes were denonsirate. to Do pomati v tespoic b,
tor callenealated sroteccdive actisfty whaeh booae mamivratr J=.0 daoes

following jnaunfentton,  latevferan was exclued o5 a4 slyniia oo

T S A SO R
in cell=nea..oed aeoveta o adopt ive fauna i PU . U
of fmmune well prejarations colrelatvd well watn dn vive protectio»

efficacy.

Presentations:

1. Rabinowltz, S, und W, I, adler, 1L, Host defensos Guring prosa:
Venezuelan equine encephalomyelitis vivus fntoction in aice.  Presente

Southern Sectlun, swverican Federation for uviindcal weseaten, aew Urleana,
Lay 27=29 Junuary 197.,

2. Ravivowitz, b, and Wo o Adler, Vil ot deionnen wrilg Srataads
Vepezuelan cquine cncephalomyelitlo vipus inicciion in unice. Prosentod at
Joint Meéetdny,, Ancvican Federation for Clinical Rescarchi, Aumerican sociely

for Clinlcal Investipation and Avcrican Assoc calica ¢t rivsic caie,

Atlantie Cito, NoJ  J9 april - May il [
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23 (U) Investigate effects of the hypercholesterolemic state upon host resistance
to infection and response to immunization. This work unit is an essential element
in & comprehensive program for medical defense against BW agents.

24 (U) A variety of immunological parameters and responses to infection will be
studied to determine the effects of induced hypercholesterolemia on host resistance.

25 (U) 71 07 - 72 06 - Studies were initiated to evaluate the effect of hyper-
cholesterolemia upon host responses to immunization and/or infection-intoxication.
Following infection of rhesus monkeys by a nonfatal viral illness (VEE), clinical
responses, e.g. fever, viremia, etc., were similar for control and hypercholestero-
lemic animals., Phagocytic activity and in vitro metabolic activity (NBT dye
reduction) by peripheral granulocytes remained the same throughout the observation
period, 1.e., unaffected by diet or infection. Bactericidal activity was unaffected
by diet; however, evidence of {mpajred activity following VEE infection was observed
in only 1 of 7 hypercholestarolemic animals, but in 5 of 8 monkeys on a control diet
and in 3 of 5 on a semisynthetic diet,
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Therefore, studies were designed to evaluate the efiects in rhesus
amonkeys of hypercholesterolemia on resistance to viral infection and
to sublethal intoxication and on immunogenic responses to living,
attenuated bacterial, rickettsial and viral vaccines. The schema for
experimental approach is:

(1) Preliminary study phase - Twenty-four rhesus monkeys that had
no staphylococcal enterotoxin B (SEB) antibodies were paired according
to sex and weight and maintained on Purina monkey diet. One animal in
each pair was immunized with SEB, Lot 14-30; the lst dose (1 pg SEB/kg
: vy welght) was injected intravenously (IV) on day O and the 2nd dose
: {10 ug SLB/kg) on day 7. Within 12 hr after the 10-ug dose, 25% of
' monkeys died with signs of fatal anaphylaxis. Matched substitutes were
chen immunized in a like manner. All monkeys developed hemagglutinins
{HA) but only 50% had precipitirs. Consequently, a 30-uLg bouster dose
was administered intradermally l-4 mon after the 2nd injection. Severc
Arthus reactions occurred at the site -t inoculation in all animals,
and within 1 week all monkeys developed high HA titers (geometric wmean,
1:1400) and precipitin titers (geometric mean, 1:3). To provide the
. basis for evaluating dietary effect as well as host responses, blood
3 samples for the studies shown in Table I were collected during this
] interval.

TABLE I. PARAMETERS OF EXPERIMENTAL STUDILS.

CLINICAL BIOCHEMICAL IMMUNOLOGICAL
Total white blood cell counts Blood cholesterol Phagocytic Index ;
Differential counts Leucocyte metabol.u '
activicys

Packed cell volume
Immunoglobulin

Complement
beta lysins

Specific antibodies

a. Measured by nitroblue tetrazolium dye reduction
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(1) viet stabilization phase - Monkeys worg a, -igned to 3 groups ol
8 anfmals cach; 4 In each group were immune to SEB. Group [ was maintained
on o standard primate dict (Wayne, Allied Mills, Chicago, 111.), and
Group Il on a semisynthetic control diet? to provide an internal control
on the effect of atherogenesis. CGroup III animals were fed the
atherogenic test diet formulated by Armstron38 (Ceneral Bicchemicals Corp.,
Chagrin Falls, Ohio). Within 8 weeks blood cholesterol values hecamc
stabilized at 593 + 96 mg/100 ml for monkeys In Group I1T and ot 193 + 17
mg/100 ml and 135 + 6 mg/100 ml for Groups I and II respectively.

JF o gaenuial challenpe phase =
a) Nonfatal viral infection (Venvzuelan equine encephalomyvelitis,
VEE) ,

b) Sublethal intoxication {SLB).

¢) Response to living attenuated bacterial vacclne and subsequent
challenge (Francisella tularensis).

d) Rusponse to living attenuated rickettsial vaccine and
subsequent chalienge (Coxiella burneti).

e¢) Response to living attenuated Yellow fever (YF) vaccine (17-D)
and subsequent challenge (Asibi strain, YF virus).

All monkeys were infected subcutaneously (SC) with 412 PFU of Trinddad
strain VEE; clinical, biochemical and immunological parameters of respousc
were examined prior to challenge and daily for 14 days. During this period,

a total dose of 50 mg of supplemental Imferon R, (Lakeside Laporatories, iac.,
Milwaukee, Wisconsin) was injected intramuscularly (IM) to prevent depletio.
of iron stores by repeated bleedings.

Severity of clinical illness was essentiall: the same for alil group..
All animals werv vivemic from day i-4 and most chrough day 5 postiaoculatic..,
ail were febrile and the majority exhibited a t.phasic resjonse. “otu anc
differential leucocvte counts and packed cell volumes (PCV) showun uo
signitficaut between-yroup diiferences. Blood cuolesterol values were
maintaines at cvssenutially prechallenge concentrations.

The technioue ol Quie, et n].g was employed to uensure pha, vuevisd aad
bactericidal werivity of peripheral leucocytes. during preliminary ana clo.
stabilzzation phases no significant changes in phagocytic activity vocuriee.
bactericival activicy in Croup I ana 1L monkeys was ilkewiso wnallooved
(Msble II). osuactericidal activity im Group 111 atimals appearced fo wotlea
wnen they become hypercholesterviemic; however, the group mean dia nol wiltoed
significantly (L test) from the predietary mean or Jrom the nCans vl cuadbilc .

- pemisvacthens¢ diet groups. Unusually high cuv-toe-day variabiiity o) volals
or inuvividud. ohikaas was noted.

a

c

L]
.
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j TABLL II. PMN BACTERICIDAL ACTIVITY AGAINST §. AUREUSY
: . DIET
MONKEY PRELIMINARY STABILIZATION
: GROUP NUMBER e
: % Kill Mean + SEM % Kill  Mean + SEM
Control Diet B111 66 70
: (Wayne) A817 74 70
5192 80 63
b3l 79 7L.4 + 2.4 82 72.6 + 3.4
1150 75 85
, B126 66 71
§ 5165 61 58
: AB91 70 82
E Semisynthetic B175% 70 73
Diet B179 83 77
B188 75 60
B152 71 73.6 + 3.8 70 65.5 + 2,7
Bl64 79 61
B135 50 53
B185 82 65
B151 79 65
dypercholester-  B16l 83 38
clemic Diet B109 71 55 ;
3189 86 54 s
B184 62 70.4 + 4.9 44 56.1 + 4.0
E171 70 64
B140 42 55
B170 72 73
Bl148 77 56

a. 3.0 - 3.5 x lO6 S. aureus and by 5.0 x 106 PMN/rl; pooled monkey ;
serum opsonin, 1:125 final dilution, :

Following VEE challenge, phagocytic capability appearced to be
unimpaired. Bactericidal activity for individual monkeys is shown in
Table III. It should be noted that typical leukopenia followed VEE
challenge; consequently, during the period of maximal illness, a number
of samples were inadequate for testing. In addition, approximately 10
of samples could not be evaluated for various technical reasons such as
contaminated media, tube breakage, etc., Regarding those animals for which
coliscient date were available (at least 2 Jdeterminations within 5 days)
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TABLS V. NET gEACTWON BY PYRIDINE EXTRACTS OF PERIPUFRANL GRARNULOCY IS
BUMORE ANO AFVER INFECTION WITH VEE VIRUS,

o OPTICAL DENSITY AT 515 mpd/
GROLP =

Preinfection Postinfuction

b/

Resting Stimulated~

Rasting stimulated

Control biet 069 179 , 160 190
fWare) L1220 . 160 110 L1220
RV 140 .100 L120

L .110 LBy L0

e i) 110 071 o

Loy .090 L0711 091

Y .090 49 70

) N L0850 iy oy

X, = 090 X, = L1000 X, = 086
A .

Scemisyntuetic Lol .260 L2004 225
Diec A0 .250 ., 120 140

N o= n. = 045 X, =X, = .015
- L 4 1
vypercholes- 10 .150 L2240 IO
cerclemic Diet 2110 L1150 L1406 Y]
13 . 130 120 100
RO 130 L2060 L2l
L300 .120 L0y iZu
NV .100 L0560 i
. 100 061 130
090 S
Lo i, = 121 X =106 X, o= L1y
- = 020 Noo- N, s
SeeTind. aadulol.o .o nr owitn Krebs suffer une ST
Slawlbdatoew:  LoLoveofee 1R walh laten partica.os, o0, dnue Rreos culler.
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5 of 7 monkeys on control diet, 3 of 5 on semisynthetle diet and 1 oo 7
hvpercholesteroclemic animals ex:tiblted impaired bactericidal activity
(i.e, less than half of the baseline value).

The nitroblue tetrazolium (NET) dye reduction testlo was emploved
as an in vitro measure of PMN metabolic activity prior to and 4-5 days
after VEE challenge (Table IV). No significant differences were noted
between dietary groups or within a dietary group pre-~ or pustinfection.
Unlike results reported for human peripheral gpranulocvtes, 0 ingestion of
latex particles did not Increase NBT dve reduction bv monkey grdanulocvtes.

Evaluation of serological parameters of response (complesent,
imounogleobuling, specific antibody, etce.) and exposure to intoxicatics
stage of scqueatial challenges is in progress.

Summary;

Studies were initiatea to evaluate the efiect of hypercnoiesterolenia
upon host responses to immunization and/or inlection-intoxic.ation,
Following infection of rhesus monkeys by a non~fatal viral {llness (VEE),
clinical responses, e.g. fever, viremia, etc., were similar for control
and hypercholesterciemic animals. Phagoeytic activity and in vitro
metabolic activity (NBT dye reduction) by perinheral granulocytes
remained the same throughout the observation period, 1.e. unaffected by
diet or infection. Bactericidal activity was unaffected by diet; however,
evidence of impalred activity following VEE infection was observed in ounly
1 of 7 hypercholesterolemic animals, but in 5 of 7 monkeys on a control
diet and in 3 of 5 on a semisynthetic diet,
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sere Linit No, Development and zvaluaction of an bEilective

Vaccine Againot Dlaguc
Description:

Determine the factors inilucncing tue susceptibility to plague
infection aund tue wost appropriate method to ~revent tuce intection,

Progress, Part It

Studies on the clinical and serological response of man to multiple
plague immunizations have been conmpleted.

The immunization records of 1,219 persons who had received from
1 to 51 plague inuculations during a 21-year period were reviewed.
Data reflecting the number and amount of vaccines administered, and
the occurrence of local and systemic reactions experienced as well as
the severity and duration of the reactions were analyzed for each
individual. The group received 18,768 inoculations of 3 distinct killed
plague vaccines during the period 1950-1971, During this period, 350
(28.7%) individuals had 959 (5.1%) local reacrions and 241 (19.8%)
experiencea 426 (2,3%) systemic reactions. & disproportior .1v higa
percentage of persons receiving che vaccine administered o..ing the
early 1950's nad adverse local (77.2%) and systesic (50.0%) reactiouns.
The respective reaction rates for the presently employed plague vaccine
were 14,5% locai and 5.27% systemic.

There appeared to be a direct dose-response relationship, with both
tvpes of reactions, Reactions occurred approximately 3 times more
frequently following the administration of either 1.0 or J.5 ml of

vaccine as compared with booster imoculations ¢f = 0,25 wl. Approximates.

BO% of all reactions were mild and of shiort duration, I 24 hr. Among
those individuals experiencing ecither a single merked reaction or
multiple mild reaztions, reduction in the volume of vaccine and/or tuw
administration of medication wita subsequent inoculations of plague
vaccine did not markedly alter tae irequency of the severity of
additional reactions in those persons.
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when the results of this study were compared with tne results of

foreign studies involving the use of living attenuated -lagu= vaccines,
there was no question as to superior acceptability of the killed vaccine,
The frequency and severity of both local and systemic reaction resulting
from the routine administration of the living attenuated plague vaccine
were excessively high, i.e. Aleksandrov et gl.l reported the occurrence of
plague immunization reactions, in 100 individuals, 98% had local reactions
lasting 2~7 days and 664, systemic reactions with loss of working capacity

Juro l-Tozavo,
sanetect ae@ugsiutination titers for Fraction 1 antigen of Y. pesiis

e eeterianed on 5,285 =era collected from 117 individuals receiving
vemr e set plague mnunizations during a 20~year peraied. Three distinct

W .eThe 01 Antibody Treedonse were observed, One (roup of 84 nad nizn
cacetea antibody (1:1,024 = > 1:16,382). A 2ad group ¢f 23 persons aad
Ceesdotent titers ranging from 1:64 to 1:512 and 2 3rd group of 10, failiea
o produce IiA antioody in titers » 1:16.

Lvery individual regardless of the group to which he belongea attained
an antibody plateau after approximately 5 booster inoculations whieih
rewmained level regardless of subsequent immunizaticns. Cessation c¢f plague
immunization for periods of up to 5 years were not reflected in a decline
of antibody titers in those individuals who had attained a stable antibody
plateav, Failure to immunize for periocds of from ¢~12 years resulted in
a slow decline in antibody levels in the later years although in no instance
did an individual become negative,

There was no correlation between IHA antibodv titer and the predis-
position to adverse clinical reactions upon immunization, A gross shift
in titer could not be associated with the occurrence of a local or systemic
reaction to a given inoculation.

On two occasions the appeararce of spikes in the titers of small
groups of individuals unrelated to immunization indicate the possible,
accidental exposure to virulent Y. pestis, These antibody spikes returnecd
to base plateau levels for all involved individuals within 18 mon. Subse-
quent inoculations of plague vaccine did not induce higher antibody levels
in individuals of this group.

Summary, Part I:

Repeated inoculation of plague vaccine resulted in 5,17 local and 2.3%
systemic reactions, Approximately 80% of both tvpe reactions were mild anug
of short duration, Stable antibody levels were observed in 107 of il7
individuals receiving more than 5 booster inoceculations of plagus vaccine.
Fach person attained individual antibody plateau which he maintained
regardless of the number of subsequent booster inoculations administered.
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Progress, Part II:

Levl and Sucnkov2 have denonstrated the transplacental transmission
of plague antibodies in Rhombomys opimus (big gerbils) using the I1HA
test. In a series of studies in this laboratory using rats, it was
observed that the young of immunized mothers having demonstrable IHA
antibody titers to the Fraction 1 antigen of Y., pestis had circulating
IHA antibody and were refractory to challenge with viruleat Y. pestis
strain 195/P. The surviving young did not show an anamnestic rise in
titer due to the cuallenge. The young of mothers who had not responded
to plague immunization procedures with demonscrable IHA antibody did not
have circulating antibody and succumbed to challenge. Nonimmune mothers
who ate their challienged young died of plague.

Using a foster mother model iavolving the ofispring of lmmune and
nonimmune mothers showed that passive protection is afforded through
nursing. Within a 21-day period the antibody level of the young
resembled that of the foster mother rather than tine natural mother.
Challenge experiments are underway to determine the duration of passive
impunity after weaning and the onset of immune competence.

Summary, Part 11:

Newborn rats of immune mothers had circulating antibody and survived
challenge with virulent Y, pestis 195/P., The young cf mothers who did not
respond to plague immunization procedures showed no evidence of passive
immunity.

Progress, Part I11:

Peysakiis and Shmuter3 reported the use of the inairect lhemaggiut o=
nation inhivition (IHAI) test for the detection of Fraction 1 in cuitures
of Y. pestis and ia the tissues of aniwmals dead of plague, In oraer to
evaluate this procedure dand to compare it wit: thRe Serum agar tecnniguv
of Albizo and surgalla™, a series of experimeats were conducted. Preliu=
inary tests tc determine tie effect ol various chemical sterilants on tue
scasitivity and reproducibilicy of the IHAL tost rovealed that 50 mg/ludas
sodium azide, saturateu culoreform saline, (v, neatral lorscsin, ana
10/ puenol saline wid not adveresely aifect tae test proceaure. aedting
to ©5 C dor i min or to 10U £ for 1 min compoeles)y Jdestroved tiae inaidi-
tory activiiv oI furiried Fracticn i1 &nd tue Jracoion i associatos wiin
wi.wole bactersal suspensions,

Tests weing —.0C& Lilration Lechiligues IuTedliouilY Svieedve as o lbav
a5 D.Ul3 uyg vi pulasaec Fraction 1. dimiicr tests using sadilew Jaaduy
vaccine, oS, Were sositive for oilutilons coloain.ang Gs ook oas Dok o
) cu.fures centatasa, oM oy, TR I U o

Seo,
1, fuaVe Degative tisis,
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iputine screcning of suspensions of cultures cont...n.ng approximately
1 X 107 bacteria have dewonstrated the practicability o. the IHAI test;
100 wild strains of Y. pestis gave positive tests, § strains of Y. pestis
Known to be deficient or lacking in traction 1 gave negative tests as did
15 strains of Y. pseudotuberculosis, The results cbtained to date indicate
that cthe IHAI test for the detection of F-1 antigea of Y, pestis is more
ravid and economical of scarce reagents tnan the serum agar techniques.

Funeosyr, Part T116G
Tae lHAT test .1as been snown to be a simple, rapid, and economical
srocedure for the detection ot lraction 1 ot Y, pestis,
Lo § 3

Presentations!

1. »Marshall, J.D., Jr. The iafluence of clisdate on the scasonal
prevalence of plaguc in the Kepublic o Vietnam. Presented at Annual
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Fort Collins, Colorado., 25-27 August 1971,

2. Marshall, J.D., Jr. Susceptibility of rodents to oral plague
infection: A mechanism ror the persistence of plague in inter-epidemice
periods, Presented at Annual Conference of Wildlife Disease Association,
Colorado State University, Fort Collins, Colorado, 25-27 August 1971.

3. Marshall, J.D., Jr. Plague. DPresented at meceting of Sigma Xi,
Colorado State uUniversity, Fort Collins, Colorado, i{evember 1971,

4., Marshall, J.L., Jr. Plague. Presented at Global Medicine
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BODY OF REPORT

Projuct No. 1W6627)1A096: Medical Defense Aspects of Biological Agents (U)

Task No. LW662711A096 02: Prevention and Treatment of Biological Agent
Casualties

Work Unit No., 096 03 300: Immunologic Studics with Rickettsiae of Military
Medical Importancu

Lescription:

Develop vaccines of low reactogenicity for immunoprophylaxis against
specific rickettsial disecases.

Progress, Part I:

: Testing of 5 lots of R-M strain Q fever vaccine produced last ycar
was completed.

The attenuated R-M strain of Coxiella burncti is intended to he
administered by the endermal route; a single dose contains a very small
amount of egg protein. However, the problem of significant numbers of
local reactions occurring in individuals with and without preexisting antibody
appeared to warrant purification of the vaccine. The procedure developed
utilized only physical methods, and consisted of 2 cycles of differential
centrifugation followed by centrifugation in 10% sucrose onto a /0%
sucrose "cushion.'" A comparison of titers and N concentrations is presuvntued
in Table I. The titers were approximately equal in all materials, but
the N concentrations decreased greatly., The N concentration given for the
vaccine is below the sensitivity of our assay and was determined from
the N value o the purified vaccine pool and tie dilution factor. The
reported human dosc is 0.1 ml; and it has been cstimated that perhaps
1/10 of this actually enters the skin. Therefore, the N value of a
single dose wguld be about 0.005 ig N. When 0.9 mi of purified unailutceu
material (1010'1 median infective dose for eggs 1DE50) was injected ;
subcutaneousiy (SC) into guinea pigs no temperatures - 103.8 F were
detected. Table II is a compilation of 4 potency assays usin% the med.an
fever supporession dose (PD.,) as described by Ocmsbee ¢t al.* as an
indication of protection. %groughouc these 4 assays no fevers were
detected when tne guinea pigs were vaccinated S1 with dilutions of
freeze-dried vaccine. There was no significant dilference in the procection
afforded apainst either of the 2 levels of phasce | or the phase 11
challenges.

il

While secarciaing for an improved substrate ior the growth of C. ournet.
we tried severa. cell cultures which were buing proauced in the laboratorv
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for other purposes. Since penicillin had been used in diluents for the
production of C. burneti we incorporated 100 units of penicillin per ml

in the cell culture media and diluent fluids. Briefly our results showed

a progressive number of infected cells up to a maximum at 7-8 days at

which time the cultures degenerated. Refeeding decreased the number of
infected cells, and of course increased the length of time the cell cultures
could be kept without degeneration. When both penicillin and streptomycin
were incorporated no rickettsial growth con’ld be detected.

TABDLE 1. MEDIAN EGG INFECTIVE DOSE AND «: JTENT OF R-M STRAIN MATERIALS
[ _
NATERIAL LOG, IDE50 ug N/mi
raster seed 11.6 ND
Working seed 10.9 ND
Yolk sac pool 11.1 620
Purified vaccine pool 11.1 39
Vaccine (1:75) 10.4 0.5

ND = Not done

TABLE I1. POTENCY ASSAYS OF R-M SUBSTRAIN VACCINE LOT 1 IN GUINEA PIGS

. CHALLENCE
: i
Phase Loglo IDEg LoglO PDg i
1 10 4.3 ;
6 5.4
11 10 4.8, 5.3

U UIOY JO0S M R
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This fortutious finding was used as thoe basis for tiue cell culture testing
of the vaccine for adventitious agents.,

A list of the testing procedures used in the production of the
vaccine is presented in Table I1I. Many of thesv tests are prescribed
by PHS regulations.3 All the adventitious agent tests, except the RIVF
and fluorescent antibody tests for davian leucosis, were conducted on the
purified vaccine pool prior to filling and [revze-drying. A single blind
pass was conducted 14 days postinoculation with 1/2 of the suckling mice
ariginaliy inoculated. The confluent cell culturcs (WI-38, duck and chick
f.orcolasts, and VERQ vells) were zefed with material from the purificd
pool diluted with an equal volume of maintenance medium concaining 200 wnils
of penicillin and 200 ..g of streptomycin. As previously stated, thesc
conditions would not support the growth ot the rickettsia in any of the
cell systems. he cultures were viamined daily for cytopathic effect
and refed at 4-day intervals. The cell sheets werd examined 14 days
nostinoculation with guinea pig red blood celis for the presence of wgents
capable of hemadsorption. All tests were nugative [or the presence of
adventitious agents.

Natura%ly acquired infections with phase I organisms4 and experimental
infections” have produced granulomatous hepatic lesions in humans. To
determine whether the M strain was capable of producing hepatic lesions,
guinea pigs were inoculated with tne present killed vaccine, the M strain,
the phase I1 Nine-Mile sirain EP-88 strain and the phase 1 Henzerling
EP=2 strain. The experimental results are given in Table IV, The lesions
found were either focal or granuiomatous necrosis of the hepatocytes,
Giant cells or eosinophils were not seen. The high percentage of similar
hepatic lesions (10%) in control animals which were inoculated with 0.5
ml of Synder's 1 buffer indicates the incidence of discase in any group
of guinca pigs not derived and maintained under germ-free conditions,

The incidence of lesions in the animals given the killed vaccine, and

the M strain were the same, and the incidence with the EP-83 strain was
midway between the prior strains and the phase 1 strain.  Specimens wore
collected from the onsct of fever ihrough 4 weeks postinoculation. The
potential advantages of the attcenuated R-M struin as a vaccine overs

the presently availanle inactivated phase 1 ana 11 products are: (i)

these presentiy available products have proven to be elfective, but if
they are analogous to other inactivated products rupeated inoculations

of g amounts of material are nvceussary to maintain detectable antibady
titers. However, with repeated injcections the incidence of stoerile
abscesses increases. A delivered dose of the K-8 strain contains protein
in the order of hundredths of a ..g, and has beun used in Europe in persons
with or without preexisting antibody with the same percentage of local
reactions., These were limited to erythema and induration of a transient
nature; (2) a given amount of raw material, be it yolk sac or <ol culuure,
can be used to produce many more doses of live vaccine than inactivated
product. Ia an emergency situation this aliows many doses of vaccine to
be produced and large lot sizes tested to decrease the lag time in the
production procuss.

s RO y " : . L o




220

TABLE I111. TESTING PROCEDURES BY PHS STANDARDS
STERILITY
Bacteria

Fungi and yeasts

Mycobacterium spp
Mvcoplasma spp
QUALTTY

Nitrogen content
Titer

Potency

Generay safety
Residual moisture

ADVENTITIOUS AGENTS

Mice-suckling and adult :
Cell cultures
Embryonated eggs (duck and chick)
Avian leucosis agents
IDENTITY

TABLE IV. INCIDENCE OF HEPATIC LESIONS IN GUINEA PIGS

GROUP NO./TOTAL % A
Control 2/20 10 %
Q fever vaccine 2/10 20 2
(killed phase I1)
M strain 2/10 20
Lp-88 4/10 40

" EP-2 6/10 60

EIEEROAS
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In conclusion, we have derived a RIF-free strvuin of €. burneti

from the M strain which we have deslgnated the ReM strain., A serices
of lots of vaccine suitable for human use have becn produced and tested.
The dose capable of protecting 50% of the guinea pips inoculated contains
a calculated amount of 0.00005 ug N; the incidence of hepatic lesions
was not increased over that observed with the presently available killed
phase I1 vaccine. A request to procecd with testing of this vaccine

! in humans has been approved by the Army Investigational Drug Review

i Board.

Summary, Part 1:

4 series of 5 lots of R-M (RIF-freec M) strain of C. burneti vaccine
were produced and tested according to PHS re;ulations. These lots had
a mean median infectious dose for egegs of 10° logs; no fevers were
; produced when (.5 ml of undiluted material was inoculated subcutancously
i into guineca pigs. The median protective dose in guineca pigs was
! approximately 0.00005 ..g N; no difference was cdetected between phase 1
and I1 challcnges., The R-M strain did not cause an increased incidence
3 of hepatic lesions in guinca pigs when compared to the present killed
' vaccine. A request to administer the material to humans has been approved
by ALDRB. 3

Progress, Part II:

Work continued on the development of an improved Rocky Mountain

spotted fever (RMSF) vaccine for human use. All work for vaccine
- development has been with the Sheila Smith (8S) strain of RMSF. Since
the 88 strain had been propagated in eggs not certified to be RIF-free,
steps were taken to rid the master seed of any viruses of this group
which may have been present. Two methods were tried: (1) passage of
the master sced 4 times in duck volk sacs and then in yolk sac of chicken
cpps certified RIF-free (SPAFAS, SPAFAS Inc., Novwich, Conn.): (2)
passage of the master sced 2 times in duck embryo cell culture (DEC)
and then in SPAFAS chicken eggs. Both of these were freed of rickettsiave
by egg passage in the presence of tetracyclines and tested for RIF virusces
at the National Institutes of Health (NIH): both were negative. Our
working sced has been propagated from that passed 4 times in duck yolk
sacs. This woraing seed has been redesignated SSR (Shediia Smith, RIF-frea).

Studies continued on the methods to be used for produciion of a
large Lot of vaccine made from rickettsiae propagated in DiEC. 1t was
decided that 24-hr-old DEC would be infected and the cells fed with
medium containing 27 human scerum albumin, The colls and ricketisiae
would be harvested 5 days after infection in sucrose-phosphate-glutamate
(SPG) bufler and tested for sterility. After pooling into one let, thue
mixture would bu spun at 150 X g Lo remove cell debris and the rickettsiae
in the supernaie inactivated with 0.174 [formaldehyde
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Probloms with contamination have hawmpoered erforus to produce o large
Lot of vaceine, Repeated contaimination oveurred with o pram nepgative rvod
{dentificd as Mima polymorpha. The source of this contamination cannot be
ascertained, but recent evidence incriminates the calf scrum used to grow
the DEC. This problem was apparently climinated by using a new source of
calf serum. After 6 L of DEC-grown rickettsiae are produced we will process
the mixture for vaccine,

Production of working seeds of the other members of the spotted fever
group of rickettsiae has begun, R. siberica, R, conori, R. parkeri, R. akari,
and R, australis have been passed 2 times in duck egy yolk sacs and then in
SPAFAS vpgs in an attempt to rid the seed of any contaminating RIF viruses.
These seuds stock will be sent to NIH to ascertain if they are RIF-free.
Immunization of guinca pigs with our DEC-grown RMSF vaccine offers some
protection agalnst R. conori, R. australis, R. parkcri, and R. siberica, but
not against R. akari. Work is continuing on the growth characteristics
in eggs and in cell cultures of these members of the spotted fever group.
Preliminary characterization of toxin associated with some of the spotted
fever rickettsiae will be extended during the next year,

A series of studies was done in rhesus monkeys to determine a lethal
challenge dose to use for a planned comparative vaccine uvfficacy study. This
study is being done in collaboration with Captain Ruch of Animal Asscssment
Division. Three different types of inoculum have becn used: a chick-yolk-
sac-grown material, blood from infected guinea pigs, and DEC-grown rickettsiae,
Of these three, the DEC-grown rickettsiae appears to be the inoculum of choice.
Different routes of challenge were also compared using 3 groups of 2 animals
cach for intraperitoneal, intravenous (IV), and subcutancous inoculation. The
IV challenge was most consistent in producing death. A group of animals was
vaccinated in preparation for these comparative vaccine efficacy studies.

Summary, Part I1:

The 88 strain of R. rickettsii has beun freed of RIF viruses and redesivnated
SSR strain. Working seeds have been propagated and a lot of vaccine suitable
for human use in currently being produced.

Presentations:

1. Robinson, D. M. Live Q Fover Vaccine, Presented at Annual Mecoting,
Commission of Rickuttsial Discases, Washington, D. C., 11-12 Nov 71.

2. Kenyon, R. H. Spotted fever vaccine, Presented at Annual Mecting,
Commission of Rickettsial Diseases, Washington, D. C., 11-12 Nov 71,

3. Kenyon, R. 1, Spotted fuover vaccine., Presented to Commission on
Rickettsial Diseasvs, Washington, D. C., 23 March 1971,
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Appl. Microbiol, 23:104-107,

4. Keanyon, R, H., W, M, Acree, G. G. Wright, and F, W. Melchior, Jr.
1972, Preparation of vaccines For Rocky Mountain spotted fever from
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Project No. 1W662711A096: Medical Defense Aspects ol Biological Apgents (U)

Task No., lW662711A096 02: Prevention and Treatment of Biological Agent
Casualties

Work Unit No. 096 02 407: Development of Inactivated Arbovirus Vaccines
for Discase of Military ilmportance

LT Eiption.

Produce .nactivated arbovirus vaccines wilen may be cowmbined
svivetively Zor prepavlaxis in specific peograpgnic urevas.

Sroyress, Pars g

1
Using slight modifications of previously described methods, small
lots of formalin-inactivated Venezuelan equine cncephalomyelitis (VEE)
virus vaccine were produced,

Live, attenuated VEE vaccine2 (TC-83) was used to produce the kiiled
product described (killed TC-83), Trinidad strain VEE virus3 was used
as challenge virus for potency assays.

Trinidad VEE virus was titrated in J3-weck-old white mice (CP-1 strain
from Charles River Mous. Farms, Wilmington, Mass.)., Virus samples were
diluted in cold phosphate buffered saline, pH 7.2, containing 17 normal
rabbit serum (PBS). Croups of 5 mice werce inoculated intraperitoneally
(IP) with 0.3 ml of logjp dilutions of virus-containing fluids and were
observed for 14 days for deaths., TC-83 VEE was titrated via the
intracerebral (1C) route in 1- to 3-day old mice (CD-1 strain). Groups
of 6 mice were inoculated 1€ with 0.03 ml of logy dilutions o.
virus~containing fluids in cold PBS. Titration endpoints in a4l cases
were determined by the method of Keed and Muenen™ and were expressced
as median lethal dose (Lbgp) per milluliter.

Rolling bottle cultures of chick vmbryo celis (CEC) were prrpdrvd.l
Once cell confluency was achieved, the growth medium was decantoed and

replaced with scrum-iree medium 199 coutaining pueniciiiin and streptomvein.

The CEC roller cultures were held an additional 20-2% hr at 35 €. Prioe
to infection, the medium was removed and the residuait fluid drained {rom
the cultuves,

Formalin-inactivated VEE (killed TC-837 vacoines were assaved
using 3-ween-ole CD-. white mice. CGroups of o mice were anoculated
17 on day O with 0.3 mu of 5-fold dilutions of vaccine. Fourteen divs
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after this single dose of vaccine, mice were challenyed TP with 103 mMou s
1PLD, ., of Trinidad VEE. Titration endpoints and median offective dosve
(HDsOS values were determined.

Roller bottle CEC cultures were infected with the TC-33 strain at
mulciplicities of inoculum (MOI) of 0.04 to 0.00004 and maintained with
200 ml medium 199, Culture fluid samples removed from these bottles 24 hr
postinoculation were titrated in suckling mice, As indicated in Table 1,
good virus yields were obtained at all MOI levels, In all further studies
reported here, an MOI of 0.000% was employced.

VLo Py OF NOU ON PROPAGATION OF TC-83 STRAIN VEE VIRUS IN ROLLER
A0ITLL CeC CULTURES

Logi; LDgy/ml by MOJ at 24 hr

0.04 0.004 0.0004 0.00004
10.3 10.8 10.4 10.5

To determine the effect of maintenance medium volume on virus yield,
CEC cultures were inoculated and maintained with 100, 200 or 300 ml of
medium 199 containing penicillin, streptomycin and C©.257% human serum albumin
(HSA). Summarized in Table 11 are the results of assays performed on fluids
removed from these cultures at various periods postinoculatjon.

TABLE 11. EFFECT OF MAINTENANCE MEDIUM VOLUME ON PROPAGATION QOF TC-83
VIRUS 1IN C£C ROLLER BOTTLE CULTURES (MOI = (.0004)

ilOUURS POST- LOG[O LDSO/ml BY MAINTENANCE MEDIUM VOLUME
100 ml 200 ml 300 ml
[ 6.9 5.7 b.i
12 10.5 9.5 16,
18 10.7% 9.9 I
20 10.4 0.1 10,3

1/ 1

wh 10.3 9.9 IR
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Although adequate virus titers were achieved at all maintenance medium
volumes by 12 hr, from a production standpoint the larger volumes would
be most advantageous, Cell destruction was moderate by 12 hr in the
bottles maintained with 100 ml of medium and increased greatly at 24
hr. In cultures maintained with 200 or 300 ml of medium significant
cell destruction was not observed until 24 hr., Thus, high titered
virus material with lesser amounts of cellular debris could best bu
obtained with a harvest at 18-20 hr.

Thirty small lots of killed TC-83 vaccine were prepared using

Mrovedt oo deseribed for the production of Eastern vquine encephalitis
ooruro.? with regard to clarification by centrifugation and Millipord

tuiotatios, and the addition of formalin to final cuncentrations of

toorooand 0004, However, inactivation was performed at 37 C in flasks

placed in a New Brunswick Reciprocating Water Bath (125 rpm). The

fluids were thus kept in gentle, constant movement throughout the
inactivation periods of 24 - 96 hr. Typical rates of formalinm-inactivation
ure shown in Table III. The TC-83 strain was inactivated at a rapid

rate with both formalin concentrations but was surprisingly stable

when subjected to heat only (virus control).
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TABLE II11. FORMALIN INACTIVATIONE/ OF TC-83 STRAIN VEE VIRUS AT 37 C

E HOURS POST- LOGlO LD50/O.03 ml BY FORMALIN V]RUSE/
: FORMALIN CONCENTRATION _ control
0,05% 0.1%
? G 8.4 8.3 8.3
| 2 2,0 <1.0 ¢/
; 4 <. 0 <1.0
E 5 1.0 1.0 -
8 <1.0 0 7.3
10 g/ 0
12 0 0
14 0 _ o
16 0 0 7.3 E
18 0 0 t
20 0 0 5
22 0 0 .
2% 0 0 7.2 i

4. Determined by 1IC inoculation of suckling mice with 0.03 ml of
log1o dilutions.
4

b, Virus subjected to 37 C only.
¢. Blanks - not tested.

d. 0 indicates no evidence of virus-inducoed death in mice invculated;
at 8-24 hir 50 mice were inoculated with undiluted vaccine.
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The VEE vaceines were inactivated for extended periods to
determine the offect on potency, Table 1V {s a summary of the results
of single dose potency assays pertormed on 30 lots of vaccine prepared
with 0.05 and 0.17 formalin and inactivated for 24 - 96 hr,

TABLE IV. EFFECT OF FORMALIN CONCENTRATION AND LENGIH OF INACTIVATION
PERIOD ON POTENCY OF KILLED TC-83 VEE VACCINES

SOURS OF 0.05 % 0.1%
1NACLTVATION no. lots ED, , ml no. lots ED wml
50 Muped
(range) (rdnpe
24 3 0.047 3 0.027
(0.022-0.085) (0,002-0.0%0)
30 10 0,022 4 0.0l
(0.003-0.120) (0.001-0.029)
48 3 0.023 3 0. 069
(0.019-0,028) (0.038«0.110)
72 L 0.042 1 U.038
96 1 0.060 1 0.034

These data indicate that the killed TC-83 strain is stable antigenicaily,
even after inactivation for periods as long as Y906 hr.,  The volume of
maintenance medium and preinactivation titers of the fluids used to
preparce these vaccines varied from 100 - 300 m! and 109:5 o (ol
suckling mousce (SM) 1CLD )/ml, respectively. Vhere s no apparent
vorrelation between these values and the potencics observed.  One aust
conclude, therefore, that Fformaiin-inactivated, TC-83 VEE vaceine may

be made with larper volumesof maintenance medium and with great latitude
with regard to period of inactivation,

Durinyg the past vear attempts were made to develop inactivated vacceines
for the following virusces: Mavaro (MAY), O'avons-uvong (ONY), Calilornia
cncephalitis (CE) and St. Louis cncephalitis (SLID . As roported
proviouslyl the 4 strains shown in Tabie V were uscd for initial studies
which were carried out for 2 purposces: (1) to determine 10 the viruses
would grow in cell culture to anvy appreciable citer, and () to detoermine
If passage (subculiture) of the viruszes in the colls shown would result
nan adaption to the ceils, and, hopefully, hipner titers, [t should
be noted that all of these virusces were reccived as suckling mouse brain
preparations, and that serial subculture would also reduce the fevel
of mouse hra:n antigends) to an insignificant ieveil. Thus, such passagpe
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would satisfy PHS regulations which demand that foreign proteins must not
exceed a concentration of 1:1,000,000 in the final product.

TABLE V. GROWTH OF FOUR VIRUSES IN VARIOUS CELL CULTURES

VIRUSE/ PASSAGE LOG10 SMICLDSO/ml BY CELL 24 HR POSTINOCULATION:
(Strain) NUMBER

Kidney Embryo ] WI1-38
Canine Rabbit Hamster MK,AG Chick  Duck
Mandzo 1 <6.0 <6.0 7.0 9.2 6.2 6.7 b/
(ve=1)
2 6.9 8.7 8.2 7.5
3 <6.0 8.2 7.8 7.1
0'nyong- 1 6.0  <6.0 7.0 <6.0 <6.0 <6.0 6.3
nyong
(osege) 2 <6.0 7.0 <6.0 6.0
3 <6.0 <6.0 4.0 .0
CE 1 <6.0 <6.0 <6.0 <6.0 6.3 <6.0 <6.0
(Bfs~-283)
2 <6.0 <6.0 <6.0 <6.0
3 <6.0 <6.0 <4.7 3.0
SLE 1 <6.0 <6.0 <6.0 <6.0 6.3 <6.0 <6.0
(Hubbard) 2 <6.0 <6.0 <6.0 6.0
3 <6.0 <6.0 <4.0 <4.0

a. 10'3 input usually represented an MOI of 0.001 - 0.0001.
b. Blank - not tested.

All viruses (Table V) were inoculated at an empirical dilution of 1073
into the indicated cell cultures, all of which are of the primary type,
with the exception of the human diploid cell, WI-38. After inoculation,
maintenance medium (199 + HSA and antibiotics) was added and the cultures
incubated at 37 C for 24 hr. Replicate samples of culture fluid were removed
at 18 and 24 hr. These samples were frozen and subsequently used as inoculum
for the next passage and were also titrated insuckling mice via the IC route.

T STV P SOV L P
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The results shown in Table V are for 24-hr samples only, but are
represcntative, Little or no viral growth occurred in canine or
rabbit kidney or WI-38. For Mayaro monkey kidney (MK, AG) appeared
to be the cell of choice. For ONY virus minimal titers were obtained
in hamster kidney through the 2nd passage only. CE and SLE viruscs
were the most difficult to propagate, with only minimal titers being
achieved in CEC culture.

Since no other acceptable cell lines were available, these
studies were rcpeated, using a higher MOI, as well as incubation periods
up to 96 hr., MK, AC and CEC cultures werc selected for these studies,
principally on the basis of the data in Table V.

TABLE VI. EFFECT OF VIRUS INPUT AND INCUBATION PERIOD ON YIELD ON
MAYAROZ/ VIRUS DURING 3 PASSAGES IN CELL CULTURE

PASSAGE HR LOG, g SMICLD5 ml BY CELL CULTURE AND VIRUS

NUMBER POST O "1npur:
INOC. MK, AG CEC
101 1073 10-1 , 1073
1 2% 8.0 6.0 6.9 6.0
48 8.7 >8.0 6.1 6.3
72 8.3 8.3 <6.0 <6.0
96 7.8 8.1 <6.0 6.0
2 2% >8.0 5.7 5.7 5.3
48 9.0 >8.0 <5.0 7.1
72 8.3 9.1 6.0 7.1
96 8.5 90 6.0 26.0
3 24 28,0 5.9 6.0 6.0
48 9.0 +8.0 6.7 7.7
72 9.7 9.3 <6.0 7.9
96 9.0 9.1 £6.0 7.3

a. TRVL 15537, strain
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Table V1 is a summary of the results with a different strain of MAY.
These data suggest that this strain can be grown in MK, AG with a 72-96-hr
incubation period to titers approaching those seen with other group A
arboviruses used for vaccine production. As shown these titers persisted
after 3 cell culture passages using as virus 'input either a 10~ or 10~
dilution of seed virus., Titers in CEC cultures were not satisfactory even
after 3 passages. Based on these data small lots of MAY vaccine have been
produced in commercially obtained MK, AG cell cultures. Static MK, AG
cultures were inoculated with the TRVL 15537 strain of MAY virus. Culture
fluids were harvested 40 hr postinoculation, a time at which 75% cell
destruction was observed., After clarification by centrifugation and membrane
16,45 ) filtration, formalin was added to final concentrations of 0,05 or
0.1%. 1Inactivation was at 37 C for 30 or 48 hr. Four laboratory-scale lots
were made in this manner. Preinactivation titers ranged from 108.8 to 109.3
LDSo/ml as tested in SM. Potency tests on these lots of vaccine will be
conducted in the near future.

Results with ONY virus (Table VII) were somewhat encouraging. By the
3rd pagsage in MK, AG culture titers were obtained after 72-96 hr incubation
that approach those desirable for vaccine production., Virus yield in CEC
culture was unsatisfactory.

With CE virus (Table VIII) virtually no growth occurred in MK, AG. In
CEC culture the titers were marginal at the lst and 2nd passage and were
certainly not acceptable at the 3rd passage, regardless of virus input,

SLE virus (Table IX) exhibited inadequate growth in MK, AG cells,
regardless of virus input or period of incubation. Further, with the possible
exception of the lst passage in CEC culture, virus growth in this host cell
must also be considered inadequate for vaccine production.

Since the strains of CE and SLE viruses employed in the preceding studics
did not replicate to significantly high titers in the cell systems employed,
new strains were obtained from the Center for Disease Control in December
1971. Master seed preparations (suckling mouse brain) have been made for
the La Cross and Snowshoe Hare strains of CE virus and for the P-15 strain
of SLF virus. Rapid passage of these 3 strains are being made in primary
CEC culture in an attempt to increase virus yield by adapting the viruses Lo the
cells., At the time of writing 14 passages had been made. Preliminarv titracions
of passages 3, 53, and 8 in SM and by the plaque technique indicate that the
viruses are adapting to the cells, and that additional passages may result in
virus yields sufficiently high for vaccine production. These studies are
continuing.
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TABLE VII. EFFECT OF VIRUS INPUT AND INCUBATION PERIOD ON YIELD OF
O'NYONG-NYONG VIRUS DURING 3 PASSAGES IN CFLL CULTURE
PASSAGE HR LOG, ) SMICLD, /ml BY CELL CULTURE AND VIRUS
NUMBER PAST , INPUT: _
1NOC., MK,AG T CEC______
107} 103 10-1 1073
1 24 6.7 5.9 6.1 6.0
48 7.9 7.0 6.1 6.3
72 7.5 7.2 6.0 <6.0
9 6.0 6.0 6.0 <6.0
: 2 2% 5.7 3.8 5.0 3.3
, 48 6.9 5.5 6.7 6.8
? 72 7.7 <6.0 <6.0 <6.0
96 <6.0 <6.0 <6.0 <6.0
3 2% 4.7 <40 5.0 3.7
f 48 7.0 6.0 6.2 7.2 ?
72 7.9 6.9 <6.0 7.0

96 8.7 8.7 6.0 7.1
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TABLE VIII. KFFECT OF VIRUS INPUT AND INCUBATION PERIOD ON YIELD OF
CE VIRUS DURING 3 PASSAGES IN CELL CULTURE

PASSAGE  HR LOG, ) SHICLDgo/ml BY CELL CULTURE AND VIRUS INPUT:
NUMBER  POST g ) ,
INoC. MK, AG CEC
10° 10-3 107! B 1073
: n 0.0 5.0 7.3 6.0
48 5.0 5.7 7.3 8.0
72 6.0 <6.0 <6.0 7.3
96 6.0 <6.0 <6.0 7.0
2 2% <4.0 <4.0 6.8 5.0
48 <4.0 <4.0 7.7 7.9
72 <6.0 6.0 7.2 7.1
96 <6.0 <6.0 6.9 7.3
_ 3 2 4.0 <4.0 6.7 4.7
r 48 4.0 <40 7.0 7.2
72 6.0 <6.0 7.7 7.5
* Y6 <6.0 <6.0 7.5 7.2 ;

e enmin ik st
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, TABLE 1X. KFFECT OF VIRUS INPUL AND INCUBATION PEXLOD OF LELD OF
ii SLE VIRUS DURING 3 PASSACES IN CELL CULTUKE
‘{
‘; PASSAGE  HR LOG  SMICLD,(/ml BY CELL CULTURL AND VIRUS INPUT:
NUMBER  POST 1 —
INOC. MK, AG CEC T
10-1 10-3 1ot 10-3
I 2 5.8 5.0 8.0 6.0
4o 6.1 5.7 7.9 7.3

72 6.0 6.0 7.1 7.0

90 6.0 6.0 7.1 6.8

2 2 .0 4,0 6.8 5.2

48 4.0 4.0 6.4 7.3

72 6.0 6.0 6.0 7.0

96 6.0 <6.0 26,0 6.0

3 a4 4.0 4.0 4.9 2.8

48 4.0 4.0 6.1 0.5

72 ‘_7.6.0 '__.6.0 :_.(?.0 -_(7.\‘1
1 90 6.0 .0 6,0 6.0
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In ancillary studies, attempts have been made to produce 8 more c¢fficacious
product, due to the poor serological responses of National Drug Co. personnvl
to the present Chikungunya (CHIK) vaccine. Three strains of CHIK virus (Ross,
CHIK-168, and #15561) were passed 3 times in static cultures of W1-38 cells.

A total of 9 laboratory-scale lots were prepared in rolling bottle cultures

of WI-J8 cells using 3rd cell culture passage material as inoculum. Inactivation
was at 37 C for 30 hg using 0 05 and 0.1% formalin. Preinactivation titers

in SM ranged from 10 to 109.0 LDsg/ml. However, potency assays in mice
revealed no significant degree of protection. No reason For this failure is
apparent. These studies were discontinued when it was found that a

contractor waz presently conducting such studies.

surmary, Part 1.

Thirty small lots of formalin-inactivated TC-83 strain VEE vaccine were
prepared in roller bottle cultures of chick embryo culls (CEC). The following
parameters for VEE vaccine production are prasented: (1) a multiplicity of
inoculum (MOI) of 0.0004 may be used yielding maximum titers of virus 8 - 20
hr postinoculation; (2) <300 ml of maintenance medium may be employed without
decreasing tinal potency to any substantial degree; (3) inactivation by PHS
standards at 37 C may be carried out with 0.05% formalin for 30 hr or O.1%
formalin for >24 hr,

Mayaro (MAY) virus (strain TRVL #15537), after adaption by serial passage,
grown in MK, AG cells for 40 hr, elicited 75% cell destruction. Four small
lots of vaccine have been produced and await potency testing.

By the 3rd passage in MK, AG cells O'nyong«nyong virus achieved a substantial
increase in titer, approaching that required for vaccine production.

New strains of California and St. Louls encephalitis viruses have undergone
14 rapid passages in chick embryo cell cultures, and appear to be adapting
to these cells., Further passage is in progress in an attempt to further increase
the titer of these viruses,

Propress and Summary, Part II:

Hamsters histopathologically examined at this institute after infoction
with TC-83 have had a consistent vasculitis, neuronal necrosis, and nonsuppurative
meningoencephalitis in the olfactory bulbs and ventral cerebrum of the brain,
Austin and Scherer examined histopathology of TC-83 in hamsters they saw
no uilequivocal lesions in the brain.l Pecause of this variation in results,
it was decided to serially sacrifice hamsters in significant numbers with a
known dese of virus to clarify the liistopathology, and at the same time to
compare it with another strain of VEE with lower virulence (Florida Fe 3-7c).
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Commercial TC-83 vaccine (Natjional Drug Co.) has been obtained and
titrated. A small number of hamsters have been infected with 500 PFU
of TC-83 und 500 PFU of the small plaque variant of the Florida strain.
These animals have been killed, necropsied and are in the histopathological
lab being processed for examination.
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23 (V) A multtdisciplinary approach 1s used for the study of the pathogenesis and
pathophysiology of yellow fever.

24 (U) Inoculate laboratory animals with yellow fever virus, Asibi and 17-D vaccine
strains, Study changes in blood and tissues and alterations in organ function
during the course of the disease. Such fundamental knowledge is needed prior to
testing methods of prevention and treatment,

25 (U) 71 07 - 72 06 =~ I: Current evidence suggests that incubation {3 the only
dose-dependent feature of the disease, The initial outward clinical sign of the
disease in the rhesus monkey is & rapid and marked elevation in body temperature.
In general, monkeys are viremic 0-24 hr preceding onset of fever, as well as
developing a significant progressive leukopenia, Both the fall {n hematocrit and
eleavation in serum LDH activity occur late in the clinical {llness. One monkey
median lethal dose (LD-50) appears to be approximately equivalent to 0.01 median
mouse intracerebral lethal dose., Furthermore, our evidence ruggests that 1 LD-50
in the rhesus monkey may be the minimal infective dose as well,

II: Various techniques for sample collection, histopathology, fluorescence
microscopy, and electron microscopy have been fnvestigated and employed in studies of R
yellow fever infection of mouse central nervous system., Histopathological lesions i
were most consistent in cersbral gray matter, hippocampal neurons, and their accom- ;
panying vessels., Immunofluorescent staining was positive for yellow fever antigen ;
in the same structures. Ultrastructural studies are continuing, but are inconclusive ;
thus far. :
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A multdeoacipionary approacit ws used Ter e study o the pathogone s
and pathophyvsselopy of vellaw teyer,

Progress, Pavt 1

As part ol the overall rescarch plan to study vhe pathophysiolopy, patho-
genesis and thevapy ol yellow tever, we have attompted to estabiish the yoi-
low fover-intected rhesus menkey as an animal aode] for studoes of trace mota-
al analysis, rvee amino acids, renal and hepat.o tunction, sites ot tissuo
damage and offvets on various orpaa syvstems, nosupport ol and corrciated
with these studivs, a sct ol standardized o) lucvar and lTaboratory test ovaiu-
ations are berng performed on cach control and intected aninai Lo ovder to
awdequate ly relate the various findi nps to the oafectious moded,

Studics have been conducted to characterize the Dliness occurring in vol-
low fever-iadected rhwsus monkevs rolative to ohie vrelationshop ot {noculum
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insipniticant ttees were atidreod, A Vo o0 veoow bever vivas (Ao
sUraind quani {Lies, 0,000 -0 meahan mosse rniracerelbral erhatl doces
GueiD ), was weibized In 28 monkeys,  The tilration s shown io rable .

incubation oo Lhat perviod of time rom susvotdneous (SOY (noculation Lo
the inrtiar upward deviation Drow Che normal daily femperatare patiern ol
cach monkey,  Length ol fiines. is that serioe i me

incubation period to cime ol deatin,

from Lthe ena of the
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TABLE I, YELLOW FEVER IN THE RHESUS MONKEY

HOURS (RANGE)

DOSE NO. DEAD/ Incubation Length of Time of

MICLDse TOTAL Period Illness Death

1000.0 3/3 60 40 100
(60) (34-42) (94-104)

10.0 9/9 67 44 111
(54-~76) (38-50) (94~124)

1.0 4/4 90 40 130
(76-100) (30-45) (120-138)

0.1 4/4 186 43 224
(132-234) (33-66) (198-273)

0.01 2/3 182 39.5 222
(100-264) (33-46) (133-310)

0.001 0/5

as well as the length of illness, The surviving monkey did not show clinical
signs of the disease or any abnormal laboratory findings., We were unable to
dcmonstrate any circulating virus or specific neutralizing antibody up to 44
days postinoculation., All 5 monkeys inoculated with 0,001 MICLD, remained
clinically healthy, There was no evidence of viremia or neutr31121ng anti-
bedy,

From these data, 1 monkey SCLD_, appears to be approximately equivalent to
0.01 MICLD,. The lack of clinical signs or abnormal laboratory findings with
no EVLdGnCe of virus multiplication suggests that 1 LD in the rhesus monkey
may be the minimal infective dose as well, Consideri the limited sensitiv-
ity of the mouse inoculation assay of yellow fover virus, we must recognize
the possibility of the absence of virus in the inocula at and below 0,01
MICLD_. Also from these data, the incubation period in menkeys inoculated
with smal! quantities of virus tends to be longer in duration than that ob-
served in monkeys inoculated with larger doses. However, the diseasc is
equally as fulminating as that occurring in animals given large infective
doses,

The clinical illness of approximately 48 hr in duration in all infected
monkeys appeared very similar in regard to all parameters measured, regard-
wwss of dosage, Since only the length of incubation was dose-dependent, we
combined the data compiled during the clinical illness for the 22 monkeys
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with disease, The rusults were vvaluated at a nuneer of hr procueding death
rathoer than postinoculation, The average temperature curve or all 22 monkeys
showed a rapid and marked clevation from normal, occurring at approximately 43
hr preceding death and reaching a peak fever temperature of about 105 ¢ at 20
hr before death, A precipitous fall in body tcempuerature occurred terminally
in all infected monkeys, resulting in coma and death, Viremia was measured in
11 of the monkeys encompassing the entire range of dosages; 10 of 11 of thesc
monkeys were viremic within 24 hr preceding the onset of fever, Thus, these
results suggest that a majority of the monkeys were viremic at or belfore onsct

- s Teib RUSIQS 0L,

wotal winite bloou coll (WBC) and diftercacial counts were performed; thesc
udbtd showed a progressive fall in total count, veyginning about 24 nr befor.
the onset of rover, In mild cases reported in man, the leukopenia disappeucs
rapediy, returaing to normal; in severe cases, some undergo a transition to
leukocytosis, with acutrephilial it is also reported that in the ricsus mon-
key, prior to death, some WBC counts risc tu a stigher level than can be ox-
plained by hemoconcentration, and show a predominance of neutrophils,?® This
terminal rebound of WBC was observed in 8 of 22 monkeys studied. The absolute
lymphopenia and resultant relative neutrophilia did not become evident until
well into the fubrile stage of the discasce, A gradual fall in hematocrit duc
to serial bloodletting was observed in all animals. An additional marked de-
crease in hematocrit was observed during the febrile stage of the discasoe;
monkeys not dueveloping discase did not show this marked fall, but continued
the gradual decline in hematocrit, eventually stabilizing within a week post-
inoculation, Although occurring late in the clinical illness, 13-24 hr pre-
ceding death, a risc in lactic dchydrogenase (LDH) activity was dramatic,

The technique of cellulose acetate zone clectrophoresis has buen insti-
tuted in our laboratory recuntly and samples for LDH iLsovnzyme assay will be
run in the near future, It is hoped that this technique will better clucidate
sites of tissue damage and the elifucts on various organ systems, In addition
to both serum and urine isounzyme patterns, scrum glycoprotein, scrun .and
urine protuin clectropauoretic patterns will be studiced,

Bfforts are under way to infect rhesus monkeys witn the vairulent Asibi
strain of the yullow fever virus at a standard cinallenge level of 10,0 NiCLL,,
and to obtain prospuctive information concerniny scrial renal function studies
and measurements of vardiac output and fluid volume spaces., Due to changes in
experimental desiygn and animal instrumentatiow, little definitive data have
been produced as yeot.

Summary, Part I:

Current evidence suggests that lncubation is the only dosc-dependent foa-
ture of yellow Lever, The initial outward clinical sign of the discase in the
rhesus monkey 1s a rapid and marked clevation in body temperature, In gens
cral, monkuys are viremic 0-24 hr precueding onscet of tever and develop a sig-
nificant progresdive leukopenia,  Both the fall in hematocerit and clevation in
serum LDH activity occur late in thue cliniecal illness, 1t appears that
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I monkey leois approxiracely vqual to 0.0l mouse LCLD,. rFurthermore, our

cvidence suggests that | LD50 in the rhesus monkey may be the minimal Infec-
tive dose as well,

Progress, Part II:

Therc have been only a few clectron microscopic studfes of yellow fever
virus in the literature with numerous conflicting results, 1In 1953, the
first identification of the virus with the electron microscope was done in
w7 led sagpersion drom 17D vaccine strain-infucted mouse brains and spinal
coLvs, Spherical particics 50-5% my in diameter, witheut internal structure,
woerse reported,  In 1960,% 8 extensive scudics were carried out on the histo-
sathology and ultrascructural changes in asibi strain-infected monkey hepato-
cytes, Spherical particles 55-61 mu in diameter, without internal structure,
woere described with concomitant ultrastructural changes in liver cells, lu
another study,® KB tissue culture cells, infected with Asibi strain yellow
fover, contained spherical particles, without internal structure, 25-27 me in
diamcter. In studivs dene on l7-Deinfucted mouse brains’ and spinal cords,
38-mu spherical particles with denmse cores surrounded by a membrane were de-
scribed. The particles were found only in astrocytes in brain tissue, and in
neurons and microglial cells in spinal cord., In a Fort Detrick study,” ime
munofluorescence and e¢lectron microscopy were used to study tissue culture
cells and cynmologous monkey liver cells infected with the Asibi strain., No
viral particles or ultrastructural changes could be visualized in monkuey hep-
atocytes; however, some viral antigen was present in low titer, Spherical
particles 42 my in diameter, with dense cores and limiting membranes, were
noted within endoplasmic reticulum of tissue culture cells,

At USAMRIID, Swiss white mice and 17-D vaccine strain yellow fover virus
were used as the experimental animal and agent respectively. Groups of mice
at varying ages were inoculated by several different routes; it was detoermined
that 18-21-day-old suckling mice had the most consistent mortality, maximum
virus titers, and consistent pathological lesions, The IC route of inoculu-
tion was the only onc resulting in consistent mortality,

Simple, useful techniques for collecting samples and subscvquentiy pro-
cessing thoem were developed, A rapid, relatively arcifact-froee procedure for
removal of mousc brain and spinal cord was perfectued, Soveral difteront fixe
atives and buffer systems were tested, and it was Lound that 37 glutaralde-
hyde and phosphate buffer resulted in the best fixacion for clectron micros-
copy. Standard epoxy resin embedding and scetioning woere done ior civctron
microscope specimens. Immunofluorvscence studics weee coanducted according to
standard procedurcs, Yellow fever antiserum was produccd and conjugated by
usual techniques in conjunction with the Virology Division USAMRIID,

prain, spinal cord and adrenal glands wore ool? coed rom represeatative
.niected and vontrol mice, The samples were rixed aad processoed for histo-
vacnclosy, vioctron and fluorescence microscopy, ane virus titratioa, Virus
iitvacion was purformed by animal inocculationand r.ooore of 092107 were
Jouad in brain and cord tissue, there belag no slgnidicant difference between
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them, No virus was found in adrenal glands; they were subscquently olind-
nated from the study.

several important histological alterations have been observed consistent-
ly {n infected mice, The most prominent is a diffusc to multifocal necuronal
and glial cell necrosis in all layers of the cercbrum, but especially ln deup
laminar areas of cerebral cortex, Accompanying this is a diffusc to multi-
focal -rasculitis of thr cerebrum and leptomeninges. Vasculitis is ncarly al-
ways noted in areas of necrosis. In hippocampal ncurons, so-called '"classie
¢al scgmental necrosis" is often seen, suggestive of ischemic necrosis of
vascular origin., Twunty per cent of spinal cords showed vasculitis and nce
crosls, No inclusion bodies werc scuen,

Immunofluorescent studies were conducted on central nervous tissuv of in-
fected and control mice, Monkey yellow fever antisvra werce conjugatued with
fluorescein and tested for specificity on yellow fever-infocted tissuc cul-
ture cells, Positive staining of frozen brain and cord tissuc was most prev-
alent in thc areas of pathological change., Hippocampal ncurons and deep co-
rebral gray matter were consistently positive for yellew fever antigen. Ves-
sels were occasionally stained, especially in deep cerebral laminac. Spinal
cord occasionally stained in neurons and small vessels, Cercbellum and white
matter very rarely stained,

Despite extensive examination of brain and cord tissue, ycellow fever vi-
rus has not been visualized with the electron microscope, The above retro-
spective immunofluorescent studies have shown that this was probably due to
errors in sampling of tissue, With the knowledge of actual location of viral
antigen, studies are now in progress attempting to visualize vellow fever vi-
rus, Ultrastructural changes in infected mice have been obscrved, but reo-
sults are preluminary thus far,

Summary, Part II:

Various techniques for sample collection, histopathology, fluorcsconce
and clectron microscopy were investigated and umployed in studies of yollow
fever infection of mousc central nervous system. Histopathological lesions
were prominunt and consistent in ccrebral gray matter, hippocampal nourons,
and their accompanying vessclls. Immunofluorcscence staining was positive
for yellow fever antigen in hippocampal neurons, cerebral gpray matter, and
occasional vessels., Electron microscopic studies are continuing, but thus
far arv inconclusive,

Publications:

Chapple, F. L., 111, J. M., Crosbie, and B, E, Ruisbery., 1971, Surygicd:
technic for cress-circulation of rhesus monkeys. Lab. Anim, sci, 21:610-8i2,
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. T ECRNICAL ORIBETIVE,® 14 A”n. I, FAGORERLS (Pumish Individual paragrapha Idontilied by number. procods (ol of 65 4 With dacurlty Crassiiication Cous |
23 (U) Evaluate chemical compounds for treatment and control of virus diseases
of importance to the military, This work unit is an essentidl element in a
comprehens{ve program for medical defense agalnst BW agentr,

24 (U) Test chemicals in tissue culture and laboratory animals agalnst selected
viruses,

25 (U) 71 07 - 72 06 - A synthetic poly l-poly C, when inoculated IV into rhesus
monkeys which were later infected with Asibi strain of yellow faver, produced an
effect similar to lowering the infacting dose of the virus, Incubatinn period was
lengthened, while the clinical {llnass romained unchanged, The micrntitration
technique to run serum and plaque neutralization ta<ts Is now a useful laboratory
tool t> test serial samples, as well as evaluating antivival chemlecal agents for
thair possible antiarbovirus activities,

Isatin buta thlosemicarbazone was shown to be ineffective as a chemotherapeutic
agant for Venezuelun equine encephalomyelitis in the dose tried, using the plague-
neutralization technique, Additional antiviral compounds will be evaluated in the
near future, as well as some additi{onal studies with poly I-poly C,

Terminated since FY 1973 funding will be under The Surgeon General, Army,
New Project No., 3A062110A834; Accession No, DA 0B6423,
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BODY OF REPORT

Project No. 1W662711A096: Medical Defense Aspects of Biological Agents (U)

Task No., 1W662711A096 02: Prevention and Treatment of Biological Agent
Casualties

% Verk Uait No, 096 02 411: Evaluation of Promising Compounds for Antiviral
; Use Against Diseascs of Medical Importance to
i the Military

Deseription:
Evaluate chemical compounds for treatment and control of virus discascs.

Progress:

During tie past year, limited progress has been made in this arca due to
the change-over in investigators, Much time has been devoted to becoming fa-

miliar with the research plan as it exists and the techniques nceded to carry
it out,

The ability of a synthetic polyribonucleotide (poly I:C) to alter the :
course of Simian yellow fever was investigated. Initially, 2 monkeys werc 4
inoculated intravenously (IV) with 0.5 mg/ug of poly I:C; 2 doses, spaced
24 hr apart, were given, Transient hyperthemia followed each administration
. of poly I:C although it was more pronounced after the 2nd inoculation.
% Within 1% hr of the 2nd dose of poly I:C, the body tempcrature of onc monkoy
increased from 101.2 to 104.8 F; the temperature of the 2nd animal rose from
101.5 to 104.0 F. These temperatures werc within normal range 6 hr later,

Two monkcys were treated with 0,5 mg/ug poly 1:C, IV, 4 hr before they
were administered a subcutaneous inoculation of 10 median mouse intracerebral
lethal doses (MICLD,& ol Asiti yellow fever virus. A 2nd dosc of poly i:C
was given 24 nr following virus inoculation. On¢ of tue monkevs (B-11i5) had
been dosed with poly I:C on days <6 and -5 belore virus inoculation., The
other (A-964) had not rececived poly I:C until the day of virus inoculation.

Two untrcated monkeys died between 132 and 144 hr postinoculation with
10 MICLD,0 o Asibi virus. TA mcan survival t.mec of 138 hr has beun oubserved
in 8 other monkeys receiving similar doses of virus (Work iUmit 096 02 410).7
Onc of the poly I:C-treated aniwals (B-115) died 146 hr after virus inocula-
tion. The 2nd (A-964) survived for 216 hr,

Poly 1:C administration appuvars to have the same effect as lowering the
virus dose¢, i,¢,, oprolongation of the incubation »nuriod of the diseasc., Thac
length and scverity of the clinical illness arc unaffcctued,
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Further experimentation secms warranted to ascertain the poly 1:C dosage
scheme producing the most beneficial results, Poly I:C and perhaps other
synthetic interferon inducers could play a role in antiviral chcmotherapy by
prolonging the period of incubation and reducing the number of virus infocti-
ous units for a perind of time so that a chemotherapeutic agent may effec-
tively limit or step the clinical disease,

Mierctitration methods for serum ncutralization tests by plaque neutrali-
zation have been standardized, The method employs a cunstdnt-virus varyinge
~rum Gilution technique, We have been able to obtain consistent plaque for-

- wadlt . .omconcuentrations of live, attenuated Venezuclan oquine un-
AL Gaaehat s (VALY viras (TC-83) vaccine strain on VERG cells., In acdi-
', e can accurately deteet serum antibody levels by the plaque acutrali=
tac.ul wechnique {(U8Y),  This test was necessary 1f surial antibody respousues
3! lanQratory animais w to be monitored. It may also be a helpiul tool in
ioovitre studies oo af 'rapeutic agents to evaluate their dirvet offects
vi certain viruses by irg any plaque-reducing capabilities or tiae drug,

Several of the evaluacion studies were conducted to determine if Isatin
PB=thiosemicarbazone (IBT) had any effect on TC-83 infection as measurcd by
PNT, These studies werc done primarily to gain familiarity with study tech-
niques. The VERO cell cultures were inoculated with 100 piaque-forming units
(PFU) per well and various dilutions of IBT in Jifferent combinations and
time sequences. The doses of IBT werc taken from Appleyard ¢t al.'s study?
of the effects of IBT on pox virus. IBT, in doses of 0.5, 2, 4, and 8 mg/ml,
dissolved in acctone and diluted in Earle's Medium 199, was inoculated into
VERO cell cultures; 4 groups of wells were used. 1In Group 1, the IBT dilu-
tions were added, followed, after 1 hr incubation at 35 ¢, by Tr-83 at 100
PFU/well; in Group 2, IBT dilutions were followed by TC-83 immediatcly at 100
PFU/well; in Group 3, 100 PFU/well of TC-83 werc followed immediatcly by [BT
dilutions; and in Greup 4, 100 PrU/well of TC-83 werc followed, after 3 hr o
incubation at 35 F, by IET dilutioms, Thecre was no significant reduction of
plaques in any of the wells of the 4 groups. Another study using 25 and 100

mg/ml of IBT was run with no significant reduction o. plaques in any of the
wells,

It appears that IBT has uo vifect on TC-83 virus replication in VERC
cells, at least at the doses used.

ENT 1s a uscful tocl for in-vitro vvaluation of ciemical agents for thir
possible antiviral activity, and additional compounds will be toested using
this method.

S ummary:

A synthetic poly i:C, when inoculated IV into rhuesus monkeys wioch were
later infected with Asibi strain of yellow fover, produced an ¢frect similar
2o Iowering the infocting dose of the virus. ‘the incubation periou was
.ength aca, wiile tnc clinical iliness remained unchanged,
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The microtitration technique to run scrum and plaque neutralization is
uscful to test serial serum samples for antibody titers, as well as cvalu-
ating antiviral chemical agents for their possible antiarbovirus activities,
IBT was shown to be ineffective as a chemothcrapeutic agent for VEE in the
doses triecd, using the plaque-neutralization technique,

More chemical agents will be tested in the near future, as wecll as some
additional studies with poly 1:C to determine approximatcly hew much virus can
be eliminated by its use,

Attcmpts Co plaque our Asibl strain of yellow fover virus are now in prog-
ress to oxpand the evaluation of promising antiviral agents,

PPuslications:
None,
LITERATURE CITED
1. Appleyard, G., V. B. Hume, and J, C, Westwood, 1965. The effoct of

thiosemicarbazones on the growth of rabbit pox virus in tissue culture, An.
N. Y. Acad, Sc¢i. 130:92-104,
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(U) Develop serological methods for military vaccine evaluation
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NAME
O Ton ey (D) SGEo1ogy; TU) Tissue culture; (U) Plaque reduction; (U) Military
medicine

13, TECHNICAL OBIECTIVE.® 14 APRROACH, [h PRCORESS (Pumish indrsidual parographs 14l (1 by numbar Procode 1onl ul sach with Sacuitly (1008/1isalivn uds 1
23 (U) Develop a neutralization test in tissue culture which would be more sensitive

and less costly to perform than the current mouse test, This work unit is an
essential element it a comprehensive program for medical defense against BW agents,

24 (U) After selecting a cell-line, tests will be performed with various viruses
to determine the optimal conditions for each.

25 (U) 71 07 - 72 06 - Tests were carried out using the VERO cell line to deterwine
the optimal conditions for performing plaque reduction (PR) serum neutralization (5N)
tests, Two PR-SN tests were developed and compared to the mouse S3 test, The

PR-SN tests were found to be less costly, less time consuming, and wore sensfitive
than the current mouse SN test. The serum dilution method was found to 4fford more
advantages than the undiluted serum method. An evaluation of certain of these
advantages is still {n progress,

Terminated since FY 1973 funding will be under The Surgeon Genrral, Army,
New Project No. JA062110A834; Accession No. DA QBO424,
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: Duveiog ceadiraaradiion tests an tissue culiure whicn woula bo wore
sens1bave diie Leos Cowtly o perform than the cufrent aouse teot,

RS PFINICL N
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Studies wuore iritiated to standardize a pluadue reduction (PR) test
for the detection of ncutralizing antibodies formed in responsc to the
] asdministration of arbovirus vaccines,

Bach of the 6 dishes in 35 mwn plascic disposo-trays (Linbro Chemical
Co., New llaven, Conn.) was sceded with 2.0 ml ol a suspension of VERU cells
(250,000 cells/wmy) made up in medium 199-Laric's base (1Y9-1) containing
5% Letal bovine serum and 100 units of penicillin (P) and 50 g of
struptonmycein (8) per wl. The monoluyuvrs were confluent by 3 days.

Five dilueats were compured for their effceesr on the moneolayers and
on the virus vater: (1) phosphate buifered saliae, pi 7.4, containing
17, inactivated normal rabbit seruw aud P oand 8 (2) 22 beef heart infusion
broth; (3) medium 199 - Hank's base (199-i) containing P and § and 0.25%
human serum aloumin (USA): (&) moedium (v9-5E containing P and S and H3A:
and (5) balanced salt volution - Hank's base contuining P and & and [{SA
buffered with llepes (10 mM), pil 7.3 (BSS-le).  do.
whereas the othes diluents were not. Plagues were uniform in size and
shape for all uituents except no. 2. A fluctuation in ph occurred using
199« and 199-i: which was retlecteod in a variation in the vivus titers.
Resuits showoeu that sos-ile was the wost salislaccory of the diluents,

i owads cytotoxic,

Three castern equine envephalatis (Bil) vivus preparil ions were
selected For testing: (10 0 207 meousce brain susoens.on of the Cambridge
strain used 10 pocioadng the serum neutralizat;on Lest in sucikling mive;
(2) a 30, chicn vabrro suspension ol the PE-t sz

e usaad o Jor ovace e
production: aca 75 L suspension of Lthe D=6 train propaced in VERO cedls,
| f 1 |

Svrial lopy, wilutios. of Lie virus preparations were ancde amd citrated.

The moto .o brais cusporeio.n, Wids cvtotoxic whien cover difutions sere tosted

in oo srescace o dwwune seirum, The saspoasicon prepared in VORD ceids
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vdried in titer from test to tust with a gignificant drop over a period of
o mon., The chick embryo preparation has remained stable over a period of
4 yr and is not cytotoxic,

Establjshed procedures were used for inoculating the monolayers and
adsorbing the virus: 3 replicate dishes were inoculated with 0.2 ml of cach
preparation tested, followed by adsorption for 1 hr at 36 C.

Three different volumes of overlay were compared for their effect on the
menelavers and on the virus titer, Results of tests using 2.0, 3.0, and 4.0 wl
‘Coaly oo Lhat maximum virus titer was obtaimed with 3.0 ml. There

» we defferences in the cffact on the monolayers. Three separate plaquing
yoooitions were tested: (1) 1% agarose in medium 199 contuining P and & and

- a 5% €Oz atmosphure: (2) the same medium in a standard incubator utiiizing
weoed wravs: and (2) 1% agarose in L-15 medium contwining P and 5 in o standard
.acubactor.  In each of the procedures described, l-nm plagues formed in 3 days
wiuer 3.0 mlof overlay at a temperature of 36 C and o ph of 7.3.

The counting of plaquus was facilitated by staining the viable cells in 1
the monolayers with a 1:7,800 dilution of neutral red prepared in BSS-He, This ]
diluent was more satisfactczy than either Salinc A or BSS-Earle's base because ;
its pH remained constant. A 1:9,000 dilution of neutral red was found to be :
iess elfeetive., Two-ml volumes were used as a matter of convenience and placed
in each dish of the trays which were incubated for several hours at 36 C,
after which time the stain was poured off. The trays were then placed in a
4 C refrigerator overnight; plaques were counted the following day. Refrigeration
not only prevented an increase in plaque size but it also allowed maximum
staining to take place providing well defined plaques that could be quickly
and easily counted.

Plaque reduction serum neutralization (PR-SN) tests wrre performed using
the test procedures indicated above. The serum samples t. :ted were obtained
from an EEE-vaccine study project in volunteers (Medical D.vision Protocol
No. 71-5). Sixteen individuals were bled prior to and on days 7, 14, 28, 35,

2, 56, and 90 after vaccination. Scrum pools [rom cuach day's bleudiag vxeept
day 90, were prepared using 0.5 ml of serum from each volunteer. The remainder
of each serum sample was stored at -30 C for future testing. Each pool was
tested for its ability to reduce plaque formation in the fresh state. after
freezing and thawing, and following heat-imactivation at 60 C for 30 min.
Scrial logyg dilutions of virus were prepared and added to equal volumes of
e¢ach serum pool. Incubation of the virus-scrum mixtures was carried oul at
37 C for 1 hr followed by inoculation onto the monolayers. The results of
these tests are presented in Table 1. No significant differences in titers
between the fresh and frozen serum pools are seen. However, significant
differences are seen in titers when the heat-inactivated serum pools are
compared to the fresh and frozen serum pools, These diftcrences occur bepinning
on day 14 postvaccination at the time antibody formation bepins to appear.




The PR tests on the individual serum samples were done in duplicate
using the constant serum-varying virus method notuvd above and using the
constant virus-varying serum method performed as (ullows: 12 serial
¢-fold dilutions of each serum sample were prepared starting with a
1:10 dilution. An equal volume of virus suspension diluted to contain
approximately 100 PFU was added to each serum dilution. The remaining
test procedures performed were the same as for the constant serum method.

Sera were inactivated with heat for the constant serum method since
results using serum that was not so treated were inconsistent, Heat
triatment was unmneccssary for the varying serum method. The titoers
LBUtaned usihy these 2 methods were compared to thu tifers obrained
‘Is2i1. the suckling mouse serum neutralization (SM-SN) test. SM-SN Lusin

woere perrformed with heat-inactivated sera using the constant serum-varsine

virus routince procedures developed in thig laboratoryv. One of taese
reocedures, the incubacion of serum-virus mixtures overnight at & € in
the presence of complement (C'), is a matter of convenicnce. Resulls
do not differ from those obtained with serum-virus mixtures incubatoed
at 37 C for 1 hr witnout C'. 1In the routine performance of PR-SN
tests, the serum-vitrus mixtures are incubated at 37 C for 1 hr, again,
a matter of convenience. Results obtained with serum-virus mixturcs
incubated overnight at 4 C with or without C' were comparable,

The SN indices, expressed as logyg values, represent the disference
in titer between the pre- and postvaccination serum samples using the
constant serum method, SN titers, expressed as logyy Values, represent
that dilution of serum causing a 50% reduction in the number of plaque
forming units used in that particular test. The results of these tests
are presented in Table II. The indices and titers differ for each test,
which is to be expected since 3 different SN tests were used. The
highest titers were obtained using the varying serum PR test. Indices
0.3 of a log lower were obtained using the mouse test. Ilndices using
the constant serum PR test were 1 log lower than the titers obtained
with the varying serum PR test. Nevertheless, thcse results may be
used to compare the mouse test with the 2 PR tests since they wuore
found by statistical analysis to be well correlated. A lincar
regression was calculated relating the mouse SN index (X) to the constant
serum PR-SN index (Y) of 128 sera, using the method of least squarcs a
regression line was also calculated relating the SM-SN index (X) to
the varying serum PR titer (Y) of the same¢ 128 scra. DBascd on lincar
regression, an X value of 1.7 (the accepted lower limit for a '"positive"
serum) correlated with a value of 1.0 for Y, using the constant scrum
method and a value of 2.0, using the varying scrum method. For a valuce
of 1.7 for X, the 957 confidence limits for Y = 1.0158 werc 0.9757 and
1.0559 and for Y = 2,0257 were 1.8984 and 2.1530. The relationship
between the indices and titers for these 3 tests is depicted in Table
III. The values shown for the PR-SN tests represent averages; there-
fore, the scale shown should not be used for direct extrapolationm.
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TABLE I. COMPARISON OF RESULTS OF PLAQUE REDUCTION TESTS USING FRESH,
FROZEN, AND HEAT-INACTIVATED SERUM POOLS

DAY POST TITER LOGyq
VACCINAT]I ON
No serum Serum ] ]
Fresh Frozen Heat-lnactivated

8.6 n.d. 7.0 7.3
7 8.4 7.3 7.3 7.4
14 8.6 6.0 6.0 7.1
28 8.5 4.8 5.1 6.8
33 8.6 4.5 4,4 6.4
42 9.1 4.6 4.5 6.6
56 9.1 4.4 4.4 6.7

n.d. = not done

TABLE I1. COMPARISON OF RESULTS USING TWO METHODS FOR PERFORMING PR-SN
TESTS AND THE SM-SN TEST

DAY 1NDEX2/ TITERE/
POSTVACCINATION SM-8N Constant Serum Varying Serum :

logig logyg

0 0.0 0.0 0.5

7 0.3 0.1 0.6

14 0.8 0.7 1.5

28 0.9 0.7 1.4

35 1.9 1.2 2.3
42 2.1 1.2 2.5 ;
56 1.9 1.1 2.2 :
90 1.6 0.9 1.8 ’.

a. Differcnce in titer between the pre- and postvaccination serum samples,
b. 507 reduction in the number of PFU used in the test.
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TABLE IILI. SCALE OF PR-SN INDICES AND TITERS iIN RELATION TO SM-SN

INDICES
SCALE LOGIO
PR Mousc PR
SN SN SN
Index Index Titer
1.9 3.5 3.9
—_— 3.5
3.0
1.6 ———
——— 3.0
1.4 —~ 2.5
———— 2;5
1,2 ——ae
2,0
1.0 1.7 e 2.0 3
1.5
0.8 ——
—_ 1.5
e 1.0 e
0.6 o
—— 1.0
0.4 _ 0.5
—— 0.5
0.2 e
— 0,0 —— '
0.0 ——v — 0.0
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The SN indices of 1.9 and 3.5 logs, and the SN titer of 3.9 logs,
repregent the actual peak values obtained for each of the 3 SN tests. The
0.0 levels for both PR-SN tests were found to be lower than the 0.0 level
for the SM-SN test., This finding was reflected in the fact that low
levels of antibody which were not detected using the SM.SN test were
shown to be present using both of the PR-SN tests.

Summary:

Two UR-SN tests werc compared to the SM-SN test., These PR tests were
ioLorormed For 1/6 thu cost and in 1/2 the time of the mouse test. These
saine 2 tests were also found to be more sensitive, in that low levels of

spuecific antibody were detected with them which were not detected in the
SM-SN test,

0f the 2 PR-SN tests, thu varying serum method aiffords more advantages,
most importantly, sura may be tested individually instead of in pairs or
groups. This is possible since the serum titer is determined by the ability
of the dilutions of serum to reduce 50% of the viral plaques present in the
control monolayers., Other advantages which became apparent in the course
of these are currently being evaluated.

Publications:

None
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) "ERterotoxing

(

"{UY “Staphlococcus aureus; (U) Toxold; (U) Mtlitary medicine

24 (U) Preparation of a polyvalent toxold of

toxold preparation passes all safety tests,

which has an oral 1D-50 of 4 micrograms/kg.
purified,
Publicaticn: Blochim, Biophys, Acta 254:

Terminated since FY 1973 funding will be
New Project No. 3AD62110A834; Accession
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(U) Develop a polyvalent toxoid which would include Staphylococcus aureus
enterotoxins A, B, C, and D and other exoproteins, This work unit is an essential
element in a comprehensive program for medical defense against BW ager:s,

enterotoxins A, B, C, and D at a

concentration ot 500 micrograms oer milliliter of each toxoid.

25 (U) 71 07 - 72 06 - Gram amounts of enterotoxins A, B, and C (SEA, SEB, and SEC)
have been prepared, Each toxin will be formalin toxoided and mixed only after each

SEA utilized in previous studies was

prepared by Schantz and had an oral median {llness dose (ID-50) of 40 microprams/kg.
This material was ilmpure by electrofocusing and electrophoresis, Modification of
Scantz's procedure has resulted {n preparation of a highly purified enterotoxin A

A D enterotoxin has been prepared and
183-186, 1972,

under The Surgeon General, Army.
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The prowuction ol highly purclied staphviococcal enterotoxin b {(okd)
witn tacllitated by aultervation ol the piool the vlutiog bulfer ol the
Errst CG«50 chromatography.,  This modilfication procedurse

of schante ot at,’
inercasces both yield and purity ol

the SEB preparations Approximdtely
10 gm can be prepaved from & single 50«L fermenter run utilicing NAK-yeast
extract media with 0.2% glucose. No G0y avration is necessaly,

A mechod dor production of cintorvotouxin C. Ln gram amounts was
developed.  Cowplete fmmuologioa. cross ruuutivicy was duemens tratoed
between Gyy Cayoand U ana, theredore, only O widl be included in the
polyvalont tosoid,
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Summary

Gram amounts of staphylococcal enterotoxins A, B, and C] have been
prepared. Toxoiding with formalin will be accomplished in the near
Tuture, Definitive identification of enterotoxin D has been accomplished.
A new enterotoxin C, was found to be produced by the prototype strais of
D (ATCC 23235).

———————

“

detsger, J. S, A. D, Johnson, and W. S, Collins, IZ. 197C.
Lzieasoion and pecification of Staphviococeus durius. vntuzotoxin B by
Loselocusing,  woiochim., Biophys. Acta 257:18.-136.
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3 (U) Investigate interaction of staphylococcal enterotoxin B (SEB) with Iymphoid
colle and determine its significance. This work unit is an essential eclement in
& comprehensive program for medical defense against BW agents,

24 (U) Short term lymphoid cell culture allows the study of the action of SEB on
isolated cell population and a detailed analysis of the intracellular events
triggered by SEB,

25 (U) 71 07 - 72 06 - The types of cells which can be induced into mitotic cycles
by SEB have been determined, The initial events of {ts interaction with the cell
membrane have been studied both by following the uptake of SEB by the cells and by
studying membrane enzyme changes after exposure of cells to SEB, No direct evidence
exists to show that SEB enters the cell which it then can cause to divide, nor is
there evidence that SED can cause changes i{n membrane enzyme activity as has been
reported to occur with cholera enterotoxin,

The specific mitogenic effects of SEB are probably not related to its toxicity,
but its rapid interaction with cell membranes may be essential to our understanding
of {ts toxic effects,

Terminated since FY 1973 funding will be under The Surgeon General, Army,
New Project No, 3A062110A834; Accession No, DA 0B6426,
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StiLeee vae cacvion of staphyloceccal wnterotoxin b owith Lympiood

w e et pdbe i, Lo osigunificarce,

The acticns o, the staphylococcal enterotoxins on the whole animdl have
been well establishad. The localization of eatcrotoxin b in expeviaental
animals has been duseribed} but the localizacion has not been firmly linwed
to the mechanism of toxicity.? The studies thut were carrica out with the ;
staphvlococecal entevotoxins, in particular enterotoxin ¥ (8ER), were :
designed to trace the efrect of the toxins on isolated cell population using i
in vitro tissue cultur¢ techniques.

It was found, that a variety of lymphoid cclls in vitro, mouse spleen,
thymus and bone marrow cells and human peripheral blood lymphocytes would
be stimulated to undergo division cycles after a brief exposure to SEB.
It appeared from the types and numbers of cells stimulated.by SEB that it
was causing a mitogcnic stimulation in some nonspecific fashion., Buesides
the mitogenic effect of SEB, it was found that centerotoxin A and to a
lesscer extent enterotoxin C were also mitogenic stimuli. Fven very purisicd
preparations of these toxins were able to stimulate the cells, The ability
of the toxins to stimulate cells did not depenc on a previous exposure of
the donor animal to the toxin., Tmmunization of the cell donor animal did
not result in a charge in in vitre veaccivity of the animals' cells of SEB.
Furthermore, the amount of anti~SEP antibody in the scrum of 90 humans did
not correlate with the extent o SEL induced in vitro stimulation ol their
peripheral bload lyvaphocytes. T several esperimencs . Lt was tfound that a
nontoxic toxold of SEB which vetained antigenic churacteristics similar co
the toxin could also act as a oell micogen.

Besides the ability of the enterotoxing to induce lymphoid cell
mitosis, it was scen that thoe toxing ~ould wnuiee the cells to produce
various subscancee which in turn could affect other types of

cells which were
not affected directly by the toxin.

For cxampic, 5. cells or mouse 1ibroblasts
snowed no evtopathic effects when exposed (o e toerotoxin i,

FRPR T VI

Gowever, if
celic plus SuY wore focutated with T oecelie or Pibroblasts for 24 hr,

chie Locvale and CLLTODLAsTE Were westroved.,  Purthermove, 11 cae tissuc
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culture media from lymphoid cell cultures stimulated with SEB was put on the
L cells or fibroblasts, the same pattern of destruction was seen.

The mitogenic effect of the SEB was found to requirc only a brief
exposure of the lymphocytes to SEB, ahbout 10 min in some experiments. After
; 10 min the cells could be washed and all traces of SEB removed, but the
cells still entered mitotic cycles, Using radiolabeled SEB and the techniques
of autoradiography, it was impossible to show that the SEB was incorporated
into the lymphoid cells which 1t affected. Other cell mitogens have been shown
i to be incorporated into the affected cells, and that a specific membranc
‘ noport svatew exists which allows this interaction. Other technigues
4o enploved Lo investigate this latter observation. Using a sensitive
4581y system to detect SEL in cell culture supernates, it was found that
atter exposure of SEB to lymphoid cells there was a rapid drop in the
detectable SEB in the supernate of the culture; however, after another briwet
; time period the detectable SEB increased in the tissue culture media; at
f the end of 2 hr incubation the original amount of SEB which had been added
to the culture could again be found present in the media and not c¢ell bound,
i Therefore, it appears that SEB acts somewhat like an enzyme, rapidly attaching
to the substrate on the cell surface and after interacting with the surface,
detaching; it can then be found in the media.

A series of experiments were performed in an attempt to elucidate the
connection between the cell surface effect of SEB and the intracellular
events initiated by SEB which result in cell division, These studies, with
Major DeRubertis, centered on the measurement of the adenyl cyclase activity
in a cell population which was exposed to various substances. The assay
svstem was shown to be sensitive enough to pick up the cyclase activity
changes induced by low levels of prostaglandins., As yet no significant
effect on adenyl cyclase activity or cyclic AMP levels has peen shown to be
a property of SER., It may be that the SEB will be shown Lo decrease the
cyclase activity, but the significance of these preliminary results is
unknown at present and is the subject for future investigations.

Sumnarv:

taphylococcal enteroctoxins are potent lymphocyte mitogens, Thelr

other effects on lymphocytes are to induce the release of toxic substances

and allow the lymphocyte to destroy other tissue culture coll lines. howevis,
these effects of enterotoxins on lymphoild tissue are probably not Lice mecnaniss
of toxicity in the whole animal, because (1) the amouat of SHR needed o

effect tne lymphoid tissue i3 more than that needed o prowuce toxie elfleets
+a vivo, (2) the time needed to produce cifects on lymphoid tissuv Ls nore

<han that needed to produce toxic effects in vivo, and (3) tosoid also svrves !
s u mivogenic stimulus but is nontoxic in vivo., SEB exerts ics oflects on !
cmphocytes by a rapid interaction with the c¢eoll memorance, analogous to an
einzyme elffect on a substrate. The intracellular evears ctriggered by ihis

teebsane incecaction are not yer known,

[
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U) Inprove efficiency and npacuicity “of nthodu used for chemical treatment
of antigens, This work unit is an essential elemsnt in a comprehensive program
for medical defense against BW agents.

24 (U) Uning staphylococcal enterotoxins as a model,. try various methods of
inactivation to produce battar antigens,

25 (U) 71 07 - 72 06 - Staphylococcal enterotoxin B (SEB) was formalinized in
aquaous 0.9% formalin at 37 C and pH 5,0, 7.5 or 9,5 for 30 days. It was demonstrated
by Sephadex gel filtration and polyacrylamide gel electrophoresis that toxin treated
with acid or peutral formalin is cross-linked into high molecular weight polymers by
iatermslecular covilent bonds. Denatured enterotoxin monomer only was obtained from
formlin treatmeut at pH 9,5. In preliminary expariments each of the 3 formalinixzed
preparations was nontoxic for rhesus monkeys, However, cnly polymeric enterotoxoid
induced sustained high levels of SEB hemagglutinins in these animals, Thus antigenic
sites, but not toxic sites, were protected against formildehyde denmaturation during
cross-linking of SEB into polymeric species.

In other studies the effect of guanidine hydrochloride and acid pH upon the
conformation of SEB was deternined by viscometric and direct ultraviolet spectro-
photometry. Preliminary work suggests that the toxim possesses an unusually stable
native conformation, If confirmed, such structural stability would permit interaction
of the toxin with primary alimentary receptor sites daspite the extresme intraluminal
pH of the gastrointestinal tract.

Terminated since FY 1973 funding will be under The Surgeon General, Army.

New Project No. 3A062110A834; Accession No,.DA OB6427,
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oo replaons:

-

Improve eificiency and specidicity of mechods used vor chemical treatment
of antigena:.

Propress:

This study consists of 3 phases, Phase T will establish the effect of
formaldehyde upon the toxicity, in vivo untigenicity, and physical-chemical
properties of staphvlococcal cnterotoxin., Phase II is a study of the
conformational stability of the enterotoxins cowards chemical denaturants,
extreme acic or alkaline pif, and elevated temperatures. Phase III will deal
with the interaction of highly specific amino acid modifying reagents with
enterotoxin.

Efforts in the first phase have concentrated on the cffect of formaliniza-
tion upon the size, shape, charge, and free amino content of the staphylocvcceal
enterotoxin B (s8L) molecule. BB was addey at a voncentration of 2 mg/ml to
0.15 M phosphate buffer at pii 5.0 or 7.5 or vto 0,05 M bicarbonate buffer at pH
9.5, FPormaldehyde was rhen dialy.ed into each enterotosin=buffer solution to
a final comcentration of 0.9% (v/v) over o 16-ar period, Each of the solutions
was mailntained for 30 days o0 370 in o #lowly-shaking water bath. Ar froequent
intervals aliquots were removed asa subjoltoed to cellulose acetate electro-
phoresis to ascertain changes in charge, to sScphadex G-100 gel filtration to
characterize size and/or shape of the redution products, polvacrylamide gel
electrophoresis in sodium dodecvl cullate for a precise estimatc of molecular
welpghts and ninhydrin geternination of free anino groups. Within 24-48 hr
of exposure to formaldehyde ar che 3 pils, SEB, a basic protewn in its native
state,1 demonsicatad the anodal wobliiey or an aciu protein upon cellulose
acetate clecoronhoresis.  Tale obrervation congivms the ability ol formaldechyde
to react with one basic amino acic residucs of prntoins.z For the protein
rormalinized at pi % no material was delected in the void of Sephadex -100
sel uatil dave 2-3 of treatment. o progressiveiy larger peak then occupvin,,
vhe vodd volume posotion in G-100 chromacograme Trom davsy 9-10, 3y vhe 10k

gay most ¢ the enterotoxin fornazinized at low pd clutee (ron colunns in
e ovoid volom, 2 smallics poaks observed alcer the void repvosenias:
Boiesosenedn . waterlal recarded brothie goel. 4 sl lar Geachd cLTanaTurram Vad
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formaidehyde reaction product at pH 9.5 was moatly retacded by Sephadex G-100,
only a very small amount of protein appearing in the void. The column was
calibrated with 9 sepurate marker proteins, thus enabling an estimate of the
molecular weight of the different filtration fractions at each pH as follows:
(1) pH 5 derivative consisted mostly of polymeric material of > 150,000 m,w.,
small amounts of a formaldehyde-denatured monomer (apparent m.w. 38,000 +
2,000% and dimer (84,000 + 4,000); (2) pH 7.5, derivative mostly polymer(s)

> 150,000, some denatured monomer or dimer (55,000 + 9,000) and dimer or
tetramer (100,000); (3) pH 9.5 formalinized enterotoxin almost totally
formaldehyde-denatured monomer or native dimer (55,000 + 6,000) and some

dimier or tetramer (120,000), The presence of formaldehyde-denatured entervtonin

wonemer in each of the 3 derivatives and polymers ol this monomer with the pii
> and 7.5 treated protein was confirmed by polyacrylamide gel electrophorcsis

in scdium dodecyl sulfate, utilizing 4 standard marker proteins for calibrutlion.

Finally, ninhydrin analysis revealed that at pH 9.5, 657 of amino sroups of
SEB were blocked by formaldehyde, at pH 7.5, 60%, and at pH 5.0, 50%.

After 30 days, enterotoxin preparations from each pH were dialyzed free
of formaldehyde and examined for antigenicity and toxicity., The enterotoxin
treated with acid (pH 5) formalin demonstrated a clear reaction of partial
identity with native enterotoxin on Ouchterlony double~diffusion plates, No
precipitin lines were detected on double-diffusion plates with the protein
formalinized at pH 7.5 or 9.5, Finally, each derivative was injected into a
rhesus monkey at g subcutaneous dose 70 times greater than that lechal for
native protein. No toxic manifestations (emesis, diarrhea, death) occurred
in any of the monkeys. SEB hemagglutinins were then determined at 2-week
intervals in each monkey. Enterotoxin toxoided with acid formalin induce¢ the
highest hemagglutinin titer, 1:1280 at 18 weeks postinjection; with protein
detoxified with neutral formalin inducing a more £luggish response, i.e.,
11320. The formaldehyde-denatured monomer derived at pi 9.5 caused no
antibody formation following subcutaneous injection.

During the next year, effort in this phase will be (irected towaras Che
following goals: (1) confirmation of in vivo toxicity and antigeniclty vaca
in a larger group of rhesus monkeys; (2) examination of the other aintigenic-
types of staphvlococcal enterotoxins, {.,e., toxins A and Cys (3) the use of
specific gel filtration fractions to reduce time necced Tor toxoiding and/or
to eliminate residual toxicity, if observed in future studics.

Work has recently been initiated on this phase II. As uctermined by
viscometry, enterotoxin b completcly unfolds between 2 M and 4.5 N Jdgueous
guanidine hydrochloride. However, it was found by direct spectroscopsy In Jho
acar ultraviolet specrrum that this unfolding is very siow, taking caws ac
the lower concentrations of guanidine hydrochloride. This is most unusual
behavior, other proteins s:tudied by these techniques unfolded at a wuch
Faster rate.3 The high degree of conformational stadilicy of SEB was furcher
vonlirmed by its failure to unfold except at very acia pi (> 2,2) ac
cumonsirated by viscometrv, If confirmed by further work, such struciur
cteelifoy woula aliow intevaction of native enterotoxin with primary aliucueary
ceecntor sites even av the extreme intraiuminal pHs of the gastrointestina:
dract.

-
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Juring the next year the behavior of vaterotox.a B In agueous pguanildine
nydrochloride and acid solution will be cxactly qu wmtitated by visconetry,
Jifference spectroscopy, and disulfide bond accessibilily studies, 2,0
Other antigenic types of staphylococcal enterotoxins will also be exawminwd,

Summary:

The extent to which SER ie cross-linked into large polymers 18 determioned
by the pH at which formalinization 1s performed, Native antigenicity appearcs
ce wo vartislly preserved during intermoleculur cross-linking of this protcin.

G ae RatGLeon oL ssmpnadex gel filtration for tedious and costly biloassa
teornigues o che nouttoring of fuormaldehyde voxoiding is suggested.

Preliminary dava suggest an extreme vonformaational stability of native
SKB,

Publicatione:
None,
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23 (U) Memonatrate homogeneity of proteins ilsolated from microorganisms and
determine their physicochemical parameters for production of toxoids or vaccines,
This work unit is &n essential element in a comprehensive program for medical

24 (U) Apply electrofocusing techniques to homogenous components of enterotoxin
(SEB) and perform amino acid analysis, amide determinations and peptide mapping

25 (U) 71 08 - 72 06 - SEB was unfolded {n 6 M guanidine hydrochloride and dialyzed
against the same solvent, After removal of the guanidine and gel filtration on
Sephadex G-75, the enterotoxin was focused isoslectrically. The pattern was
virtually identical to that obtained before treatment. This provides a clear
demonstration that the differences in isoelectric points of the components of SEB

these cowmponents are not stable

Terninated since FY 1973 funding will be under The Surgeon General, Army.
New Project No. 3A062110A834; Accession No, DA 0B6423,
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Project No, 1W662711A096: Medical Defense Aspevts of Blological Agents (1)

Tank No. 1W662711A096 N2: Prevention and Treatmert of Biological Agent
Casualtics

Work duit No. 096 02 303: Physical and Chemlcal Characterization of
Protuvins of Microbiological Origin

Duscription:

Demonstrate homogenueity of proteins isolated from microorganisms and
determine their physiochemical parameters for production of toxoids or
vaccines,

Progress:

The origin of the several cowponents found on isoclectric focusing of
staphylococcal enterotoxins A and B (SEA and SEB) may be attributed to
genetic or nongenetic variants. In the latter group J general typues may
be distinguished: artifacts, aggregates, and conformers.! Extensive
experimentation eliminates aggregation as a significant phenomenon with
SEB.2 Conformers are stable conformational variants of the same proteins
which have the same amino acid sequence and molecular weight but different
electrophoretic mobility. They differ structurally only in the way the
polypeptide chains are folded. The folding may be influenced by the
pr sence of bound ligands.

It has been demonstrated that SEB may be reversibly dennturud.5
Exposure to high concentrations of guanidine completely unfolds the
molecule; when the guanidine is removed fully native material is ohtained.
Thus i{f SEB Is put through this cycle, some insight should be gained as te
whether the different isoelectric components arv stable conformevs,™
Accordingly, SEB was dissolved in 6 M guanidine hydrochloride containing
0.05 M Tris buffer at pH 8.5 at a concentration of % mg/ml. This solution
was dialyzed overnight against a large vxeess of the same buffer in the
cold., The guanidine was then removed by dialysis against Tris buffer
and the toxin-solution run through a volumn of Scphades G-75. A small
amount of material appeared at the void volume but the remainder emerged
as a symmetrical peak., The SEB peak was concentrated by ultrafiltration,
dialyzed against water, and the isoclectric forusing pattern detoermined on
a pH 7-10 gradient. Four componcnts wore obtained whose pl values and
relative concentrations werce virtually identical to the original matorial.

285
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The dialysis against guanidine would have removed any possible bound
Higiand and wvould appear to eliminate this as a cause of the isoelectric
paucidispersity. Since the refolding occurred at a dif{fervnt concentrition
and temperature than originally prevailed in the synthesizing organfsm, it
1s unlikely that the refolding would yicld the 4 componunts in the same ratios.
These results suggest that stable conformers are not involved; however, it
will be necessary to repeat the experiment with homogencous isolated
components for definitive proof.

Lo ATa Y g

3EL wa» unfolded in 6 M guanidince hydrochleride and dialyzed against (e
s~ame soivent. After removal of the guanidine and gel filtration on Sephadex
G=75, the (nterotoxin was focused iscclectrically. The pattern was virtually
identical to that obtained before treatment. This provides a clear demonstra-
tion that the diffoerences in isoclectric points of the components of SEB are
not due to bound ligand and suggests that these components are not stable
contformation variants.

2ubiications:

None .
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23 (U) Modify proteins of microbial origin that play roles in their biological
effects in order to prepare more effective immunogens against militarily important
diseases, This work unit is an essential element in a comptehensive program for
medical defense against BW agents.

24 (U) After determination of optimal enzyme reaction parameters, purified materials
will be tested for their serological and emetic activities,

25 (U) 71 08 - 72 06 - Only threonine has been identified a8 1 new amino terminus

in the digestion of staphylococcal enterotoxin B by trypsin, The cleavage occurs

in the region of the molecule between the half-cystines of the disulfide bridge

&nd the molecular size appears to be unchanged in the ultracentrifuge. Reduction

in the presence of sodium dodecyl sulfate permits the demonstration by disc electro-
phorests of 2 polypeptides of about 12,000 and 15,000 molecular weight. Reduction
in the absence of denaturant dees not bring about separation of these 2 fragments,
The product retains complete emetic and serological actlivities,

Terminated since FY 1973 funding will be under The Surgeon General, Army,
New Project No. 3A062110A834; Accession No, DA 0B6429,

P Available (0 conirlictore upean Lorgiia'c s SERITVEL

REIPONSIOLE INOIVIDUAL nawn:? Spero s L.
Nave Crozier, D, recusnone: 301 663-7211
THLERNONE: 301 663-2833 | woeL smcumry acesunt nunen:
i, gemEMAL USR ABDCIATE INvERTIGATOAS
. nase: Metzger, J. F.
Foreign intelligence considered . Warren, J. R. DA
Lﬁiﬁigfékg?ikP iokTﬁas”iU; afho acids, (U) Enzymes; (U) Toxoids; (U) Vaccines;
[+] _
| li TECHNICAL OpjECYIve,' ¢ fuc:s " {Pumioh 4 aphe iden‘ition by numbar. procods 1041 ¢) 08k Wi nmm Classlliiation Code.}

DD [L1TY 1498 CHEVIOUS EDITINNG OF THIS FORM AAL ODI0IL.ETE OD FORMS 13u8A 1 NUV 88
1 MAN a8 AND T4v8- ! ! MAR a8 {FOR AARMY USE) ARE CEIOLETE




T
]
1

BODY OF REPOR'

Project No, 1W662711A096: Medical Defensc Aspects of Hiological Agents (U1)

Task No. 1W662711A096 02: Prevention and Treatment of Biological Agent
Casualties
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SCECT LDt
MNodlty proceins of microbial origin that play roles in their
sivivgilcal edfccets in order to prepare more effective immunogens against

miiitarily importa.t diseases.,

2rosress:

The digestion of staphylococcal enterotoxin B (SEB) by trypsin has been
followed by reaction in a pH stat. Calculaiion of the extent of the initial
rapid reaction at pH 8.0, 8.5 and 9.0 assuming 4 pK, of the liberated amino
groups of 7.81 gave values of 1,56, 1,83, and 1.87 bonds cleaved per molecule,
respectively, If these values are accurate, it would be expected that the
molecule would be broken into 3 fragments. When the product trypsin-treated
SEB (SEB-T) was examined in tne ultracentrifuge and by Sephadex gel filtration,
only one component was found; it had the same molecular size as untreated SEB.

e

That a specific reaction actually took plave was verified by the Sanger
fluorodinitrobenzene technique.2 Only DNP-threonine was found in significant
amounts in addition to the original N-terminus of DNP-glutamic acid,
Examination of the amino acid sequence of SEB3 disclosed that there were
only 2 Lys-Thr sequences (no Arg-Thr sequences are present) in the entire
molecule and they both occur within the disulfide loop at positions 97 and
110. This explains whv no reduciion in size was observed by physical
methods.

Confirmation was obtained by po]yacr;lamide pel electrophoresie in the
presence of sodium dodecyl sulfate (SDS).™* SEBR-T gave only a single line
at the same position as SEB. llowever, when SEB-T was preincubated with
J=mercaptoethanol in order to reduce the disulfide bond, this line virtually
disappeared and 2 new lines corresponding to polyvpeptides with molecular
weight of about 12,000 and 15,000 appearcd. When the reduction was
carried out in the absence of 8DS and the product was ruan through a column
of Sephadex G-50, only one peak was found. It cmerged at the same position i
as SEB indicating that the 2 fragments were held together by noncovalent ’
forces in the absence of denaturant.

The serological activity of SEB-T was determined by the quantitative
preclpitin test against rabbit anti-sIB. A curve identical with sEL was
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obtained. Reduced SEB-T also gave a similar curve. Finally Ouchterlony
immunodiffusion gave a reaction of identity between SER and SEB-T.

The emetic activity of SEB-T was measured in rhesus monkeys., Two of 3]
monkeys became 111 at a dose of 0.1 ug/kg, 2 of 3 at 0.3 ug/kg, and all 3 at
1.0 ug/kg. Since the median effective dose of SEB 1s estimated to be 0.1
ug/kg,? SEB-T is fully active.

Summary:

S00 wacergzovs @ rapld Limited digescion by trypsin. Only threonine has
seen igantifies a8 & new anino terminus, The cleavage occurs in the regilon
of tne molecule petween the half-cystines of the disulfide bridge and the
moLdeular size appears to be unchanged in the ultracentrifuge, Reduction
in the presence of sodium dodecyl sulfate permits the demonstration by disc
¢lectrophoresis of 2 polypeptides of about 12,000 and 15,000 molecular
welgnt, Reduction in the ahsence of denaturant does not bring about separation
of taese 2 fragments, The product retains full emetic and serological activity.

Publications:
None.
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evelop and employ in vitro methods of atudying lymphocyte activation by

antigens, This work unit is an essential element in a comprehensive program for
medical defense against BW agents,

24 (U) Electron spin resonance spin label probes are used to study lymphocyte
membrane changes that occur with antigen stimulation, Lymphocyte lysates are
prepared and tested for thefr ability to transfer immunity against intracellular
pathogens.

25 (U) 71 07 - 72 06 - Studies of migration inhibition were completed and a report
prepared for publication., Techniques have been developed for incorporating spin
labels into lymphocyte membranes and for detecting surface membrane signals distinect
from internal signals, Factors affecting the stability of cell signal have been
established, The viability and continued bilological activity of spin labeled
lymphocytes have been demonstrated., The ability of various spin labels to reflect
membrane changes associated with surface receptor-ligand interaction were studied
and indicated that spin labels specifically located at the sites of interaction

are required,

Publication: Cell. Immunol, 3:245-252, 1972, i

Terminated since FY 1973 funding will be under The Surgeon General, Army.
New Project No. 3A062110A834; Accession No. DA 0C6410.
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BODY OF REPORT

Project No., 1W662711A096: Medical Defense Aspects of Biological Agents (U)
Task No. LW662711A096 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 006: ELarly Immune Response In Infectious Disease
and Toxemia

Zuvelop end employ in vitro methods of studying iymphocyte
activarion by antigens,

Progress and Summary, Part I:

Investigations were completed on induction of migration inhibition
factor production by staphylococcal enterotoxin B (SEB). Results were
published in Cellular Immunology 3:245, 1972,

Progress and Summary, Part II:

Studies of the effect of X-irradiation on delayed hypersensitivity were
continued. Methods were developed to separate lymph node and peritoneal
exudate lymphocytes from macrophages but studies were interrupted by
mechanical breakdown of the radiation source.

Progress, Part III:

Evidence suggests that lymphocyte activation is triggered by a
conformational change in the surface membrane induced by interaction
between antigen and surface receptor.l To study this guestion, we applied
electron spin resonance (ESR) spectroscopy and spin label techniques.<

Prior to evaluating conformational changes 1in surface membraves ot
antigen-sensitive lymphocytes, a number of technical capabilities had
to be developed: (1) techniques for labeling membranes, (2) determination
and selection of specific labels for protein-membrane interactions,
(3) dirferentiation between surface and intracellularly iwcorporated label,
and (4) definition of conditions required to maintain viability and
biological function in labeled cells.

To gain familiarity with spin labeling techniques, as well as to obtain
information regarding the nature and magnitude of changes that might
ocecur, intact sheep eryvthrocytes (RBC) and erythrocyte strouma were emploved
in initial studies (Table 1), Drastic chemical or phvsical treatment was
required to affect mobility of incorporated label.
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TABLE I: EFFLCT OF VARIOUS TREATMENTS ON RATE OF TUMBLING (MOBILITY)
OF SPIN LABELS INCORPORATED INTO MEMBRANES OF SHEEP ERYTHROCYTLS

OR STROMA.

SP1n AFFINITY ERYTHROCYTE TREATMQNI MOBIEITY Of

LAKEL OF PREPARAT 10K OF LABELED INCORPORATED
LABEL PREPARATION LABEL
todoacatanide Frotedn Whole cells  Anti-RBC serum Wo change
Scrowa Anti~RBC serum No change

Stroma 80 ¢, 10 min Markedly increased
(irreversible)

Andrestane Lipid Whole cells  Anti{-RBC serum No change
Whele cells Lidocane Increased
Stroma Anti~RBC serum No change
Stroma 387 HCHO Decreased

Lipid-gsoluble spin labels, e.g. stearic acld, were readily incorporated
into viable intact nucleated cells., Subcellular distribution of this spin
label is shown in Table II. Lipid-soluble labels became incorporated into
all membrane-containing subcellular fractions,

TABLE II: DISTRIBUTION OF STEARIC ACID SPIN LABEL (ESR ACTIVITY) IN
LABELED MOUSE L-CELLS AND HUMAN LYMPHOCYTES AFTER FRACTIONATION
BY DIFFERENTIAL CENTRIFUGATION.

CELL FRACTION ESR ACTIVITY
Nuclei and cell membranes Strong
Heavy mitochondria Strong
Light mitochondria Strong
Microsomes Weak
Cell sap None

The functional competence of nucleated mammalian cells appeared to be
unaffected by incorporation of the androstana spin label. Labeled guinea
pig lymph node lymphocytes cultured for 72 hr with SEB, a nonspecific mitogen,
responded to the same degree as unlabeled lymphocytes as measured by uptake
of tritiated thymidine.

Decay of ESR signal from androstanc or stearic acid labeled cells was
observed within 30 min at 37 C and at lower temperatures after longer periods




of time. Exposure of labeled inactivated cells to aeration or the

oxidizing agent KiFe(CN)g rapidly restored original signal strength,
suggesting that decay resulted from reversible reduction of the nitroxide
radical by cellular components, Cell signal disappeared when KyFe(CN)g

was removed by washing but reappeared immediately after reexposure,
suggesting that ferricyanide had not entered the cell but had reactivated
the surface membrane signal. To investigate this possibility, stearic acid
labeled L-cells were incubated at 37 C for 30 min to inactivate HESR signal
and then exposed to 0.001 molar KqFe(CN)g, the lowest concentration capable
of reactivating decayed cell signal. Cells were washed repeatedly to

remove any uaattached K3Fe(CN)6, lysed by suspension in distilled water

and freeze=-thawed; lysates were clarified by centrifugation. Terricyanide
and fervocyanide in washes and cell lvsate were determined by a colorimetric
metnoa. Wiile botn cyanides were detected in the initial washings, neither
was detected in the cell lysate, indicating that K3Fe(CN)g did not enter

the cell. Should this postulate be true, reactivation of cell signal by
K,Fe(CN)g would allow differentiation between cell surface and intracellular
slghass,

As was true with erythrocytes, signals from nucleated cells with lipid
soluble or nonspecific protein spin labels, e.g. lodcacetamide, were
insensitive to struccural changes associated with antibody attachment to
cell surface. These findings suggest that conformational chauges caused
by surface receptor-ligand interaction are local rather than general
membrane events and only spin labels specifically incorporated at thesc
local sites will reflect such changes. It is anticipated that use of
spin-labeled haptens as specific probes of surface~antibody combining sites
will provide a tool for detecting alterations at the sites.

Summary, Part III:

ESR spectroscopy was applied to study early membrane changes during
lvmphocyte activation by foreign antigens., Techniques were developed for
spin labeling intact lymphocytes and detecting surface membrane signals
distinct from internal signals. Factors affecting the stability of cvil
signal were established. Viability and biological activity of spin
labeled lymphocytes was demonstrated. The abilitv of varfous spin labels
to reflect membrane changes associated with surface receptor-ligand
interaction was examined and indicated that spin labels located at specitic
sites of interaction are required.

Progress and Summary, Part IV:

An important mechanism of resistance to intracellular infection is
cell-mediated immunitv (CMI) involving the interaction of lvmphouvtes und
macrophages. The same thymus-dependent lvmphocvtes respoasible for (M7
are involved In delaved hypersensitivity respenses. Transfer factor (TF),
a dlalvzable substance obtained from white blood cell lvsates, transtfers
delaved hypersensitivity from a sensitive individual to a nonsensitive
individual. From clinical studies with human transfer factor it appears,
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but has not been proven, that cell-mediated immunity can also be
transferred with TF, Studies have been initiated in rhesus monkeys to
determine whether TF can transfer immunity against tularemia from one
monkey to another. Monkeys were vaccinated with tularemia (LVS) and also
given ovalbumin in complete Freund's adjuvant. Unequivocal delayed
hypersensicivity to ovalbumin was induced but only weak delayed skin
reactions to Foshay tularemia antigen were demonstrated, Transfer factor
was prepared from peripheral leucocytes of these monkeys and given
subecutaneousgly to a group of normal monkeys., Transfer of sensitivity to

either ovalbumin or tularemia could not be demonstrated. Further work is
in progress.

Sublreanions!

L. Hapluaa, J. 1972, Scaphylococcal enterctoxin B induced releace
of macrophage migracvion inhibition factor from normal lymphocytes., Cell.
Immuaol. 3:245=252.

2. Kaplan, J, 1972, Effect of X-irradiation on induction of delaved
hypersensitivity ae measured by in vitro macrophage migration inhibition.
J. Reticuloendothel, Soec. In press.

LITERATURE CITED

1. Coulson, A. J. 1969. Recognition pathways in lymphocytes.
J. Theor. Biol. 25:127-136.

2, Hamilton, C. L., and H. M. McConnell. 1968, Spin labels,
p. 115 to 149. In Structural Chemistry and Molecular Biology, (A. Rich and
N. Davidson, ed.) W. H. Freeman and Co., San Francisco.

3, Lawrence, H. S. 1955, The transfer in humans of delayed
skin sensitivity to streptococcal M substance and to tuberculin with
disrupted leucocytes. J. Clin. Invest., 34:219-230.




ANNUAL PROGRESS REPORT

Project No. 3A061101A91C:
(1W662711A096) :

Task No, 3A061101A91C 00:
(1W662711A096 03);

Worw Unit No, 91C 00 131:
{096 03 008):

Reporting Installation:

Division:

Period Covered by Report:
Professional Author:
Reports Control Symbol;

Securilty Classification:

297

In-house Laborastory Independent Research (U)
(Medical Defense Aspects of Biological Agents) (V)
(Laboratory Identification of Biological Agents)

Mathematical and Computer Applications in
Infectious Disease Research

U. S, Army Medical Research Institute of
Infectious Diseases

Fort Detrick, Maryland

Administrative

1 July 1971 to 30 June 1972

Alan T, Rowberg, Captain, MC
RCS-MEDDH~288(R1)

UNCLASSIFIED

P




298
~ . o — ——— - - -~ R ———
1 AGENCY ACCHONONS |1 DATE OF IUNNARYY REPORY CONTROL STWIOL
RESEARCH AND TFTHNOLOGY WORK UNIT SUMMARY DA OL0897 72 06 30 DD-DNAEIAR) 36
[+ OATE FARY TUWAY |4 RING OF YomaARe T rounanr scTrV b voen scom iy Fnian et R e v o";'-:‘cgze.ﬁ?.-" . CRVECGF Tl
71 07 01 4, TERMINATION U u NA NI, Xyms Owo | & wowumr
(1] NQ.IGODII:‘ 'nﬂﬂ";;bl.iﬂ' ] PROJECT NUMBEN TAN AREA NUMBER : WORK UNIT NU"!‘“
. PRINAAY GlI0IA JA061101A91C 00 L 131
v fohinislfiid 62711A 1W662711ANY9A 03/6008 '

¢ Jofywiay 1 CDOC L2126 () 14128 (7)

V). TIPLE (Procede with jasunity Cinssilisatiun Coae)®

(U) Mathematical and computer applicationn |

n Infecrions dinpass research

i I:II;VI'IC AND TUCHMOLAGICAL ARBALY

003500 Clinical medicine; 004900 Deofenuse; OO

9700 Mathematlen and Statistics

wAME-* USA Medical Research Iustitute of
. Infectious Diseases
Avoms® port betrick, MD 21701

NKSEONIIOLE INDIVIDUAL
NAME: Crozier, D,
THLRPNONY: 301 663'2873737

TE AVART BRTE T ENTINATED COUPLETION OATH T3 FUNDING AQENCT i PERTOMIANCE NETHED
69 11 CONT DA | 1. Inehnuse

R Rae T aRANT - V 10 REVGUACES BATHMATE | & PROPEGSIONAL MAN YHR | b PUNDE (In Wwueands)

& DArEV/Errective. ARPIRATION Ll {12201 -

b NusBEn-* NA FICAL 71 1.0 16

DAL H d AuouNT: vean [CORNNERY = e s

o KIKD OF AWARD- (UM AMT. 72 1.0 16
IV RETPONb UL E PGD GRG ANTEATION L_ ‘l TR I T T T T U R I T

"' Physical Gclences Division
USAMRI LD
Fort Detrick, Mb 21701

ADOMER®

PRINCIRAL INVERYIGATON (Pumidh BAAN 11U 3 Academi Insiibaiion)
WAuL-? Rowberg, A, H,
reLasnane 301 663-7196

BOCIAL ARCUNITY ACCOUNT WUMBEN

1. GENERAL ubE

Foreign {ntelligence considered

ASSOCIATR INVISTIOATONS
NAME:

DA

X Frade BACH wIK Jeally Clasalhication Cods)
(U) Diagnosis; (U) Computers; (U) Medicine;

(U) Military medicine

23 (U) Develop and apply techniques for utili
egsential element in a comprehensive program

24 (U) Automation of data analysis currently
expanded with # data acquisition system, The
analysiy, diffurential equations, stat{stical

25 (UY 71 07 - 72 06 - Mathematlical, statfsci
been applied to data emanating from the Lnstd

A series of statistical routines to analy
and unpaired controls was developed and appli
experiment, These techniques mav be an aid t
in man,

Expansion of fac{lities conlinuas in the dlre

New accesslon number will be DA Ocodall,

® 4 vatlable to contragfure ur oo gmaters afgroval

10 TECHNIGAL OBIECTIVE.Y 14 APRROACH, #h. DHOONEAL (Rumldh indl vidve] poragraphe 1dosisiiad by niomber Precode iual oi speh @ith Bocurir CldosiRealion Codd.)

zation of computers, statistics and

mathematics to process and interpret sclentific data., This work unit 1s an

for med{cal defense against BW agents,

accomplicshed with a computer {s beiny
ories and disciplines of numerical
tesis of hypotheses, experimental

design, information storage and retrieval, and pattern recognition are utilized
to analyze and interpret data gatherad by {nvestigators,

cal and cowputer tcchniques have
tute,

ze data from experiments with palred
ed to data from a sand{ly fever

o the early diagnosis of infection

Many forms of automatic data acquistion were explored and applicd to projects,

ttion shown to be most productive,

Terminated bucanse the acceeossion nuwber iy changed startiag 1Y 19771,

DD PORM 1498 FHEAULCS T ONA T S FORKM ARY DNADCE TE LD RO EMS 4R 0 KOy g
[RTYYY] Adee 4VE TV MAATL 4B Rk ANy CBF ANE LINSNLFE TR

'




299

BODLY OF REPORY

Project No, 3A061101A91C: In~house laboratory lndependent Research (U)
(1W662711A096): (Mrdical Deofonse Aspects of Biolopical Agents) (U)

Task No, 3A061101A91C 00:
(1W662711A096 01): (laboratory fdentification of Blologlcal Apents)
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Description:

Develop and apply tochniques for utillzatlion of computers, statiatfcs
and mathematics to process and {nterpret sclentiffe data,

Projra:s:

The wide scope of this work unit results In progress alony many different
lines as guided by the needs of the Institute., Work described here is iIn
addition to numerous other projects, some of which were of a routine nature,

Statistical consultation was obtained and utillzed to devalop a data
analysis plan that cdn be applled to experiments with pailred and unpalred
control subjects, Use of thesc techniques results in maximwum sensitivity
to the affects of the experimental "treatment.'" The data from the same
subject during the pretreatment time period 1s considered togother with
data from control subjects who d1id not undergo the experimental treatuent
in producing a test for sipnificant changes in measured variables, prosum-
ably changes induced by the treatment, Allowance 1s made for individual
and group variatinons, as well as chanpes In both control and treated sroupe
due to the nature of the experimental regimen.,  Vartables found to be
significantly effected by the treatoent are subjected to discerimina
analysis for succeovsive time sepmoente in the treatoent time period.  Toese
techniques may be of ald fu the carly dlapnenis of Infection in ~oa hy
sensinyg small changes in measured variables (elindcal and labovarovy Jdata)
and caleulating a probability that the Individual s infected,

Several technlquers of automated data acquisition were oxpiored and
applied, A hiph-speed paper tape punch was (ntertaced with an clection
spin rasonance spoctrograph through a vomputer oi averdare transfont
The raesultant data woere delivered to o full-sizew cospater via paper tape,
Time and frequency domain techniques were applied to the spectra and
vielded a spectral resolution enhancement not poy.cibhle without comnuter
techniques, thus extonding the useful raoge of Lthe dnstrument,
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Teletypes were connected to 8 and y scintillation counters and used to
produce paper tape images of the counter data, The tape could then be
processed by a computer with fully automatic corrections for background
and quench, Many subsystems were developed for investigators, to produce
results in final form without data transcription or manual calculation,

For instance, the calculations for simultaneous radioimmunocassay for growth
hormone and insulin are accomplished automatically, including the calculation
and display of the standard curve used for the set of assays,

A high-speed paper tape punch was interfaced with 2 amino acid analyzers
Tarough o programmuble calculator, The calculator is used to control timing
4G poviovm some data reduction before transferring the data onto paper tape.,
The tape is thea read by a computer, which calculates amino acid concen-
tvat.on, The system i5 designed to function unattended for periods of days,
with automatic sample handling. The computerization of the curves will zllow
calculation of areas under the curves rather than measurement of peak height
by manual means,

Data from many projects were transcribed to computer compatible form
and results analyzed, An example is the study of about 90 persons who have
been subjected to immunization with a variety of antigens over a long period
of time, History and clinical and laboratory data from these persons were
entered into a computerized data-bank for analysis, Many types of compari-
sons will be performed that could not be done readily by manual techniques,

Sunmarx:

Progress was made in the areas of data acquisition and data reduction,
utilizing both standard and new techniques,

Publications:

None.
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1 aenemaL ust ASSOCIATE (NVEITIGATORD
Foreign intelligence considered waut: DA

Wamg
H“'(li” sg'lpio.‘.cércnsc!opy ws'gi"é'h:émistry. (U) Electron spin resonance; (U) Military

medicine: 5 Spin labels

3 TECHNICAL OMIMATIVE.® 14 APPROACH. 18 PROGRESS (Pumish Indi ridual pitagiaghs tdaniilied by Aumitet Prosods taal oi ssah MO gecurily clnnlu-l. Cothe )
23 (U) Establish usefulness of electron spin resonance spectroscopy in solving
problems related to Whfectious diseases, This work unit is an essential element
in a comprehensive program for medical defense against BW agents,

24 (U) Search for the effect of Infectious agents and toxins on biochemical
reactions involving free radicals. Spin label compounds Invelved in infectiwus
or immunologic processes,

25 (U) 71 07 - 72 06 - Initial attempts at spin labeling nucleic acid of tobacco
mosalc virus for ESR spectroscopy were unsuccessful, Other conditions are being
sought so that the fate of viral nucleic acid in an infected host can be derermined,

In other studies carried out with Major Joseph Kaplan on conformational changes
in antigen sensitive lymphocyte membranes, factors affecting the stability of
cell signals were established, Spin labels had the ability to reflect changes
assoclated with surface-ligand interactions, The labels must be specifically
located at the interaction sites.

Publications: Program, American Chemical Society, Abstracts 26 and 131, 1971,

Terminated because the Accession Number 1s changed starting FY 1973,
New Accession Number DA 0C6412,

PREVIGUS lmno~l CF THIB FORM ARE OBIOLETE OO0 FORME 14904 ' NOV 83
AND 1498 1 MAR 8B - FOM ARMY LK ARE OBSOLETE
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Project No, 3A061101A91C: In-House Laboratory Independent Research (U)
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Task No. 3A061101A91C 00: (Laboratory Identification of Biological Agents)
(1W662711A096 03):

Work Unit No. 91C 001132: Application of Electron Spin Resonance
(0906 05 009): Spectroscopy to Infectious Disease Reseurch
emiEiptiond

o SR

Lstablish the usefulness of clectron spin resonance spectroscopy in
soiving problems related to infectious diseases.

Jrogress, Part 1:

Conditions Yor incorporation of spin label into molecules of nucleic
acid were described previously.l Based upon these findings, it was
postulated that nucleic acids from an infectious virus could be spin
labeled and employed as electronic probes to obtain basic information
regarding replication of viral nucleic acids in cells of infected hosts,

Tobacco mosaic virus (TMV) was selected as a model. Preparations of
ANA core, free of TMV capsid, were supplied by Dr. Milton Cordon,
University of Washington, Seattle, Washington. Previously described
techniques were employed co label the RNA and record its electron spin
resonance (ESR) spectrum. Two special components were detected, a
large mobility spectrum superimpo.ed upon a strongly immobilized spectrum.
Strong binding of label to RNA was indicated by the absence of label in
the last wash solutiun., The seaimentation coefficient of the RNA sample,
however, indicated that the nucleic acid had been degraded.

In an atterpt to mimic the cffects of labeled virus, Dr. Gordon
tried to encapsulate labeled polyadenvlic acid (Poly A) with TMV
protein capsid, ‘The ESR spectrum of this material was also highly
mobile, again indicating degradation.

As another approach, It was assumed that under appropriate conditions
the nucleic acid core of intact virus could be labeled. However,
addition of label at pH 5.5 to intact TMV virus (0.01 ¥ phosphate in 60%
alcohol) also caused RNA denaturation.

Surmary, Part It

ESR spectra of spin labeled preparations indicated that RNA in (ntact
TMV, the RNA component of TMV aud Polv A encapsulated with TMV pretein
were dograded during treatment or shiprent.
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rogress and Summarv, Part 11:

Studies on conformational changes in antigen sensitive lymplocyte
membranes are reported under Work Unit No. 096 03 006,

Presentations

1, Caspary, W, J. The in vitro reaction of €-hydroxylbenzo(a)pyrene
witn DNA, Presented at American Cheirical Society peeting, Washington,
o, Cuy 12=17 September 1971,

. Caspes e 0. nechandisn for the covalent linkage of
woroiuugenie polyevelie hydrocarbons (HC) to DNA, Presented at American
vhtlecds Sociely Maeeting, Washiangton, D. C., 12«17 September 1971.

Sl CataShsg

.+ Lorentzen, &., W. Caspary, and P. 0. P, Ts'o. 1971. In vitro
.nen.cal reaction of 6-hydroxylbenzo(a)pyrene with DNA. In Program,
American Chemical Society., Abstract 26,

2. Cohen, B, I., W. J. Caspary, S. A, Lesko, and P, 0. P. Ts'o,
1971  Mechanism for the covalent linkage of carcinogenic polycyclic
hydrecarbons (HC) to DNA. In Program, American Chemical Society.
Abstract 131,

LITERATURE CITED
1. U. 8, Army Medical Research Institute of Infectious Diseases.

1 July 1971, Annual Progress Report, FY 1971, p. 275 to 281,
Fort Detrick, Maryland,
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11, TITLE (racode with Joinity Claesilisatien Code)¥
( Trace metal metabolism during infectlous disease of military medical importance
1 ICllIVIIIt AND TECHNDLOBICAL Angar®

003500 Clinical madicine' 004900 Defense; 002300 B{ochemistry
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Infectious Diseases USAMRIID
‘oemu® port Detrick, MD 21701 ‘ooneu® port Detrick, MD 21701
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KREPONSIOLE INDIVIDUAL wae®  Pekarek, R, S,
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™ Wannemacher, Jr,, R, W, .
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viral diseases; (U) Toxemia; g ) -Human volun: eers: (U) Animal models

" [] ) # tonl of 88 - oz 2ifeatian
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early identification of disease etiology, This work unit is an essential element

in a comprehensive program for medical defense against BW agents,

24 (U) Measure serum and tissue trace metals during infectious tllness of laboratory
animals and man and determine the mechanisms responsible for the observed changes,

25 (UY 71 07 - 72 06 - Leukocytic endogenous mediator (LEM), a depressant of serum Zn
and Fe, was shown to be present in sera of patients with infectious bacterial disease,. 1
Considerable effort has been made to characterize, isolate and purlfv LEM. [t was 1
found to be heat labile, nondialyzable, low molecular weight protein and soluble to
some extent in organic solvents, Some difficulties have been encountered in obtaining
‘ sufficient PMN leukocytes to produce the amount of LEM necessary for purification ]
i procedures, :
: In other work on trace metals a graphite furnace for atomic¢c absorption spectro-
photometry was purchased, with which it is possible to measure other metals, namely
nickel, chromium, aluminum, cobalt and cadmium. Initial work has been done on the
first two of these trace metals using serum samples of only 50 microliters.
Publications: Program, Western Hemisphere Nutrition Congress III, p. 43, 1971; Proc,
Soc Exp. Biol, Med, 138:728-732, 1971, 139:128-132, 1972, 140:685-688,
1972; Appl. Microbiol. 22:1096-1099, 1971; Metabolism 21:67-76, 1972;
Amer., J, Clin, Path, 57:506-510, 1972; Amer, J, Clin. Nutr., 25:461,
1972 (abstract); Fed., Proc, 31:0667, 700, 1972 (abstracts),

Terminated since Fy 1973 funding will be under The Surgeon General, Army.
New Project No. 3A062110A834; Accession No, DA OC6413,
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Project No: 1W662711A096: Medical Defense Aspects of Biological Agents (v
Task No, 1W662711A096 03: Laboratory Identification of Biological Agents

woTrk Lniz No. 096 03 0l0: Trace Metal Metabolism During Infectious Disecase
of Military Medical imporcance
DeocripLion:

e

Assess trace mecal changes during infectious illness as & possible
wiau in early identiflication of disease etiology.

Propress, Part L

Significant alterations in Fe, Zn and Cu metabolism have been
demonstrated in man by this laboratory following either acute bacterial
(Francisella tularensis = Medical Division Project FY 68«4 and Salmuiella
typhi - Contract No. DA~49-193=MD=2867) or viral (attenuated Venezuelon
equine encephalomyelitls vaceine - Medical Division Protocol FY 69Y-]
and sandfly fever virus, Sicilian type, Medical Division Protocol
FY 70-1) infections.!=

Similar alteratious in trace metal metabolism were observed in a
variety of laboratory animals following experimentally induced infections
or the administration of endotoxin or synthetic double-stranded RNA
compuunds.5‘9 Recent studies in animal models have shown that the infec-
tion and stress-induced alterations in Fe, Zno and Cu metabolism were
mediated by an endogenous hormone-like substance released in part by P¥N
leukocytes.la‘lz Leukocytic endogenous mediator (LEM) obtained from
peritoneal leukocytes of various laboratory animals were shown to produce
slgnificant dose-related depressions in serum Fe and 4n in normxlz endo~-

’
'

. 1
toxin telerant, hypophysectomized, or adrenalectomized animals.”, st

Recently, we have reported that this endoyenous Zn-depressing
factor was present iu the serum of foebrile individuals (volunteers)
with experimentally—-induced typhoid fever.“’? To further substantiate
this finding, acute serum obtained from Dr., Klainer, (Contract No,
DADA 17-68-C-8080) from febrile patients with documented Diplococcus
pneumoniae infections and patients with either Staphvlococeus aureus
abscesses, cellulitis, or mixed bacterial infections was millipored
filtered and injected intraperitoneally (IP) into respective groups of
normal recipient rats. These sera alsc induced significant serum Zn
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depressions in the animals when compared to rats glven normal human serunl,
wWhen the infected (filtered) serum was heated at 90 C for 30 nin the serum
Zn~depressing factor was lnactivated; thus, it was shown that a heat
labile endogenous factor was present in these acute serums, The fact

that the effect of the endogenous mediator from man can be transferred

to a laboratory animal may prove to have potential dlagnostic value.

Summary, Part I

Significant ulterations in Fe, ¥n and Cu metaboliswm have been shown
Lo ocour in man during a variety of acute bacterial and viral infections.
Siucies in various laboratory animals have demonstrated that these infuction-
and scress~induced alterations in trace metal metabolism are medlated by
d heat iadbile endogenous factor released, in part, by PMN leukocytes,
Fartiwer this endogenous mediator of altered trace metal metabolism has
been shown to be present in human serum during febrile illnesses caused
by 4 variety of bacterial infections.

Progress, Part II:

Studies from our laboratory have initially characterized partially
purified leukocytic endogenous mediator (LEM) to be a heat labile, non-
dialyzable, low m.w. protein, which is soluble to some extent in organic
solvents.5?12 Experiments have been in progress to isolate and purify
the LEM of serum Zn and Fe depression, Recently, crude preparations of
LEM obtained from PMN leukocytes were pooled from rabbit peritoneal
exudates, This pooled material was concentrated and fractionated on a
G=200 Sephadex column, with the absorbance of the effluent being measured
at 280 my with an ultraviolet analyzer and recorder, The various fractions
were compared to standards of known molecular weights. Each major frac-
tion was concentrated and tested for its 2Zn and Fe depressing effects as
well as for other biochemical parameters in the rat. The fraction having
the highest specific activity for depression of these 2 serum metals was
in the molecular weight range of between 10,000 and 20,000, Howuver,
activity was also found in a high m.w. fraction, »200,000. Studies em=-
ploying Cm and DEAE 1on exchange resins on both crude LEM preparations
and fractions from Sephadex colums indicate that the activity seen in
the high molecular weight fraction represents aggregates of the lower
molecular weight material,

The effect of the proteolytic enzymes, pronase and trypsin, on LEM
have been tested, as well as the effect of varying pH on LEM activity,
These studies indicate LEM to be a protein which is active in a pli range
between 4,5-~8.0.

S$ince the endogenous mediator represents only a smill percentage
I the proteins released by the PMN leukocyte, attempts were made to {ind

4 suitable animal species for obtaining lavge quantities of PMN leukocvtes
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from peritoneal exudates in order to have sufficlent matcerfal for purifi-
cation of the mediator, Therefore, leukocytic extracts were obtained

from peritoneal exudates of goat, burro and dog, When the crude extracts
were tested for serum Zn and Fe depressing activity in the rat assay

model, only the dog leukocytic extract had activity. However, these
preparations have proven to be inadequate in quantity for supplying enough
gtarting material for purification at the present, Studies are now in
progress to increase both cell yield and LEM secretion., Furthermore, since
monocytic cells have been shown to produce in vitro endogenous pyrogen

(a protein closely related to LEM), an attempt is now in progress to design
a cell culture system for the production of enough material needed for

the purification of the mediator,

Summary, Part IIl:

InZtial studies on the purification of the mediator of altered trace
metal metabolism characterize LEM to be a heat labile, low molecular wulght
(10,000-20,000 m.w.) protein that can result in higher molecular weight
aggregates., Since LEM represents only a small percentage of the proteins
released by PMN leukocytes, attempts have been made to find a suitable
method and animal species for obtaining enough starting material for its
purification,

Progress, Part III1:

Stuales from our laboratory, as well as those reported in the
literature, indicated that the very early infection-induced decreases
in serum Zn and Fe concentrations were not the regsult of decreased
gastro-intestinal absorption or increased excretion, but were due to a
rapild redistribution of the 2 metals within the host, To support this
hypothesis, rats were pulse labeled with $5Zn (5 nCi1/100 gm body welght,
IP) and then infected with virulent D. pneumoniae organisms. After 8 hr
both infected and NaCl sham-inoculated controls were killed and the con-
centration of the isotope in the plasma and various tissues was determined
and compared, Infected animals demonstrated significant decreases of ©5Zn
in the plasma with significant increase in the liver when compared to
controls.

Furthermore, if LEM is truly an intermedlate released during the
infectious or inflammatory process, then it too should stimulate a
redistribution of the metals when administered to a normal rat. Rats
were then pulse labeled in the same manner with either ©®zZn or “I¥e and
administered LEM (150 ug protein IP). As predicted LEM produced signiti-
cant decreases in the plasma levels of ®%Zn and °9Fc with significant
liver uptake of the 2 isotopes when compared to controls, These data
suggest that infection induces a rapid redistribution of Zr and Fe within
the host, and this redistribution is mediated by an endogenous factor (LEM).
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Summary, Part IIIL:

Isotopic studies have demonstrated that infection produces a rapid
redistribution of Zn and Fe in the tissues of the host. The same re-
distribution can be demonstrated when LEM is administered to the normal
host, which adds further support to the role of LEM as an early inter-
mediate in altered host metabolism during the inflammatory process,

Progress, Part IV;

Two elunents of recent biological interest are Cr and NI, Cr has
sech showa to ve an essential micronutrient with lus defliciency being
caracterizea by impaired growth and disturbances in glucose, lipid and
Jrotein wetabolism. ¥ kecently, increased serum NI concentrations have
peenn feported in pacients following acute myocardial infarction,!®
However, In order to study the effect of acute infection and other
Inflammetory stresses on Cr and Ni metabolism, large numbers of samplug
iron various flulds and tissues have to be examined, Altbough Cr and NI
lave been measured in biological materials by a variety of analytical
methods, the technlques required tedious extraction and ashing procedures,
were time consuming, and offered considerable opportunities for sample
contamination from exogenous sources.

What was needed was a method, whereby Cr and Ni in biological samples
could be measured directly in a rapid, accurate and reproducible manner.
Recently, a new Perkin-Elmer Model 403 spectrophotometer with a heated
graphite atomizer was obtained and installed, This new equipment has
allowed for the development and employment of newer techniques to measure
and analyze such trace metals as NI, Cr, Al, Co, and Cd in biological
samples,

By the use of the new heated graphite furnace serum Cr and nNi
concentrations can now be measured directly by atomic absorption
spectrophotometry In 50-ul serum samples. DPretreatment or tedlous uex-
traction procedures on large serum samples can be avoided by this simple,
rapid and reproducible method. A 50-ul serum sample is inserted inte
the graphite cell where it is dried, ashed and atomized in less than 13
min. Interference by other trace metals or electrolytes is eliminated
by proper program selection., When serum (r and Ni concentrations were
measured in a group of 20 healthy young adults (Medical Division Protocol
FY 72-2) meec: serum concentrations of 0.17 ug/l00 ml (S0 = % 0.06) and
1.5 pg/l00 mi (SD = * 0.5) were obtained for Cr and NI respectively.

The coefficients of variability for 15 determinations on a single pooled
scrum sample were 6% for Cr and 5% for N1, The human scrum Ni cencen—
trations in this study either correspond to or are slightly lower than
those reported in the literature, The serum Cr concentrations reported
acrein are at least one log lower than those previously reported. These
lower results can be attributed to beth the scensitivity of the system
and the rcduction of possible sources of exogenous contamination.,

41
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Summarz, Part 1V:

By use of a heated graphite atomizer, serum Cr and Ni can now be
measured directly by an atomic absorption spectrophotometric technique
in samples as small as 50 ul of setum, Pretreatment or tedious extraction
procedures on large serum samples can be avoided by this simple, rapid,
and reproducible method,
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2, Pekarek, R. S., and E. C. tauer., Direct determination of serum
Cr and N1 by an atomic absorption spectrophotometer with a heated graphite
furnace, Presented at Federation of American Socleties for Experimental
Biology, Atlantic City, New Jersey 9-14 April 1972,

3. Belsel, W. R., R. S, Pekarek, and R. W, Wannemacher, Jr, Effects
of leukocytic endogenous mediator (LEM) on the distribution in tissues
of zinc and iron., Presented at Federation of American Societies for Ex-
perimental Biology, Atlantic City, New Jersey 9-14 April 1972,
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Description:

Purify and characterize several chemical mediators of infection,

2rogress:

Work on the purification of the endogenous mediator of fever,
endogenous pyrogen (EP) was continued, The use of preparative acrylamide
gel =lectrophoresis appeared promising; due to the small quantity of starting
material that can be used with this technique, very little or no material
was available for further characterization after necessary assays and controls
to establish the presence of EP had been performed. These preliminary
studies suggested a molecular weight considerably higher than that obtained
by other methods, which may suggest that EP is capable of polymer formation.

In order to obtain sufficient amounts of unpurified EP material for more

" definitive study, it thus became necessary to utilize a preliminary

purification technique, The requirements for this technique were: (1) Minimal
loss of activity due to degradatior or non-specific adsorption, (2) Abilitw
to handle large volumes of starting material, (3) Removal of significant
amounts of non-active material, and (4) Potential for concentration and/or
desalting. A survey of large volume preliminary purification techniques
including zonal centrifugation, zone electrophoresis, preparative
precipitation, ion exchange and molecular seive chromatography, and membrane
ultrafiltration suggested that the last best satisfied the above
requirements. Accordingly preliminary studies were undertaken using the
Amicon stirred pressure cell apparatus already available. Tt was found that
the apparatus could be rendered pyrogen-free by extensive washing, and that
large amounts of EP activity could be obtained without apparent degradation,
although with some losses presumably due to non-specific adsorption.
Therefore, an improved version of this apparatus permitting move rapid
processing with less possibility of non-specific adseorption was ordered

and is presently being evaluated,
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Recently, a report {n the literature' of significant purification of EP
has appeared.  The authors used membrane ultrafiltration as the starting
step, followed by 2 column steps and finally electrofocusing and report
final specific activity in the nanogram range, but unfortunateiy also have
ingufficient materlal .or further definitive characterization. The major
logses of activity seem to be in the 2 column steps.

Summary:

The major problem ia purification of endogenous pyrogen has proven to
se tae small amounts of material available after purification procedures, due
to bots the high specific activity of the material and procedural losses.
NMemdrane ultrafiltration has been used to overcome these difficulties. Pre-
liminary results suggest this to be a satisfactory pre-purification procedure.

Publications:
None.
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1. Murphy, P. A.,, P, J, Chesney, and W. B. Wood, Jr. 1971,
Furification of an endogenous pyrogen, with an appendix on assay methods.

In Pyrogens and Fever, (G. E. W. Wolstenholme and J. Birch, ed.) p. 59 to
79. Churchill Livingstone, Edinburgh.
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23 (UY Evaluate biological activity, rule and significance of serum glycoproteins
in the early diagnosis of infectious diseases., This work unit is an essential
element In a comprehensive program for medical defense agalnst BW agents,

24 (U) Determine serum glycoprotein and protein electrophoretiic patterns in normal
and infected states using improved techniques, in order to understand their
significance,

25 (U) 71 07 - 72 06 - Methodology has been standardized for a more complete and
accurate characterizdrion of serum proteins and glycoproteins, Normal baseline
values have been collected for man, rhesus monkey and rat, Changes which occur
in these substances in disease conditions appear (1) to be nonspecific with
regard to inciting agent, (2) have a high priority in the host response. and (3)
may be triggered by the release ~f host endogenous mediator(s).
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Project No, 1W662711A096: Medical Defense Aspects of Biolegical Agents (1)

Task No, 1W662711A096 03: Luboratory Identification cf Biological Agents

Work Unit No. 096 0 012: Evaiuation of Ser— %lycoprotein Changes in
Farly Diagnosis fectious Illnes. of
Medical Importai.

L S
JESCT LI a0ns

Eveluate biological activitv, role and significance uof serum glvco-
osroteins in the early diagnosis of infectious diseases.

rrogress:

| During the year we have been able to standardize techniques and
procedures for a more complete and accurate characterization of serum
glycoproteins.

i To measure total glycoprotein concentration we have standar-ized

: procedures for analyzing 4 major carbohydrate moieties contributing to the
sugar portion of serum glycoproteiln concentration. These sugar mofeties
are hexose, hexosamine, sialic acid and methylpentose; the sum of their
concentrations in serum represents total serum protein-bound carbohydrate

1 and is thus an index of total glycoprotein concentration. This value, when
: combined with cellulose polyacetate electrophcresis of serum and :zalning
for glycoprotein with periodic acld-Schiff reagent, can then be used to
compute absolute and relative amounts of glycoprotein in each of the electro-
phoretic fractions. Likewise, using total serum nrotecin determined by a
biuret method and electrophoresis followed by staining for protein, similar

1 parameters can be quantitated for serum proteins. Computer programs have
1 been written to derive all the abuve mentloned values from raw laboratory
data.

The Farrand Chromatogram Analvzer has been adapted for scanning
cellulose acetate electrophoretograms stained for protein and glycoproteine,
This machine provides a more accurate and less lahorious meched of scanning
our electrophoretcgrams than the Beckman Analvtrol. Compared to the Farrand '
Chromatogram Analyzer the Beckman Analyvtrol gives an crroneously high i
percentage of albumin and low percentages of all plobulin fractions.
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Employing the above described techniques and procedures we first
established baseline values, At this time we have collected normal values
for man (Medical Division Protocol FY72-2), rhesus monkev, and rat., The
vialues for the first two are relatively similar but significant differcnces
are found when these 2 species are compared to the rat. For example, man
has a total protein-bound carbohydrate concentration of 220.07 + 4,88 mg/100 ml
(mean + SEM) compared to 1392.16 + 16.20 mg/100 ml for the rat, 1In man 14,7
+ 0.8% of this total glycoprotein falls in the 11 glycoglobulin fraction and
28.1 + 0.7% in the .y fraction, Whereas in the rac the percentage distribution
¢f fhwde 2 rfrecions 1s 53,4 v 1,6 and 15,7 + 0.9 respectively. Differencos
A wins Bagaalual mese be céhen into con.ideration when interpreving
SRPUFLaeaULL Tehlals JIum GlJier. at species,

SeConciy, We medsuge. changes in protein and plveoprotein patterns of
veln dndeaied witi oo systemic febrile disease induced by Diplococcus pneumonise,
2F w 1olalided wrebrile inflamnatory reaction elicited hv the subcutaneous
cnjection ol sterile turpeatine.*  In both instanceu, changes in patterns of
prasma droteins and glycoproteins were similar and characterized bv: an
4db3vulaie decrease in albumin, increased «2 and .~ globulins, an even more
dramatic absolute increuse in u,, @y and & glycoglobuling and total plasma
protein~bound carbohydrate including elevations in each of the 4 individual
carbohydrate moieties measured. Furthermore, these same patterns of change
were seen in rats which were starved to a 25% body-weight loss prior to being
stressed with either pneumococci or turpentine. It was concluded therefore:
(1) the changes noted in plasma proteins and glycoproteins were nonspecific
with respect to inciting agent; and (2) these changes occupy a high priority
in the host response, in that they occur despite drastic reductions in
nutritionally derived plasma precursor pools.

Lastly, we began an investigation to determine if leukocytic
endogenous meiiator (LEM), similar to that described by Pekarek,: may be
responsible for these changes. Amino acid, Zn and Fe movement into 1iver
found to occur following LEM administration to normal rats,  has been also
found to accur in pneumococcal infected rats.” Preliminary data in this
iaboratory also document such a flux in turpentine-stressed rats., Injuction
of LEM into normal rats produces an absolute decrease in albumin, increascs
in ip globulin and # glycoglobulin fractions and total protein-bound carb..-
Aydrates., These data are within the pattern of change seen with pneumococcal
infected or turpentine inflamed rats, therefore suggesting that some such
mediator(s) may be involved in triggering these changes.

Summazy:

Methodology has been standardized for a more complete and accurate
characterization of serum proteins and glycoproteins. *ormal baseline values
have been collected for man, rhesus monkey and rat. Changes which occur in
tucse sabstunces in disease conditions appear (i) to be nonspecific with
cegard to inciting agent, (2) have a high prioritvy in the host-response, and.
(3) may be triggered by the release of host endogenvus mediator(s).

i
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Presentation:

Cockerell, G. L. Plasma protelin and glycoprotein changes in
inflammation, infection and/or starvation. Presented at Annual Meeting
of Federation of American Socileties for Experimental Biology, Atlantic
City, New Jersey, 9-14 April 1972,

Publications:

1. Klainer, &, S., E. Dixoa, and W. R. Beisel, 1971, Serum glyco~-
oroteins in acute infection, Clin. Res. 19:675 (abstract).

2. Rollins, J. B., T. D, Shultz, and R, H, Flser. 1972. Serial
measurements of serum protein, glycoprotein, and lipoprotein fractions In
normal and Venezuelan equine encephalomyelitis-vaccinated ponies and
burros. Amer, J, Vei. Ree. 33:323-327,

3. Cockerell, G. L, 197?. Plasma protein and glycoprotein changes
in inflammation, infecticn and/or starvation, Fed. Proc. 31:710 (abstract).
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BODY OF REPORT

Project No, 1W662711A096: Medical Defense Aspects of Biological Agents (1)
Task No. 1W662711A096 03: Laboratory Identification of Biological Agents

Work Unit No, 096 03 013: Serum Protein and Enzyme Changes for Diagnosis
of Militarily Impoxrtant Infectlons

-

oescription:

Evaluate changes in serum proteins and isoenzymes occurring during
infectious disease and elucidate the kinetics of such changes as an aid
to early diagnosis,

Progress:

In a cooperative study with a contractor (University of Maryland,
DA49-193-MD~2867), sera of typhoild fever patients were examined for
lactate dehydrogenase (LDH) activity. Eleven volunteers with experimentally-
induced typhoid fever had significant rises in LDH levels day 1 post=
infection. Analysis of these sera by polyacrylamide gel electrophoresis
indicated that LDH isoenzymes 1, 2 and 3 were noticeably increased during
the incubation period, in some instances as much as a week before clinical
evidence of illness! was seen. A possiblc source of the increased
concentration of these isoenzymes may be the leukocytes which contain
primarily these LDH forms” and release them during phagocytosis.3

Experimentation regarding staining techniques for glycoproteins and
ceruloplasmin was carried out during this period. Marked qualitative
changes in serum glycoprotein patterns in rats either infected with
Diplococcus pneumoniae or subjected to turpentine abscess were seen (see
Work Unit 096 03 012).

The Ortec slab acrylamide gel electrophoresis system has also been
used to monitor progress in the purification of the endogencus medlator(s)
of the alterations in serum trace metal concentration, in amino acid movement
and in serum protein synthesis (see ulsc Work Units 096 01 009 and Q96 03 016).

Summarys

Qualitative increases in LDH isocnzvmes forms 1, 2 and 3 were shown
to occur in the sera of volunteers exposed to typhold fever during the
incubation period, long before clinical signs of i{llness,

Stains for other enzymes possessing multiple active forms as well as
for glycoproteins are being evaluated.
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Publications:

Wannemacher, R, W,, Jr., H. L. DuPont, R. S. Peckarek, M. C. Powanda,
A, Schwartz, R, B. Hornick, and W. R, Beisel. 1972, Evidence for an
endngenous mediator of serum amino acid and trace metal depression following
experimentally-induced typhoid fever in man., J., Infect. Dis. In press.
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11, Antisera which are active in neutralizing the biologic activity of mouse
interferon have been produced, The application of an immunological technique for
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indicates that the interferon system {s important ‘n determiniog the vield of virus
from tissue culture., Interferon sensitivity may be one of the factors one should
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BODY OF REPORT

Project No. 1W662711A096: Medical Defense Aspects of Biological Agents (U)
Task No. 1W662711A096 03: Laboratory Identification of Biulogical Agents
Work Unit No. 096 03 402: Development of Methods for Detection and Assay

of Interferon for Rapid Identification of
Illnesses of Military ILmportance

Sevelop methods for the detection and bioassay of interferon.

Proaress, Part I1:

Interferon (IF) from several human cell cultures were prepared and
assayed. The IF preparations were processed by aseptic dialysis against
buffers of pH 2 and 7.4. Their characterization included the following
criteria: (1) noninfective for embryonated eggs, (2) not antiviral in
chick embryo cell cultures, (3) unable to neutralize the challenge
viruses, and (4) retained antiviral activity after cemtrifugation at
100,000 X g for 3 hr.

One source from human embryo cell cultures was produced by exposure
of these cells to live Newgastle disease virus, strain Bl (NDV Bl), and
collecting the interferon in medium 199 containing 2% fetal bovine serum.
The methods of inducfion were suggested in literaturc references using
the CG strain of NDV" and a UVe-irradiated strain of NDV4, These_anti-
viral fluids were assayed on human foreskin (CCL54, Detroit 532)~ and
Hel.a cells using Venezuelan equine encephalomyelitis (VEE) virus for
challenge, with the results shown in Table I.

TABLE I. RESPONSE OF HUMAN FORESKIN (CCL34) AND HELA CELLS TO
INTERFERON PREPARED FROM PRIMARY HUMAN EMBRYO (WHOLE)
CELL CULTURES WITH NDV Bl

BIOASSAY ) IF TITERa/
CELL TYPE PR.,/3 ml
50
Human foreskin 5000-8000
Hela 126

a. Plaque-reduction titer, 507 reduction,
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The results indicate that the interferon serves convenlently as an internal
standard for the bioassay of interferons of human origin.

An interferon was produced from human foreskin cclls (ATCC, CCL54) in
response to infection with live NDV Bl, The interferon was produced in serum-
free medium 199, and assayed in homologous cells by a yield reduction method,
The antiviral spectrum spectrum of this interferon can be seen in Table 1I.
These levels of interferon supercede those plaque reduction values presented
previously for this interferon”.

TABLE II, LEVELS OF A HOMOLOGOUS HUMAN FORESKIN (CCL54) INTERFERON AS
ASSAYUD Y A YUDLD-INALBITION MITHOD AGAINST 5 VIRUSES

CaALLENGE VIRUSES INTERFERON LEVELS

UNITS/3 ml
Sindbis 1000
Encephalomyocarditis 320-800
Vesicular stomatitis 320-500
Westexrn equine encephalitis 320
VEE 160-200

Evidence was obtained that the addition of 2% fetal bovine serum to the
human foreskin interferon amplifies its antiviral activity in a yield-reduction
assay against the virus of Western equine encephalitis.

Interferons of human cell culture origins wera also produced in 2 additional
cell strains as shown in Table III,

TABLE III., ANTIVIRAL TITERS OF WI=-38 AND MA-160 CELL INTERFERONS BY
PLAQUE REDUCTION OF VEE IN EUMAN AMNION CELLS (AV,)

INTERFERON SOURCE INDUCING VIRUS IF TITER

CELLS PR50/3 ml
Sendai 8
WI-38, human NDV Bl 6
embryonic lung
NDV (Herts) 2.5 ‘
NDV Bl UV-irradiated 6.3 !
MA-160, human Sendai 16 ;
prostatic adenoma
Sendai (37 C, 18 hr) 2
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These titers are not elevated, and higher IF titers were fouand when
3 the interferon produced in WI-38 cellg in response to Sendal virus was
; assayed in homologous and Hela cells.” Thus, Sendai virgs was shown to
! induce intsrferon 15 WI-38 cells, and joins Chikungunya,” respiratory
syncytial,’ and NDV® as known interferon inducers in this cell strain,

Previous procedures had indicated that when guines pigs were in-
jectedgwith attenuated VEE vaccine, strain TC-83, and a L-cell inter-
feron,” a neutralizing antibody of about 1/8 for the mouse interferon
wis demonstrable. Immunization schedules are being planned for inocula-
Lo Ui aredtatendal anlhcie with selectud human interferons harvested

¢ W RO SUI~ LU aelhd,

S A - 4y C e e .
ATV PN )

i A hwaan intericron preparation from human embryo cell cultures

i convenient for use as an internal laboratory standard has been produced.

i Interferons from human foreskin, WI-38, and MA-160 cell cultures have been
produced in serum-free media are suitable for study of their chemical and
physical characteristics, and are convenient for use for immunization of
lower animals.

Progregs, Part II:

Sera obtained from rabbits and guinea pigs iomunized with chick and ;
mouse interferons were tested for anti-interferon activity, None was D
found in sera from animals immunized with chick interferon. Serum from
guinea pigs immunized with mouse interferon has been shown to contain
anti-interferon activity. In order to obtain isotopically labeled inter-
feron for use as a test antigen, thz induction of L-cell interferon by
NDV (B, strain) was carried out in the presence of tritium labeled amino
acids, Partial purification of the interferon was attempted by the use
of gel chromatography. The yield of interferon from the labeling experi-
ment was low and biological activity was not recovered from the column,

A study of the effect of attenuation of a virus on the sensitivity
to and production of interferon was carried out with several strains of
VEE and Western equine encephalomyelitis (WEE) viruses. The results
show that at high multiplicities of infection (MOLl) more interferon and
less virus are produced by chick embryo cells (CEC). Furthermore when
the virus inoculum is grown in CEC, more chick interferon and less virus
are produced by CEC when compared to mouse brain inoculum at the same
MOI. Chick interferon was demonstrated in the CEC grown inoculum and
the results above are probably due to the "priming" phenomenon.10 The
Trinidad and TC-83 strains of VEE were found to induce approximately the
same amount of interferon; the attenuated Cl-15 strain of WEE induced
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more interferon that the parent B628 strain. A larpe and small plaque variant
were selected from the seed stock of Trinidad VEE virus. The virulent strains
were found to be less sensitive to both chick and mouse interferon when com-
pared with the 1TC-83 attenuated strain. These results suggest that interferon
sensitivity may be one of the factors that should be selected for in the
attenuation of a virus strain. The virulent and attenuated VEE virus strains
may be useful in investigating the role of interferon as a specific host
defense mechanism,

Summary, Part II:

Antisera which are active in neutrallzing the biologic activity of mousc
interferon were produced, The application of an immunological technique for
the assay of interferon must await further developments in the labeling and
purification of the interferons. A study of virulent and attenuated strains
of VEE virus indicates that the interferon system is important in determining
the yield of virus from tissue culture and suggests that interferon sensitivity
may be one of the factors selected for in the attenuation of a virus strain.

Presentation:

Luseri, B, J, Several observations on the induction and bioassay of
interferon from human ¢ell cultures. Presented at Annual Meeting of American
Society for Microbiology, Philadelphia, Pa. 23-28 April 1972,

Publications:

1., Luseri, B, J, Several observations on the induction and bioassay
of interferon from human cell cultures. Abst., Annual Meeting ASM, 1972,

2. Jordan, G, W, 1972, Basis for the probit analysis of an interferon
plaque reduction assay. J. Gen. Virol, 14:49-61.

3. Jordan, G. W, 1972, Quantitative aspects of interferon induced
plaque reduction: Kinetics of interferon action., Virology. 48:425-432,

4, Jordan, G, W. 1972, Effect of interferon on the production of
hemagglutirins and infectivity of GDVII virus. Arch. ges.Virusforsch. 1In
press.
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’ TECHNICAL OMJECTIVE,Y J4 APSROACH, 20 PROGRELS (Fusiih inds vidus! potagioph s ideniitied by ruinber pnuda tont ol sach with Sucwtity Classilicoiion 1 nde

23 (U) Develop an in vitro diagnostic test for rapid detection of antibody to viruses
causing militarily significant disease, Detect antigenic and biochemical variation
among closely related viruses, This work unit is an essential element in a compre-
hensive program for medical defense against BW agents,

24 (U) Virus-antibody complexes are separated and detected by cellulose acetate
electrophoresis and column chromatography,

25 (U) 71 07 - 72 06 - An identification procedure was developed to determine the
strain grouping of unknown VEE field specimens using the microprecipitation test

(MPT) to detect minor antigenic differences among the virus strains, Six fleld
specimens, previously classified by subgroup by the kinetic hemagglutination-inhibition
technique, were similarly identified by this laboratory using MPT., Methods are belng
studied to increase the sensitivity of the MPT using 125-1-labeled globulin, Clinical
specimens from rhesus monkeys experimentally infected with rubella virus were examined
for detection of specific antigen using the MPT,

Column chromatography of selected VEE viruses on calcium phosphate gel offered a
simple and reproducible method for examination of biochemical characteristics and
relatedness of strains within the VEE complex,

Isolation of VEE virus from mosquitoes captured in Louisiana during the Texas
epizootic will be reported in Applied Microbilology soon to he published,

Publications: Appl. Microbiol. 22:143-144, 1971;

Terminated sfnce FY 1973 funding will be under The Surgeon General, Army,
New Project No. 3A062110A834; Accession No. DA OC6418.
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BODY OF RUEPORT
Project No. 1W662711A096: Medical Defense Aspects of Biological Agents (U)
Task No. 1W662711A096 03: Laboratory ldentification of Biological Agents
Work Unit No., 096 03 403: Separation, Purification and Cocncentration of
Arbovirus Agents and Antigen-antibody complexcs
for Military Medicine
Juscripiicn:

Develop 4n in vitro diagnostic test for the rapid identification
of viruscs causing militarily significant discase. Detect antigenic
variation among closely related viruses,

Progress, Part I:

The microprecipitation test (MPT) was employed to detect antigenic
differences among strains of Venezuelan encephalomyelitis virus (VEE{
representing each of the 8 groups characterized by Young and Johnson
using kinetic hemagglutination inhibition (KHI) technique. Tissue culture
virus materials of these 8 strains of VEE were produced frum the superndatant
fluid harvests of infected duck embryo cell monolayers. These materials
were concentrated by DEAE - cellulose chromatography and ultracentrifugation
in order to prepare high titered antigens for use in the MPT. Table 1
shows PFU and hemagglutinin (HA) titers? of the antigens,

TABLE 1. TITRATION OF VEE ANTIGENS
/
ANTIGEN PFU/m18’ RECTPROCAL
Name A Group HA TITER
Trinidad la 10.9 3200
TC-83 unclassified 11.6 3200
Ica 1b 10.6 3200
P676H Ic 11.0 3200
3880 1d 1o, 3200
Mena 11 le lu. 7 800
Fe 3-7¢ 11 10.5 1600
Mucambo (MUC) 111 11.3 6400
Pixuna (PIX) v 10.1 400
a. Assayed on chick embryo cell monolayers.
. e - i G PRy L), il
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TALBLE 11, HEMAGGLUTINATION-INHIBITION T1TERS OF RABBIT ANTI1SLRA

ANT1SERUM RECIPROCAL
HI T1TER®/

Trinidad ~5120

“Cr03 3120

v 5140

S 3140

2020 3120

yMelda da 640

Fe 3-7¢ 2560

MUC 320

PIx 320

a. All sera tested for HI activity against 8 units of Trinidad VEE
antigen.

Antisera for the MPT were produced in 2-2.5 kg New Zealand albino rabbits
inoculated with formalin-inactivated suckling mouse brain preparations of the
strains. Table I1 shows the hemagglutination-inhibition (HI) titers of the
antisera. An antigen-antibody reaction pattern was cstablished for each
antigen using the MPT. Dilutions of (l:4 - Ll:64) of vach antigen were
reacted in the MPT with dilutions of 1:10 - 1:i60, respectively, of the
different antisvra. Such block testing revealed that cach antigen possessed
a unique pattern of reactivity differing from other antigen prototypes.
Table II1 shows the scoring of the antigen-antiscra reactions. From this
tabulation a standard test pattern, as shown in Table 1V was developed to
identify the strain prototypes of unknown specimens.
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Blind experiments were conducted using the B antigens coded, but
not strain labeled. Correct identification of thesce antigens proved
possible using the test standard. To prove the validity of the
established standard for identifying strains of unknown field specimens,
VEE virus strains obtained from Drs. Sherer and Shope were subjected
to these identification procedures. The virus materials were grown
in duck embryo cell monclayers and the supernatant harvest fluids
concentrated by cellulose chromatography and ultracentrifugation to
prepare antigens. Using the antisera to the 8 original strain prototypes,
in Jilutions selected for the standard pattern, the antigens were
sudjewitec o tae MPT. Tae resulting values obtained in the standard ;
Suel patfuds were used to classify che antigens into VEE strain groups |
LaVidg sadmiidar antigenic reactivity., Six antirens have currently been
eXGnined Waid onis identification procedure. This laboratory, was
Wile .0 pidle O antigens into the identical straip groups Young and
coanson desipnated using the KHI technique.

Modification of the MPT utilizing 1%°1 labeled globulin is ;
currently under investigation, Successful detection of small amounts %
of antigen in field or clinical specimens is not possible with the i
present MPT. Currently, antigen must have a titer of 10 logs of virus 1
material before the antigen-antibody mixture will result in a vis%ble
precipitate in the MPT. Feasibility is being studied for using 125;.
globulin complexed directly with an antigen or complexed with an
antigen-antibody reaction mixture in the MPT., Such successful
modification of the MPT should allow the detection of small amounts
of viral material as might be found in c¢linical or field specimens,

Currently experiments are being conducted to detect rubella virus
in clinical specimens from rubella-infected rhesus monkeys. Tissue
culture methods revealed virus in throat specimens; however, conventional
MPT on replicate specimens failed to detect the antigen., Studies are
continuing tc use the MPT 1251 modification for detection of rubella
antigen.

Summary, Part I:

An identification procedure was developed to determine the strain
grouping of unknown VEE field specimens using the MPT to detect minor
antigenic differences among the virus strains. 8ix field specimens,
previously classified into subgroups by the KHl technique, have been
similarly identified by this laboratory using the MPT. Methods are
being studied to increase the sensitivity of the MPT using 1251 1abeled
globulin, Clinical specimens from rhesus monkeys cexperimentally
infected with rubella virus are being tested with MPT for detection of
the antigen.
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TABLE IV, STANDARD TEST PATTERN FOR VEE STRAIN IDENTIFICATION
ANT1SERUM ANT1GEN

Reciprocal at highest dilution showing + reaction
Name Dilution Trin., TC-83 1Ica P476 3880 M;rlxa MUC PIX
Trinidaé  1:60  e4?/ 32 32 32 8 8 2 8
7¢-83 20 32 32 2 3z 16 2 2.2
Ica 1:40 32 32 32 64 16 4 - -
P676 1:40 64 32 64 64 8 8 - -
3880 1:20 8 64 32 le 8 8 le -
Mena 11 1:20 32 32 32 64 4 8 16 -
Fe 3-7¢ 1:10 8 8 16 64 2 8 - -
MUC 1:40 8 - 16 - 4 8 32 -
PIX 1:40 8 - 4 - 4 - 32 4
a. No reaction with undiluted antigen, when retested below 1:4.

N

bl el at 1% b o+
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TABLE V. PHOSPHATE MOLARITY OF PEAK VIRUS INFECTIVITY

| ANTIGENIC VIRUS FRACT 10N PHOSPHATE
GRouPl STRAIN NUMBER MOLARITY
Ia Trinidad 20 0.25
- - 7C-83 18 0.23
Ib Tca 20 0.25
| - - 9859 20 ¢.25
Ic P-676 19 0.24
1d 3880 17 0.22
Ie Mena 11 18 0.23
112/ Fe 3-7c 14 0.19
25 0.30
111 Mucambo 31 0.36 ]
v Pixuna 27 0.32 ﬂ

a. Two peaks of virus infectivity have been observed.
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; TABLE V1 VIRUS ISOLATIONS BY AREA

.
soanstesalnstind

MOSQUITO SPECIES POOL SIZE VIRUS COLLECTION REF, NO.
AND DATE
Cuiisvia melanura 28 EEE BRl/-18-214/11s2 Aug
: e wanonnid 200 VEE ALE/-26-222/17-10 Aug
Culcn Carsa.is 104 WEE op2/-14-212/06-31 Jul
C. ta¥sdias 71 WEE OD-14-219/08-7 Aug
C. tarsalis 30 WEE 0D-24-221/05 - 9 Aug
” C, tarsalis 39 WEE 0D-25-221/08 - 9 Aug
€. tarsalis 100 WEE OD-14-226/06 - 14 Aug
Acdes thelcter 18 WEE 0D-25-228/02 - 16 Aug
E_ C. tarsalis 67 WEE 0D-25-228/09 - 16 Aug
Psorophora discelor 96 WEE 0D-25-228/14 - 16 Aug
C. tarsalis 15 WEE 0D-01-229/07 - 17 Aug
P. confinnis 106 VEE 0OD-28-230/17 - 18 Aug
C. tarsalis 100 WEE 0D-24-235/01 - 23 Aug
C. tarsalis 100 WEE OD-25-235/23 - 23 Aug
C. tarsalis 100 WEE AMé/-31-217/12 - 5 Aug
C. tarsalis 100 WEE AM-31-217/13 - 5 Aug
Acdes nigromaculis 100 WEE AM-32-217/03 - 5 Aug
C. tarsalis 23 WEE AM-20-228/02 - j6 Aux
L. tarsalis 100 WEE AM-05-231/01 - 1% Aup
<. tarsalis 100 WhE AM-05-231/03 - 19 Aug

C. tarsalis 100 WEE AM-05-231/04 - 19 Aug

S i U Jop R R PPN ot FIPFBRE ST SEFIRERBVE.ES TR WS- AT e e
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TABLE V1.

—

VIRUS 1SOLATION BY AREA (Continued)

MOSQUITO SPEC1ES POOL 81ZE V1RUS COLLECTION REF, NO.
AND DATE

C. tarsalis 104 WEE AM-322231/05 - 19 Auy
Co tarsals 100 WEE AM-17-235/03 - 23 Aug
Co fdinuula 100 WEE AM-18-235/01 23 Auyg
. IR 100 WEE AM-15-235/03 - 23 Auy
L.oofirsaiis 16 WEF AM=18-235/04 - 23 Augp
€. gtarsdiia 100 WEE AM-21-235/12 - 23 Aug
C. tarsalis 100 WEE AM-21-235/10 - 23 Aug
Culex Spp. 1 WEE AM-01-237/15 - 25 Aug

1. Collecting
2, Collecting
3. Collecting
4. Collecting

Progress, lart

teanm based
team based
team based
team basced

11:

In an attempt to differentiate virus strains within the VEE complex

at Baton Rouge, Louisiagna.
at Alexandria, Louisiana.
at Odessa, Texas.

at Amarille, Texas.

we have used the brushite form of calcvium phosphate, as described by

!
Burness® for column chromatography.

of virus populations from brushite, probably involves propertics unique
to ecach prototyps virus, which mav be a reflection of the charge on the

viral membrane.

1.3

Adsorption to, and subscquent clution

347
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Column chromatography utilizing calcium phosphate provided reproducible
chromatographic separation, good flow rates, and routinc recovery of at
least 90% of applied viruses. The results of chromatography with the
T¢-83 vaccine strain of VEE virus gave a pattern which was representative
of the antigenic subgroup 1 VEE viruses examined. Both virus and HA
activity eluted in a sharp peak which was associated with a minor peak
of optical density. The phosphate molarity which corresponded with
maximal infectivity of VEE viruses is shown in Table V. We found that
antigenic subgroup 1 varieties elicited virus peaks in a very narrow
range suggesting an intimate biochemical relationship.

Memburs of antigenic subgroups 11, II1 and IV exhibited unique
pro’iles, Lxamination of Fe 3-7c (subgroup 1I) exhibited 2 peaks of virus
intectlivity wnich suggested a differentiation of plaque size variants,

The viution profiles of Mucambo, Pixuna and Mena 11 viruses indicated
different sucrface properties imong thesc strains., Mena 11 is a member
of subgroup le, while Mucambo and Pixuna belong to subgroups 111 and 1V
respuctively.

Summary, Part [1:

Column chromatography of selected VEE viruses on calcium phosphate
gel offered a simple and reproducible method for examination of biochemical
characteristics and relatedness of strains within the VEE complex. Members
of antigenic subgroup 1 demonstrated a series of elution profiles within
a narrow range of 0.22 to 0.25 M phosphate buffer. Members of antigenic
subgroups 1I, 111, and IV differed substantially among themselves and viruses
of antigenic subgroup 1.

Progress, Part II11:

Between 28 July and 26 August 1971, 13,193 pools of mosquitoes (501,992
mosquitoes comprising 52 species) were collected by U.S. Army Field Collection
and Sorting Teams, Fifth U.S. Army Medical Laboratory, Fort Sam Houston,
Texas. These pools were processed for the isolation of Group A arboviruses
as recommended by the Center for Disease Control (Sudia, personal communication)
bv inoculation of primary duck embryo cell cultures followed by an agar-
medium overlay to contain the toxicity of the mosquito pools. The supernatant
rluid, obtained by freezing and thawing, from those cells producing plaques
was inoculated into suckling mice and the brains of the mice which died were
vxamined for viral antigen using monospecific sera with the complement
fixing (CF) technique,

Table VI lists the isolations by arcva of collection. There were 20
isolations of western equine encephalitis (WEE) from pools collected in
areas of West Texas known to be evndemic for the virus., There was a single
isolation of vastern cquine encephalitis (EEE) from a pool of mosquitocs
collected on 2 August near Madisonville, $t. Tammanv Parish, lLouisiana.

G A U SRPI-CE1 S VS S Pt DRSS
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Two strains of VEE were recovered: (1) an avirulent strain from
4 pool ot 100 Psorophora confinnis collected {n Bvangeline Parish,
Louisiana, on 10 August and (2) a virulent strain from a pool of
106 P, confinnis collected west of Del Rio, Valverde County, Texas,
on 18 August, The avirulent strain has been extensively studied at the
Cmter for Discase Control, Atlanta, Guorgia, the Middle American Resvarch
Unjt, Panama, as well as in this laboratory, 1t is type 1A virus; its
in vivo virulence pattern indicates that it s the vaccine strain,
Mechanical transmission did not scem to be important sinee all visiblv
cigoryed mosquitoes were oxeluded from pools; the titer of the pool
(idd X 103 PRUL/mI) indicated that this was a true infoction with a
subsoquent extrinsic incubation period, Reisolutions from the original
pool were completed at the CDC as well as here at USAMRIID. Horses
had been vaceinated in the area of Louisiana whero this particular pool
wias collected during Julv and perhaps as last as [0 August.  The
P, confinnis mosquito has been the most highly infeetod species of those
collected in the epidemic arcas of Mexico and the U, §. (Sudia, personal
communication); the single {solation durding a project lasting 0 weeks
indicates that the occurrence of the vaccine strain in mosquitoes while
a true finding is extremely rarce.

The initial pools were received on 3 August, the final pools on 20 4
September and the final report was forwarded to the coordinator, LTC
Bruce Eldridge at Walter Reed Army Institute of Rescarch on 12 October 1971,

Summary, Part 111:

A total of 13,193 peols of mosquitoes collected in arcas periphoeral
to the VEE epidemic which occurred in South Texas from June to Aupust
1971, were examined for the presence of Croup A arboviruses., A single

L
fsolation of EEE, 26 isolations of WEE., and 2 isolations of VEF woere made,
One of the VEE 1 solates was the vaceine strain.
Publications:
1. Levitt, N H., K. R. Amsler and R, W, McKinney., 1971, Rapid
detection of viral antibode by coellulose acetate clectrophoresis.  Appl, ;
Microbiol. 22:143-144. ]
1
. ' . , N R R S i
2. Pedersen, C. E. Jdr., Do M, Rebinson, and ¥, L, Cole, Jdv. 1970, H

ITsolations of the vaccine strain of Venesaelan equine encephalomvelijtis
virus from mosquitovs in Louisiara. Amer. J, Epidemiol. In press,

3. Pedersen, Co K. Jdr,, Do R Slocum, and N H, Levitt., 197!
Chromautography of Venezucelan cquine encephalomvelitis virus strains on
calcium phosphate, Appl. Microbiol. 1In press.
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3 (U) Identify diseases by detection of early specific antibody production
utilizing an arbovirus model system, This work unit is an essential element
in a comprehens{ve program for medical defense against BW agents, 3

24 (U) Investigations will involve the use of antiglobulin neutralization in a
plaque reduction test.

25 (U) 71 07 - 72 06 - A rhesus monkey Trinidad-VEE infectious system has beer
developed in coordination with the Animal Assesswent Division of this Institute,
An infectious dose of less than 500 PFU produced viremia within 48 hr and levels
as high as one million PFU/ml. Antibody titers as high as 1:4096 were observed
in 28-day convalescent serum., This system will be used to evaluate the proposed
antiglobulin techntique,

Publication: Appl, Microbiol, 23:654-655, 1972,

Terminated since FY 1973 funding will be under The Surgeon General, Arnmy.
New Project No. 3A062110A834; Accession No. DA 0C6419,
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Project No. 1W662711A096: Medical Defense Aspects of Biological Agents (U)

Task No. 1W662711A096 03: Laboratory ldentification of Biological Agents

Work Unit No. 096 03 404: Use of Antiglobulin for Early Detection of
Arbovirus Antibody of Discases of Military
Importance

it

: N R
) UAHSCOLDLLON
S —— e ———————t

Ldentify discases by detection of carly specific antibody production
utiliziay an arbovirus model system.

[ Propgress:

Efforts to quantitate the viremia in humans infected with the strains
of 17-D yellow fever virus have not been consistent, The 17-D strain
has also been shown to be a poor model for plaque reduction serology due E
to the 4-6-day time requirement for the development of plaques.

Antiglobulin reagents to rhesus monkey serum became available during
the 2nd quarter of this year. A cooperative studies with CPT Kastello
of the Animal Assessment Division has been initiated. A pilot study
: showed that an infectious dose of 2500 PFU (chick cell assay) of Trinidad
] strain Venezuelan cquine encephalomyelitis (VEE) produces viremia within
{ 48 hr. Titration of daily bleedings showed titers 5106 PFU/ml. Plaque
) reducing antibody titers <{1:4096 have becn assayed in 28-day convalescent
serum by the plaque reduction method,

a2 sl T Tl

These results coupled with the easc and speed (.30 hr) of the Trinidad
VEE plaque assay has directed major development efforts to this system.
Fvaluation of the antiglobulin system with the specimens which have becen
i cellected from the monkey project is expected in the near future,

Summary:

A rhesus mookey Trinidad-VEE infectious system has been developed
in coordination with the Animal Asscssment Division of this Institute.
An infectious dose of - 500 PFU produced viremia within 48 hr with titors
<108 PFU/ml. Antibody titers :51:4096 have been observed in 28-day
convaloscent serum.  This system will be used to evaluate the proposed
antiglebulin technique.

Publication:

1. MeManus, A. . and D. M. Robinsen. 1972, Stability of live
attenuated Venezuelan equine encephalitis vaccine. Appl. Microbiol. 23:654-655,
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AEARONSIBLE INDIVIOUAL naup® Kuehne, R, W, ]
NAME: Crozier, D, vecesnons, 301 663-7244 :
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23 (U) Isolate and characterize the agent responsible for 6 cases of hemorrhagic
fever which resulted in 5 dedaths in Bolivia., "This is a cooperative study with
USA Middle America Research Unit and the National Inst{tute of Allergy and
Infectious Disease,

24 (U) A known, avirulent form of the Tacaribe virus complex will be examined in

a nanner identical with that planned for the virulent virus, This will include
animal and tissue culture inoculation, Once an isolate is established it will be
identified and characterized in terms of host range and pathogenicity. The isolate
will be compared to Machupo virus which causes an endemic disease in the areca.

25 (U) 71 07 - 72 06 - The causative agent of the 1971 Cochabamba, Bolivia,
outbreak of hemorrhagic fever has been isolated and has been shown to be a member
of the Tacaribe complex ot the Arenovirus group, It appears to be a varijant of
Machupo virus, closely related serologically, but differing in its epidemioclogy,
clinical disease in man, and histopathology and virulence for laboratory animals,
Further studles are In progress to determineg if other differences ex{st,

Terminated since FY 1973 funding will be under The Surpeon General,
New Project No. 3JA062110A834;5 Accession No, DA 0C6420.
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Projoct No. 1WH62711A096: Medical Defense Aspocts of Biological Agents (U)
Task No. IW662711A096 03: Laboratory Identification of Biological Aguents

Work Unit No. 096 03 405: Investigate Etiolopy of 1971 lHemorrhagic PFever
Qutbreak in Cochabamba, Bolivia

Suseriprion:

isolate and characterisze the aguent rusponsible for 6 casvs of hemorvhapic
Zever in Cochabamba, Bolivia.

Drogruss:

Details of the history and background of this outbreak of hemorrhagic
fever were reported previously,d

; As a preliminary to the isolation of the Cochabamba agent, a 4-wock puri-
: od was spent utilizing a prototype sirain of Tacaribe virus (nonpathogonic
for man) to test the procedurces, teamwork, and cquipment nceded to work with
the virulent virus, Tacaribe virus was inoculated by the intraperitoncal
(IP) route into adult mice, adult hamsters and adult guinca pigs, and by thu
IP and intracerebral (IC) routes into suckling mice (8M) and suckling hame-

P sters (SH). Charactoristic deaths occurred in SM and SH, Brain suspension

g from SM was successfully passed to 8H and VERO cell cultures, The original
suspension was also inoculated into various cell culturcs: VERO, WI-38, hu-
man embryo kidncy, primary green monkey kidney, BHK-21, primary duck cmbryo,
and primary chick embryo, Cytopathic effeet was sven in the VERO system on-
ly. Leighton coverslips were preparced from all lines oXcept primary monkey
kidney and were stained by fluorescent antibody techniques,  The complement- ’
fixation (CI') test was shown to be functional using sera and antigens pre- E
pared at Middle America Rescarch Unit (MARU),

Isolation of thu Cochabamba apent was attomptoed from 5 tissue spucimeus: :
liver from Casc No. 4; an unlabvled blood sample from cither Casco No, 3 or 4 :
and blood, spleen and throat swab from Case No, 0, the pathologlist., Thoese i
specimens were inoculated {nto a wide varicety of animal hosts and tissuce coll
cultures, Machupo antisera woere used in CF and indivect fluorescent (IFAT)
antibody tests to attempt to demonstrate Tacaribe proup antigen, St brain
material, obtaincd at MARU from Casc No. 3 Iiver, and the unlabeled blocd
sample were passaged in Sil. In both cases, the shbry passage [rom MARU was
positive by CI' test, as was the SlBr, passage made at USAMRIID,  (The br)
pools were both bacterially contaminated, but this was not evident in the by '
pools,) The blood from Casc No, 6 was positive in Sl and M, but no virus ’
could be detected in the throat swab (some animals did show signs of 1llness,
but CI' antigen was not detuctable),
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{ Because of previous expericnce with Machupo virus, the spleen of Casc No,
o was chosen for major emphasis. The results are shown in Table 1.

: TALLE I, INOCULATION O SPLEEN CASE NO, 6

1 DILUTION
HOST IMOCULATED RESULTS
E
} Swrwaeiidg GOafalel L1 Death; CF brain antigen < 2,
' 10-% Death; CF brain antigen 1:8; scrum
; CF on survivors 1:32,
£ JLCAL Dy Dousc 10-1 Death:; CF brain antigen < 2,
{ 10-% Death; svrum CF survivers 1::,
1 Adult hamster 10m1 No illness; scrum CF 1:64,
-'_ Adult mouse 101 No illness; serum CF 1:4,
; Adult guinea pig 1071 No illness; scrum CF 1:32,
]
' VERO tube 101 No CPE, virus present on passage,
10-2 No CPL,
. WIL-38 tube 10" CPE; virus present on passage, %
‘ 1072 CPE, :
Primary monkey kidney cube {oat No CPE,
102 No CPE.
Human embryo kidney cube 1071 No CPLE.
1072 No CPpI,
MA-111 tube 10~ CPE,
1072 CPE,
BHK-21 tube 1071 No (P,
1072 No UPE,
VERO Leighton tube : 101 viral antigen on voverslip,
Humar embryo kidney Leighton 11 No viral antiypen detected,
tube 10-2 No viral antipgoen detected,

Thete arv

e} 4 notable features: (1) CF antigen titers in SM and SH brains
are low. (

"
7y SH and M provide good animal hosts for isolation. (33 Gf
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the eell 1dnes, only MA-111 (rabbit vmbryo kidney) and WI1=38 (human cmbryeaic
lung) showed cytopathogenic offects,  (4) VERO Leighteon tubes proved tu be
adequate to detect virvus, and harvest on day 6 showed abundant viral antizen,
in anticipation of finding virus in the spleen of Case No.o b, eNtra SHowere
inoculated at 107, Brains were harvested and used to prepare a large virus
pool and an immunizing antigen, The pool was titrated in 8M, SH, and tissue
cell cultures, The titer was very low, about 107 infective doases/ml.  The
antigen had a CF titer of < 1:2 and failced to immunize adult hamsters.  Ani-
mals inoculated with 10~9 and harvested had a bhigher plague titer, about [ 2
2io/ml, end o O ticer o. L:8, Jic redason for the low titurs in gencval and
caw Lower floer of 0™ va, L07® s onot clear,

The WU Supre sploen material was used to prepare another lot of indectud
va madeiel. 2oois and antiyens were preparcd from brain, liver and kiduey.
Lo dvdin m00. nad o titer of 108 PFU/ml and the brain antigen had a CF titer
vl 14, but both liver and kidoey were o 1:2,  The pool was usedl in a serics
ol cests; the antigen was uscd to immunize adult hamstors and acalt guinea
pigs., The pool has beun passcd in SH brair 2 more times; harvests were made
at varying times, in orde: to preparc a larger, higher titered peool and a
better CF and immunizing antigen. We now have a large virus pool titering
about b % 108 PU/ml and 5 x 108% median lethal doscs (LDy)/ml when inoculatul
into SH by a combination of the IP and IC routvs, A large supply of antiser-
um has been prepared in adult hamsters.

Machupo virus sced from MARU was inoculated into the same host systems
using another isolated Class ILI system for direct comparison, keeping the 2
viruses separated, It was passed IC in SH to prepare a pool and an antigen,
We have produced a large pool titering 10% PrU/ml and 0¥ LD, /ml fcv SH, An-
tiserum to Machupo has "-cen prepared in adult hamsters and adult guinca pigs,

Alchough CF and IFAT antibody-staining indicated that our isolate was a
member of the Tacaribe complex, a neucralization test was roquired to show
typu-specificity. Both viruses gave somewhat ragped titration results in SH;
many sick animals were cvaton by the mother, making exact cnd-point dotormina-
tions impossible: thercfore, plaguesrcduction on VERO c¢oll monolavers was at-
tempt 1 with varying degrees of success, Both viruses produced similar types
of plaques in VERO coll cultures which developed at the seme rate,  towever,
approximatuly 80-90% uxperimental failure nccurred due to degencration of
overlaid monolayers before ¢~mplete development of virus plagques (5 davs),
Changus of media, pHl, serum concentration, volumes and physiolozical age have
not rvsulted in any consistent improvement, Other investigatore have re-
ported plagquing on MA-111 cell cultures,”™  but this, too, proo.d unsuccoss-
ful. Nevertheless, some successful tests were accomplished using VHERO collis,
Severnl constant-sorum, varying-virus plaque-reduction tests showed types
spreific reciprocal cross-ncutralization betwe-n Machupe and Cochabawmba vi-
ruscs, vven thourh homologous titers in general appearcd preater than hotor-
ologous titers, o constant-virus, varvino-scrum dilution test was attemptoed
using human serum,  The coll sheet an the center of the VoRe ool monolayers
¢id aot survive, bui good plag . s woere seoen arcund the poripherv,  Although
guantitacive intorpretation was imper sible, the vesults were neverthetoss
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considered significant, The test virus used was L0® pIU of Cochabamba SHRr.,,
A l:16 dilution of a Machupo antisvrum pool, and a 1:64 dilution of scrum
from a known Machupo infection survivor, resulted in abs.onee of plague ferma-
tion., (All higher dilutions showed plaques.) Normal human serum and sovum
from Casc No, 5, the only survivor of the Cochabamba outbreak, showed plaquues
at the 1:4 dilution, It appears that the scrum from this pevson had low ncu-
tralizing antibody, not only to Machupo virus, as determined carlicr at MARU,
but also to the causative agent of the Cochabamba outbrieak, From thesce re-
sults, it is concluded that a very closc scrological relationship vzists be-
cwWeued the 2 vivuses, The results of thils test were recently confirmed by
otihiurs Gt MARU,

dven though the Cochabamba isolate is rolatud scrologically to Machupo,
other differences might exist which could define a distinet biological vari-
ant, Several laboratory differences have been obscerved, notably virulence
and histopathology in laboratory animials., Small difierences were noted in
S, SH inoculated with Machupo virus become ill on days 6-10; sick animals
ravrely recover, resulting in a4 clean titration, With Cochabamba virus, ill-
ness occurs on days 8-11; some hamsters recover, resulting in a morce ragged
titration. Machupo virus also seems to be somewhat more virulent for SH
when the same number of PFU are inoculated.

With SM, inoculation with cither virus does not always terminate in death
of the animals., Many become ill, but recover; resulting in ill-defined ond-
points, This observation was reported carlier by Johnson, ot al.® with Ma-
chupo virus.

Greater differences in virulencce have been neted in adult and suckling
guinea pigs, Table II, When adult guinea pigs werc first inoculated for an-
tiserum production, 1 of 2 Machupo animals dicd while none of the Cochabamba-
infected animals died, When acdults were inoculated with a similar number of
PrU of cach virus, 3 of 4 Machupo and 0 of 4 Cochabamba animals dicd., Sinco
investigators at MARU have been using the loss of virulence for adult guinca
pigs as a marker for Machupe virus passage attonuation, it could be signifi-
cant that a Machupo variant can cxist which is not lcthal for adult guinca
pigs, but is still highly pnthogenic for man, Whun suckling guilnca pigs are
inoculated by the IP and IC routes with cach virus, significantly greater
mortality occurs with Machupo virus than with Cochabamba,

Although a search of the liturature failvd to reveal any use of suckling
z2uvinea pigs with Machupo virus, they proved to be very scnsitive aniuals and
allowed the development of an in-vivo ncutralization tent which served as an
alternative to the sporadic plaque neutralization test, A constant-scrum
varying-virus test was conductued using guineca pig scerum and Machupo virus,
Table TII, The serum-virus mixtures were inoculated by the 1€ voute and a
log-ncutralization index of 3.0 was attaincd with both Machupo and Coclhabamba
antiscra.

SH were infectoed by 1€ route with the ! sirains, scrially sacritficed at
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TABLE LI, CGUINEA PIG MORTALITY OF MACHUPO AND COCHABAMBA VIRUSES

MORTALITY
VIRUS (ROVUTE) DOSE Dcad/Total %
ADULTS

Yachuapo (i?) 20 SHLDy 1/2 50

Cocha (12) 60 SHID,, g/2 0

Machupo (IP) 44,000 PFU 3/4 75

Cochiia (1P) ) ) . 96,000 PFU ) 0/4 0
SUCKLINGS

Machupo (Ip) 1000-3000 PFU 14/18 78

1-3 PFU 6/18 33

Cocha {IP) 6000~12000 PFU 4/14 29

6-12 PFU 1/15 7

Machupo (1) 1000-3000 PFU 15/15 100

1-3 PFU 15/19 79

Cocha (IC) 6000-12000 PFU 3/8 38

6-12 PFU 0/13 4]

2-day intervals, and examined for comparative histopathology. Both groups
developed lesions which indicated the prescace of virus in the inoculum,
Certain similarities and differences werc observed: liver, lymphoid tissuc,
and central nervous system werce the organ systems most affccted by both virus
iselates, Hepatic necrosis and fatty uetamorphosis were obscrved varlicr
(days 4-7) with Cochabamba than with Machupo (days 7-11). A nonsuppurative
encephalitis with vasculitis was commonly scen in the Cochabamba-infuctud
animals (days 9-17). It was also present in 2 of 17 Machupo-infected ham-
sters, (It is interecsting to note that 2 adult guinea pigs inoculated with
Machupo virus developed a nonsuppurative encephalitis and vasculitis similar
to the Cochabamba-infected SH.) Lymphoid dupletion and necrosis were sceun
earlier (days 7-11) in the Machupo group tnan in the Cochabamba group (days
11-13), Despite these differences, it is possible that the 2 viruses are
different strains of the same virus. The histopathological findings were
somewhat inconclusive; further investigation is rcecommended.

Otler properties of the Cochabamba isolatc are curreatly being explored,
including electron microscope structure and interferon sensitivity.
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TABLY 1Ll, SUCKLING GUINEA PIG NEUTRALIZATION TEST

VIRUS

ANTISERUM DILUTION DEAD/TOTAL LD, LNI

(Machupo)

% ,

L Normal =3 5/5

oot 2/3
et 3/4 10-%.0
10-¢ 3/4

: 1078 0/3

1078 0/3

Machupo 1071 2/4

10-9 /5
108 0/3 10-1.0 3.0 é
10~ 0/3 |
1076 0/4

1076 0/3

Cochabamba 1071 2/4

10-% 1/3

L 1073 0/3 1071.0 3.0
10-¢ 0/4
1078 0/4
Lo-¢ 0/3
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Summary :

The causative agent of the 1971 Cochabamba, Bolivia, outbreak of homor-
rhagi¢ fever has buen isolated and has been shown to be a member of the Taca-
ribe complex of the Arenovirus group. It appears to bu a variant of Machupo
virus, closely related serologically, but differing In its epidemiology,
clinical discasc in man, and histopathology and virulence for laboratory ani-
mals, Further studics are in progress to determine 1f other diffcroences ex-

lse,

Navdde . A, w,  Jdsuvlaticon aad characterization of the Cochabamba virus,
Drcecatiee o danual co.nt Mecting, Maryland - washington Branches ol the
AnoUldan doCLuty for Microblology, U. S. Army Medical Rescarch Institute of
Lnductious Discases, Fort Detrick, Md, 6 May 72,
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23 (U) Investigate immunologic responses of a susceptible host after exposure to

microbial toxin and after immunization with toxoid, This work unit is an essential
element in a comprehensive program for medical defense against BW agents.

24 (U) Investigate serological activity of staphylococcal enterotoxins and their
toxolds; evaluate the role of antibody Iin resistance to ingested toxin, and define
the pathogenesis of acute response following reexposure to toxin,

25 (UY 71 07 - 72 06 - Humoral antibody per se does not participate in protection
against alimentary intoxication with SEB but indicates a potential for rapid develop-
ment of resistance. The number of IG exposures required to induce resistance to
enterotoxemia is unpredictable but the time interval between exposures {s not highly
critical. Resistance develops before humoral antibody response can be detected and
persists after antibody disappears., Intragastric administration of SEB, however,
can be an effective means of priming humoral antibody- forming cells, as indicated by
induction of Arthus-1ike reactions, development of systemic hypersensitivity and
resistance to lethal effects of intravenous toxin, and by development of a secondary
antibody response in antibody-negative monkeys following intravenous exposure, It
is postulated that IG administration of SEB is even more effective as a stimulant

to antibody- forming cells in the pastrointestinal tract for production of protective
secretory antibody.

Publication: J, Infect. Dis, 124:206-213, 1971,

Terminated since FY 1973 funding will be under The Surgeon General, Army,

New Project No, 3A062110A834; Accession No, DA 0OC6421,

® A vaiiAble 1 canira tora upon urigdinatar's approval
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Project No. 1W662711A096: Medical Defense Aspects of Biological Agents (L)
Task No. 1W662711A096 03: Laboratory Identification of Biological Agents
Work Unit No. 096 03 800: Immunological Studies with Micrcbial Toxins
Descraiption:

Investigate immunologic response of a susceptible host following
intrugastric exposure to microbial toxin.
2rooress:

A study designed to investigate resistance of monkeys to intragastric
(IG) exposure to staphylococcal enterotoxin B (SEB) was completed,
Consideration was given to various factors that might modify development

of resistance, humoral antibody exposure and cutaneous sensitivity, such
as naturally-acquired antibody, SEB dosage and frequency of exposure.

Antibody-negative monkeys challenged at 2-week intervals with 1-10 IG
median illness doses (IDgg) developed resistance prior to development of &
antibody. Following the 3rd challenge, only 3 of 12 monkeys had detectable J
humoral antibody but 10 resisted subsequent challenge. All monkeys were
resistant after the 4th exposure, but only 1 of 6 in the low dose (1 IDgg)
group and 3 of 6 in the high dose (10 IDsy) had antibody. Incidence of
humoral response increased after additional exposures, but 2 monkeys in the ;
low dose group remained refractory even after 7 challenges. Magnitude, ]
as well as incidence, of hemagglutinin (HA) titers was dose-related; only
1 monkey developed precipitating antibodies. Although antibody titers
generally disappeared within 3 mon after exposure, resistance to IG
challenge remained unimpaired.

In groups of wmonkeys exposed at 4-mon intervals, a challenge dose of
10 1D5p was more effective than 1 or 100 ID5gy doses for inducing i
development of resistance (Table 1), Resistance developed more readily in
groups with naturally-acquired antibody, but illness response of individuni
monkevs was not correlated with prechallenge antibody titer or with type
of antibody, e.g. a monkey with an HA titer of 1:160 and precipitating
antibodv became ill after every challenge, while another with apparently
the same antibodv titers responded only to the lst exposure., Similar
patterns of response were observed with antibody-negative monkevs. OQOverall,
approximately 307 of the monkeys consistently resisted challenge after 1 X
exposure, 10% after 2 and 14% after 3; essentially equal numbers of the !
remaining monkeys eitiler never developed resistance or responded sporadicallv.




368

TABLE I. KEFFECT OF SEQUENTIAL EXPOSURES AT 4=MON INTERVALS ON
RESISTANCE OF ANTIBODY-NEGATIVE AND ANTIBODY-POSITIVE
MONKEYS T0 SEB ADMINLSTERED BY CAVAGE.

EXPERIMENTAL MONKEYS CONTROL

@ CHALLENGE  CHALLENGE o NREYS
‘ DOSE NUMBER Antibody-Negative Antibody-Pusitive
(1Dgo) r/1&/ o2/ R/T MTO  R/T  MTO
; L 7/8 3.8 8/16 3.2 12/23 3.140.2
[ . 2 4/6 3.0
3 3/6 4.0
4 2/5 2.9
1 17/18 3.2 10/13 4.7 16/18 3,3+0.2
Lo 2 13/16 2.7 51 1.6
' 3 8/16%/ 2.6 2/13 4.9
4 5/16%/ 2.7 4/13¢/ 5.5
1 9/9 2.8 10/10 3.7 8/8 2.540.2
100 2 9/9 2.0 6/10%/ 3.1
3 5/9%/ 2.6  5/9¢/ 3.8 .
4 6/8 4,2 498/ 2.8

a. R/T: Number ill/Number tested.

b. MTO: Mean time onset of illness (hr); difference between means not
statistically significant.

¢. Chi square analysis, with corresponding dose control, P <C.05.

In general, with groups of monkeys that lacked naturally-acquired humoral |
antibody, incidence and magnitude of HA response were dose related and

corresponded to findings observed following challenge at 2-week intervals

(Table II). At each challenge dose, however, incidence of antibody response

was significantly higher (P <0.005) for monkeys that developed signs of

enterotoxemia. Maximum HA titers appeared within 2 weeks postchallenge;

thereafter titers decreased rapidly and were almost invariably negative

within 4 mon. Precipitating antibodies appeared only in monkeys that had '
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naturally-acquired HA titers) maximum precipitin responses occurred
after the first IG challenge and titers persisted at approximately the
same levels throughout the study.

TABLE II. HEMAGGLUTININ RESPONSE OF ANTIBODY-NEGATIVE MONKEYS TO
SEQUENTIAL CHALLENGE WITH SEB ADMINISTERED BY GAVAGE.

POSTCHALLENGE HEMAGGLUTININ RESPONSE

‘Igiiggggggrc NU%?ER 2 Weeks § w§§ks arMonths 7 é
?gge ) Hon MONKEYS Nu@ber GMTEI Nu@ber GMT Number  GMT
50 Positive Positive Positive
0 8 2 20 2 28 Y
1 4 6 1 10 1 10 1 20
8 6 1 20 0 0
12 5 0 0 npS/
18 3 127 2 453 LU
10 4 16 3 20 1 20 1 10 ',
16 6 36 3 20 0 ;
12 16 7 22 5 45 ND ‘
0 9 2 20 1 20
100 9 4 24 2 20
8 9 7 66 1 80 1 80 i
12 8 6 90 5 40 ND

a. GMI: Recilprocal geometric mean titer of responders.

b. Monkeys not included in later challenges because of secondary
type response.

¢. ND: Not done, intravenous challenge administered at 6 weeks,

Monkeys subjected to sequential IG exposures developed hypersensitivity
to parenterally administered SEB. Two mon after the last IG challenge,
typical Arthus-like reactions were observed in 7 of & monkeys that were

inoculated intracutaneously with 0,001 - 0,1 ug SEB. As in previous studiey
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of cutancous sensitivity, the nonreactor had precipitating antivody far in
excoss of the intracutaneous challenge dose. No evidence of reagin-type

or delayed hypersensitivity was observed. When administered 300 ug SEB/kg
body weight intravenous!y (IV) 6-~8 weeks after the last IG exposure, 20 of
31 monkeys demonstrated immediate acute signs of systemic hypersensitivity,
i.e. emesis, respiratory distress and facial flush with 1 min,

occasionally semicoma, and 3 monkeys died within 3-5 hr (Table I1I).

i TABLE III. TOXIC AND HYPERSENSITIVE RESPONSES FOLLOWING INTRAVENQUS
: ADMINISTRATION OF ENTEROTOXIN B T0 NONIMMUNE CONTROL MONKEYS
; AND TO MONKEYS WITH A HISTORY OF INTRAGASTRIC EXPOSURE,

L INTRAVENOUS ~CHALLENGE PRECHALLENGE  NUMBER RESPONSE GROLE
| DOSE DOSE ANT1BODYA/ OF hyper ;;i’i;;‘l
kg ) : N ero=
(ug/kg) MONKEYS ~ Resistant 2o, . C o ria
10 Control 0 10 2 0 8
Previous 0 11
16 <100%/ 2
experience
100 10 8 1 1
300 Contrel 0 10 2 0 8
N
Previous 0 7 0 6 4(3)-/
experience
10~-90 12 4 7 1
i 100 4 4 0 0
a. Estimate of % challenge dose inactivated by antibody in vive based on 3
in vitro combining activity of prechallenge serum; O, no detectable i
antibody activity; 100, sufficient combining activity, %
b. Sera had hemagglutinins but no measurable coibining activity. ]

¢. Parentheses indicate number in group that died 2-3 days after recovery i
from hypersensitivity reaction.
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As In previous studies with parenteral sensitiza:ion.l monkeys with
humoral antibody in excess, or at equivalence, for the challenge dose
resisted IV challenge, while those with levels less than equivalence !
generally were hypersensitive. Unlike our previous findings, however, ]
6 of 7 monkeys that had no detectable antibodies developed immediate
syastemic reactions. Sensitized monkeys that had antibody and survived
the immediate reaction were significantly better protected than nonimmune
monkeys against toxic effects of parenteral SEB; resistance apainst

; lethality was high even in monkeys with no prechallenge precipitins. All
é monkeys that survived parenteral challenge had typical secondary antibody
respoases, with a 40% conversion rate to precipitating antibody within

2 weeks.

Until information becomes availahble regarding local immune responses
to SE5 in the gastrointestinal tract, it is impossible to evaluate the

_ relative contribution of cellular and humoral factors in enteric
| resistance. It Is obvious that vascular antibodies are not effective in
: protection against alimentary challenge, and although indicating the
general immunoresponsive state of an individual, they do not reflect
immunocompetence of secretory-antibody cells in the gastrointestinal tract.
Alimentary exposure to SEB, however, is capable of priming humoral
antibody=forming cells; this 1s indicated by the dose~related antibody
response following IG challenge, the secondary antibody response to
subsequent parenteral challenge, and the Arthus-like reaction to
) cutaneous inoculations. Demonstration of the latter responses by antibody-
\ negative monkeys suggests extravascular localization of antibody, as well
as the presence of significant numbers of primed cells. It is probable
that local antigenic stimulation occurs earlier and is relatively greater
for secretory immunocytes in the gastrointestinal tract. In consideration
of the relatively short latent period between exposure and expression of
enterotoxemla, effective protection probably would require the presence of
fully competent, antibody-producing cells at or near sites of toxic action.

Summary:

Humoral antibody per se does not participate in protection against
alimentary intoxication with SEB but indicates a potential for rapid
development of resistance. The number of 1G exposures required to induce
resistance to enterotoxemia is unpredi:table but the time interval between
exposures is not highly critical. Resistance develops before humoral
antibody response can be detected and persists after antibedy disappears.
Intragastric administration of SEB, however, can be an effective means of
priming humoral antibody-forming cells, as indicated by induction of
Arthus-like reactions, development of systemic hypersensitivity and
resistance to lethal effects of intravenous toxin, and by development o’
a secondary antibody response in antibodv-~negative monkevs following
intravenous exposure. It is postulated that I1C administration of SEB iw
even more effective as a stimulant to antibody-forming cells in the
gastrointestinal tract for production of protective secretory antibody,
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Publication:

’ 1. McGann, V. G., J. B, Rollins and D. W. Mason, 197l. Evaluation
: of resistance to staphylococcal enterotoxin B: Naturally acquired
: antibodies of man and monkey. J. Infect. Dis. 124:206~213.
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Project No. LW662711A096: Medical Defense Aspects of Biological Agents (U)
Task No., 1W662711A09¢ 03: Laboratory Idenmtification of Biological Agents

work Unit No. 096 03 801: Radioimmunological Assay of Physiologically
Active Substances

Jescrizoicn:
Develop radicimmunological assay procedures for physlologlcally active
substances.

Propress:

A sensitive, accurate and easy method has been developed to assay
staphylococcal enterotoxins, types A and B (SEA and SEB). A report on
the SEB portion was published in the Journal of Immunology. Further work
is in progress on types C and D (SEC and SED).

The assay of other physiologically active substances is being inves-
tizated in cooperation with other divisions within the Institute. Assay
systems are under development for ACTH, bradykinin, prostaglandins, and
thyrotropic releasing hormone (TSH).

Production of anti<ACTH and -bradykinin was begun, in goats using a
unique hapten system whereby the ACTH or bradykinin is chemically coupled
to cellulose particles and used as an immunogenic agent, This systenm
elicited precipitating antibody to ACTH after only 4 weeks after immuniza-
tion.

Assay of antibody using a reverse inhibition competition system with
2 antibodies and 1l antigen in the system has been studied in some detail.
1t compares favorably with conventional hemagglutinin systems but has proved
difficult to standardize,

Intensive investigation into the detection and assay of antibody is in
progress since the inherent sensitivity of these procedures could lead to
an important diagnostic tool.

Summary:
ey el
A solid phase radiolmmunological ussay method has been developed for

the measure of SEA and SEB. Antisera to ACTH has been produced; and an
assay system is being developed. Immunization to bradykinin is in progress.
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Further work is in progress on $EC, SED and other physiologically active

proteins.

Radioimmunoassav of antibody to specific antigens is under extensive

study as this appears to be an extraordinarily sensitive system.

Publication:

Coliinsg, IT, W, S., I, F. Meteger, and A, D, Johason., 1972,
iy oneu 3

v ravioimmunoussay of staphylococcal ¥ cnterotosxia., T,
VIR 2-ha,

A rapid
Immunol.
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TECHNOLOGY SUPPORT PLAN
TSP-01

AUTOMATED BIOCHEMICAL TECHNIQUES

Karen A, Bostian, B.S.

Objective:

Develop fast reliable methods to quantitate concentrations of various
metabolites in biologlcal fluids including blood, urine, and tissue extracts
from both man and laboratory animals nusing the AutoAnalyzer (Technicon).

Progress and Summary:

New automated tests used this year have been:

1. Hexose: Automation of a manual method!»?.

e ol

2, Tyrosine3: Application of a fluorometric analysis for tyrosine
to gerum stored frozen, Results were compared with those found with the !
TSM amino acid analyzer., Our tyrosine values were higher than those found ;
by column analysis. We are probably detecting small peptides as well as the
4 single amino acid. The two results seem to parallel each other, so this
method may be useful for screening purpnses.

3. Phenylalanine:“ Approach and results were the same as for tyrosine.

4, ~~Amino Nitrogen (Total amino acids):®> This method showed results i
much more compatible with column analysis for total amino acids in serum
than the ninhvdrin method® used previously. Because this method is more
pH sensitive, the ninhydrin method is still the best for measuring total
amino acids in urine,

5. Glucose by o-Toluidine: This method permicted making glucose
determinations on whole serum rather than the Somogyil filtrates necessary
for the glucose-oxidase method.” The disadvantages of this method are
(1) strong acid reagent is necessary; (2) larger sample; and (3) stored
samples clotted which often plugged the sample line. Results, however,
were the same for both methods, The disadvantages of the o-toluidine
method outweigh the inconvenience of preparing Somogyl filtrates for the
glucose~-oxidase method.
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6. Alkaline phosphatase:Q This method was set up to run serum samples
from volunteer projects,

7. Bilirubin (Total & Direct):!% This method was set up to run serum
samples from volunteer projects. It has also been used for animal work.

8. Glycerol:!! This method showed good results for plasma glycerol,
The plasma glycerol is stabilized by addition of triethylamine when fresh;
the samples will keep at =20C for at least 3 mon.

9. Automated immunoprecipitin system:l? Standard curves were obtained
for the proteins Igd, IgG, IgM, C3, albumin, transferrin, al—antitrypsin, and
haptoglobin., We are waiting for antisera for «1=-acid glycoprotein,
i=lipoprotein, and aup-macroglobulin. We are currently checking for stability
of these proteins in stored serum, reproducibility of results, comparison
of results from different sources of antiserum, and comparison of results
from this method with standard immunoprecipitin techniques done by
Dr. McGann's group in Bacteriology Division.

An estimate of the tests we have run during the past year are shown
in Table I.
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TABLE I. TESTS RUN DURING FY 1971
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TEST NO. SAMPLES INVESTIGATOR
Cholesterol,!3 Trig1¥cerides, 1,000 R. H. Fiser
FFALS, PPospholipids ,» Glucose®
[nulin,'” PAR, '8 Urea,i9 700 G. H. Bilbrey
Creatining,<v Chlorides<:
Lowry Protein<s 6,000 M. C. Powanda
Serum hexose!,? 500 G. L, Cockerell
Lactate,”?® Pyruvate 200 J. B. Walford
Kjeldahl N,2“ Ammonta N5 100 rat urine R, W. Wannemacher, Jr.
Creatinine,?? Urea N!°
a=~amino N©®
N (Kjeldahl)2" 32 rat feces R.W.Wannemacher, Jr.
Lowry Protein?? 1,000 R.W.Wannemacher, Jr.
Kjeldahl N2“ and Lowry Protein?? 84 vaccines F, E. Cole, Jr.
Na,<*cl,?7 BUN,!9 p,2® Creatinine.2° 103 sera C. S. White

Uric ac:id.’J Alk. Phosphatase,
Bilirubin,!? Cholesterol,!

Triglycerides,!“ FFA,!® Biuret Protein’!

Creatinine, <Y Protein?3!s3?

Alkaline phospnatase, )

Bilirubin, 1C Lactate,”? Pyruvate,
Glycerol,!! Cholesterol, !’ FFA,!"
Triglygerides,l“ Phospholipids,16
Hexose:

. < -y 2
Glucose,’ FFAL®

101

126

189

urines

serda

plasma

C. S, White

Med. Div. Protocol
FY 72-2

Med. Div. Protocol
FY 72«2

o s S
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Also we checked blood samples from 20 men for normal range as well as
stability during storage of various metabolites. We found that samples
kept at =20 C were stable for at least a month when run for cholesterol,!”
triglycerides,!" glycerol,!! scor, 30 cpK,?' LDH,'" glucose,” lactate,”’
and pyruvate.”’ Samples for SGPT3? were stable only for 24 hours,

Using the Technicon Autoanalyzer basic modules tncluding the digestor,
fluorometer, and fluoronepheloweter we matntain systems, reagents, and
standards for running analyses for 33 metabolites and 1l specific proteins
Also we try to set up, modify, or develop automatad techniques as
E investigators require them. Our space and equipment permits a maximum of
6 analvses at onu time.

Publications:
; None,
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] 2, Lanchantin, G, F. 1970, The determination of total seromucoild
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determination of amino groups in serum/plasma using trinitrobenzenc
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TECHNOLOGY SUPFORT PLAN

TSP~02

AUTOMATED AMINO ACID DETERMINATIONS

Richard E, Dinterman, B.S.

Objectived

Develop and use fast, reliable methods for quantitation of
amino acids using the Technicon TSM Amino Acid Analyzer.

Progress and Summary:

Using an amino acid analyzer, 171 serial blood samples from
the adenovirus project (Medicai Division Protocol FY 71~2) and 168
samples from the yellow fever vaccine study (Medical Division Protocol
FY 71-3) were analyzed and amino acid levels quantitated, The data from
these 2 projects have been statistically analyzed for significant
differences between control and infected subjects as well as differences
between individual pre- and postinfection levels. Fifty-seven samples
from 4n experiment to study the incorporation of various amino acids into
free and bound pools of liver, serum, and mugcle in the rat during infection
were quantitated. The results are now being tested by the Computer Section
to show any differences between normal and pneumococcus infected rats,
In addition, amino acid measurement and quantitation of 144 serial urine
samples taken {: m 2 sandfly fever volunteer studles (Medical Division
Protocols FY 70-1 and 70-~3) have been completed., These data also are being
evaluated by the Computer Sectionm,

A second Technicon TSM amino acid analyzer was placed iIn operation.
Using modified columns which are smaller in dlameter and slightly different
buffers this system now provides for a more accurate measurement of amino
acids then previously possible., Having also adapted the older TSM with
this modification, it 1s now possible to obtain 11 complete physiologic
amino acid chromatograms of > 30 amino acids cach.

In order to prevent the loss of heat-labile amino acids a larger
coolant reservolr has been added to the analyzer svstems. This rooler with
its self-containing circulating system provides for a colder and more
uniform temperature to the sample trav, However, with the more cofffcient
alr-circulating system in the new builidng our present overlay cooling
system is not adequate. A work order has been placad for the manufacture
of an aluminum sample tray with a cooling coil embedded through {ts center.
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A Data Acquisitior System has been purchased. A program is now being,
vrritten by the Computer Section so that a computer-compatible punch tape will
automatically be taken from the 2 analyzers, thus, eliminating the tedious
and tine consuming task of normal quantitation of chromatogiams.

A new fast method by Eastman Kodak for testing amino acid concentrations

hag been evaluated., Because of poor resolution, this kit will not suffice
as a fast screening tool,
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APPENDIX B
VOLUNTEER STUDIES

"PROTOCOL TITLE & NO.

{(No. Volunteers) PURPOSE COMMENTS & RESULTS
Infectivity of Human To determine the infec-  Volunteer developed
Plasma Presumed to tivity of a unit of typical sandfly

Contain Sandfly
Fever Virus. FY 72-1

(1)

plasma presumed to fever.
contain sandfly fever

virus, when adminis-

tered intravenously to

4 single volunteer.

Chemical Analysis of
b1ood and Lrine
Coslected Under Standard
Conditions. FY 72-2

(21)

To obtain additional
data on diurnal
periodicity of amino
acids and determine Collaborative study
periodicity of various with Walter Reed
lipid protein bound Army Institute of
carbohydrates and trace Research.

metals obtained from

venous blood of volunteers

and establish normal

values of growth hormone,

insulin, free fatty acids,

alanine and Cr following

administration of oral

or intravenous glucose.

See work unit
096 03 010 & 03 012

Median Infective Titer
of Sandfly Fever Viius
in a Lot of Human
Plasma. FY 72-3

(20)

To determine the The median ililness

infectivity of a single dose (IDgg) of tiis
lot of human plasma plasme was approx-

known to contain sandfly imately 0.0005 nl.

fever virus (sce FY 72«1)

wien administered intra-

venously in various doses

to healthy volunteers.

Associated Adminis-
tration to Volunteers
of Venezuelan equine
enrephalomyelitis
vaccine, Live,
Attenuated and Yellow
Fever Vaccine, 17D
strafn., FY 72-4

To compare single, Sve work unit
simultancous and closely 096 2 008.
spaced administration

of YF and VEE vaccines

on the basis of neutra-

lizing and hemaggluti-

nation inhibition

antibodies tuv both
antigens in volunteers.
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APPENDIX C

U,S. ARMY MEDICAL RESEARCH INSTLTUTE OF INFECTIOUS DISEASES

DATE

30 Sep 71

21 Oct 71

2 Dec 71

27 Jan 72

17 Feb 72

22 Mar 72

GUEST LECTURE SERIES

GUEST LECTURER TITLE OF PRESENTATION
Dr. Charles L, Wisseman, Jr. Some Problems of Epidemic
Professor and Head Typhus,

Department of Microbiology
University of Maryland School
of Medicine

Baltimore, Maryland

Coleonel Harry C. Holloway, Jr., MC Drug Problems in Southeast
Director, Division of Asia,
Neuropsychiatry
Walter Reed Army Institute of Res
Washington, D.C,

Dr., John B, Robbins Production of Hemophilus
Clinical Director of National Influerza Vaccine.

Institute of Child Health and
Development, NIH
Bethesda, Maryland

Lt Colonel Carter L. Diggs, MC Current Trends in Malaria
Deputy Director of Division of Research,
Communicable Disease and Immunology
Walter Reed Army Institute of Res
Washington, D.C.

Lt Colonel Paul K, Hildebrandt, VC Tropical Canine Pancytopenia,
Director, Division of Pathology
Walter Reced Army Inmstitute of Res
and
Major David L. Huxsoll, VC
Chief, Department of Diagnostic Svcs
Division of Veterinary Medicine
Walter Reed Army Institute of Res
Washington, D.C.

Dr Jay P. Sanford Role of Immuunity in
Professor cof Internal Medicine Experimental Pyelonephritis,
University of Texas Southwestern

Medical School at Dallas

Dallas, fexas




DATE CUEST LECTURER

20 Apr 72 Dr, Bennett L, Elisberg
Chief, Department of Rickettsial
Diseases
Walter Reed Army Institute of Res
Washington, D.C.

TITLE OF PRESENTATION

New World Tick Typhus = Fact
or Fantasy,
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U.S, ARMY MEDICAL RESEARCH INSTITUTE OF INFECTIOUS DISEASES
PROFESSIONAL STAFF MEETINGS

DATE

10 Sep 71

15 Oet 71

19 Nov 71

LECTURER

Major Jean B, DuBuy, MC
Physical Sciences Division

Dr. Robert S, Pekaruk
Physical Scicnces Division

Major Frederick R. DeRubertis,MC
Physical Sciences Division

Dr. Robert W, Wannemacher, Jr,

Acty Chief, Physical Sciences Div

Major Stanley H, Rabinowitz, MC
Bacteriology Division

Major Joseph Kaplan, MC
Bacteriology Division

Mrs. Mary H, Wilkie
Bacteriology Division

Captain Peter ¢, Canonico, MSC
Bacteriology Division

Dr. Francis E. Cole, Jr,
Virology Division

Major David M, Robinson, VC
Chief, Virology Division

Dr, Richard H. Kuenvon
Virology Division

LT Danicl R.
U.S.

Woodman. MSC, USN
Naval Unit, Fort Detrick

TITLE OF PRESENTATION

Endogenous Pyrogen,

Endogenous Mediators of Trace
Metal Changes during the
Inflammatory Process,

Effect of Salmonclla typhi-

murium Bacteremia on Host

Thyroid Hormone Economy,

Endogenous Mediators of Amino
Acid Transport,

Host Defenses during Primary
Venezuelan Equine Encephalomy-
elitis Virus Infection in Mice,

Electron Spin Resonance Studics
of Cell Membrane Interactions,

Analysis of Responses to
Immunization,

Fractionation and Analysis of
Killed Q Fever Vacecine,

Current Status of Arbovirus
Vaccine Program.

Live Q Fever Vaccine,

Development of an lmproved
Rocky Mountain Spotted Fever
Vaccine,

The Application of Indicators
ol Delayed Hypersensitivity in
the Rapid ldentification ol
Viruses,
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DATE LECTURER

21 Jan 72 Lt Colomel Peoter J, Bartelloni, MC
Chief, Medical Division

Major William A, Christmas, MC
Bacteriology Division

Captaln Charles S. White, III, MC
Medical Division

Major William H. Adler, III, MC
Pathology Division

25 Feb 72 Captain Philip C, Kosch, VC
Animal Assessment Division

Captain Thomas W, Davis, VC
Animal Assescsment Division

Mr. Ralph W. Kuehne
Animal Assessment Division

Captain Michael D. Kastello, VC
Animal Assessment Division

Lt Colonel Richard 0. Spertzel, VC
Chief, Animal Assessment Division
17 Mar 72 Dr, Leonard Spero

Pathology Division

Major John R, Warren, MC
Pathology Division

T1TLE OF PRESENTATION

Clinical Fvaluation of Eastern
Equine Enccphalitis Vaccine,
Inactivated, Tissue Culturc
Origin, NDHR 104,

The Efficacy of a Pentavalent
Vaccine in Animals,

Clinical and Laboratory
Studies in a Group of Sclected
Subjects Receiving Special
Immunizations,

Evaluation of Lymphocyte Funce
tion in a Group of Selected
Subjects Receiving Special
Immunizations,

Dose-response Relationship of
the Yellow Fever-iniected
Rhesus Monkey,

Thz2 physiological and Patholope
ical Responses of Macaca
mulatta to Staphylococcal
Alpha and Delta Toxins.

Hemorrhagic Fever in 4
Cochabamba-«~Vivus lsolation
and Identification.

Indications of Altered Immunce
Function in Hypercholesteros
lemic Monkeys.,

Venezuelan Equine Encephalomy-
elitis: ‘Texas, 1971,

The Limited Digestion of
Staphylocoecal Enterotoxin B
by Trypsin.

Chemical Alteration of SEB.
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DATE

17 Mar 72

28 Apr 72

19 May 72

LECTURER

Major William H, Adler, IIT, MC
Pathology Division

Captain Thomas H. Hudson, MSC
Pathology Division

Captain Joe D, Burek, VC
Pathology Division

Lt Colonel James L, Stookey, VC
Pathology Division

Mr. Daniel N. Harrison
Microbiology Division

Colonel Dan C, Cavanaugh, MSC
Department of Bacterial Diseases
Walter Reed Army Institute of Res
Washington, D,C,

Captain James E, Williams, MSC
Depatrtment of Bacterial Diseases
Walter Reed Army Institute of Res
Washington, D,C,.

Colonel John D. Marshall, Jr., MSC
Chief, Microbiology Division

Captain Alan H, Rowberg, MC
Administrat{ve Division

395

TITLE OF PRESENTATION

Established Lymphoblast Cell
Lines {rom Selected Individuals,

The Ultrastructure of Soluble
Protein Uptake by Liver Using
Peroxidase as a Tracer.

Cytoplasmic Inclusions in
Urinary Bladder Epithelium of
Macaca mulatta, A Histochemical,
Light and Electron Microscopic
Study.

Anatomy of a Case,

The Use of the Indirect Hemagglu-
tination Inhibition Test for the
Detection of Pastourella pestis
Fraction I,

Indirect Evidence of the Efficacy
of Plague Vaccine USP in Provent-
ing Bubonic Piague in Troops
Exposed to Infection under Ficld
Conditions in Republic of Vietnam.

Maternal Antibody to Pasteurella
pestis in New Born Rats,

Clinical and Serological Respouse
to Multiple Plague Immunizations.

Use of Data Processing Techniques
for the Laboratory Diagnosis of
Infection,
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é APPENDIX F : 3
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