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A report of progress on the research program of the U. S. Army Medical
Research Institute of Infectious Diseases on Medical Defense Aspects of

Biological Aphis (U) for Fiscal Year 1970 is presented. _
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F OREWORD

This FY 1970 Annual Progress Report is a general review of research

r->_ activities of the U. S. Army Medical Research Institute of Infectlous

Diseases, Fort Detrlck, Maryland, conducted under Project IB662706A096,
MediCal Defense Aspects of Biological Agents (U). The project is divided
into three tasks:

IB662706A096 Ol - Pathogenesis of Infection of Military Importance.

IB662706A096 02 - Prevention and Treatment of Biological Warfare
Casualties.

IB662706A096 03 - Laboratory Identification of Biological Agents.

Twelve contracts are currently in effect with educational institutions

or industrial firms. Reports are available through DDC.

Tasks are subdivided into work units, each identified by a three digit

suffix. Numbers have been assigned in accordance with the following scheme:

General 001-099

Bacterial Diseases 100-299

Rickettsial Diseases 300-399 .
Viral Diseases 400-699

Mycotic Diseases 700-799
Intoxications 800-899

Contracts 900-999

Three appendices are included covering the Guest Lecture Series,

Professional Staff Meetings, Formal Presentations and Briefings and a

llst of publications of the Institute for the Fiscal Year. An index

by authors has been added.

In conducting the research described in this report, the investigators

adhered to the "Guide for Laboratory Animal Facilities and Care," as

promulgated by the Con_nlttee on the Guide for Laboratory Animal Facilities

and Care of the Institute of Laboratory Animal Resourses, National Academy
of Sclences-Natlonal Research Council.

i July 1970
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'__T_L_i_/_xP_"_t_o*llsm; (U) Work performance ; (U) Nitrogen balance ;
(U) Enzymes; (U) Renal function; (U) Acid base balance

$2 Study ear ly changes in metabolism induced by experimental infection.

24 (U) A variety of techniques are employed to study metabolic changes associated with
infection.

25 (U) 69 07 - 70 06 - Metabolic and biochemical responses and work performance during
sandfly fever infection were studied in volunteers. Nitrogen balance did not appear to
correlate vlth decrements in work and muscular endurance. Muscle and neutrophll

enzymes were measured concurrently. No clear-cut pattern of response was observed for
the former. However, there were extensive alterations in neutrophil enzymes within
inldlvldual cells indicative of inhibited pentose glycolytlc pathway function.

In renal function studies, it was found that acute pneumococcal bacteremia in
rhesus monkeys increased glomerular filtration rate, effective renal plasma flow,
urinary vol--_ s and clearance of free water.

A one-time study of acld-base balance measurement was done. Respiratory alkalosis
was the usual early response of the human host to sandfly fever.

Publicatlon: Fed. Proc. 29:494, 1970 (abstract).
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BODY OF REPORT

Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)
a

Task No. IB662706A096 01: Pathogenesis of Infection of Military Importance

Work Unit No. 096 01 001: Hetabolic Studies in Experi=ental Disease

Description:

To study early changes in metabolism induced by experimental disease.

Progress, Part I:

During the present fiscal year, studies to define metabolic and bio-

chemical changes during infectious illnesses in man were continued during

a series of 3 studies dealing with experimentally induced sandfly fever

(Project Numbers FY 70-1, FY 70-2, and FY 70-3). The first of these

studies (Project No. FY 70-1) was performed in conjunction with Dr. Earl
Allulsl and his research group at the University of Louisville (Contract

No. DA 49-193-MD-2567) and the U. S. Army Medical Research Laboratory,

Fort Knox, Kentucky. Work performance and muscular function were measured

during the infection; an attempt was made to interrelate observed changes

with alterations in clinical, biochemical and metabolic responses.

Accordingly, the study was devised in such a manner that the dietary

intake could be monitored with accuracy. To facilitate this aspect of the

study, Captain Carol M. Johnson, AMSC, Research Dietitian of the Department

of Metabolism, Walter Reed Army Institute of Research, planned a daily menu

for the entire study period and supervised the meal-by-meal distribution of

weighed servings of food to the volunteers. The exact dietary intake of

each volunteer was recorded for later calculations. In this study, nitrogen

balance became negative in conjunction with the onset of symptomatic illness;

cumulative losses of nitrogen progressed in a stepwise fashlon until 8 days

postinoculation. The average loss of body nitrogen in volunteers with

sandfly fever amounted to 66 gm. This loss could be accounted for by

reduction in dietary intake in conjunction with an unchanged or slightly

decreased loss of urinary nitrogen. There was no increase in excretion of

urinary amino acid nitrogen, uric acid, or urea. As in earlier studies, the

excretion of urinary Na and CI showed a reduction following the onset of

symptoms. A reduction in the excretion of K, Ca, and Mg was also noted,

while phosphorus values tended to fluctuate near baseline. When analyzed

on an individual basis, the changes in nitrogen, mineral, or electrolyte

balance did not appear to correlate with the measured decrement in work

performance observed within individual subjects. Muscle function changes
. revealed a minimal and variable decrement of muscle strength and a greater

i .......i i i i i i...........
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i
decre=ent in muscular endurance during illness. None of the muscle function
changes, however, could be correlated in Indlvldual subjects wlCh the mgnl-
rude of fever and clinical illness or with the degree of change in nitrogen
metaboZism.

In this and another study (Project No. FY 70-3), serum concentrations of

the muscle enzymes aldolase and creatinine phosphokinase were measured. _
Enzyme activity in serum generally tended to remain within normal limits
during sandfly fever, although increases were noted in _ccasional subjects. ,
Changes in both enzymes did not always occur in serum from the same individual

and the overall pattern of change did not appear to correlate in individual
volunteers with the degree and severity of illness, other biochemical findings,
work performance data, or with changes in muscle function.

To investigate serial changes in white blood cell enzymes, a cooperative
study was conducted with Dr. Joseph A. Bellanti at Georgetown University.
During the course of the FY 70-2 sandfly fever study, white blood cells were
harvested from heparinized blood, and a quantitative measurement of the dye
nitroblue tetrazolium (NBT), and enzymes glucose-6-phosphate dehydrogenase
(G-6-PD), and 6-phosphogluconic dehydrogenase (6-PGD) was performed. In each
of 6 volunteers with sandfly fever, a decrease in quantitative NBT reduction
was observed. This occurred between the 4th to the 7th day and levels as low
as 207" of baseline values were observed. In contrast, similar changes were
not observed in the controls. The values all returned to normal by the 19th
day. A reduction in G-6-PD activity was observed in all infected volunteers.
This was usually detected by the 7th day; activities as low as 5 to 67. of
baseline values were observed in some of the men in contrast to the controls

who failed to show similar changes. G-6-PD activity did not return to base-
line values in 5 of 6 men for as long as the 19th day, the last day of testing.
The activity of 6-PGD did not show changes in either controls or infected
subjects. All observed changes involved calculations based on values for
individual cells. The overall extent of change was magnified still further

by the occurrence of typical neutropenia during sandfly fever.

In study FY 70-2, an attempt was made to estimate changes in vitamin
metabolism. During these sandfly fever studies, analyses of whole blood and

plasma folate were performed in a cooperative study by Drs. C. E. Butterworth,
Jr. and T. W. Sheehy of the University of Alabama. The data on whole blood
and plasma concentration of folate provided no evidence of any infection-
related alterations. In a subsequent study (Project No. FY 70-3), additional
volunteers were placed on a constant intake of vitamins and trace minerals as
well as other dietary constituents for an extended period of time prior to the
initiation of experimental sandfly fever. In conjunction with investigators
at the U. S. Army Medical Research Nutrition Laboratory (COL J. E. Canham, MC,
COL R. H. Herman, MC, Dr. H. Sauberllch, and Mrs. Yaye Herman), blood and

urinary vitamin values were measured serially. No significant changes were
noted in measurements of vitamins in blood. Vitamin losses via the urine are

currently being analyzed. _
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Summary, Part I:

Studies of metabolic and biochemical responses of volunteers to sandfly
fever were continued. Nitrogen balance changes in individual volunteers

did not appear to correlate directly with a decrement in work perforn_nce
or with a decrease in muscular endurance. Alterations in muscle enzymes

_, were observed during sandfly fever, but did not follow a clear'cut pattern.

There were measurable in vitro changes within the neutrophll during the

course of this experimental viral• infection. These consisted of changes

in NBT dye reduction and G-6-PD function, variations indicative of impaired

hexose monophosphate (HMP) activity. These changes appeared to be valid
since each of the measurements were standardized to a fixed number of cells

or to a fixed protein concentration. No changes in vitamin concentrations

in blood or plasma have been observed during acute sandfly fever.

Progress, Part II:

The influence of acute infection on renal function was studied in 32

rhesus monkeys. All monkeys were anesthetized and studied over an ll-hr
period under conditions of progressive volume expansion by hypotonic
saline solution. Significant and immediate increases in glomerular fil-
tration rate (GFR) and effective renal plasme flow (ERPF) occurred when

live Diplococcuspneumoniae were injected intravenously; using heat-killed
organisms, GFR increased significantly but not ERPF. By contrast, a down-
ward trend of both parameters was noted in sham-inoculated saline controls,
during artificial hyperthermia, and in monkeys studied 16 hr after inocu-
lation with live organisms.

Other significant parameters altered were urinary volume and clearance
of free water; both were significantly increased in the animals receiving

live pneumococct. The monkeys with induced hyperthermia had a tendency to
conserve both volume and free water.

The data suggest that significant decreases in renal resistance occur
with llve organisms, resulting in increased GFR and ERPF. The mechanism

of these changes is unknown, but the release of leukocytlc endogenous

pyrogen is a possibility. Since llve pneumococci caused free water
formation and urine volume to increase, whereas artificial hyperthermia

had the opposite effect, (presumably as a result of antidiuretic hormone

release) it seems possible that an even greater increase in free water
and volume excretion would occur in infected animals if hyperthermia were

prevented during the infection.

Summary a Part II:

Preliminary studies in rhesus monkeys indicate that acute pneumococcal
bacteremla increases glomerular filtration rate, effective renal plasma flow,

urinary volume, and free water clearance. The mechanisms underlying these
alterations are currently under study.

i iI ii ii
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Progress. Part IIl:

The sequential changes in acld-base balance during infection in man have

not been established. Available data indicate that respiratory alkalosls is

the usual early host response to acute Infectlon_ this is accompanied by

increases in blood pyruvate and lactate, as well as by decreases in urinary

and serum Inor_anlc phosphate.
i

Measurements of blood pyruvate, lactate, P_, PC_, pH and inorganic : i
phosphate were obtained in 8 men during an induced sandfly fever infection

(Project No. FY 70-2). Arterialized capillary blood from the finger tip was

used for the measurement of POs, PCOs and pH.

The results suggest that respiratory alkalosis, as Judged from a decrease

in PCOs and increase in pH, occurs at the onset of fever. Since pyruvate and
lactate levels fluctuated widely, it was not possible to draw any conclusions.

Plasma tnorsanic phosphate showed no significant variation during the illness.
No further work is contemplated.

S,,m_r7, Part Ill:

Preliminary data obtained during sandfly fever infection confirm previous

work suggesting that respiratory alkalosls is the usual early host response

to symptomatic infectious illness.

Presentation:

Bilbrey, G. L. Renal function in acute pneumococcal infections. Presented

at Natlonal Meeting, A,_rican Federation for Clinical Research, Atlantic City,

N. 3., 2-3 May 1970.

Publlcatlon:

Bilbrey, G. L., R. T. Vollmer, and W. R. Belsel. 1970. Renal function in

acute pneumococcal infections. Fed. Proc. 29:494 (abstract).
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Project No. 1B662706A096: Medical Defense Aspects of Biological Agents (U)
- i

Task No. IB662706A096 01: Pathogenesis of Infection of Military ImportanCe _

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

Description:

Study the role of hormones in host response to infection.

Progress, Part I:

The effects of acute infection on thyroid hormone economy are uncertain.

Although acute infection has been shown to influence thyroid function and

the peripheral metabolism of L-thyroxine (T4) and L-trliodothyronine (T3)
in several animal species, the results of such studies have tended to be

conflicting, appearing to vary with the nature of the species examined.

Accordingly, the present work was undertaken in order to assess in a primate

host various aspects of thyroid hormone economy during progression from the
healthy state through acute bacterial infection into convalescence. The

rhesus monkey, Macaca mulatta, was employed as the host, and a virulent

strain of Diplococcus pneumonlae, as the infecting agent.

The monkeys were secured in chairs and fed General Biochemlcals Monkey

diet which had an iodine content of 0.14 to 0.17 _g/gm. After a 3-week

period of adaptation had elapsed, each monkey was g_ven an intravenous (IV)
injection of 25 uc of carrler-free inorganic 125I to label the intra-

thyroldal iodine pool, thereby permlttinK synthesis of endogenously labeled

thyroid hormones. Serum proteln-bound 125I (pBI25I) was measured daily there-

after. Ten days later, when the values for serum pBI25I had attained a

virtual plateau, each monkey was given an IV injection of i0 _c of T4-131I

to label the peripheral hormonal pool. Thereafter, serum protein bound 131I

(T4-131I) was also measured daily. After a 5-day control period had elapsed,

the monkeys were inoculated IV either with 3 x 108 D. pneumoniae organisms or

with normal saline; this was followed immediately by a second IV injection of
10 _c of T4-131I. Measurements of serum PBI25I and T4-131I were obtained at

B-hourly intervals for the first 32 hr and daily thereafter. Five days later,

the surviving monkeys were given a third injection of i0 _c of T4-1311 and

measurements were continued daily for a further 5 days.

The acute febrile phase of the illness had begun by 8 hr after
inoculation and lasted from 48-72 hr. During this acute febrile phase, the

calculated rate of clearance of T4-131I from the peripheral pool was

significantly increased. Serum pBI25I initially tended to decline, owing to
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the increased rate of T4 clearance. Thereafter, serum pBI25I increased to

values in excess of control values, and thls OCCUrred in the face of
accelerated T4 clearance, indicating that the rate of hormonal secretion had

increased. During the convalescent phase, the rate of clearance of T4-1311

returned toward control values, but the increase in serum pB1251 persisted.

No alterations were observed in the sham-lnoculatedmonkeys.

The binding of T4 in the sera of these monkeys was also studied. The

sera were enriched with the equlvalent of 64 uS of 13_i-labeled T4/100 ml

and subjected to reverse flow filter paper electrophoresls in glycine-

acetate buff(r at pH 8.6. No changes in the distribution of T4 among its binding
proteins were noted during the acute febrile phase, but during the

convalescent phase, a greater than normal proportion appeared to be associated

with the T4-blndlng globulin and a smaller than normal proportion with the
T4-blndlng prealbumln.

Additional studies were undertaken to assess the influence of acute

pneumococcal infection on peripheral T3 metabolism. Here, the monkeys were

maintained on PurlnaMonkey Chow whlch had an iodine content of_1.6 _g/gm.

Immedlately after inoculation _rlth D. pneumonlae or normal sallne each monkey
was given an IV injection of 5 _c of T3-1zsI . and i0 _c of T4-1311,

Measurements of serum proteln-bound 1251 and 131I were obtained over the next
5 days. As was the case with T4, the rate of T3 clearance also increased

during the acute febrile phase.

These data indicate that the earliest detectable alteration following
the initiation of infection is accelerated clearance of T4 and T3 from

their respective peripheral pools. This alteration which could not be

ascribed to a decrease in hormonal binding in serum was often evident by 8 hr
and was accompanied later by a detectable increase in the rate of hormonal
secretion.

Currently, the metabolism of T4 by tissues in vitro is being studied in

an attempt tO elucidate the mechanism of the alterations in peripheral
hormonal metabolism observed in vlvo.

Sunnary m Part I:

In the rhesus monkey, acute pneumococcal infection is accompanied by

increased peripheral metabolism of both thyroxine and triiodothyronine
which in turn is followed by an increase in the rate of hormonal secretion.

Progress_ Part II:

The binding of L-thyroxlne (T4) was studied in sera obtained from the

volunteers who participated in sandfly fever Project No. FY 70-1. The

binding capacity of the major T4-blnding protein, T4-blndlng inter-u globulln
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(TBG), was measured by sub]ecting sera enriched with 163 to 204 _g of ,:

T4-13ll/100 ml to reverse flow filter paper electrophoresis in glyclne-acetate _i,._.
buffer at pH 8.6. In addition, the proportion of free T4 was assessed by the
T3 resin uptake test (Trlosorb-125, Abbott).

" No alterations in the binding capacity of TBG or in the T3 resin uptake

test were noted in sera collected during the acute febrile phase of sandfly

fever. However, 3 of the volunteers displayed increased binding of T4 by TBG

" during the convalescent phase of illness.

Summary_ Part II:

l The physical state of thyroxine in serum does not change during the

febrile phase of sandfly fever, but the convalescent phase may sometimes

be accompanied by an increase in the binding capacity of thyroxlne-binding

globulin.

ProKress, Part III:

The once generally regarded concept that the circulatory system is

secondarily affected in thyrotoxicosls is no longer true today. The cardio-

vascular system has been shown to be in fact one of the primary effectors of

the thyroid hormones. There are two presently accepted concepts which

substantiate this. First, Brewster, et al.l--/ suggested that the cardio-

vascular changes in thyrotoxlcosls were the result of the thyroid hormones

sensitizing the arganlsm to its own endogenous catecholamlnes. Later,

Buccino, et al.2--/ showed that the thyroid hormone acts directly upon the

myocardlum to increase its contractility, independent of enhanced catecholamine

sensitivity.

Previous studles_3/ have shown that when a conscious thyrotoxic dog is

stressed by immobilization the initial hypertension is followed by a progressive

myocardial depression leading eventually to circulatory collapse and death.

Accordingly, studies designed to explore the pathogenesis of the changes in

myocardial dynamics in the thyrotoxlc animal have been undertaken.

Three thyrotoxic and 2 control dogs have been used to measure serially

left ventricular and aortic pressures for 6 hr following immobilization on a

specially designed restraint board. A catheter was passed retrograde from the

femoral artery into the left ventricle and pressures were recorded hourly

during a catheter pull-back procedure into the aorta.

Thyrotoxlcosls was induced acutely in the dogs by daily intramuscular

administration of I mg/kg L-thyroxlne (T4) and 0.75 mg/kg triiodothyronine (T3).

After 7 days heart rates had doubled and pulse pressure had widened.

The thyrotoxlc dogs were extremely hypertensive when stressed by
immobilization. Without exception, the left ventricular peak systolic

pressure was >250 nun Hg initially and progressively decreased to 200 mm Hg

by the sixth hour. A pressure gradient of 60-90 mm Hg across the aortic valves
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persisted throughout the 6-hr period of immobilization stress. Control dogs

were also slightly hypertensive during the stressful period. However, left

ventricular peak systolic pressure was always _ 190 mm Hg and the pressure

gradient across the aortic valves was always _ 30 mm Hg.

Surgical techniques for implanting aortic and coronary artery blood flow

probes, left ventricle and aortic pressure mlcrotransducers, and coronary

sinus catheters have been developed. These instruments and techniques wlll be

used for future blood flow, blood pressure, and myocardial metabolic studies.

Summary_ Part III: .._..

Work has been initiated to study the cardiovascular responses to

stressed thyrotoxlc dogs. Preliminary data indicate a significant pressure

I gradient across the aortic valve in thyrotoxlc dogs stressed by immobilization.
I

I Progress, Part IV:I

Studies designed to characterize the plasma growth hormone (PGH)

response to acute infectlon were performed in man and the rhesus monkey.

In the human studies (Project No. 69-8) basal 0800-hour PGH concentrations
were determined In 13 volunteers immunized wlth combined Venezuelan, eastern,

and western equine encephalitis vaccines (i0 postinfection determinations/

man) and ii volunteers infected with sandfly fever virus (8 or 9 postlnfection
determinations�man). Vaccination wlth the trivalent encephalitis vaccine did

not cause consistent elevations in PGH, nor was there any correlation between

the minimal febrile responses to the vaccine and the sporadic increases in PGH
concentration. In contrast, distinct elevations in PGH occurred in 10 of ii

volunteers (Project No. FY 70-1 & 70-3) infected with sandfly fever virus,

(mean peak value, >i0 ng/ml) with the fever preceding the initial PGH
elevation In all cases. The one volunteer who failed to manifest an increase

In PGH was the only subject without a febrile response to the infection.

These results, in conjunction with those obtained under similar
condltionsfrom volunteers infected with VEE vaccine, adenovirus vaccine,

and typhoid fever (cumulative total of 609 control, and 1601 postinfection,
PGH determinations from 87 subjects), could be interpreted as follows: Most,

but not all, of the patients wlth acute febrile infectious illness developed

increased concentrations of PGH during their acute illness. The initial rise

in PGH occurred after the incubation period and usually after the onset of

fever, either before or at the tlme of defervescence. The rarity with which

increased PGH concentrations occurred in acutely ill but afebrile volunteers

provides substantial evidence that the increases in PGH did not represent a

psychological reaction to the stress of acute symptomatic infection. The
apparent prerequisite of fever for the development of an increased I_

strongly suggests that the pathogenesis of the PGH elevation is in some manner
related to that of fever. Whether or not hyperthermia in man may by itself

elicit an increase in PGH, the occurrence of elevated PGH concentrations prior

\
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to the onset of fever in at least some infected volunteers makes it

unlikely that fever per se was responsible for the initial elevations.

Further, the lack of correlation between 8 AM PGH values and the magnitude
of fever during the preceding 8 hr suggests that fever is not the major

stimulus to GH secretion during acute infection. The possibility that

" hypoglycemia provides such a stimulus was not supported by the occurrence

of increased concentrations of both PGH and basal blood sugar levels in the

ii volunteers with acute sandfly fever. Finally, although the magnitude of

• the increase in PGH in patients experiencing the same acute infection tended

to parallel the clinical severity of that particular illness, no: such

correlation existed between the PGH levels of patients with different

infections. The reasons for this interesting and unexpected response of the

host to different acute infections are not yet apparent.

Summary, Part IV: _

Most, but not all, patients with acute febrile infections develop a

modest increase in basal PGH values during their illness. The mechanisms

leading to increased PGH values have not, as yet, been elicited.

ProKress, Part V:

Additional studies were performed in rhesus monkeys with the basic

purpose of characterizing the mechanism by which acute infection elevates

PGH concentrations. Test monkeys were usually males, weighing 3-4.5 kg;

they were infected at 0900 hours by the rapid IV infusion of _ I08 viable
pneumococcl. Five or more days prior to infection, animals which had been

adapted to isolated primate chairs underwent surgery with the insertion of

an indwelling intracardiac catheter and a thermocouple positioned retro-

peritoneally through the lumbar parasplnal muscles. Animals studied in this

manner were conscious and free of extremity restraints. They routinely

responded to pneumococcal infection with a severe febrile illness of 48-72

hr duration. Pre-lnfection PGH values (n = 345) obtained at 2-3-hr intervals

throughout the day from 21 monkeys revealed a mean concentration of 3.i ng/ml,
with a peak value of 4.9 ng/ml at 1800 hours. Although occasional animals

responded to infection with increases in PGH persisting for >__36hr,

consistent elevations occurred in test animals only during the 12 hr after

inoculation (mean peak value, 10.7 ng/ml at 1800 hours. Similar PGH

responses to infection were obtained 8 chaired, but non-isolated, monkeys

bled by repeated saphenous venlpuncture. In contrast to the active

infection, the administration of intact, heat-killed pneumococci to non-
infected animals did not elicit unequivocal increases in PGH.

Further procedures known to augment (e.g., arglnlne and insulin) or

suppress (e.g., hyperglycemia and phenoxybenzamlne) PGH under appropriate
conditions were performed during the initial 12 hr of infection. Two of 3

infected monkeys given arginine (0.5 gm/kg)at 1600 hours developed
additional increases in PGH (to 16.9 ng/ml), as did one of 3 infected

animals given 0.I U/kg of insulin (to 15.5 ng/ml). These results suggested

•ii! !i!!!!iiii!i•/_ i i_'_' i • _ _
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that even in severe infection with hig h PGH levels, GH secretion is probably
not maximal. Hyperglycemia, achieved by constant glucose infusion, failed to

suppress the expected PGH elevations in 3 infected anlmals, thereby providing

further evidence that hypoglycemia is not involved in Infectlon-lnduced
elevations in PGH. In contrast, pre-treatment with phenoxybenzamine (1.0 mg/kg)

diminished the PGH response in 3 infected monkeys (peak PGH, 5.0 ng/ml),

indicating that a adrenerglc receptors probably do influence the PGH response
to acute infection. The nonspecificity of this finding, is apparent from the

similar effect of phenoxybenzamlne on PGH responses to arginine and insulin, o

In nearly all monkeys with pneumococcalinfection, fever preceded the
initial increase in PGH. However, subsequent temperature of _ 107 F often

occurred coincident with low PGH, suggesting that factors other than fever

mediated the increase in PGH during infection. This observation received

tentative support from recent studies which failed to demonstrate a stlmulatory

effect of noninfectious hyperthermla on PGH concentration in conscious animals.

The possibility that an endogenous mediator is essential to the PGH
elevations of infection was investigated by administering homologous

endogenous pyrogen (and intraperitoneal exudate) to conscious monkeys.

Althou@h unusually high control PGH values may well have obscured an actual
response to these agents, the initial two studies (conducted at ambient

temperaturesof 74 F and 82 F, respectively) failed to demonstrate unequivocal

elevations not only in PGH but also in the temperature of test animals. PGH

concentrations have not yet been determined in a third study (conducted at

ambient temperature of 94 F) in which endogenous pyrogen elicited fever

responses considered typical for this substance. Despite these inconclusive

results, the possibility remains that an endogenous, h_noral mediator is

responsible for the PGH elevations of acute infection. This possibility is

under active investigation.

Summary. Part V:

The mechanism responsible for the elevation of PGH during active

infection is being investigated in the rhesus'monkey.

Progress, Part VI:

There have been no prospective studies concerning metabolic fuel inter-

relationships during infection in man. For this reason, free fatty acids

(FFA),glycerol, lactate, 8-hydroxybutyrate, and glucose, as well as insulin,
were measured in blood collected from 3 subjects during the course of sandfly

fever,, study (Project No. FY 70-3). All samples were obtained at 0730 hours

after _ 12 hr fasting. These results were compared with the preinfectlon values

observed in these subjects and with the levels observed in 2 subjects who
received saline instead of the virus. Since the number of subjects is small,
results are discussed in terms of trends rather than statistical

significance.
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In the Infected subjects fasting plasma FFA levels tended to rlse, _i% _

attaining peak levels on the third day of infection when fever was present.

Control subjects on the other hand, demonstrated fluctuation around baseline i

values. Fasting glycerol values tended to be slightly greater in the

infected subjects on days 3 - 5 of Infection, indicating the presence of 1!

• increased llpolysis. The mildly elevated plasma FFA levels and slightly

higher glycerol levels were not accompanied by significant changes in serum

8-hydroxybutyrate or blood lactate levels.
I

Fasting plasma glucose levels were consistently elevated in all infected

subjects on days 3 - 4 of infection when fever was present, in contrast to

control subjects who displayed random fluctuations around baseline levels.

Basal plasma insulin values, measured by radioimmunoassay, did not change

significantly in any subject during the course of infection, most values

being < i0 uU/ml, which is within the normal fasting range.

Summary, Part VI:

Sandfly fever infection is accompanied by slight increases in glucose,

free fatty acid, and glycerol levels. These observations will be extended;

experiments are being designed in an attempt to study the mechanisms under-

lying these alterations.

Presentation:

Woeber, K. A. Alterations in thyroid hormone economy during acute

pneumococcal infection. Presented at American Thyroid Ass6ciation, Chicago,

Iii., 13-15 November 1969.

Publications:,

Woeber, K. A., and W. A. Harrison. 1969. Alterations in thyroid

hormone economy during acute pneumococcal infection. Program, American

Thyroid Association, p. 49 (abstract).
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t Work Unit No. 096 01 003: Tissue Enzyme Changes In Infectious Disease

Description:

To study serial changes in tissue enzyme systemsduring the course of

experimental infection.

Progress :

Previous studies I/ have shown that hepatic tyrosine transaminase (TT)

is increased in male rats infected with Diplococcus pneumoniae organisms.
This increase in enzyme activity has been attributed to an increase in

the secretion of adrenocortical hormones. Hepatic TT in fetal rats has

been shown to be unaffected by glucocorticoid hormones. Therefore we have
used the fetal rat as our animal model in order to determine the relative

importance of adrenocortical hormones in the rise in TT associated with
infection.

TT was assayed in the I00_000 x _ supernatant fluid of maternal and
fetal livers 24 hr after the subcutaneous administration of 108 virulent

D. pneumonlae organisms to the pregnant adults. On days 16, 18, 20 and

31 of gestatlon_ maternal TT was increased when compared to untreated

controls. D. pneumoniae could be recovered from either the liver or
amnlotic fluid of all of the fetuses studied. Fetal TT on days 16 and 18

of gestatlon, howeverD was unchanged. Fetal TT on days 20 and 21 of

gestation was significantly increased in the infected fetuses when com-

pared to controls. These results suggest that either pneumococcal infec-

tion on days 20 and 21 produced a change in the sensitivity of the fetal

hepatocyte to glucocortlcoid hormones or that a mediator other than gluco-

cortlcoid hormones played a role in the rise in TT associated with infection.

Summary:

Hepatic TT in the pregnant rat increased following pneumococcal

infection Just as it does in the adult male rat. Pneumococcal infection
: had no effect on hepatic TT in 16-and 18-day fetuses. In the 20*and 21-

day old fetus_ however_ pneumococcal infection was associated with a
significant elevation in hepatic TT activity.

i :. _.I¸ :" i: : • '

:; i'::•!- ,,; i_ /̧ "i



r20

Presentation:
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DD,'2_..1498-1 (FOR ARMY USE) _ - ....
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BODY OF REPORT

Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)
d

Task No. IB662706A096 01: Pathogenesis of Infection of Military Importance

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

Description:

Obtain baseline clinical values, search for pathological lesions, and es-

tablish patterns of disease in normal colony animals.

Progress a Part I:

Data were collected on all colony animals for evaluation of normal and

disease patterns.

Because of limited use, the beagle colony was transferred to the Walter

Reed Army Institute of Research.

Goats and burros were screened for parasitic infestations and given anti-

helminthic drugs as indicated. Strongylosis was the most frequently occurring
infestation encountered.

Monkeys. - A total of 531 rhesus monkeys (Macaca mulatta) were received in

6 shipments during FY 1970. Eleven percent had natural antibody against

staphylococcal enterotoxin B (SEB).

By fecal examinations on 3 consecutive days (2 by ZnSO 4 flotation and i
by ether-formalln concentration) nematode ova were seen in 17% of the monkeys.

All parasitized monkeys were dosed with Thiabendazole, administered orally.

The _o_l_tion of clinical laboratory data has continued as outlined pre-
viously._ ....i Table I gives a surmnary of data collected during FY 1970.

Portions of these data were reported at the American Association for Labora-

tory Animal Sclence.Z/ The values obtained this year compare favorably with

those obtained previously, Table I.

Gastroenterltls continues to be the main disease problem in the primate

colony. Two groups received at Bldg. 1040 (236 monkeys) were affected with
diarrhea at the rate of 35%, of which 30% were bloody. After these 2 groups

subsequently were moved to Bldg. 1425, a recrudescence of gastroenteritis oc-

curred; 30% of those not previously affected developed diarrhea within the

first 30 days, whereas 55% of those previously ill developed gastroenteritis.

Four groups of monkeys have been received since moving to Bldg. 1425. In

these latter 4 groups, there has been an overall diarrhea rate of 30%; 59% of

the affected animals developed dysentery; Shigella spp. have been the primary
bacterial pathogens that have been isolated.
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TABLE I. CLINICAL LABORATORY DATA OF 1,690 SAMPLES FROM 569 MACACAFER_%TTA
M_NKEYS

|

MEAN • 1 SE

vu LE WITS 19 9_/. 11970

Leukocytes' no./-.-3 10,732 ± 160 12,700 ± 310

Neutrophils % - 32.2 • .03

Lymphocytes % - 63.6 ± .32

Packed cell vol_me 7. 40.7 ± .i 41.2 ± .i

Hemoglobin gm/100 ml 13.3 + .04 13.40 ± .01

Blood urea nitrogen mg/100 ml 18.0 + .2 19.3 ± .2

Serum transamlnase

glutam/c oxalacetic Sigma-Frankel 34 ± .9 32 ± .4

glut-m_c pyruvlc Sigma-Frankel 30 ± .5 21 ± .3

Alkaline phosphatase Bodansky 19 + .3 25 ± .3

Total protein gm/lO0 ml - 8.2 ± .02

Alb,,m_u gin/100 ml - 4.6 • .03

a. 1,122 s--Tles from 374 monkeys.

The move of the monkey holdlng facillty to Bldg. 1425 allowed many im-

provements to be made: There are fewer monkeys per room; there is complete

separation of different groups of monkeys, due to the suite arrangement; sick

monkeys are put immediately into a hospital room; gloves are carboxyclaved
periodically; cages and racks are disinfected every 2 weeks; exchange of room

and suite equipment is restricted; and a constant-source disinfectant appara-
tus is in use.

We feel that nonspecific antibacterial therapy practiced prior to our re-

ceipt of the monkeys, i.e. 2 weeks' oral prophylaxis with tetracycline, com-

pounds the problem of controlling the gastroenteritis in our monkey colony.

All Shigella isolates for which antibiotic sensitivity has been determined

have been resistant to tetracycllne. However, the stress of movement of the
animals may serve as a triggering mechanism of overt signs of gastroenteritis.

During the initial months following the move, numerous fluctuations of room

t_erature from the desired temperature range for primates may have served
as an additional stress inmonkeys great enough to cause diarrhea. On one

occasion, high room temperature undoubtedly contributed to a case of fatal
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heat stroke and 20 other cases in which the monkeys recovered. Following a
comparison of fruit-feeding versus nonfruit-feeding, the routine feeding of
fruit was discontinued. Currently, fruit is fed only to anorectic monkeys.

During the past year, all monkeys were tuberculln-tested with Koch's Old

• Tuberculin (ROT) at 30-day intervals. One monkey, anerglc to ROT, died of

miliary tuberculosis, but no other reactors were found in that shipment group
after 3 intrapalpebral tests, 2 weeks apart.

On 3 Nov 69, Animal Resource Section, Animal Assessment Division (AR) re-
ceived 64 monkeys from the Fort Detrlck Animal Farm Division. A few of the

monkeys in the shipment reacted to ROT while in quarantine at the Animal Farm.

The reactors were killed, and the remaining animals were retested, and found
negative, on 3 occasions prior to their shipment to At. 0n24 Nov 69 all mon-

keys in this group were tested with ROT, intrapalpebrally. Five animals were '_"

classified as reactors and 2 as suspects. The reactors and i of the suspect
animals were killed. All monkeys except the suspect showed gross and h_sto-

logic lesions compatible with tuberculosis. The remaining monkeys were re-

tested on 8 Dec 69. At this time, i new monkey reacted to ROT, and the pre-
viously identified suspect animal again reacted weakly. Both animals were ne-

cropsied. Gross and histologic lesions of tuberculosis were present in both

monkeys. On the 22 Dec 69 test, I suspect and 55 negative reactions were ob-

served. Two negative monkeys, selected because of their close proximity to
the previous reactors, and the suspect animal, were euthanltlzed. No gross or
hlstologic lesions were demonstrated.

All monkeys were tuberculin-negative on 5 Jan 70, but another reactor was

detected on 19 Jan 70. Typical lesions were seen both grossly and histologi-

cally; therefore, all remaining monkeys were killed. No gross or histologic

lesions compatible with tuberculosis were found in any of the 52 remaining
negative reactors.

Strict quarantine was maintained in Suite 5 during this period; cages,

rooms and equipment were thoroughly disinfected with a tuberculocldai agent,
and equipment and cages were autoclaved when possible.

Tuberculin reactors were sporadically spaced among the 4 rooms in which

the group was housed, leading us to believe that exposure occurred prior to
receipt by us. Progress and control of these outbreaks were coordinated with

personnel of the Fort Derrick Animal Farm Division.

All personnel associated in any way with the tuberculous monkeys had tu-
berculin tests and chest x-rays, with follow-up, according to Army Regulation
40-26. No tuberculin reactors or roentgenographically detectable lesions have

been found, with the exception of the veterinarian-in-charge, who was positive
to KOT prior to arriving at the Institute.

Six of the monkey reactors were radiographed, using intrathoracic meglu-

mine diatrizoate to outline pulmonary lesions. Although all had gross pulmo-

nary lesions, only 2 were detected radiographically; the contrast medium did
not improve the definition of the lesions.



Minced tracheal-bronchial lymph nodes of tuberculin-reactor monkeys were

cultured. No mycobacteria were isolated, even though the lesions looked very

active. Mycobacteri.um. tuberculosis was isolated from the reactor monkeys de-
tected at the Fort Derrick Animal Farm Division.

Sugary. Part I:

Clinical laboratory data were collected on rhesus monkeys. Gastroeuter-
iris continued to be the most common disease problem. Final control of a .
tuberculosis outbreak required euthanasia of the 64monkeys.

Progress I Part If:

In FY 1970 an enteric bacteriology laboratory was organized in the Phase

I facility. Routine screening for Shigella in colony monkeys and diagnostic

support for the colony were the functions of the laboratory. A limited re-

search capability also is anticipated.

During November and December of 1969# whileorganizing the laboratory and

training personnel, 339 rectal swabbings were cultured. Nineteen samples were
from sick monkeys and 320 were routine samples from healthy monkeys. Shigella

was isolated from3 sick and from 17 healthy monkeys. !naddition, 3 healthy

monkeys shed Salmonella. Enteric pathogens were isolated from 15.8 and 6.2%

of the sick and healthy monkeys, respectively.

A protocol for routine sampling of monkeys for certain bacterial enteric

pathogens was developed during the first quarter of FY 1970. All animals

were cultured upon receipt by Animal Assessment Division 1 and 3 weeks after
arrival. Of 676 routine cultures examined, 40 were positive for Shigella for

an infection rate of 5.9_. Forty sick animals were studied during the same

period, 22 of which were shedding Shigella, an infection rate of 55%.

Table II summarizes the enteric pathogens isolated, the number of times
each was found and whether the host was i11 or healthy.

TABLE If. ENTERIC PATHOGENS OF COLONY ANIMALS

NO. OF ISOLATIONS

ENTERIC PATHOGEN ROUTINE DISEASED

Salmonella anatum 3 0

Shigella dysenteriae 6 0

Shigella flexneri la 2 0

Shigella flexnerl 4 43 40

Shlgella sonnel 6 1

!i ,i ii
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Sixteen animals housed in one room of ARwere extensively studied to de-

termine the value of repeated sampling in establishing an infection rate.

Rectal swabs were taken from each animal once a day, 5 days a week for 4 weeks,

giving a total of 20 samples per monkey. Ten of the 16 monkeys shed Shlgella
at least once during this period, an infection rate of 62.5%.

Sh. flexnerl 4 was identified in 7 animals, Sh. dysenterlae in 2 animals,

and in the remaining animal, Sh. flexneri 4, Sh. sonnei and Sh. boydi i 13 were
. identified.

Seven monkeys shed Shigella more than once during the study, _ 5 times.

A single isolatlon of Shigella was made from the swab samples of _ animals.

Sunmmryo Part II:

An enteric laboratory was organized for routine and diagnostic support of

the animal colony. In routine cultures of healthy monkeys, 60 enteric patho-
gens were identified from 996 cultures examined, giving an isolation rate of
6.0%. Twenty-flve isolations were made from 59 cultures examined from dis-

eased animals, an infection rate of 42.4%. In a 4-week study of 16 monkeys,
62.5% were found to shed Shigella.

Progress_ Part III:

The evaluation of normal colony animals, from the pathologist's point of

view, must include not only those animals that, for one reason or another, are

necropsled directly from the normal colony, but all colony animals that are
issued to various investigators. These animals, issued to the various inves-

tigators and necropsied by members of the Pathology Division at the conclusion

of the experimental procedures, may contain not only lesions induced by the

experimenter, but lesions related to various disease processes common or pecu-

flat,to the different species. These spontaneous lesions are just as prevalent

in the normal colony animals before issue as they are after issue, and it is

important for the pathologist, colony veterinarian and experimenter torecog-
nlze the existence of these disease processes and not to confuse them with ex-
perlmentally induced lesions.

Pathology Division personnel conducted necropsles on 540 Institute animals.

Of this number, only 78 were from the normal colony; of these, only 7 repre-

sented spontaneous colony deaths. The majority of the remainder of the colony
animals were M. mulatta monkeys_ euthanitized because of an outbreak of tuber-

culosis, as discussed previously in this report.

These statistics illustrate that the majority of animals necropsied by the
Pathology Division represent normal colony animals, but are animals issued and

utilized in experimental procedures. With this thought in mind_ the remainder

of this report will be a specles-by-specles discussion of the more common spon-
taneous lesions encountered in our laboratory animals.

Primates. - Several disease processes were encountered with regularity in
the monkeys from our colony. Primary among them is the virtual 100% incidence

of Pneumonyssus slmicola, a lung mite. Another common parasite encountered is

• }i;̧ /
• :• ii ¸ _ i
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the nematode Esophagostomum aplostomum, or nodular worm, normally found in

the lower intestines. N_,mhers of parasites present and severity of leslons

vary from animal to animal, but can be extreme. A maJorlty of animals are

affected, to varying degrees, with chronic enteritis. The indldental hlsto-

logical presence of small-to-moderate ,-_unts of calcification in the adrenal

cortex and ovaries is present in the majority of monkeys ex-m_ned. Many cases

of aspiration of antldlazTheal medication were observed. These were usually

mlnlmal-to-moderate in relation to remaining normal lung.

Eabblts. - The major disease entity encountered in our rabbltswas the

protozoan parasite Nosema cunlculi. Over 75_ of the rabbits examinedrevealed

lesions of the central nervous system directly related to this parasite. In

addition, the Incldence of chronic interstltlal nephritis was high and is

thought to be associated with this same parasite. The majority of livers ex-

-m_ned contained chronic perlportal hepatitis and fibrosis, the sequelae of

infection with another protozoan parasite, Eimeria stledae, commonly referred

to as hepatic coccldlosls. Almost any tissue in the rabbit is susceptible to

calciflcatlon following any type of insult or injury. It is co,anon to find

extensive calcification of almost any organ. Interstltial pne_monltls occurs

with regularity; the primary etlology is often obscure.

Guinea Pi_. - The primary deviation from the normal encountered in our

guinea pigs is the diffuse infiltratlon of lymphoid nodules throughout the

lungs. This leslon occurs in vlrtually 100% of our colony animals, and is

often quite severe. Like the rabbit, the guinea pig is susceptlble to diffuse
calcification of almost any tissue.

Equine. - Several burros were necropsied during the past year and signif-

icant spontaneous lesions were encountered. Verminous arteritls, primarily of

the anterior mesenterlc arteries, caused by the nematode parasite Stronsylus

vulgar!s, was observed in several animals. Histopathologlcal ex_m_natlon of

the kidneys revealed the presence of large numbers of the protozoan parasite

Klosslella equi.

Other animal species ex-m_ned by the Pathology Division included the dog,

pig, goat, rat, mouse and gerbil. No pertinent comments are made concerning

these species, either because of lack of numbers necropsied, or the absence of

significant spontaneous lesions.

Summary. Part III:

Five hundred and forty necropsies of animals that had died spontaneously,

and animals euthanltlzed for other purposes, revealed a variety of spontaneous

lesions, depending on species of animal.

Presentations:

i. Rollins, J. B., C. H. Hobbs, R. O. Spertzel, and S. McConne11. Hema-

tologic studies of the rhesus monkey (Macaca mulatta). Presented at American

Association for Laboratory Animal Science, Dallas, Texas. 13-17 October 1969.

_ :, _: il• , i_i_il_ •:._
'_ ._ _ _ _ _:/i" i' • i_ -



JOD,DPC 29 I ii_!':2. Well, J. D., H. S. Kessler, M. K. Ward, and R. O. Spertzel. Incidence !

of Shlgella species in clinically healthy monkeys (Macacamulatta). Presented

at American Association for Laboratory Animal Science, Dallas, Texas. 13-17 I_
October 1969.

Publications:

i. Koller, L. D.: 1969. Spontaneous Nosema cunlculi infection in lab-

oratory rabbits. J. A. V. M. A. 155:1108-1114.

2. McConnell, S., H. W. Whltford, R. D. Feigln, R. D. Hatting, and R. A.

Vandercook. 1969. Use of a plastic window to obtain serial llver, spleen and

kidney biopsies in the rhesus monkey. Southwestern Vet. 22:99-107.

3. Rollins, J. B., C. H. Hobbs, R. O. Spertzel, and S. McConnell. 1970.

Hematologic studies of the rhesus monkey (Macaca mulatta). Lab. Anim. Care.

In press.

LITERATURE CITED

1. U. S. Army Medical Unit. 1 July 1968. Annual Progress Report, FY

1968. p. 29 to 33. Fort Detrlck, Maryland.

2. U. S. Army Medical ResearCh Institute of Infectious Diseases. I July

1969. Annual Progress Report, FY 1969. p. 25 to 30. Fort Derrick, Maryland.

3. Rollins, J. B., C. H. Hobbs, R. O. Spertzel, and S. McConnell. 1970.

Hematologic studies of the rhesus monkey (Macacamulatta). Lab. Anim. Care.

In press.

NEXT PAGE IS BLANK



I! JOD,DPG_!_!!,,! !
......... _: ......

31

ANNUALPROGRESS REPORT

Project No. IB662706A096: Medical Defense Aspects of Biological Agents (O)

Task No. IB662706A096 01: Pathogenesis of Infection of Military
Importance

Work Unit No. 096 Ol 008: Cellular Changes During the Immune Response

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

Division: Bacteriology

Period Covered by Report: 1 July 1969 to 30 June 1970

Professional Author: Harry G. Dangerfield, Lt Colonel, MC

Reports Control Symbol: RCS-MEDDH-288(RI)

Security Classification: UNCLASSIFIED



II, TITI.I (N n,II _ IIoooIII

(U) Cellular changes during the i_nune response

003500 Clinical Medicine; 004900 Defense; 003200 N_, C_, I_
|L _ANT _TI IL ITI_TIO _1_ _TI IL FUNmNQ AG_¢Y _ _mIA_[ i'_ _O

66 08 70 06 DA I I C. Zn-house.
17. ¢OIITIRAG'r/IRAIIT _ II_II KSTINATE & PItOVEIBIONAL MAN YRS _ FUN_ _n IRouemde_

• OAT_F_I¢_V_ IXR_T_I IINIGII_INI

70 0 0
• NUIII_ F_AL

_P_ _ _ INTI YIAR GUNNINT

• x,.o.o, A,,_ f. cuu. Auv. 71 0 0
i

._., USA Medical Eesearch Institute o_-- i_;_C°::::O_Ogy Divi/1on
Infectious Diseases USA bledical Research Institute of

Aoo_m, Fort Detrick. t_J 21701 ,oo._ Infectious Diseases
Fort Detrick, Md 21701

PINGIPAL IN_TI_ _pm_i U It _.L A/pw_

I,_m_=,.m_.u,L ._e Dangerfleld, H. G.

.Am Crozier, D. T,_._,. 301 663-4111 Ext 7341

v,L=.,o,_ 301 663-4111 Ext 5233 _*L ,,cu_vvACCOU.V.U=U,:
II QINI_ _ _ATI INVllS_OA_RI

Fore ign inte iIigence cons idered. =_. DA
NAIII

l& K[YIIONN (pIeND J_I wit _ _S_ _ "i

(U) _nnmmlty; (U) _mmunoloEy; (U) RNA; (U) DNA; (U) Antibody formation

23 (U) Investis_te biochemical changes in individual antibody-producing cells during
the immune response, with emphasis on quantitative and qualitative changes in nuclelc *
acid metabolism.

i.

24 (U) Suspensions of lymphoid cells are prepared from immunized animals. Specific /

antibody-produclng cells are identified by means of the antibody plaque technique.

DHA, RNA, and protein synthesis are then studied by means of autoradiography.

25 (U) 69 07 - 70 06 - No work has been performed durlng the current fiscal year. The i
publication completes this work unit. ,

i

Publication: Nature 222:1295-1296, 1969. -i
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Task No. IB662706A096 01: Pathogenesis of Infection of Military _:

Importance I:

Work Unit No. 096 01 008: Cellular Changes During the Immune Response i

Description:

Investigate biochemical changes in individual antibody-producing cells
during the immune response, with emphasis on quantitative and qualitative

changes in nucleic acid metabolism.

Progress and Summary:

No work has been performed during the current fiscal year. The

publication shown completes this work unit.

Publications:

I. Krlsch, R.E. 1969. DNA synthesis by antibody-forming cells

during the primary immune response. Nature 222:1295-1296.

NEXT PAGE IS BLANK

,":.i-:'.,=_:,,i_r_: ''- '`_ , , :,!_ i _: : _.._.,:_,_,, ;;_ ,:,,,,,_, ,_,,_,._,:'_:.,,_,,__:.,#_,,. ..,.



30D_DPGI "'

33

ANNUAL PROGRESS REPORT ! '
1

Project No. 1B662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. 1B662706A096 01: Pathogenests of Infection of Military Importance

, Work Unit No. 096 Ol 009: Amino Acid and Protein Changes in Blood in
Infectious Disease

Reporting Installation: U.S. Army Medical Research Institute of
Infectious Diseases

Fort Derrick, Maryland

Divisions: Physical Sciences, Medical and Animal Assessment

Period Covered by Report: i July 1969 to 30 June 1970

Professional Authors: Robert W. Wannemacher, Jr., Ph.D. (I, II)

William R. Beisel, M.D. (I-III)

George A. Burghen, Major, MC (Ill)

J. Brent Rollins, Captain, VC (III)

Jerry S. Walker, Major, VC (Ill)

Reports Control Symbol: RCS-MEDDH-288(RI)

Security Classification: UNCLASSIFIED



I. TII'_K (J_ooe_ wddll dloallddr C

(U) Amino acid and protein changes in blood in infectious disease ]

II. li¢llmlrllqC AND TIGNNOI.OgGAb _ !003500 Clinical Medicine; 004900 Defense; 003200 BW, CW, RW

IlL IINDJOUI_F_ Ir_TIIdaTE • I_lIOFIm4UOI4AL MAN Y_ IL ItUN_ am Ilhom@am4b)

,b,._,,c,w ,..xm,,_Tm,,, 70 3 40
• ,,,.*m_,* bib.
.,_,_ • _o_., 71 3 40
• KUIO.OF AWAIqOI f, CUe. AIAT.

._ USA Medical Research Institute of ,,at,*Physical Sciences Division
Infectious Diseases USA Medical Research Institute of

,,mum,*Fort Derrick, Md 21701 wo_ Infectious Diseases
Fort Derrick, Md 21701

PIlING|PAl. INVImTOaATON (J_llddl _ lit U.L Aa_l_de Jrme_nl/_l)

•m_e.sL, *,*.*_..AL ._P Wannemacher, R. W.

=_ Crozier, D. ,I_.e.., 301 663-4111 Ext 6130
,re.p.o.-* 301 663-4111 Ext 5233 m_L.cumvvacc___,uv._oc.,

|1, O_[lldlIIUU_ UlM_ &_00_ATg INvIr_nGATORS

Foreign inr.elligence considered. =._ Beise[. W. R.
._-c, Vollmer, R.T. DA

(U) Amino acids; (U) Sandfly fever; (U) Monkeys; (U) Pneumococcus

23 (U) Study changes in amino acids of blood and t_ssues in infectious disease or in

conditions induced by other variables.

24 (U) Free amino acid concentrations are determined by ion-exchange chromatoEraphy in

plasma and tissue of experimental subjects infected with bacterial or viral organisms.

25 (U) 69 07 - 70 06 - Studies to determine free amino acid changes during the course
of infection with various microorsanisms in man and laboratory animals have been
continued.

Both viral and bacterial infections in human and nonhuman models are characterized !_

by an early depression in plasma free amino acids. This drop is correlated with the
elevated rate of protein synthesis in visceral tissues. As rats approach terminal
s_ates of infection, muscle tissue is broken down to supply amino acid for the elevated-
rate of protein synthesis and metabolism in visceral tissues such as liver. The non-
protein synthetic pathways for certain amino acids are also altered by infection and
these changes are reflected in the tissue levels of these amino acids.

Specifications were developed for an automated data acquisition system for the
Institute. Fortran IV programs were written to automate partially data reduction and
to initiate a scientific data file. Study was undertaken to develop mathematical i

models appropriate to biological parameters which reflect presence of infection.

Publication: Arch. Intern. Med. 123:620-625, 1969.

Fed. Proc. 29:820, 1970 (abstract).
Amer. J. Clln. Nutrition 23:660, 1970
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Description:

Study changes in amino acids of blood and tissues in infectious disease

or conditions induced by other pertinent variables and infection-related
changes in plasma protein fractions.

Progress_ Part I:

Earlier data obtained by paper chromatographic separations of whole
blood amino acids revealed that both bacterial and viral infections in man

resulted in a drop in total blood amino acids. Volunteer_ were infected
with either Pasteurella tularensis,_ / Salmonella typhosa,- / live attenuated

Venezuelan e_uiwe encephalomyelitis,- or with the 17D vaccine strain of
yellow fever_--L__/ and total blood amino acid concentrations were measured

serially during the course of the infection. From these data it may be

concluded that the magnitude and length of time that the blood amino acids

are depressed is correlated with the degree and duration of the febrile
response.

A similar study was undertaken in i0 volunteers (Project No. FYT0-1),

8 of whom were infected with sandfly fever virus, with the exception that

plasma free amino acids were separated by ion-exchange chromatography; there
were 2 controls. Sandfly fever is a benign viral infection which is

characterized by onset of fever in 60-70 hr, a cessation of fever 36-48

hE after onset, leukopenla, depression of serum Zn and Fe and a rise in

serum Cu. By 48 hr, the total plasma free amino acids were depressed to

50-6_ of pre-exposure control values. These changes in plasma amino acids
occurred before the onset of fever or any other clinical indications of

illness and did not occur in control subjects. As the febrile response

progressed the total plasma amino acids were depressed to 30_ of control

values. The plasma levels of those amino acids which have been reported to

be essential for protein synthesis, and especially leuclne, were reduced

to greater degree than those which enter mainly glucogenlc or ketogenlc

pathways. During the first 24 hr after exposure to the vlrus, food intake
was normal and the excretion of urinary urea and amino nitrogen was not

altered. Thus, the marked depression of plasma amino acid during the pro-
dromal stages of infection could not result from an increased rate of

catabolism and excretion of amino acids or from protein deprivation. As

the infection progressed, food intake was reduced but the magnitude of the

drop in plasma amino acids was far greater than that observed during mild
starvation in man.
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A computer program has been developed for the statistical analysis of the _ _:

changes in individual amino acids as well as for grouping of metabolically l:,_
similar acids. Individual subjects have been compared to thelrown pre- _
infected control values and to the changes within an experimental group.

A similar rapldfall in plasma amino acid was observed in monkeys following " !

a systemic challenge with virulent Diplococcus pneumonlae, type A-I, strain 5.
However, in this infection there was a transient (15-150mln), rise in the

concentration of total plasma free amino acids. By 3 hr postchallenge all of

the plasma free emlno acids were reduced below pre-infection values. The total

plasma amino acid level remained low for the next 96 hr. While the decrease

in plasma amino acid preceded the rise in body temperature, the plasma Zn and

Fe were signlflcantly decreased at 15 min. During the early stages of the

infection the major decrease was in those amino acids that are utilized

principally for protein synthesis, especially leucine, while during the later

phases the amino acids that can enter the glucogenlc and ketogenic pathways

accounted for the depression in plasma free amino acid concentrations.

When monkeys were challenged with a systemic infection of Salmonella

typhlmurlum, the plasma free amino acids were markedly depressed at the end of
8 hr but were at near normal values 96 hr postinfection, even though the febrile

response lasted for 22 days. The response to this infection is currently under
investigation in the monkey model and is being compared to a new human study
with S. typhosa (in collaboration with the contractor, Dr. Richard B. Hornick,

University of Maryland, Contract no. DA 49-193-MD-2867).

Sun, sty, Part I:

Both viral and bacterial infections in human and nonhuman models are

characterized by an early depression in plasma free amino acids. The major

drop during the prodromal phases of the infection is not related to decreased

food intake or increased nitrogen loss, but is correlated with a decrease in

amino acids that enter protein synthetic pathways. In later stages of infection

when there may be an increase in nitrogen loss, the amino acids which enter

gluCogenlc and ketogenlc pathways account for the major depletion in plasma
free amino acid content.

Progress a Part II:

In order to understand the significance of the infection-induced depression

of plasma amino acids, it was necessary to measure the tissue free amino acid
levels in an infection in an animal model. The model chosen was the sub-

cutaneous infection of D. pneumoniae, type I-A, strain 5, in Fisher-Dunning rats.
An acute pneumococcal infection in the rat is characterized by an Initial rise
in body temperature 8-14 hr postlnfectlon, a maximal increase in body temperature
at 24-30 hr, and a subsequent decrease to subnormal temperature and death in
55-70 hr. Bacteremia was observed in i of 4 animals at 14 hr and was present

in increasing amounts in all anlmals as the infection progressed. The rats

ii̧ II..........kii̧¸,r
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developed leukopenia, first in lymphocytes than neutrophils; on days

i and 2, food intake was reduced to 30 and 10%, respectively, of pre-

exposure values. Thus, in the subsequent experiments food was removed

from both saline control and infected animals at 24 hr postexposure. Both

saline controls and infected animals were necropsied at various times

- after exposure; protein-free filtrates of serum, liver and skeletal muscle

were analyzed for their amino acid content by ion-exchange chromatography.
During the first 24 hr postinfection, free amino acids in serum, liver

• and muscle of the infected rats tended to decrease while those in the

saline controls showed a typical circadian periodicity with highs in the"
morning and lows in the evening. At the end of 24 hr the free amino acid

content of all tissues studied in the infected animals was 60-65% of

that found in comparable controls. Earlier data from our laboratory had

indicated that protein synthesis is markedly elevated in the liver and
depressed in muscles of animals that have been infected with virulent

D. pneumoniae for 24 hr._/ From these observations it may be concluded
that amino acids are being shunted from skeletal muscle to viscera where

they are being rapidly synthesized into proteins. As the infection

progressed, the levels of free amino acids increased in serum, liver and
muscle; in fasted saline controls, liver and serum values still exhibited

circadian periodicity and skeletal muscle levels were markedly reduced.
The latter increase in muscle free amino acid of infected rats correlated

with the increased catabolism that has been observed during terminal
stages of infection._ i The increase in liver and serum amino acids may
be related to a reduced rate of liver protein synthesis that has also

been seen during the late phases of pneumococcus infection in animals.Z /

When individual amino acids were compared during early (4 hr), active

(24 hr), and late (48 hr) stages of infection, it was noted that most

of the amino acids essential for protein synthesis responded in a similar

manner. There is a gradual decrease in these serum, liver, and muscle
amino acids during the first 24 hr and a rise in serum and muscle con-

centrations during the second 24 hr. Generally, an amino acid which could

enter other metabolic pathways had some deviation from this pattern of

proteln-essential amino acids. Responses of phen>lalanine and arginine
were particularly unusual. The phenylalanine values were elevated in serum

and skeletal muscle at 24 and 48 hr while the liver concentrations were

low. Free arginine values were usually low in liver, but at 24 and 48
hr there was a significant increase in the liver concentration of this

amino acid when compared to controls.

The levels of alanlne, the major glucogenic amino acid, in liver and

muscle were low 24 hr postexposure while 24 hr later they were very high.

These results suggest that glucogenesis was high during active infection

but was reduced during terminal stages of the disease. This would agree

with the earlier hyperglycemia and later hypoglycemia in this infectious
model (See Work Unit 096 01 002).
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The muscle levels of 81utamic acid and glutamtne (the major ketogenic
amino acids) were below control levels at 24 and 48 hr, suggesting that they

were being utilized as a source of energy.

The serum and muscle levels of tyroslne were low at 24 and 48 hr, while

the phenylalanine: tyrosine ratio was very high as compared to saline controls.

These flndlngs are in agreement with reports of Newberne and co-workers_/ that

both viral and bacterial infections in dog and rat result in an elevated serum

phenylalanine: tyroslne ratio.

Summary, Part If:

In rats infected with pneumococcl the drop in plasma amino acids correlates

with the elevated rate of protein synthesis in visceral tissues. As the animals

approach terminal stages of infection, muscle tissue is broken down to supply

amino acid for the increased rate of protein synthesis and metabollsm in

vlsceral tissues, such as liver. The nonprotein synthetic pathways for certain

amino acids were also altered by infection as reflected by the tissue levels
of these amino acids.

\

Progress, Part III:

Subsequent to the development of a raRid and reliable method for dlfferen-

tiatlng glycoproteln fractions of serum,_ / a number ofstudles were conducted

in volunteers during the past several years to quantitate serial changes in

tularemia, sandfly fever, Rocky Mountain spotted fever (in a cooperative study

with Dr. Richard Hornick at the University of Maryland), and following vac-

cinatlon with 17-D strain of yellow fever virus, Live Attenuated VEE virus

vaccine; and Live Attenuated Oral Type 7 Adenovlrus. Serial blood samples

were also obtained by Dr. Albert S. Klalner at Ohio State University (Contract

No. DA DA 17-68-C-8080) from patients during a variety of naturally-acquired
infections. All these data have been subjected to statistlcal analysis and

are being prepared for publication.

Two additional studies have been completed in dogs. In the first study

young beagle dogs, some immune and some not immune to infectious canine hepatitis,

were given either a virulent or attenuated strain of infectious canine

hepatitis virus (_CH). Nonimmune dogs infected with virulent ICH virus showed

large early increases in _2 glycoglobulin which occurred prior to hepatic

enzyme increases and hepatocellular da,_age. Immune dogs given attenuated

or virulent ICH virus and noni,i,_ne dogs given attenuated virus showed no
such changes.

These observations imply that neither the entry or replication of a virus
in the host nor cellular destruction serves to stimulate the early _2 glyco-

globulin increase. Rather, this phenomenon appears to be a nonspeclfic host

response associated with the onset of systemic illness. This material has

been prepared for publication and is undergoing editorial evaluation.
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The second study in dogs was accomplished as a cooperative effort

with COL R. M. Nims, VC, Major D. L. Huxsoll, VC, and Major P. K.
Hildebrandt, VC, of the Division of Veterinary Medicine, Walter Reed

Army Institute of Research.-Initial serum samples for this study

originated in Vietnam and were acquired as part of an investigation

• of a fatal disease in U. S. military dogs. It was found that dogs in

the terminal pancytopenlc or eplstaxis stage of naturally acquired

tropical canine pancytopenia (TCP) developed serum alterations char-

, acterlzed by hypergammaglobullnemla, hypergsmmaglycoglobulinemla, and

a concomitant decrease in serum albumin. The _ globulin and glyco-
globulin fractions were increased slightly while the _ fractions were

either decreased or normal. When transmitted experimentally in puppies,
the febrile phase of the initial illness was accompanied by a transient

slight rise in the _2 protein and glycoprotein fractions. This was

followed in turn by a prolonged period in which values of the Y globulin

and glycoglobulin fractions rose progressively.

The magnitude of increase in the 7 protein and glycoprotein fractions

correlated with duration of illness. By the time dogs first exhibited

epistaxis they had already entered into an advanced phase of the disease.

The data could be interpreted to suggest occurrence of a possible

hypersensitivity reaction or an autoi_m_une response during the chronic

phase of TCP. This material has been prepared for publication and is
now in the process of being evaluated for clearance.

Summary_ Part III:

A wide variety of studies have been conducted in man and experimental
animals to gain an understanding of the timing, magnitude, and nature of

the appearance of acute phase protein reactants in serum during a variety
of infectious illnesses.

Presentation:

Wannemacher, Jr., R. W. Significance of changes in plasma free amino

' acids. Presented at Federation of American Societies for Experimental
Biology, Atlantic City, N. J. 12-17 April 1970.

Publications:

i. Klalner, A. S., P. F. Gilliland, W. J. Cirksena, P. J. Bartellonl,

and W. R. Belsel. 1969. Serum glycoprotelns in naturally acquired
malaria in man. Arch. Intern. Med. 123:620-625.

2. Wannemacher, Jr., R. W., R. E. Dinterman, and W. R. Beisel. 1970.

Significance of changes in plasma free amino acids. Fed. Proc. 29:820
(Abstract).

3. Burghen, G. A., W. R. Belsel, and P. J. Bartelloni. 1970.

Influences of chloramphenicol administration on whole blood amino acids

in man. Clin. Med. In press.

' _._._,,_',;_,_,_.'_._,,_-'_,._:i_:_,_,_ . '_.'._.'_i.,_.... . _ _.....
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4. kisel, W. R., R. I/. I/aanesacher, 3r., R. S. Fekarek, and P. 3. Esrtelloni.
1970. Early changes in individual serum amino acids and trace metals during a
benign viral £11mss of man. Amsr. J. Clin. Nutr. 23:660 (Abstract).
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23 (U) Znvestigate interrelationships between acute or chronic irradiation and disease
processes.

24 (U) Acute or protracted whole body irradiation is delivered to selected animal
species be£ore, simultaneously with, or after infection. Clinical and ineaune responses
are observed and measured serially.

25 _) 69 07 - 70 06 - The K_V radiation source is installed in the medical laboratory
and is awaiting £inal Health Physics inspection. The cobalt source for chronic
irradiation has not been released to the Tnsttcute by the contractor.
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Description:

Investigate interrelationships between acute and chronic irradiation and
disease processes,

Progress and S_--m-ry:

The one ME-V irradiation source has been installed in the new medical lab-

oratory and is awaitln 8 final Health Physics inspection. The cobalt source

for chronic irradiation has not been released to the Institute by the contrac-
tor,

Publications:

None.
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23 (U) To develop a rapid electron microscopic assay for virus particles.

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) 69 07 - 70 06 - The problems, which had been encountered in the step of the

electron microscopic assay for virus partlcles in which virus Is transferred from a

millIpore filter to an electron microscope grid with negative staining appear to have
been the result of chemlcal interaction between the filter and negative stain, sodium

phosphotungstate. Means of avoiding the difficulty appear to have been worked out so

that the new procedures can now be tested for improving the centrlfugation step to

increase the sensitivity and rapidity of the assay. However, this work was postponed
while a literature survey was being made in connection with the theoretlcal model for

the blological membrane described elsewhere in this report.
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Task No. IB662706A096 01: Pathogenesis of Infection of Military l=portance

Work Unit No. 096 01 011: Biophysical Studies of Pathogenic Microorganisms

Description:

To develop a rapid electron microscopic assay for virus particles.

Progress:

As reported last year_/, a rapid electron microscopic assay for virus

particles in unpurified dilute suspensions is under development. The
assay is derived from that of Sharp2_/ in which virus was first concentrated

by centrifuging down onto a piece of agar. As described earlier, a much

simpler procedure for transferring the virus from agar to the electron

microscope grid has been evolved _¢hich incorporates negative staining, thus

facilitating identification of the virus. Furthermore, the new procedure is

not limited, as was Sharp's, to transfer from agar. As reported last year

troubles were encountered in controlling the flow of negative stain solution

through millipore filters and chemically related material, but a survey of

the llterature indicated the probable source of the problem was chemical

interaction between the filter and the negative stain, sodium phosphotungstate.

Enough experiments have since been done to indicate that the problem was

correctly diagnosed, and that quantitative transfer of virus fromm[lllpore

filters with negative staining should be possible and that the ideas, described

in previous reports, for modifying the centrlfugation step can be tried which

should greatly increase the sensitivity of the assay. Further experiments

were postponed pending completion of the literature survey being made in

connection with the theoretical model being worked out for the blological

membrane which is described elsewhere in this report. Since much of the

literature being studied concerns surface phenomena and transport of ions

through small pores, it was felt that the literature survey would probably

prove useful for the virus assay project too.

Sum_ ry:

The problems encountered in the step of the virus assay in which virus

is transferred from a millipore filter with negative staining appear to

have been solved. Thus, the new centrifuge procedure for greatly increasing

the sensitivity of the assay can now be tried. However this work has been

postponed because of the literature survey being made in connection with the

new theoretical model of the biological membrane described elsewhere in this

report (Work Unit 096 01 012).
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Publications:

None
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23 (U) Characteri-e various toxins or other inert molecules which have biologic

activity,

24 (U) Ultracentrifu_ation will be used to study the interactions of toxins and other
inert molecules with the host tissues.

25 (U) 69 07 - 70 06 - Improvements in the technique for determining density of

solutions in the ultracentrifuge from the sedimentation rate of large latex spheres

allow density differences to be measured down to I _g/ml. Density variations of the

latex particles revealed that the alkyl sulfonate mlcellar layer which coats the

)article was a strong and selectlve chelator of divalent cations. This suggested that

the cation selective pores of the external membranes of ma-m_lian cells might be similar

micelles of fatty acid soaps. Since the principal membrane phospholipids should be able

to form linear mlcelles, they would provide strands to surround soap micelles and o_her

material. A detailed analysis of the characteristics to be expected for linear micelles

of phosphatldic acid, lecithin and phosphatidyl Inosltol indicated that a membrane of
this nature could account not only for ion transport but for transport of amino acids

and sugars as well.

Publication: Biophysical Society Abstracts I0:42a, 1970.

reliable to ¢_mUec_oro od to_o • _1. _ ,
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Task No. IB662706A096 01: Pathogenesls of Infection of Military Importance

Work Unlt No. 096 01 012: Biophysical Studies of Bacterial Toxins and
Other Inert Molecules

Des'crlptlon:

Characterize various toxins or other inert molecules which have

biological activity.

Progress:

During the biophysical study of components of anthrax toxln_-I/ resolved

by sucrose density gradient centrlfugatlon the need arose for a method of
measuring partlal specific volumes of materials in sucrose solutions. In

previous reports2_L_ a simple method was described that involved sedimentlng

large spherical latex particles in sucrose solutions wlth density adjusted
close to that of the latex particles. A means of eliminating the need for

precise temperature control was discovered which made it possible to measure

density differences down to 1 _g/ml. As the density measurements became more
sensitive, variations in the latex particle density became apparent which

revealed some interesting characteristics of the alkyl sulfonate mlcellan

layer which coats the particles. The principal finding was that the

sulfonate mlcelle was a strong and selective chelator of alkaline earth

cations. Each latex particle could blnd 16 x 106 Ba++ or Mg++ ions,

apparently by bldentate chelation, suggesting the sulfonate molecules formed
hexagonal array which would allow a barium ion, or a hydrated magnesium ion,

to fit between sulfonates across a hexagon. T_e sulfonate molecules appear

free to shift (as is known to occur in free detergent films) to form a

square array allowing tetradentate chelation of calcium, since only 8 million
Ca++ ions are found per latex partlcle and binding is stronger than for Mg or

Ba. When this work was reported at an International meeting in September

1969, suggestion was made that slmilar mlcelles, for instance ones of fatty

acld soaps might provide pores in external membranes of mammalian cells,
which must be able to admit K+ Ions but exclude Ca++ ions. This basic idea

has since been expanded and has culmlnated in a unitary model of the biologlcal

membrane which appears to account not only for transport of ions into cells

but also for transport ofamlno acids and probably sugars as well. The
salient features of the model are as follows.
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It appeared quite possible that soap mlcelles might be embedded in a
phospholipid framework, when analysis showed that all the principal
phospholipids should form linear micelles, providing strands to surround
soap micelles and other material. Phosphatidic acid micelles, which for a

number of reasons seemed most likely to trap soap micelles, could form zipper-

llke structures which could close by chelating Ca++ ions between neighboring
phosphate groups. With proper compression the trapped soap molecules would

chelate Ca preventing entry into the cell. K+ ions should also fit down

between the carboxyl groups reducing the charge on the outer surface of the

soap micelle. However the monovalent cations could dissociate readily, and

those moving inward would be pulled across by the higher charge on the inside

surface of the soap micelle acting through a region of low dielectric constant.

Further compression of the soap to allow the smaller Na + ion to be sequestered

and transported, could be produced by an ATPase enzyme, embedded near the

mlcelle, if the enzyme were expanded by entrance of an ATP molecule. The

model thus accounts for the "sodium pump" action of ATPase. A phosphatidic

acid zipper could also account for Lowenstein's finding_4/ that where cells

Join, external membranes become porous, but revert back to normal if exposed
tO Ca++ ions.

Neutral (and basic) amino acids should enter the soap micelle to remove

the hydrophoblc portion out of water. Near the micelle surface pH can be

quite low, since cations cluster near a strong negative charge. Therefore
amino acids accumulating in the micelle should occasionally turn cationic

and cross the membrane when the charge on the inner surface is greater. Sodium

ions, which aid transport of amino acids, would fit between carboxyls when the

soap was crowded enough by the accumulating amino acid molecules and thus lower

the charge on the outer surface of the micelle.

Linear micelles of lecithin should provide both an anchor for the

zipper, which is indpendent of Ca++ ions, and also pores to admit anions into

the cell. The phosphate residues of this choline ester of phosphatidic acid

being monobasic, alternate phosphates in the micelle coul_ be maintained

uncharged if they were hydrogen bonded to neighboring charged phosphate

residuee. With the quaternary amines of the choline residue out at the sides

of the linear micelle, the strand edged by positive charges could anchor the

negative charges on a phosphatidic acid strand. Lecithin strands could be

held together by cholesterol, which is known to make lecithin films more compact.

Since oxygens from the neutral phosphate groups wodld point toward grooves in

the micelle, between the protruding amines of neighboring lecithin molecules,

the hydroxyl residue of cholesterol, which is known to be essential for its

activity, might form a hydrogen bond to the phosphate. Grooves near the

charged phosphate residues would be less likely to accomodate cholesterol.

Holes therefore would be left open, and being rimmed by amines, should

attract and allow passage of amines into the cell. Water probably would enter

by this route since entry of water into cells can be blocked by large anions.

Other phospholids might provide for sugar transport, making pores rimmed by

inositol or other hydrophobic groups; for Na dependent sugar transport, which

is common, the pores could be rimmed by amines at the inner surface. Then, in
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the absence of Na+ ions, anions might nestle in the sugar pores, blocking

them off The polypeptide insulin, therefore, may enhance the Na dependent• il
transport of sugars by wedging into an adjacent soap micelle. The crowded
soap would sequester and transport Na inside to attract the anions out of

the sugar pores. A survey of the literature, now being made suggests that

the membrane model will be applicable to membranes of many different types,

functional differences being accounted for by variations of the general
features described above.

Summarv:

A unitary model of the biological membrane has been worked out, the
principle feature being inclusion of soap micelles in a framework of linear

micelles of phospholipids such as phosphatidic acid, lecithin, and

phosphatidyl inositol. It was shown that such a membrane could account for

transport not only of ions, but of amino acids and sugars as well.

Presentations:

1. Buzze11, A. Ultracentrifuge1 analysis of metal chelation by

polyvinyl toluene latex spheres: Application of the phenomenon to biological

membranes. Presented at 3rd International Biophysics Congress of the Inter-

national Union for Pure and Applied Physics, Cambridge, Mass. 29 Aug-3 Sep
1969.

2. Buzzell, A. Metal chelation by detergent micelles: A model for

the small pores of biological membranes. Presented at 14th Annual Meeting

of Biophysical Society, Baltimore, Md. 25-27 February 1970.

Publications:

I. Buzzell, A. 1970. Metal chelation by detergent micelles: A model

for the small pores of biological membranes. Biophysical Society Abstracts
i0: 42a (abstract).
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i. Buzzell, A. 1967. Structural model for the lethal components

of anthrax toxin based on ultracentrifuge studies. Fed. Proc. 26:1522 to
1526.

2. U. S. Army Medical Unit. 1 July 1968. Annual Progress Report

FY 1968. p. 57 to 60. Fort Detrick, Maryland.

3. U. S. ArmyMedical Unit. 1 July 1969. Annual Progress Report

FY 1969. p. 55 to 58. Fort Derrick, Maryland

4. Lowenstein, W. R. 1967. On the genesis of cellular communication.

Developmental Biol. 1--5:503to 520.
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24 (U) Measure sermn lipids and lipoproteins during induced illness and examine the
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25 (U) 69 07 - 70 06 - In volunteers infected with sandfly fever virus there is a
decrease in serum cholesterol and triglycerides which begins within the first 24 hr
after infection and is more marked at the height of the febrile state. There is a

decrease in the pre-bete ltpoprotein fraction and an increase in the alpha fraction at
similar times. The latter fraction begins to fall during the 7th to 8th day of infec-
tion and returns to normal values during convalescence. Ultracentrifu_ation studies
show a decrease in the cholesterol content of beta fraction, most marked on the 3rd and
4th day of illness.

Monkeys intoxicated with staphylococcal enterotoxin B and endotoxin show increased

utilization of fatty acids and incorporation of labeled fatty acid into the triglycerfde
fraction in the liver.

Beagle dogs givem a high fat diet show a decreased resistance to infectious canine

hepatitis. The reasons remain unclear. Lipoprotein electrophoretic patterns show
changes compatible with an increased rate of lipolysls at the height of the illness.

Ponies and burros <-m,nlzed with 1lye Venezuelan equine encephalomyelltis vaccine have
no significant changes in their ltpoprotetn levels.

Publication: _-_r. J. Clin. Nutr. 1970. In press.
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Task No. 1B662706A096 01: Pathogenesis of Infection of Military Importance

" Work Unit No. 096 Ol 013: Host Liplds in Infectious and Toxic Illness

Description:

Study early changes in lipid metabolism during infectious and toxic ill-
ness.

Progress I Part I:

Since lipid metabolism is intimately related to energy requirements of

the host and subsequent body defenses, studies were begun in an attempt to
understand the mechanisms involved in lipid alteration during an infectious

illness. Few details are known concerning the influences of an infectious

illness on body lipids; however, recent studlesl / have served to indicate that

body fat is mobilized during the infectious process. These studies show that

body liplds may respond in a somewhat different manner according to the etl-
ologic agent involved.

It seemed desirable to study serum lipoprotein changes in conjunction with

those of serum glycoproteins and proteins (the latter are reported in Work

Unit No. 096 Ol 009). A rapid and reliable method was standardized for the

electrophoretic separation and densltometric quantitatlon of serum and plasma
llpoprotelns. _/ This method employs cellulose polyacetate strips, staining

with Schlff reagent after a 10-min exposure to ozone, and complete clearing of

background opacity. The _, pre-_ and _ lipoprotein bands are easily quanti-
rated by this procedure as are any dietary chylomicrons present. Normal val-

ues were documented for 70 healthy adult male volunteers (Project No. FY 69-9)

along with data on day-to-day variability of individual subjects. Changes

following the ingestion of high fat or carbohydrate meals, or the lipoprotein

response to an acute stress (febrile vaccine reaction) were studied serially.

Optimal conditions for the storage of samples were defined. The method ap-

pears useful for screening large numbers of patients or for side-by-side com-
parison with protein and glycoprotein electrophoretic studies of the same
sa_le.

A complete review of the literature was carried out to ascertain known

interrelationships between llpld metabolism and infectious illness. This in-

formation is soon to be published as a "Perspective in Nutrition" in the Amer-
ican Journal of Cllnlcal Nutrition.

Since there had been no prospective studies of lipid metabolism during an

infectious illness in man, a small sandfly fever study in 3 volunteers (Proj-

ect No. FY 70-3) was carried out as part of a cooperative study with Dr. Rob-

ert S. Lees, Massachusetts Institute of Technology, in an attempt to obtain
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TABLE I. PLASMA CHOLESTEROLI QUANTITATIVE LIPOPROTEINS£/ (DERIVED BY ULTRA-
CENTRIFUGATION_I) AND TRIGLYCERIDES IN MAN INFECTED WITH SANDFLY
FEVER

C_ _2_ I INF_, _3_

DAY Cholesterol ms_ Tri_lyc, Cholester01 m_7. Trlglyc.
Plasma VLDL LDL HDL ,_/100 ml Plasn_a VLDL LDL HDL ,_/100 ml

- 7 159 18 130 - 134 158 16 130 - 84

- 3 134 6 99 30 83 161 20 110 31 81

0 136 9 101 27 124 155 13 114 28 79

i 152 28 94 30 120 154 16 iii 28 62

2 149 22 106 22 128 151 5 113 29 60

3 132 8 100 24 110 131 17 91 24 59

4 152 13 112 26 126 122 12 94 16 62

5 142 15 103 25 110 133 23 92 18 72

6 142 4 112 27 94 136 14 97 22 82

7 142 I0 111 23 100 145 13 100 22 81

8 153 17 110 25 85 140 17 95 29 82

I0 156 17 110 29 71 149 16 109 24 89
i

a. VLDL = pre-_ fraction.
LDL = _ fraction.
HDL = _ fraction.

b. R. S. Lees (Massachusetts Institute of Technology).

: ,, . i.̧ _ :; i
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information concerning blood lipids and lipoprotein fractions. After stabili- _
zation during a 13-day control period on a constant liquid diet containing 40% ,ii

I

fat, lipoprotein and blood lipid values wer_smeasured serlally throughout the

illness using methods previously descrlbed._ I Quantitative llpid f_ctiona-
tion studies were also carried out by ultracentrifugation at M.I.T.Z'

Sandfly fever occurred in typical fashion after a 2-day incubation period.

It was accompanied by anorexia. Percentage lipoprotein changes consisted of

" decreases in the pre-_ fraction and a corresponding increase in the u frac-

tion, which were most marked at the height of the febrile state. The first

tendency to change, however, was noted prior to the febrile response or the
drop in calories consumed. A significant decrease in serum cholesterol par-
ralleled the decrease of the pre-_ fraction. The _ fraction tended to fall by

days 7 and 8, and returned to preinfection levels during convalescense. NO

changes were seen in the _ fraction.

In the ultracentrifugal examinations, the 3 fractions are indicated by
their relative densities: high (HDL) = 5, low (LDL) = _, and very low (VLDL)

= pre-B. When these fractions were analyzed for their cholesterol content, it
was found that the _ fraction which transports cholesterol was decreased. Re-

sults are shown in Table I. Also, as may be seen here, triglyceride levels

were also decreased in the infected men, beginning on day i; they reached

their lowest levels on day 3, returning to normal by days 6 and 7. Dr. Lees'

findings agree with our observations of a marked decrease in serum cholesterol

Although no percentage changes were seen by us in the _ fraction, this frac-

tion was altered quantitatively, as shown by its decreased cholesterol contenL

Su_narT_ Part I:

In volunteers infected with sandfly fever there is a decrease in serum

cholesterol and trlglycerldes which begins with the first 24 hr of infection

and is more marked at the height of the febrile state. There is a decrease in

the pre-_ lipoprotein fraction and an increase in the _ fraction at similar
times. The latter begins to fall during the 7th and 8th days, returning to

normal during convalescence. Ultracentrifugal studies show a decrease in the

cholesterol content of the _ fraction which is most marked on the 3rd and 4th

days of illness.

Progress a Part II:

Since no Infection-related studies were available to provide insight into

the mechanisms of lipid kinetics, studies were begun on the interrelationship

of lipid metabolism during infection using tracer compounds of a fatty acid in
the experimental monkey model system. A single pulse dose of tritium-labeled

palmitic acid was given to monkeys intoxicated with staphylococcus enterotoxin

B (SEB) and Salmonella endotoxin. The labeled fatty acid was complexed to

monkey albumin and injected 2 hr postchallenge. Blood samples were obtained

at frequent intervals over a 2-hr period and analyzed for free fatty acid and

triglyceride content. Control and experimental monkeys were examined concur-

rently and body temperatures were held constant within 1-2 degrees. Prelimi-

nary results show an increase in the disappearance rate of the labeled fatty

acid and increased incorporation into trlglycerides. These differences are

....... " iiiiii!iili
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more marked in the endotoxin-lntoxicated animals. These results will be sub-

jected to computer analysis using a 2-compar_nental model to define further
the kinetics involved. The studies will also• be expanded to include monkeys

infected with pneumococcus and Salmonella organisms and the use of multi-com-

partmental computer analysis.

S--m_ry_ Part If:

Monkeys intoxicated with SEB and endotoxin show increased utilization of

fatty acids and incorporation of labeled fatty acid into the triglyceride
fraction in the liver.

r

Pro_ress_ Part I17:

In an attempt to understand the nutritional aspect of host defense mecha-

nisms and its relation to lipid metabolism during infection_ studies were be-

gun on Beagle dogs infected with infectious canine hepatitis (ICH) virus. A

high calorlc 3 high fat diet (the Military Stress Diet) is currently being

used routinely in sentry dogs in Vietnam. Because of experimental work _ich
has shown a depressed resistance with overnutrition and high fat diet_ -""

dogs were divided into 2 groups. One group was fed regular Purina chow and
the other the Military Stress Diet. There was a consistent weight gain in

both groups I but a marked increase in subcutaneous fat in the high fat-fed

dogs. After a stabilization period on each diet for 2 months_ both groups
were infected with ICH virus. Blood was drawn for determinations of serum

lipids and llpoproteins.

In the high fat-fed animals_ the disease course was much more progressive I

severe_ and had a more rapid mortality than in the control diet group. There
was a marked increase in the pre-_ (VLDL) fraction in the high fat-fed dogs

prior to infection. Lipoproteln electrophoresis showed significant decreases
in the pre-_ fraction and corresponding increase in the _ lipoprotein fraction

during the illness, These changes were more marked in the high-fat diet

group. Other lipid parameters were also studied; there was an increase in

free fatty acids s and a decrease in triglycerides in both groups. Phospholip-
ids were increased and total cholesterol was decreased in the control diet

group. Light and electron microscopy studies were done on liver tissue fr_n

infected dogs. Preliminary results show no difference between them; typical
lesions of ICH were seen.

Studies are also in progress characterizing the serum protein_ glycopro-

tein and lipoprotein fractions in ponies and burros after immunization with

attenuated Venezuelan equine encephalomyelitis virus (VEE). Burros showed a

slight febrile response_ accompanied by a decrease in percentage of serum al-

bumin. Both species had increases in _lb and _2 globulins and a decrease in
glycoalbumin and (_ llpoprotein.

Summary i Part III:

Beagle dogs fed a high-fat diet show decreased resistance to ICH infection.
The reasons are unclear. Lipoprotein electrophoretic and serum lipid patterns

i• !il .....i



JOD,DPG 61 I

show changes compatible wlth an increased rate of lipolysis at the height of I
the illness in both groups, The Purina-fed dogs show increased phospholipids
and decreased total cholesterol,

An examination of burros and ponies immunized with attenuated VEE vaccine

show minimal changes in the serum protein 3 glycoprotein 3 and lipoprotein pat-
terns.

Publ$¢ations:i

1. Beisel 2 W. Ro_ and R. H. Fiser 3 Jr. 1970. Lipid metabolism during
infectious illness. Amer. J. Clin, Nutr. (In press.)
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2. Klainer I A. S._ W. R. Belsel_ and W. K. Atkins. 1958. Determination
of serum glycoproteins on cleared cellulose acetate strips. Amer. J. Clin.
Path, 50:137-141.
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4. Frederlckson_ D. S.# R. I. Levy_ and R. S. Lees. 1967. Fat transport
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5. Newberne 3 P. M. 1966. Overnutrltion on resistance of dogs _o dis-
tamper virus. Fed. Proc. 25:1701-1710.
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(,U) To study alterations in nucleotide metabolism, RNA biosynthesis, and template

activity of isolated chromatin in host cells during infection.

_4 (U) Total nlcotine-adenine dinucleotide (NAD) is measured in the tissues of mice

subjected to a variety of conditions including infection with pneumococcus. The

incorporation of radioactively labeled precursors of ENA into RNA isolated from various

subcellular fractions is measured in the host durin8 infection.

_5 (O) 69 07 - 70 06 - Dietary tryptophan was manipulated in normal rats; hepatic HAD

concentration reflected the availabillty of this amino acid. When pneumococcal infec-
tion was induced or animals were fasted, hepatic NAD levels decreased.

Kynurenine, one of the me_abolites of tryptophan, was measured in volunteers infec-
ted with sandfly fever. Urinary excretion was increased, even though no addltional

tryptophan was given them and there was reduced food intake due to anorexia.

The rate of in vitro transcription of chromatin extracts was measured in mice.

Ehere is dulrnal rhythm of chromatin template activity, and increase in it after

infection with pneumococci, followed by a decrease.

A method that laffords 8ood separation of 16S and 22S RNA of Mycoplasma laidlawil has

men developed. It shows promise for the study of RNA in other organisms and tissue

:ulture lines. I

Publicatlons: Biophys. Soc. Abstracts 10:165a, 1970 (abstract).

Fed. Proc. 29:569, 1970 (abstract).
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Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)
O

Task No. IB662706A096 01: Pathogenesls of Infection of Military Importance

* Work Unlt No. 096 01 401: Effect of Bacterial and Viral Infections on Host

Cell Biosynthetic Mechanisms

Description:

To study the mechanisms which control amino acid metabolism (w-ith

particular attention to that of tryptophan), protein synthesis, and the

transcription of chromatln in normal and infected animals.

Pro_resso Part I:

Tryptophan and its metabolites have been demonstrated to affect poly-

ribosome pa_terns and protein synthesls,lj 2/ gluconeogenesls, 3/ mitochondrial

resplration_ 4/ and lipid metabollsm_5/ in a variety of mammals. In addition,

tryptophan is known to be a precursor of the pyridlne nucleotides (NAD, NADH,

NADP, NADPH), the prime redox entities of cellular metabolism, in man_6/ as
well as in other animals. Studies were therefore undertaken to elucidate the

elements which control tryptophan metabolism. A recent report indicated that

the conversion of tryptophan to CO2 was regulated by substrate load per se

rather than by alterations in tryptophan oxygenase activity.7_/ The formation

of WAD from tryptophan involves many of the reactions which are also a part

of CO2 production, specifically the metabolic sequence which begin_ with
t _/tryptophan oxygenase (TO) and is known as the k_urenine pa hway.-- Is it

also primarily controlled by the availability of substrate? To answer this,

2 experimental approaches were employed.

In the first, young rats were fed synthetic amino acid diets containing

0, 1.5, 3.0 or 4.5 gm tryptophan/kg mix. The animals were kept on a schedule

of 0600-1800 hours of light, and 1800-0600 hours of dark; they were sacrificed
'at either 0800 or 2000 hours on day 3 or day 10 to allow assessment of liver

tryptophan and WAD concentration and TO activity. The tryptophan content of

the livers on both days was essentially constant. TO activity was variable and
in fact even showed an inverse relationship to dietary tryptophan at 0800 on

day i0. Hepatic NAD concentration on the other hand always reflected the

dietary level of tryptophan; Table I shows the correlation coefficients and
their probabilitles.

:, ::!_ki_IIIIIfill _¸!_¸_......̧̧....._i i'¸'¸¸ _'
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TABLE I

DAY HOURS CORRELATION COEFFICIENT PROBABILITY o

r E

i

3 0800 0.52 < 0.01

3 2000 0.86 < 0.005

10 0800 0.79 < 0.00_

i0 2000 0.83 < 0.006

Correlation between hepatic NAD concentration and level of dietary tryptophan

The second approach made use of pulse-doses of tryptophan administered

intraperltoneally (ZP) to mice. Followlng a slngle 15-mg dose, llver

tryptophan levels rose rapidly, within minutes, and so did assayable TO

activity. Hepatic NAD concentration peaked at about 2 hr. The concentration

of HAD and of tryptophan as well as the level of oxygenase activity in the

liver were proportional to the amount of tryptophan injected.

Both approaches yielded data that strongly indicate that NAD synthesis
from tryptophan is regulated by the availability of tryptophan rather than

by fluctuations in TO activity. The pulse-dose studies however suggested
that in the conversion of tryptophan to NAD, increases in TO activity did
in fact occur. Whether these increases are necessary or coincidental cannot

at the moment be determined.

Another conclugion to be drawn from the study is that rats as well as

mlc9e_/ exhibit a diurnal variation in hepatic NAD concentration.

Summar¥_ Part I:

Studies involving manipulation of dietary tryptophan in rats and

pulse-doses of this amino acid in mice yield the same conclusion: hepatic
NAD concentration reflects the availability of tryptophan in those animals
which can use this metabollte as a precursor for pyrldlne nucleotldes.

i_; ! !i i _ii:_¸¸ ? iii_
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Progress I Part I.I:

Although increased tryptophan metabo_$sm is noted in infections of

bacterial, viral and rickettsial orlgi_n_R/ and an increase IntO activity

has been reported to occur in mlce infected wlth pneumococci_-_/,_/there is
no evidence of an increase in gross hepatic pyrldlne nucleotlde concentration.

Rather, prellmlnary studies in rats and mice infected with 1-2 x 10 6

Diplococcus pneumonlae and then fasted from the moment of infection, indicate
that a diminution occurs in hepatic NAD concentrations; most of the decrease
can be attributed to decreased food intake. It should be noted that these

measurements are merely an assessment of the quantity of NAD present and

do not reflect the rates of synthesis or degradation of this compound.

Summary, Part II:

Hepatic NAD concentration falls in mice and rats following injection

with 1-2 x 106 pneumococcl. This decrease can be mimicked by fasting alone
and thus does not seem to be due directly to infection.

Progress t Part III:

Prior experiments in volunteers demonstrated that bacterlal, viral and
rickettsial infections all increase the urinary output of some of the

metabolltes of tryptophan_/. At that time an oral 3-8m dose of tryptophan

was used to enhance the detectability of these substances.

A recent study with sandfly fever virus infection in man (Project FY

70-3) showed _hat it was possible to analyze for the metabolltes of

tryptophan in the urine without resortingto a prior pulse-dose of the amino
acid and confirm that excretion of kTnurenlne is elevated during the febrile

phase of infection. The increase in kynurenlne excretion is observed when

the volunteers have markedly reduced their food intake. This would suggest
that the infectlon-related increase in metabolism of tryptophan is not

related to the dietary level of this amino acid.

Further studies are planned in which the metabolltes of tryptophan

other than, and in addition to those of the kynurenlne pathway will be

measured in order to assess the effect of infection on pyrldln_ nucleotlde
and serotonln metabolism.

Summary, Part III:

The urinary excretion of kynurenine was increased during sandfly fever
infection in humans and was significant even though the volunteers had

not received a tryptophan load and had reduced food intakes.

ii/:>i/
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Progress, Part IV:

Chromatln has been isolated from livers of mice at various times for

23 hr following IP inoculation either wlth D_. pneumococcl or wlth saline.
We have deteralned the rate of in vitro transcription of the chromatln
extracts by incubatlng IkC-labeled nucleotldes wlth Escherich.1.a coll DNA-
dependent RNA polymerase and varYln8 quantities of the chromatin,
followed by determination of the 1_C incorporation into RNA. The polymerase
was purified from Wrozen bacteria in this laboratory. Our results indicate
(a) a diurnal rhythm of chromatln template activity in extracts from control
anlmals, (b) an increase in template activity within 5 hr after infection,
and (c) a subsequent decrease lastln8 through the remaining salpllng period.

The diurnal rhythmicity of normal hepatic chromatln template activity Is
therefore altered by generalized pneumococcal infection which may demand a
different pattern of transcription (gene expression) in the 11ver.

Studies are in progress which utilize adrenalectomlzed mice to examine the

possibility that steroid hormones have a role as mediators of the above effects.

We also intend to ex-m_ne RNA molecules synthesized in vlvo and in vitro

to try to detect and perhaps quantltate new RNA species whose synthesis is

stimulated by infection.

Summary, Part IV:

Evldence has been obLalned suggesting that early changes in protein

synthesis in livers of infected mice may be due at least in part to effects

of infection on transcription of genetic information.

Progress, Part V:

A method has been developed for separating the 16S and 22S components

of RNA of Mycovlesma laldla_rll. This method involves phenol extraction of

the nucleic acids followed by their fractlonatlon on a column of methylated
bovine serum albumin adsorbed onto Kieselguhr. This method appears to be

reproduclble and might be useful for study of RNA from other organisms and
from tissue culture lines.

Suaznarv. Part V;

A method that affords good separation of the 16S and 22S =Omponents of

RNA of M. laidl_wli, has been developed.

Pr esen tat ions:

I. Stelnhart, W. S. 1970. Alteration of rhythmic chromatln template

activity in livers of pneumococcus infected mice. Presented at Fourteenth
Annual Meeting of Biophyslcal Society, Baltlmore, Md. 25-27 Feb 1970.
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2. Powanda, M. C., and R. W. Wannemacher, Jr. 1970. Some aspects of
tryptophan in the rat. Presented at Federation of American Societies for
Experimental Biology, Atlantic City, N. J. 12-17 April 1970•

• Publlcations:

1
i 1. Stetnhart, g. S. 1970. Alteration of rhythmic chromatin template

. activity in livers of pneumococcus infected mice. Btophys. Soc. Abstracts
i 10: 165a. (Abstract).i

2. Povanda, M. C., and R. W. Wannemacher, Jr. 1970. Some aspects of

tryptophan in the rat. Fed. Proc. 29:569 (Abstract).

3. Rapoport, M. I., W. R. Beisel, and R. B. Hornlck. Tryptophan
metabolism during infectious illness in man. J. Infect. Dis. (In press).
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BODY OF REPORT

• Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. 1B662706A096 01: Pathogenesls of Infection of Military Importance

Work Unit No. 096 Ol 403: Host-paraslte Relationships in Arbovirus
Infections

Description:

Investigate various interactions between animal hosts and arboviruses.

Progress and Summ_ry:

No work was accomplished during this report period due to inability to

work with infectiQus organisms in the new medical laboratory. Workwill resume
during the coming year.

Publications:

None.
L
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24 (U) The effects of staphylococcal enterotoxin B (SEB) on animal hosts are measured
by a n,,mher of parameters.

25 (U) 69 07 - 70 06 - Cardiotoxlclty of SEB was evaluated in monkeys. Arrhythmia

occurred only followin_ high intravenous doses of crude product; purification apparently

removed the impurity which produced it. Chronic infusion of SEB into monkeys was seen

to affect pulmonary vascular endothellum; 6 of 9 monkeys that died had pulmonary

congestion and edema.

An attempt was made to determine the mechanisms of SEB shock by direc_ visualization

by light microscopy of the conJunctlval blood vessels of monkeys. Preliminary results

sugsest the presence of hyperemia and capillary dilatation within 45 mln.

Cutaneous hypersensitivity in SEB-experlenced monkeys was demonstrable. Maximum

sensitivity was too low for a practical test.

Publications: J. AppI. Physiol. 27:164-169, 1969.
Appl. Microbiol. 17:394-398, 1969.
Amer. J. Vet. Res. 31:507-514, 1970.
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BODY OF REPORT

Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 01: Pathogenesis of Infection of Military Importance

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

Description:

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

Progress, Part I:

In 1969_ Vick et all/ reported increased toxicity of staphylococcal enter-
otoxin B (SEB) product obtained from Lot 10-275 by the salting-out process.

It appeared to be due to a marked primary cardiovascular effect in both the

intact animal and in the detachedj perfused heart. Although no incidence of
direct cardiotoxicity was ever observed in any study dealing with the highly

purified standard Lot 14-30 SEB_ Vick's work raised the possibility that toxin

prepared from Strain 275 organisms might be cardiotoxic. Such a possibility

had never been eliminated. Thus_ this study was designed to evaluate specif-

ically the cardiotoxic effect of SEB.

Studies were conducted in monkeys_ using several different lots of SEB.
These were selected so as to represent SEB preparations with different degrees

of purity 3 to include SEB processed by different methods 3 and to compare tox-
ins derived from different strains of Staphylococcus. All monkeys were exam-

ined in advance to insure an absence of serological evidence of SEB immunity.

Any observed changes in electrocardiographic (EKG) pattern following the
intravenous (IV) administration of SEB must be interpreted with the under-

standing that alterations are known to accompany changes in heart rate; and

more importantly, that marked changes in these patterns occur as a consequence
of lethal shock (in the absence of specific toxemia).

Extremely high doses (> i0 mg/kg_ IV) of SEB produced from the various

strains did not produce any EKG alterations within 15 min of challenge. This
observation indicated that differences in the strain of Staphylococcus produc-

ing the enterotoxin could not be incriminated as the cause for the early EKG

changes observed by Vick et al._ / The terminal alterations that occurred were
compatible with those changes observed in terminal shock of any etiology.

When crude (30-40% purity) SEB was studied_ EKG changes developed within
15 min of toxin administration. These changes were seen only with extremely

high doses of the crude preparations_ and were seen with both heat-dried and

vacuum-evaporated products. Typical findings included an initial tachycardia_

aberrant conduction_ atrioventricular (A-V) dissociation 3 third degree A-V

block_ bradycardia, ventricular fibrillation_ and wandering atrial pacemaker.
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Since these changes were observed very early_ only at extremely high

doses of impure products 3 and could not be reproduced with highly purified
material obtained from the same strains_ they can be ascribed_ most logically 3

to extraneous staphylococcal products or impurities that had not been removed

during partial purification procedures.

TABLE I. EFFECT OF SEB AND HEMORRHAGIC SHOCK ON THE EKG OF THE RHESUS MONKEY

NO. DEVELOPING CARDIAC

NO. OF DOSE ARRHYTHMIA 0-15 MIN

ANIMALS TOXIN m_/k_ POSTCHALLENGE

5 10-275 i 0

(52-68)

i 10-275 5 i

(52-68)

2 10-275 I0 2

(52-68)

4 VE Blend I0 4

11-20(69)

2 44.-275 15 0

2 14-30 i0 0

2 Hemorrhagic -- 2
shock

Summary_ Part I:

The cardiotoxic effect of SEB has been evaluated. Cardiac arrhythmias de-

veloped only with high IV doses of crude SEB and appeared to be functions of

extraneous staphylococcal products or impurities that were not removed during

partial purification procedures.

Progress I Part If:

In 1966 Grelsman et al_/ reported that when bacterial endotoxins were in-

fused IV at constant rates into healthy volunteers_ the febrile and toxic re-

sponses returned to baseline within several hours_ despite the continuing in-
fusion. Such rapid refractoriness appears to represent a specific desensiti-

zation to endotoxin_ since endotoxin-refractory rabbits exhibit unimpaired

pyrogenic responsiveness to influenza virus_ tuberculin and staphylococcal
enterotoxin.

Studies were initiated to study the pathophysiology of enterotoxemia in the

=
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rhesus monkey during long-term 3 continuous infusion of SEB. It is anticipated

that this study will (a) lend evidence to the development of a refractory

state with SEB 3 (b) identify target organs or tissue receptor sites for SEB 3
and (c) provide a model system for studying the course of enterotoxemia and a

therapeutic approach to the disease.

Table IX sum-mrizes the dose rates_ time of infusion and outcome of the
animals in question. Chronic infusion of SEB'at the rate of 0.01 or 0.02 _g/

kg per min for 60- and 30-hr periods of administration I respectively 3 consis-
tently resulted in a high incidence of mortality. Low-level chronic infusions

of SEB exposed the test animals to a total dose of 15 _g/kg 3 which is only

half the calculated median lethal dose (LD_o) of this toxin. Obviously_ these
animals did not develop a refractoriness t5 SEB as occurs with specific desen-

sitization to endotoxin during constant IV infusion of the toxin.

TABLE If. CHRONIC INFUSION STUDIES

SCHEDULED

TOTAL DOSE DOSE/MIN INFUSION TIME

(_g/kg) (_ _g/min) (hr) DEATH/TOTAL

250 0.21 60 2/2

50 0.04 60 2/2

15 0.01 60 3/4

15 0.02 30 2/4

i0 0.008 60 0/2

2 0.001 60 0/I

All chronically infused animals developed leukopenia about 2 hr following

start of infusion. This was followed by a slight rise in white blood count
(never reaching the control level) and then persistent leukopenia throughout

the course of the infusi_9. This contrasts with the single-SEB-injection
studies of Crawley et al--' where the initial leukopenia was followed by per-
sistent and rapid development of rebound leukocytosis. Crawley noted a marked

increase in im.mture cells during the leukocytosis. The latter finding was

not noted in this study.

There were no significant changes in serum glutamic oxalacetic transami-

_se (SGOT)_ serum glutamic pyruvic transaminase (SGPT) 3 blood urea nitrogen

(BUN)_ and lactate levels during low-level_ chronic infusions of SEB. These
findings differ somewhat from the findings of Crawley et al_4/ in which an

early rise in SGOT and BUN was seen. Additionallyj we have noted an early
drop in the packed cell volume which contrasts with the work of Rhoda et al._ /

Six of 9 animals that died during the chronic infusion studies had gross evi-

• ,
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dence of pulmonary congestion and edema.

High-level infusions of fluorescein-tagged SEB (i mg/kg/hr)_ coupled with

electron microscopy_ provide further evidence that a primary site of action
of SEB is the pulmonary vascular endothellum. (See Work Unit No. 096 Ol 803).

Summary I Part II:

Chronic SEB infusion studies thus far are indicative of the basic action

of SEB on vascular endothelium.

Progress_ Part III:

Skin-testing for the presence of immediate hypersensitivity in rhesus

monkeys to SEB was conducted in a selected group of animals. The study was

designed to assess the feasibility of developing a quantitative bioassay sys-

tem capable of detecting low concentrations of SEB. Animals were reinoculated

at biweekly intervals to determine the sensitivity and reproducibility of the

test. Much of the experiment was patterned after the work of Weiszer et al._ /

Each animal was inoculated intradermally (ID) with O.l-ml volumes of SEB

in physiologic_ pyrogen-free NaCI. The tests were run in the abdominal skin.
A titration was performed by making a series of ID inoculations down the ab-
dominal wall. Each test site contained 0oi ml of NaCI containing i/i0 the

toxin of the site immediately above it. The test was controlled with an ID

inoculation of the NaCI diluent. Replicate tests were run simultaneously on

each animal; one to the left and the other to the right of the midline.

The results of the testing program indicated that SEB-immunized rhesus

monkeys displayed cutaneous hypersensitivity when inoculated ID with homolo-

gous antigen. Animals without previous experience to SEB were nonreactive to

the skin testj but the initial testing program exposed each animal to > 22 _g
SEB and rendered the animal sensitive to subsequent ID inoculations of toxin.

The response pattern of selected monkeys is presented in Table III. Maximal

sensitivity observed for the test was 0.001 _g SEB/O.I ml. There was good

reproducibility between replicate tests conducted simultaneously_ and fair
agreement in the sensitivity of the same animal on various test days. The

development of skin-testing as a method for quantitation of SEB was discon-

tinued when it was determined that the desired sensitivity of the bioassay
could not be achieved.

i ¸ _
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TABLE III. SEROLOGIC STATUS AND CUTANEOUS SENSITIVITY OF RHESUS MONKEYS
INOCULATED ID WITH SEB

RESPONSE BY MONKEY
e

TIME TEST K9-5 K9-6 54,-84 54-112 J4-24 54-103

Serology

Oct 69 HI - - 320 320 640 1280

Pptn - - 2 + 2 8

3 Dec 69 Pptn - - 1 2 2 8

16 Dec 69 Pptn - - 32 16 >32 >32

12 Jan 70 Pptn - - 16 32 >32 32

Cutaneous Hypersensitivity

_g/0. i ml

3 Dec 69 I0 - - + + + +

i - - + + + +

0.I - - + + + -

0.01 - - - + - -

0.001 ......

16 Dec 69 I + + - + + +

0.i - - - + +

0.01 - - - + - -

0.001 ......
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Summary, Part III:

Cutaneous hypersensitivity in SEB-experienced rhesus monkeys could be

demonstrated by ID inoculation of toxin. The maximal sensitivity achieved in

the testing was 0.001 _g SEB/O.I ml. It was determined that the bioassay of

SEB in monkey skin would not be a practical method of detecting and quanti-
rating low concentrations of the toxin.

Progress, Part IV:

The effect of certain pharmacological agents on the microcirculation in

dogs has been studied by direct visualization of the capillaries of the mesen-

teric arterial system by some investigators.

Using a direct lighting microscope, we attempted direct visualization of
the conjunctival vessels in the monkey to determine the mechanisms of shock

of SEB. Time-lapse pictures were taken postinjection from 0 time to death.

Summary, Part IV:

An attempt was made to determine the mechanisms of SEB &hock.by direct vi-
sualization using light microscopy of the conjunctival blood vessels of the

monkey. There is a suggestion that there is hyperemia and dilatation of the
capillaries within the first 45 min of injection.

Progress, Part V:

A pharmacological approach to the study and treatment of enterotoxemia

has been initiated in the primate. Initial studies have employed _rechallenge
prophylactic therapy with phenoxybenzamine_ based on work by Vickl which dem-

onstrated the efficacy of its use in endotoxin shock, and the beneficial ef-
fects of_this drug in the treatment of pulmonary congestion reported by Suk-

hnandan. _/ It is believed that the effect upon pulmonary congestion is due,
in part, to relaxation of the postcapillary pulmonary bed. This drug showed

some beneficial effects when used during SEB toxemia in rabbits (see Work Unit
No. 096 Ol 801).

Preliminary data in monkeys indicated that the degree of success utilizing
phenoxybenzemine was closely related to dosage; dosages of > 0.75 mg/kg were

ineffective in preventing death. However 3 doses between 0.5 mg/kg and 0.75
mg/kg have resulted in increased survival rates as compared to controls.

Phenoxybenzamine was not effective in preventing the development of pul-
monary edema during the course of enterotoxemia in monkeys.

Preliminary work with isoproterenol has been unrewarding.

The study has been expanded to include continuous assessment of the ani-

mal's arterial blood pressure, central venous pressure, EKG, respiration rate,
pH_ PCO2_ PO2, and blood lactate concentration. It is hoped that this study
will markedly improve the chemothera)eutic approach.

i , ,, .
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Summaryj Part V:

A pharmacological approach to therapy of SEB enterotoxemia in monkeys has
been initiated.

Publications:

i. Elsberry_ D. D._ D. A. Rhoda 3 and W. R. Beisel. 1969. Hemodynamics

of staphylococcal B enterotoxemia and other types of shock in monkeys. J.
Appl. Physiol. 27:164-169.

2. Staab_ E. V. 3 J. Niederhuber_ D. A. Rhoda; C. S. Faulkner; III; and
W. R. Beisel. 1969. Role of the kidney in staphylococcal enterotoxemia.
Appl. Microbiol. 17:394-398.

3. Rhoda_ D. A._ D. D. Elsberry_ and W. R. Beisel. 1970. Fluid compart-
ment alterations in the monkey with staphylococcic B enterotoxemia. Amer. J.
Vet. Res. 31:507-514.

4. Rhodaj D. A. and W. R. Beisel. 1970. Lymph production during staphy-

lococcic B enterotoxemia-induced shock in monkeys. Amer. J. Vet. Res. (In
press.)
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Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 01: Pathogenesis of Infection of Military Importance

" Work Unit No. 096 Ol 801: Mediators of Microbial Toxin Activity

Description:

To evaluate the role of host mediators in the action of microbial

toxins.

Progress t Part I:

Plasminogen activator levels as measured by the euglobulin lysis time

test are markedly increased during the first 1 1/2 hr after intoxication

with staphylococcal enterotoxin B (SEB) in the rabbit and monkey. There-

after, the times are markedly prolonged and this condition persists through

24 hr. The latter changes may be the result of a depletion of plasminogen

activator or plasminogen or an increase in blood antiplasmin levels.

Current investigation centers on determining relative blood concentrations

of these 3 factors. Plasmin is a highly active humoral agent which_ / has

been found to be a potent activator of the vasoactive kinins.

Summary, Part I:

Marked alterations in levels of a plasminogen activator occur during
SEB intoxication.

Progress, Part II:

A pharmacodherapeutic approach to SEB toxemia has been initiated

using chronically catheterized rabbits. The physiologic and metabolic

parameters examined include: body temperature, central arterial (CAP) and

venous pressures (CVP), arterial and venous PC02, PO2, and pH, blood lactates

and pyruvates, blood glucose and serum enzymes, serum glutamic oxalacetic

transaminase (SGOT) and lactic dehydrogenase (LDH).

The physiological alterations indicated a progressively declining

CAP and no change in the CVP. Blood lactates began to rise immediately

postchallenge reaching peak values (5-6 x normal) by 9 hr. Blood pyruvates
initially followed a parallel pattern but by 9-12 hr the levels began to

fall with a resulting increase in the lactate: pyruvate ratios. Changes in
blood gases were inconclusive at that time but a rapidly developing
metabolic acidosis did occur in spite of a marked hyperventilation. Hyper-

glycemia developed initially but persisted only through 3 hr after which

: ;:i i J
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hypoglycemia occurred. SGOT and LDH levels followed identical slopes with
10-fold plasma level increases seen by 9-12 hr, persisting until death. These

metabolic changes along with the physiological alterations indicated that

cellular damage was occurring early in the toxemia and that an increasing

hypoxic state was being produced which culminated in the shock-like death of
the animal.

To date, phenoxybenzamlne prophylaxis has prevented death in 4 of 6

rabbits. In these 4, a severe hypotenslve state was produced by the drug;

following challenge with SEB a further fall occurred. However, in the 2 that

died, the drug prevented appearance of the expected metabolic changes.

Sqmmary, Part II: _

Prophylactic phenoxybenzamine protected 4 of 6 rabbits from death due to
SEB intoxication; these animals failed to show the typical metabolic changes
seen in the animals that succumbed.

Pro_ressz Part III:

The isolated urinary bladder of the toad (Bufo marlnus_ is being used as

a model system to study the effect of SEB on the transeplthelial transport
processes.

SEB at concentrations of 0.025- i00 ug/ml had no effect on baseline

or vasopressin-stimulated osmotic water flow. However, serum from a monkey

challenged intravenously 30 mln earlier with 300 ug/kg SEB caused an enhancement

of vasopressln-stlmulated water flow when compared to serum from the same

monkey obtained prior to SEB challenge. Experiments are underway to identify

the serum factor responsible for this phenomenon and to determine if there is

a possible mediator of the toxic effects of SEB.

Preliminary studies have been started to study the effect of SEB on oxygen
utilization in isolated toad bladder mucosal cells.

Summary, Part III:

Serum from a monkey challenged 30 min earlier with SEB has been found to

potentiate vasopressln-stlmulated osmotic water movement.

Publications:

None
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BODY OF REPORT

- Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 01: Pathogenesis of Infection of Military Importance

Work Unit No. 096 Ol 802: In Vivo Distribution of Microbial Toxins

Description:

Study of clearance of SEB in monkeys and localization of SEB in animal

tissues and the pathogenesls of the intoxications.

Progress , Part I:

Clearance of staphylococcal enterotoxin B (SEB) from the circulation of

monkeys (Macaca mulatta) after intravenous (IV) challenge was studied utilizing

the radial inmmnodiffusion technique.

Intact nonexperienced (SEB-negative) monkeys were given 500 Ng SEB/kg

body weight IV and were bled serially from 30 mln postinjection. At 30 min

postinjection the circulating.level was 2.0-4.5 _g SEB/ml serum; by 1-2 hr
it had decreased to < 0.5 _g/ml serum. Three of 7 monkeys exhibited an

apparent rise of circulating SEB near death.

Thirty minutes after challenge with 500 Ng/kg of SEB, an intact
experienced (SEB-posltlve) monkey had 34 _g SEB/ml serum; and this level

dropped to 1.4 _g SEB/ml serum by i hr remaining so until death at 2½ hr.

Two nephrectomized SEB-negative monkeys had approximately 7 U g SEB/ml

serum at 30 mln after IV challenge with 500 _g/kg. By 3 hr this level was

reduced to a negligible quantity. Both monkeys exhibited a terminal

elevation of about 0.5 _g/ml 1 hr prior to death from SEB intoxication.

One nonexperienced nephrectomlzed monkey given Thorotrast (ThO2) , followed
by IV challenge with 500 _g SEB/kg demonstrated essentially the same clearance

curve as nonexperienced nephrectomized monkeys challenged with SEB without

prior Thorotrast blockade.

Two nephrectomized SEB monkeys were given i000 _g fluorescein-labeled

SEB/kg body weight IV and bled at 15-mln intervals until sacrifice at I hr.

One was given Thorotrast I hr prior to SEB challenge. Both monkeys had
similar clearance curves.

J/
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Summary, PaTt ' I:

Determination of circulating levels of SEB by the radial immunodiffusion

assay technique in monkeys under various experimental conditions indicates that

SEB is cleared rapidly from the circulation of intact nonexperienced animals .

and that nephrectomy and clrculating anti-SEB antibody delays clearance.
Thorotrast blockade does not alter the clearance rate. These results correlate

with previous work utilizing other assay techniques. There is occasionally a

rise in the level of circulating SEB near the £1me of death from SEB intoxication.

Progress I Part II:

Nephrectomlzed monkeys, with and without Thorotrast blockade, were given

1000 ,jg fluorescein-labeled SEB/kg body weight and sacrificed at 1 hr post-

injection. Sections of brain, liver, lung, lymph nodes, sDleen and other organs

were processed through paraffin, sectioned at 5 _, cleared, and examined with

the ultraviolet microscope. Fluorescent activity attributable to fluoresceln-

labeled SEB was found in Kupffer cells of the liver and reticuloendothelial

cells of the choroid plexus of the brain. Fluorescence could not be demonstrated

in the visceral and peripheral lymph nodes, Spleen or lung. Quantitative

differences between the fluorescent activity of the Thorotrast blockaded and
nonblockaded animals could not be demonstrated.

Summary, Part II:

When studied in nephrectomlzed monkeys, fluorescence attributable to

fluoresceln-labeled SEB was found in the retlculoendothellal cells of the choroid

plexus of the brain and in liver Kupffer cells but not in retlculoendothelial

ceils of other organs. Thorotrast blockade did not appear to alter uptake of
fluorescein-labeled SEB.

Progress, Part III:

Necropsles were done on monkeys dying from SEB intoxication and those

euthanlzed durin E the course of SEB intoxication (see also Work Unit 096 01 800).

Gross examination of the tissues revealed only parasitic infestations of the

lung mite (Pneumonyssus slmlcola) and the nematode Esophagostomum spp. Occasion-
al monkeys had grossly recognizable pulmonary edema. Microscopically there was a

variable amount of perlvascular and perlbronchlal pulmonary edema. Pulmonary

edema was occasionally absent and at times it was severe. Kupffer cells of the

liver were occasionally swollen and the spaces of Disse were slightly dilated.

Other lesions seen, such as pulmonary thromboemboll, were attributable to

indwelling venous catheters. Animals given Thorotrast had phagocytized pigment

in reticuloendothellal cells of the spleen, liver, and lymph nodes.

Summary, Part III:

Lesions observed in monkeys intoxicated with SEB were similar to those

.: , , . - =
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previously described. Perlvascular and peribronchial pulmonary edema were

most coumonly observed. Kupffer cells were swollen and the spaces of Disse
were slightly and inconstantly dilated.

. Progress. Part IV:

A study of possible vascular effects of SEB in the nonsusceptible adult

rat (200-300 gm) was performed using the cremasteric muscle as a model, and

carbon black as the vascular tracer. Varying quantities of SEB (I0-I000 _g),

lot 14-30, were injected intrascrotally in O.l-ml volume on one side, and an

equal volume of normal saline or histamine diphosphate (I mg/ml) as negative

or positive control on the other side. The animal wa_.sacrificed at I hr. The
cremasterlc muscle was processed for light microscopy -/ and evaluated for an

increase in permeability at any point in the vascular tree.

For the studies in a susceptible species anesthetized, 2.5-4 kg M. mulatta

were _d. The lung was the model organ___he va_qular tags were radio-labeled
SEB ( JI-SEB) and bovine serum albumin _z)I-BSA_/or horseradish peroxidase

(HRP). All monkeys used for SEB challenges were free of SEB hemagglutinating

(HA) antibodies. Surgical csnnulation of3_he femoral vein, thoracic duct,
and right lymphatic ducts were performed;--"the tracer employed was introduced
via trscheostomy into the tracheobronchial tree through a catheter in l-ml

volumes. Doses administered in this fashion were 100-300 _g/kg of labeled-SEB

or -BSA and 1-5 mg of HRP. Lymph was obtained by gravity flow lO-in below the

heart. Over an 8-hr period, lymph and blood samples were collected at 30-min

intervals and radioactive determinations for labeled SEB and BSA were made as
previously described.--" Standard biochemical assays of peroxidase activity

were performed. Eight hours after intratracheal instillation, the animal was

sacrificed and selected tissues, including kidney, lung, and adjoining lymph

nodes were removed and processed for light microscopic localization of the

vascular tracer, employing emulsion autoradiography or histochemistry (HRP).

In the rat, vascular leakage induced by SEB occurred only at extremely
high concentrations (500-1000 ug/0.1 ml). This activity was unaffected by

antihistamines, but was partially inactived by heat. In contrast to the

histamine reaction, which affects the postcapillary venule, high SEB dosages

produced increased permeability in the entire capillary bed, resembling the

response noted with purified staphylococcal _-hemolysin (prepared, purified,

and assayed by COL Metzger, Pathology Division) where as little as 0.01 unit of

n-hemolysln produced increased capillary permeability. It seemed possible that

the vascular leakage associated with high doses of SEB in the rat could be due

to traces of residual _-hemolysln in the purified SEB.

SEB was handled differently by the monkey following intratracheal

instillation than were the two innocuous proteins (BSA and HRP). For SEB,

activity was detected in lymph from the right duct within the first 30 min and

rose rapidly to peak at 3-4 hr postinstillation. In contrast, during this
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interval no activity was detected in the thoracic duct lymph. At 3½-4 hr,

there was a precipitous and sudden evolution of activity in the blood. The

activity in blood rapidly rose to parallel levels in the right duct lymph.

For BSA and HRP the evolution of low activity occurred in the right duct

lym_ remained negative. Auto-lymph at 6-7 hr. Blood and thoracic duct
51-SEB in the cytoplasm ofradiography demonstrated the localization of

pulmonary alveolar macrophages, hlstiocytes or peripheral sinuses, and medulla

of regional lymph nodes and convoluted renal tubules. BSA and HRP were

detected in pulmonary alveolar macrophages and histlocytes of the lymph nodes

but not in renal tubular epithelium.

Summary, Part IV:

The vascular permeability induced in the nonsusceptible rat by high doses

of SEB is probably due to trace quantities of _-hemolysin. In comparing the

rate and avenue of transport of various proteins from the pulmonary parenchyma

of _. mulat ta, it would appear that with the innocuous proteins, HRP and BSA,

slow removal occurs via the right lymphatic duct, not by transport across the

alveolar capillary wall. In contrast, SEB appears only initially to be removed

exclusively from the lung by the right lymphatic duct. After 3-4 hr exposure,

due apparently to an increase in permeability of the alveolar capillary structure,

transport across the alveolar capillary wall occurred. While the site of action

in the alveolar wall remains unknown, it is suggested that this represents a

toxic effect of SEB and may play a major role in the pathogenesis of SEB toxemia.

Publications:

None.
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23 (U) Study the subcellular effects and distribution of microbial toxins and other
informational molecules.

24 (U) A variety of techniques, e.g. fractionation, electron microscopy are used to

study subcellular action of toxins.

25 (U) 69 07 - 70 06 - F1uorescein-1abelled toxin appears to be incorporated into

kidney cell lysosomes. The intracellular distribution of the toxin closely resembles
that of beta-glucuronidase and cathepsin V.

Following intravenous administration of staphylococcal enterotoxin B (SEB), rabbit
lung shoes an increased activity of 2 lysosomal enzymes, beta-glucuronidase, and acid
phosphatase between 2 and 8 hr after exposure. Isolated mitochondria from rabbit lung,
kidney and liver demonstrate a marked inhibition of cytochrome oxidase activity after
in vitro addition of SEB. Preliminary hlstochemical studies have also shown an
inhibition of cytochrome oxidase activity, which is more pronounced in the lung, than
in liver or kidney.

SEB intoxication by intravenous infusion results in a vesicularization of the
endothelial cells lining many pulmonary alveolar capillaries. The release of hydro-

lytic enzymes from disrupted localized leukocytes may cause the breakdown and, so, !
the pulmonary edema. This mechanism may apply to other bacterial toxins that cause _
a pulmonary necrosis. Neutralization of leukocyte hydrolyses is suggested as therapy. _
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, Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. 1B662706A096 01; Vulnerability of Man to Biological Agents

Work Unit No. 096 O1 803: Subcellular Biological Effects of Microbial
Toxins

Description:

Study the subcellular effects and distribution of microbial toxins and
other informational molecules.

Progress, Part I:

The lysosome was found by de Duve to be part of a class of subcellular

organelles that function as an intracellular digestive system._ / These

organelles have also been shown to be responsible for the inactivation and
destruction of toxins and microorganisms._'

In certain instances, the interactions of toxins and biologically active

molecules with lysosomes have been shown to precede morphological and

functional cellular changes. Such alterations are thought to result from
an increased permeability or complete disruption of lysosomal membranes;

this permits hydrolytic enzymes to be released into the cytoplasm indicating

autocatalytlc reactions.

Partial lysosomal digestion of disease producing microorganisms has

been demonstrated to be a mechanism by which infective material is released

into the cytoplasm of susceptible cells.Z / Furthermore, incomplete

digestion of toxic molecules and infectious microorganisms may lead to

congestive enlargement of lysosomes with impairment of other intracellular

digestive functions._ /

In the study of disease mechanisms the prevailing concept is that each

intoxication or successful proliferation of an invading microorganism is

the result of some failure of the defensive functions of lysosomes. It is

obvious, therefore, that research on the function of lysosomes is of primary

importance in understandi_ the interaction of cells with toxins and
infective microorganisms._'

Projects initiated during the latter part of this fiscal year were

designed to determine the effects and distribution of microbial toxins and

other biologically active molecules on lysosomes and other subcellular

organelles.

The subcellular distribution of toxins as well as other biologically

active compounds are being investigated by fluorospectrophotometric

, - i.¸ • •,
•, i¸ _•_i
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determinations of fluorescein-labelled compounds, and by fractionation of

tissue homogenates by different}_l, fatal and zonal cent_fugation, as
described by Bowers and de Duve_ _ and Canonico and Bird._'

The effects of toxins and biologically active compounds on the activity _
of such intracellular marker enzymes as ATPase, B-glucuronidase, acid phos-

phatase, cytochrome oxidase, urate oxidase, glutamic oxaloacetic transaminase,
lactic acid dehydrogenase, catalase, cathepsin D, and RNase, are being investi-

gated by biochemical, histochemical and electron microscopic techniques.

Preliminary tissue fractionation experiments indicate that fluoresceinated

staphylococcal enterotoxin B (SEB) administered intravenously (IV) to normal

rabbits becomes incorporated within the lysosomes of kidney cells. This

intracellular distribution of SEB closely resembles the distribution of the

lysosomal enzymes _-glucuronidase and cathepsin D. However, the possible

association of a portion of the toxin with mitochondrial membranes cannot be

ruled out on the basis of the present data.

As shown in Table I, rabbit lung, but not kidney, shows a significant

increase in the specific activity of O-glucuronidase and acid phosphatase

TABLE I. LYSOSOMAL ENZYME ACTIVITY IN SEB-TREATED RABBITS

UNITS/mg PROTEIN/MIN + SE

TISSUE TIME (Hr) Acid phosphatase _-glucuronidase

Lung Control 1.48 + 0.20 25.7 + 2.4

2 2.24 + 0.54 46.4 + 5.9

8 3.31 + 0.15 43.2 + 6.3
-- w

16 1.40 + 0.04 34.2 + 1.6

Kidney Control 1.44 + 0.14 I0.2 + 1.5

2 1.69 + 0.42 ii.0 + 0.9

8 2.50 + 0.I0 ii.7 + 1.2

16 1.26 + 0.09 ii.4 + 0.6

: :
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between 2 and 8 hr after intoxication with an IV dose of SEB. Cytochrome

oxldase activity of isolated mitochondria from rabbit lung_ kidney and
liver was found to be inhibited by in vitro addition of SEB. Maximum

inhibition of 70 - 80% was obtained by incubation of mitochondria with SEB

for I0 min at 37 C. The inhibition of cytochrome oxidase by SEBj like that

produced by protamlne and poly-L-lyslne, may be a function of the cationic

properties of the molecule which competes with reduced cytochrome _ for
binding sites on the enzyme. In vivo experiments, however_ have failed

to demonstrate any alterations in the activity of liver , kidney and lung

cytochrome oxidase, suggesting that the inner structure of whole mito-

chondria is not accessible to SEB. On the other hand_ preliminary

histochemical studies in lung tissue slices of rabbits injected with SEB

have indicated a reduction of cytochrome oxidase activity_ which suggests

that the toxin may, in fact, have access to the inner structures of intact

mitochondria. Experiments are now underway to elucidate the significance
of these observations.

7/
Using the techniques of Trouet_-- a biologically nondegradable detergent

(Triton WR-1339) has been used to isolate rabbit liver lysosomes by

flotation in discontinuous sucrose gradients. Hydrolases extracted from

these lysosomes have been shown to hydrolyze SEB. Sephadex column chroma-

tography is currently being employed in an attempt to characterize the

products of SEB hydrolysis.

Summary_ Part I:

Experiments have been initiated and preliminary data obtained to
determine the intracellular distribution of SEB and its effects on the

activity of marker enzymes of subcellular organelles.

Progress 2 Part II:

Examination of monkey intestine for evidence of mitochondrial lesions.
Swollen mitochondria having disrupted cristae membranes were shown by

Merrill and Sprinz_8/ to be characteristic of monkey jejunum that had been

intoxicated per os with staphylococcal enterotoxin B (SEB). These

observations seemed significant in light of the mitochondrial mechanism

as reviewed by Kadis, et al_/ of the murine toxin of Pasteurella pestis.

Accordingly, experiments were undertaken to both verify the in vivo
intestinal mitochondrial lesion and to further test the effect in vitro of
SEB on mitochondria isolated from different tissues obtained from SEB

susceptible monkeys and rabbits. Unpublished data from Sugiyama (reported

in Crawley_ et alI0/) did, however, indicate that the oxidative phosphoryla-

tion of mltochondria was not inhibited by SEB.

Monkeys were given I mg of SEB through a gastric tube. After emesis

had occurred, the animals were euthanized and intestinal segments were
prepared for electron microscopy, thick sections being cut from all segments.

Upon examination with the light microscope_ no evidence was seen of the
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vacuolated cytoplasm of the intestinal epithelial cells as was observed by

Merrill and Sprinz._ / Electron microscopic examination of thin sections cut

from selected segments resulted in the finding of only normal mitochondria.

Summary, Part II:

SEB did not affect intestinal mitochondria in monkeys.

Progress t Part III:

The effect of SEB on mitochondrial electron transport. Mitochondria were

isolated from monkey and rabbit intestine_ liver and kidney by homogeni-

zation of tissue and differential centrifugation of the homogenates through

0.25 M sucrose solutions containing Mg++ and Tris-Cl. Oxygen uptake was

measured with a "Clark" type oxygen electrode. Both succinate and reduced

diphosphopyridine nucleotide were used as substrates. It was found that

while standard inhibitors such as cyanide inhibited the respiration, no
concentration of SEB did so whether added in the reaction mixture before or

during measurement. In addition, minced fresh whole intestine did not show

significant respiratory inhibition.

Summaryz Part III:

SEB did not inhibit electron transport in monkey and rabbit mitochondria

of intestinal, hepatic and kidney tissues.

Progress t Part IV:

The effect of SEB on liKated intestinal loops. To determine whether an

intestinal lesion caused by SEB could cause the diarrhea seen in SEB intoxi-
u iki _II/ s used.cation, the cholera toxin assay of Burrows and M ste o-- wa In

this assay system rabbit ileum is tied off in loops in the body cavity.

Toxin is instilled into the ligated segments before closure of the abdominal

wall and the animal is subsequently euthanized with fluid accumulation

indicating the amount of cholera toxin introduced.

SEB was injected into rabbit intestinal loops in I0-i00 _g amounts.

No fluid accumulation was observed in the loops in each of 2 animals. These

results suggested that the diarrhea seen in enterotoxin toxemia was not a
direct effect of SEB on the intestinal wall and that the toxin could be

affecting the digestive tract via one or more intermediate steps.

Summary, Part IV:

SEB did not cause fluid accumulation in ligated rabbit intestinal loops
in vivo.

Progress_ Part V:

Evidence for long-term maintenance of low levels of SEB in serum. If

SEB was not exerting a direct effect on intestine, it was possible that a

/i_;_•• i •
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blood circulating intermediate substance was. Together with Captain

Denniston of Animal Assessment Division, transfusion experiments were

performed where serum samples from SEB intoxicated animals were given

to recipient animals. As it was known that SEB is rapidly removed from

the clrculation, 12/ it Is thought that serum taken after about the first

hr would have no SEB and could contain only an intermediate toxic compound.

However_ it was found that all the transfusion recipients -- even 1
receiving blood after 55 hr -- developed hemagglutination-inhiblting (HA)

tlters to SEB. Essentlally_ this biological assay demonstrated that very
low levels of SEB remained in the bloodstream over the course of the

toxemia. These amounts were smaller than could be detected with reliability

by serologlcal or radiochemical means.

Summary t Part V:

Very low levels of SEB could be detected in monkey serum samples up

to 55 hr following intoxication.

Progress, Part VI:

Response of monkeys of sustained blood levels of SEB. The long-term

presence of SEB in the circulation of monkeys led us to propose that this

presence had a role in the course of the toxemia. Consequently, long-

term IV SEB infusions were undertaken. It was hoped that such a route of

administration would decrease the role of the kidney as seen in toxin

removal from the circulation and also increase the incidence and severity

of physiological and morphological lesions.

It was found (see Work Unit Ol 800) that a sustained leukopenia occurred

that exactly corresponded to the increase and steady state level of the SEB

circulating. In addition_ morphologlc changes were noted in the lung.

Su-.--ryt Part VI:

Monkeys exhibited consistent clinical courses of SEB toxemia when

infused over long periods with very low toxin amounts.

Progress, Part Vll:

Endothelial breakdown of pulmonary capillaries. Finegold 13/ reported

pulmonary interstitial edema_ endothelial emboli, and endothalial cell
changes to be associated with SEB single dose intoxication. We have found

that our control tissues are characterized by most of the lesions reported

by him to have resulted from SEB intoxication. The exceptions have been

the perlvascular edema, and the slight veslcularization of the capillary
endothelium.

We have observed more extensive effects through infusing similar doses

(30 _g/kg) over 30-hr periods. The endothelial cells of the pulmonary

capillaries were extensively separated into vesicles but this only occurred

!i̧̧ !ii ki!
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in some capillaries. Disrupted leukocytes were seen to be closely associated
with these broken endothelial cells. The leukocyte cell contents were also

observed leaking into the lumen of a capillary having a disrupted wall. This

led us to propose that the hydrolytic enzymes of disrupted leukocytes are
responsible for the breakdown of the endothelial cells resulting in pulmonary

edema. A speculative mechanism explains these phenomena:

I. SEB reacts preferentially with leukocytes causing their removal from
the circulation.

2. The leukocytes stick in some vascular beds and the lung is one of
these.

3. The leukocyte plasma membrane ruptures releasing hydrolytic enzymes
and other cell contents.

4. The cell contents disrupt structures such as pulmonary endothelial

cells directly and may affect other areas indirectly.

Since pulmonary endothelial damage is important in many bacterial

infections_ such a mechanism_ if proven_ could have general applicability.

For instance_ protection against pulmonary damage could be effected by immuno-

logically_ or chemically_ blocking the leukocytlc enzymes responsible for the

damage possible in many bacterial infections. Work is continuing to extend
this promising line of investigation.

Summry t Part VII:

SEB intoxication by IV infusion results in a vesicularizatlon of the

endothelial cells lining many pulmonary alveolar capillaries. The release

of hydrolytic enzymes from disrupted localized leukocytes may cause the
breakdown of endothelial cells and thereby lead to pulmonary edema. This

mechanism may apply to other bacterial toxins that cause a pulmonary necrosis.

Neutralization of leukocyte hydrolyses is suggested as therapy.

Publications:

None
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23 (U) Evaluate experimental vaccines developed by various contractors, organizations

or other governmental agencies.

24 (U) Test vaccines are given to experimental animals, and when considered safe, to
volunteers.

25 (U) 69 07 - 70 06 - Inactivated Western equine encephalitis (WEE) vaccine was

evaluated in man by 3 dosage schedules. Serologic responses were adequate for I year.

Use of the vaccine as a booster in 43 persons with prior WEE experience demonstrated

its high immunogeniclty.

Clinical and serological responses were evaluated in volunteers given an inactivated

Rift Valley fever vaccine. No significant clinical reactions or meaningful changes in

clinical laboratory values were observed. Significant mean SNI developed by day 42,

and persisted through day 90. The vaccine was shown to elicit a satisfactory response
when used as a booster.

Chlkungunya vaccine, inactivated, tissue culture origin Lot E-20 was evaluated in

volunteers. It was found to be safe and of low reactogenicity. Antigenicity will be

evaluated following completion of serological tests.
Results of in vivo neutralization tests on sera obtained from "at-risk" personnel

who had received the attenuated VEE vaccine (TC 83/2-9) 5 to 6 years before, documented

the persistence of antibody in these individuals.

Publication: Amer. J. Trop. M.ed. 19:123-126, 1970.
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BODY OF REPORT

. Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 02: Prevention and Treatment of Biological Warfare
Casualties

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

Description:

Evaluation of experimental vaccines developed by various organizations,

contractors, or other governmental agencies.

Progress_ Part I:

Evaluation of Inactivated Western Equine Encephalitis Vaccine: Clinical

and serological responses to Western equine encephalitis (WEE) vaccine,

inactivated, tissue culture origin, Lot 1-1967 were evaluated in volunteers

in two 12-month studies (Project No. FY 69-3, FY 69-4)._ / Serological results

have been completed.

Table I shows serum neutralization indices (SNI) for the entire year.

The 2 different dosage schedules for FY 69-3 and the single schedule for

FY 69-4 are indicated. The majority of subjects failed to achieve signifi-

cant SNI 14 days after the first dose of vaccine. The mean SNI 28 days

after the first dose of vaccine was 1.7 for Group I and 1.8 for Group II.

Fourteen days after the second dose of vaccine (day 42) the mean titer was

2.4 for Group I and 2.6 for Group II, with all subjects exhibiting signifi-
cant SNI. There was no significant difference in the range of neutralizing

antibody titers between the 2 groups. The mean SNI and ranges for both

groups remained at these acceptable levels through day 360 with the exception

of one individual in Group I whose titer dropped below 1.7 after day 42 and

persisted at the lower level throughout the period of the study.

The majority of subjects from FY 69-4 failed to achieve significant SNI

by 28 days after the first dose of vaccine. However, by day 42 the mean SNI

was 2.5 and all subjects had achieved significant titers. The mean SNI

remained at a significant level thereafter through day 360. The SNI of sera

of one volunteer were < 1.7 on days 56, 90 and 180.

Thus all 3 dosage schedules appear to produce a similar immunogenic

response. There is a suggestion of a slight delay in reaching significant

SNI levels in the 6 men given 2 doses of 0.25 ml each.

• /. • L_
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TABLE I. NEUTRALIZATION INDICES OF VOLUNTEERS WITHOUT PRIOR WEE EXPERIENCE TO

2 DOSES OF INACTIVATED WEE VACCINE (LOT 1-1967) GIVEN 28 DAYS APART

DAY_-/ LOGI0 SNI (RANGE)

Group I (0.bml+0.bml) Group II (0.bml+0.25ml) FY 69-4 (0.25ml+0.25ml)

(FY 69-3) n=8 (FY 69-3) n=7 n=6

o (v)!/ o o o

14 1.3 (0.6-2.0) 1.4 (1.2-1.6) 1.4 (0.8-2.3)

28 (V) 1.7 (1.2-2.1) 1.8 (1.4-2.4) 1.4 (1.1-2.1)

42 2.4 (1.8-2.9) 2.6 (1.8-3.1) 2.5 (1.7-2.9)

56 2.4 (1.4-3.4) 2.5 (2.1-3.1) 2.3 (1.5-3.2)

90 2.2 (1.4-3.3) 2.5 (2.1-3.0) 2.2 (1.3-2.8)

180 2.1 (1.5-2.5) 2.4 (2.0-2.9 2.2 (1.2-3.1)

270 2.2 (1.6-2.9) 2.2 (1.8-2.9) 2.7 (1.9-3.1)

360 2.1 (1.5-2.8) 2.4 (1.9-3.0) 2.6 (1.8-3.0)

a. Vaccine administered.

Immunization of "At-Risk" Personnel: Following completion of the preceding

portion of the study, the vaccine was administered to 21 laboratory workers

with no known prior WEE experience and who were at-rlsk to laboratory infection.

Two dosage schedules were employed and evaluated as part of a long-term program

concerned with the establishment of a rational, rather than an empirical,

immunization scheme. Twelve subjects were given vaccine in doses of 0.5 ml

each 28 days apart, while the remaining 9 were inoculated with 0.5 ml of

vaccine on day 0, but only 0.25 ml of vaccine of day 28. Our data (Table II)

clearly indicate that there is no significant difference between the sero-

logical responses of persons in Group I (92_ __>i. 7 logs) and those in Group II

(88_ > 1.7 logs) 28 days after the second dose of vaccine. Forty-three_.

additional workers, who had previously received an earlier WEE vaccine, 2-/ were

given a 0.I ml booster dose intradermally of the present vaccine. Problems of

availability of these "at-rlsk" workers permitted only a serological evaluation

of their response.

Of the 43 "at-rlsk" workers used for evaluation of the efficacy of the

0.l-ml booster dose of vaccine (Table III), the majority had received a basic

series of 3 doses plus several annual booster doses of an earlier WEE vaccine;

i!!il
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TABLE II. SNI OF 21 AT-RISK PERSONNEL WITHOUT WEE EXPERIENCE,
ADMINISTERED 2 DOSES OF WEE VACCINE 28 DAYS APART

GROUP NUMBER RESPONDING 28 DAYS

(DOSAGE SCHEDULE) LOGIoSNI CONTROL AFTER VACCINE DOSES
ml 1 2

3.0-4.0 0 4

2.0-2.9 7 6
I 1.7-1.9 0 1

(0.5 + 0.5)
1.0-1.6 5 1

<I.0 12 0

3.0-3.9 2

2.0-2.9 3 6

II 1.7-1.9 2 0

(0.5+ 0.25)
1.0-1.6 3 1

<I. 0 9 i 0

TABLE llI. SNI IN 43 WEE-EXPERIENCED, AT-RISK PERSONNEL ADMINIS-
TERED O. 1 ML BOOSTER DOSE OF WEE VACCIHE

RESPONSE

LOGIo SNI
Before booster dose 28 days after booster dose

% No. % No.

>4.0 0 0 2 1

3.0-3.9 0 0 23 10

2.0-2.9 9 4 61 26

1.7-1.9 2 1 9 4

i.0-I .6 21 9 5 2

< 1.0 68 29 0 0

r
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none had been vaccinated within 6 months before receiving our vaccine. Approxl-

mately 88% of these persons had SNI < 1.7 logs at the time of booster inocu-

lation whereas only about 5% remained at this level 28 days after the booster

vaccination. This represents a serologic conversion of 95% of those with low

tlters, which in light of the data presented on the nonexperlenced volunteers

and "at-rlsk" workers documents well the Im_unogeniclty of the new WEE vaccine.

Summary_ Part I:

Formalln-lnactivated WEE vaccine of chick embryo cell culture origin was

evaluated in 21 volunteers, 21 "at-rlsk" laboratory workers (nonexperienced

to WEE) and 43 WEE-experienced laboratory investigators. The majority of non-

experienced individuals converted serologlcally (significant level of _ 1.7

logs) and remained so for i year. Dosage schedules of 0.5 + 0.5 ml and 0.5 +

0.25 ml elicited essentially the same responses. A group of 6 volunteers

given 0.25 + 0.25 ml also converted serologically, but with a slight delay in

the attainment of higher titer. However, by the end of I year the mean SNI

and range of this group was comparable to the other 2 groups.

progress_ Part II:

Evaluation of Inactivated Rift Valley Fever Vaccine: Clinical and sero-

logical responses to Rift Valley Fever (RVF) Vaccine, Inactivated, Tissue

Culture Origin, NDBR 103-6 (National Drug Co.) were evaluated in volunteers.

The initial study was an acceptability trial in which 3 non-Whitecoat, non-
experienced volunteers participated (Project No. FY 69-9). Each individual

was administered 2 doses 28 days apart of 0.5 ml each of RVF vaccine in the

deltoid region of the arm. Subjects were observed 24 and 48 hr after each

inoculation of vaccine for local and systemic reactions. Only i of the 3

subjects developed discomfort at the site of injection, malaise and headache

approximately 8 hr following administration of the first dose of vaccine,

which persisted for about 5 hr. Serological evaluation was not made.

Clinical and serological responses to RVF vaccine were then evaluated

in 16 volunteers (Project No. FY 69-10). The immunization schedule was the
same as for FY 69-9. Four subjects served as controls receiving a placebo

of 0.5 ml of Isotonic Sodium Chloride for Injection, Sterile, U.S.P. Sub-

jects were housed on a closed metabolic ward; they were observed at least
twice daily for local and systemic reactions for a period of i0 days after
the initial dose of vaccine. After the second dose they were observed at

24 and 48 hr. Each subject had dai]y white blood cell, differential, hemato-

crlt and platelet counts, as well as urinalysis and electrocardiograms (EKG).

Frequent serum glutamlc oxaloacetic transaminase (SGOT), serum glutamic

pyruvlc transamlnase (SGPT), direct and indirect serum bilirubin, blood urea

nitrogen (BUN) and alkaline phosphatase determinations were obtained during
the inpatient portion of the study. Blood was drawn to obtain serum for

neutralization tests prior to immunization and on days 28, 42, 56, 90, 180,

270, and 360.

i" ;;ii!i_i_;ii;
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SNI were determined 'by the "constant serum-vlrus varying" method.
Swiss mice, Webster strain from the Fort Detrlck Anlmal Farm were

inoculated via the intraperltoneal route with equal mixtures of pre-
or postvacclnatlon serum and 10-fold dilutions of Entebbe strain RVF

virus. Animmls were observed for deaths for I0 days. Fift_.percent
endpolnts were determined by the method of Reed and Muench._--/

No significant local or systemic reactions developed upon admin-

istration of 2 doses of RVF vaccine. No meanlngful changes in clinical

laboratory values occurred during the period of study, and no signifi-
cant EKG abnormalities were observed.

Serum neutralization tests have been completed through day 90 with
sera obtained from vacclnees; results are shown in Table IV. The

majority of volunteers did not attain significant levels of neutralizing

antibody until day 42, or 14 days after the second dose of vaccine. The

mean SNI on days 42, 56 and 90 were comparable. By day 42, 11 of 15

subjects (737.) had attained significant levels and by day 56, 12 of 15

(807.)had achieved significant neutralizing antibody. However, by day 90

only 9 of 16 individuals (56%) had SNI __>1.7 logs.

Inxnunlzatlon of "At-Risk" Personnel: Forty-nlne RVF-experienced,
"at-risk" subjects were given a 0.5-ml booster dose of RVF vaccine

5-8 years after _mpletion of a basic series and a booster dose of a
similar vaccine.--_" Eight individuals (167.) had one or more systemic

complaints which consisted predominantly of headache (107.), malaise (67.),

feverishness (67.), and generalized pruritus (47.); symptoms subsided in

48 hr. One individual complained of soreness at the injection site
which subsided by 48 hr. No local signs were observed at the site of

injection , no febrile reactions occurred. Sera were obtained from 45

of the 49 persons for SNI determinations 19-21 days following the booster.

As indicated in Table V, 497. of these individuals had SNI < i.7 logs

prior to the administration of the booster dose. Nineteen to 21 days

following the booster dose of vaccine only 167.had SNI < 1.7 logs.

:;_; . j_i-i̧ _
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TABLE IV. NEUTRALIZING ANTIBODY RESPONSES--=" IN 16 VOLUNTEERS WITHOUT PRIOR

RVF EXPERIENCE TO THE ADMINISTRATION OF 2 DOSES OF 0.5 ML EACH

OF RVF VACCINE 28 DAYS APART

LOG10 SNI BY DAY AFTER THE FIRST DOSE
VOLUNTEER

14 28 42 56 90

SBA 1.9 1.9 3.0 2.8 2.5

SLB 0.7 0.6 2.4 2.4 2.6

REE 2.6 2.1 N_b/ 2.0 2.5

VVE 0.4 0.9 1.7 1.0 1.0

RBH 1.0 0.9 0.5 0.9 0.4

I<_J 0 2.3 1.4 1.4 1.9

FLL 2.0 1.4 2.5 2.5 2.1

MVM i.i 1.0 2.0 2.0 1.5

JAR 2.2 2.4 2.0 2.2 1.6

RIRR 1.5 1.3 2.3 2.2 2.0
i

EJ'R 2.1 1.4 2.1 2.3 1.6

GLS 1.4 1.9 2.5 2.0 2.0

JLS 0.8 1.2 1.5 2.3 1.2

DRS I.7 1.__88 2.4 2.5 2.5

DES 0.9 1.4 1.5 I.7 2.4

CRR 1.2 1.9 2.1 ND i.I

No. > 1.7 logs 6 7 II 12 9

Mean 1.3 1.5 2.0 2.0 1.9

Range (0-2.6) (0.6-2.4) (0.5-3.0) (1.0-2.8) (0.4-2.6)

a. Control day levels were < 1.0.
b. ND = not done.

/;h _ ' ,
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TABLE V. NEUTRALIZING ANTIBODY TITERS IN 45 RVF-EXPERIENCED,
"AT-RISK" INDIVIDUALS ADMINISTERED 0.5 ML BOOSTER

DOSE OF RVF VACCINE
k

; RESPONSES
J

LOGI0
SNI Before Booster Dose 19-21 Days Postbooater Dose

i % No. % Ho.
i "

>4.0 18 8 51 23

3.0-3.9 11 5 16 7

2.0-2.9 13 6 13 6

1.7-1.9 9 4 4 2

1.0-1.6 9 4 9 4

<I. 0 40 18 7 3

Summar7_ Part II:

Clinical and serological responses were evaluated in 16 volunteers

administered 2 doses of 0.5 ml each of RVF vaccine 28 days apart, Neither

significant clinical reactions, nor meaningful changes in clinical labora-

tory values were observed.

Significant mean SNI developed by day 42 and persisted through day 90.

Seventy-three and 80% of subjects developed significant titers by day 42

and 56 respectively; although by day 90 only 56% had significant SNI.

Antigenlcity of the vaccine was further demonstrated in 49 "at-risk"

experienced subjects given a booster dose.

Progress a Part III:

Evaluation of Inactivated Chikungunya Vaccine: Clinical and serological

responses to Chlkungunya vaccine, formalin-inactivated, tissue culture

origin, dried, Lot E-20 _dalter Reed Army Institute of Research, Washington,

D. C.) were evaluated in volunteers. The initial study (Project No. FY 70-4)

was an acceptability trial to determine and characterize the extent of local

and systemic reactions. Six non-Whltecoat volunteers were divided into 3

groups of 2 each; 2 received 0.i ml of vaccine intrader_lly, 2 received

'.. i̧ , , •

'LI , , , •
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0.5 ml of vaccine subcutaneously, and 2, 1.0 ml of vaccine subcutaneously.

Each subject was examined for local and systemic reactions at 24 and 48 hr

following the administration of vaccine; none developed. There was no

serologlca I evaluatlon.

In the evaluation study (Project No. FY 70-5) 16 volunteers were

divided into 2 groups of 8 each, designated Groups I and If. Volunteers

in Group I received 2 doses of 0.5 ml each of Chlkungunya vaccine 28 days

apart. Vaccine was inoculated subcutaneously in the deltoid region of the
arm. Two additional volunteers served as controls and received 0.5 and 1.0

ml, as appropriate, of Isotonic Sodium Chloride for Injection, Sterile, U.S.P.,

in a similar manner. All subjects had daily white blood cell, differential,

hematocrit, and quantitative platelet counts, as well as daily urinalysis and

EKG performed under standard conditions. Frequent SGOT and SGPT, direct and

indirect bilirubin, BUN and alkaline phosphatase determinations were made.

All patients were observed at least twice daily for local and systemic reactions

following the first dose of vaccine. After the second dose of vaccine volun-

teers were observed at 24 and 48 hr on an outpatient basis. Blood was drawn

to obtain serum for neutralization and hemagglutination inhibiting tests prior

to immunization and on days 14, 28, 42, and 56; additional blood will be

obtained on days 90, 180, 270, and 360.

Local, febrile and systemic reactions were not observed in either group
after the administration of 2 doses of vaccine. Clinical laboratory values

remained within normal limits, and no significant changes in EKG were recorded.

Results of serological tests are not yet available.

Summary_ Part III:

Chlkungunya vaccine, inactivated, dried, Lot E-20, was evaluated in
volunteers. The vaccine was found to be of low reactogenlcity when adminis-

tered in 2 doses of 0.5 ml or 1.0 ml 28 days apart. No changes in clinical

laboratory determinations occurred. Serological data are not yet available.

progress, Part IV:

Persistence of Neutralizin_ Antibody to Venezuelan Equine Encephalomye-
litis Virus in Vaccinated Personnel: Sera were obtained from 89 "at-risk"

workers who had received the .attenuated Venezuelan equine encephalomyelitis

(VEE) vaccine (TC 83/2-9) 4,5/ 5-6 years before. SNI were determined by

the "constant serum-varylng virus" method. One to 3-day old mice were inocu-

lated Intracerebrally with equal mixtures of pre- or post vaccination _ 5

year) sera and loglo dilutions of Trinidad strain VEE virus. Fifty per cent
endpoint§ were determined 5 days postinoculatlon using the method of Reed and
Muench .z_/

_i_ ¸
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As indicated in Table VI, 33% of the individuals had significant levels

of neutralizing antibody (i.e. SNI _.>1.7) at the time of immunization.

However, some of these subjects had received repeated doses of an inacti-

vated VEE vaccine, while others had incurred laboratory infections. Not

apparent from the table is the fact that 84% of persons (49 of 59) with a

low or negative initial SNI (i.e. __<1.0 logs) had a rise in antibody to a

significant level which persisted throughout the study period. Most

• significantly, 5 to 6 years following their vaccination, 84% (75 of 89)

of these workers still had significant SNI i generally those with low
titers were poor or marginal responders to initial vaccination. These

data, in concert with a lack of any VEE laboratory infections subsequent

to employment of this vaccine, document well the efficacy of the attenu-

ated VEE vaccine with respect to its capacity to induce long-lasting,
solid protection.

TABLE VI. SERUM NEUTRALIZATION INDICES OF 89 "AT-RISK" PERSONNEL

AT > 5 YEARS POSTVACCINATION WITH ATTENUATED VEE VACCINE

RESPONSES

LOG10

SNI Day 0 Prevaccination > 5 Years Postvaccination
% No. % No.

3.0-__>4.0 4 4 23 20

2.9-2.9 19 17 49 44

1.7-1.9 10 9 12 11

1.0-1.6 24 21 14 12

<i.0 43 38 2 2

Summarya Part IV:

Neutralization tests on sera obtained from "at-rlsk" personnel who had

received the attenuated VEE vaccine 5-6 years previously documented the
persistence of antibody in these persons.

Progress and Sununary_ Part V:

Thirty volunteers were administered 1.0 ml of Plague Vaccine in May
1970; booster doses will be administered at 3 and 6 months. The purpose

of this study is to determine clinical reactions and to obtain long-term
serological data.
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Publication:

Bartelloni, P. J., R. W. HcKinney, T. P. Duffy, and F. E. Cole, Jr.
1970. An inactivated Eastern equine encephalomeylitis vaccine propagated
in chick embryo cell culture. II. Clinical and serologic responses in
man. Amer. J. Trop. Med. 19:123-126.
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Description:

Assess the effect of antimlcroblals and various drug regimens in various
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Progress and Summary:

During the year, no tests were performed.

Publication:
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208.
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and infectious organisms are in progress to provide quantitative reference values for
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Completion of a combined vaccine study of VEE and yellow fever has been held in

abeyance pending occupation of the Phase I facility.
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Clln. Res. 18:45, 426, 1970 (abstracts).
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. Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 02: Prevention and Treatment of Biological Warfare

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

Description:

Determine the feasibility of combining various immunizing antigens and

establish the compatability_ optimal dose_ best schedule for administration_

and efficacy of the combinations.

Pro_ress_ Part I:

Currently_ vaccines developed for defense against biological weapons

are routinely administered to at-risk personnel in dosages and schedules

independent for each vaccine. Combination of these antigens into a single

multivalent vaccine would afford obvious advantages.

Criteria to be met by such a product include the following: (i) the
vaccine should be contained in one vial_ (2) the vaccine should be

administered in a minimum number of injections_ (3) all components in the

combination should provide protection equivalent to that of each monovalent

vaccine included_ and (4) safety and acceptability should meet the standards

established by the U. S. Public Health Service.

For initial studies we elected to employ only inactivated particulate

vaccines. These were Western Equine Encephalitis (WEE)_ Eastern Equine

Encephalitis (EEE)_ Rift Valley Fever (RVF)_ Chikungunya (CHIK) and Q

Fever (Q). Each of these monovalent preparations has been approved by the

Army Investigational Drug Review Board for use in man.

It was arbitrarily decided that the antigenic mass of each component

in the mixture would be the same as that of the corresponding monovalent

vaccines currently being given to at-risk personnel. Since the administra-

tion of a combination containing I human dose of each component (as usually

reconstituted) would require an injection of 4.0 ml_ reduction in volume

was desirable. Consequently_ the 4 lyophilized vaccines were reconstituted

with fluid Chikungunya vaccine so that i ml of the final mixture contained

approximately I human dose of each component.

A consideration of primary importance was physical compatibility of

the combination. The appearance of the combined vaccine was similar to

reconstituted monovalent preparations_ and there was no visible precipitate

or change in turbidity. The experimental product had a pH of 7.65 and

specific gravity of 1.023; Na and K concentrations were 408 and 16 mEq/L
respectively. It is obvious that a final product would require adjustment
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for tonicity. The newly reconstituted pentavalent vaccine was tested in

mice and guinea pigs and was found to be safe according to PHS criteria.

A single animal model was desirable in order to eliminate species

variability, but no experimental animal was susceptible to all 5 organisms.

For this reason Swiss mice were selected for assays with CHIK 3 and the

golden (Syrian) hamster for WEE, EEE, RVF and Q.

Baseline data for the individual vaccines were required as reference

values for the pentavalent product. Therefore, a median effective dose

(EDs0) for each vaccine and a median lethal dose (LD50) or median fever dose

(FDs0) for each organism were necessary. These studies are currently in
progress.

Summary_ Part I:

An experimental pentavalent vaccine containing inactivated WEE_ EEE, RVF_

CHIK, and Q has been prepared. The combination was found to be physically

compatible but hypertonic. The mixture met the established PHS criteria for

safety. Bioassays of the monovalent vaccines and infectious organisms are

in progress to provide quantitative reference values for the pentavalent
vaccine.

Progress and Summary_ Part II:

The completion of a combined vaccine study, in which the serologic

responses of monkeys are examined to determine if 2 live viral vaccines,

Venezuelan equine encephalomyelitis and yellow fever, interact antagonistically

or synergistically when administered at various times relative to each other,

has been held in abeyance_ pending operational use of the new laboratory.

Presentations:

i. Irvin, W. S., and C. P. Craig. Virus alteration of presumptive

tests of delayed hypersensitivity. Presented at Southern Section, American
Federation for Clinical Research, New Orleans_ La. 29-31 January 1970.

2. Irvin, W. S., and C. P. Craig. Prevention of in vitro expression of

delayed hypersensitivity (DH) by virus. Presented at American Federation

for Clinical Research, Atlantic City, N.J. 2-3 May 1970.

Publications:

I. Craig_ C. P._ S. L. Reynolds, J. W. Airhart_ and E. V. Staab. 1969.

Alterations in immune responses by attenuated Venezuelan equine encephalitis

vaccine. I. Adjuvant effect of VEE injection in guinea pigs. J. Immun.
102:1220-1227.

•_.... i̧ i_̧i̧/izl
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2. Airhart, J. W., G. S. Trevino, and C. P. Craig. 1969. Alterations

in immune responses by attenuated Venezuelan equine encephalitis vaccine.

II. Pathology and soluble antigen localization in guinea pigs. J. Immun.
102:1228-1234.
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23 (U) Study antigen binding properties of antibodies _as a means of assessment of

protective efficacy of experimental vaccines and therapeutic antisera against bacterial

and viral agents.

24 (U) Establlsh an arbitrary scale to express binding affinities in place of

presently used equilibrium constants, utilizing different biological or physical

chemical techniques. Results will be related to protection tests.

25 (U) 69 07 - 70 06 - Rabbits were immunized with bovine serum albumin (BSA) with or

without Freund's adjuvant and the sequential antisera obtained were analyzed for IgM

and IgG antibodies by gel filtration chromatography and 1-131 labelled 3SA binding

capacity. Early IsM production was followed by an IgG response which was sustained in
those animals immunized with BSA and adjuvant. A secondary stimulation 6 months later

produced an anamnestic IgG response followed by a new prlnmry IgM/lgG sequence. As

reported, use of adjuvant in the primary inoculatlon leaves less memory for the

secondary response. _,
L

Degradation of BSA by pronase was inhibited by IgG antibody, but not by IgM. _

Inhibition of antigen hydrolysis by IgG was related to binding capacity of the anti- I
body and appeared to be competitive in type. Ii

o '
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BODY OF REPORT

Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 02: Prevention and Treatment of Biological Warfare
Casualties

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

Binding Properties

Description:

Study kinetics of the in_nune response and antigen binding properties
of antibodies as a means of assessment of protective efficacy of experimental

vaccines or therapeutic antisera against bacterial and viral agents.

Progress:

Employing bovine serum albumin (BSA) as a classical soluble protein

antigen, evaluation of the kinetics of the i_n_une response of rabbits by
quantitative binding methods are continuing._ I

A new series of rabbits were immunized with 2 inoculations, each
containing 25 mg BSA with or without Freund's adjuvant. Sequential

bleedings were analyzed for IgM and IgG antibodies by fractionation with

filtration. Antibody levels were determined employing
Sephadex G-200 lJlg_lthe binding of -labelled antigen by the Farr technique;_2/ in addition,

passive hemagglutination (HA) of BSA coupled rabbit red cells_/ by the same

antisera fractions was evaluated by means of antigen binding values.

The primary response (induced by the first injection of BSA) proceeded

through an identical sequence of events in all rabbits until about the

14th day. IgM was produced between days 5 and 7; IgG, though present in

trace amounts during this period, increased significantly between days 7

and 14. Therefore, animals immunized with BSA and Freund's adjuvant

differed from those immunized with BSA alone. Without adjuvant, antibody

synthesis appeared to cease abruptly at about 14 days; the antibody level

decreased thereafter in parallel with the normal catabolic rate of normal

7-globulin in the rabbit. With adjuvant, IgG synthesis was sustained at a

higher level for some months, suggesting that BSA was recycled through the
antibody synthesis system.

During the primary immunologic response, an erratic quantitation of

antibody levels by HA titration was clearly evident. In the same antiserum,

submicrogram quantities of IgM, determined by binding, could yield HA titers

of _1:64, while a milligram of early IgG might yield a titer of 1:8. As the

immune response matured, HA titers of IgG increased although absolute

quantities remained the same as determined by binding and precipitins. In

other words, HA efficacy increased with maturation of the immune response
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without an increase in absolute quantity of IgG. Since HA titers were

unrelated to quantities of either antibody class, they were completely

unreliable as a quantitative procedure.

After 6 months, the rabbits which had been immunized with BSA alone

had no detectable antibody; they were restlmulated with i0 mg BSA to test

the amount of residual "memory." Sequential bleedings beginning on day 4
were tested in the manner described above. IgG synthesis was apparent on

that day, became maximal on day 8, and was 25% lower on day 14. In contrast

to the primary immunization sequence, IgM appeared as the second antibody

on day 14, followed by a second rise of IgG on day 19. It appeared that the

IgG "anamnestic" response on days 4-7 combined with the booster to produce a
delayed new response by day 14, simulating the sequence observed in the

primary response.

The "memory" testing of sera of rabbits immunized with BSA and Freund's

adjuvant is not complete. After 6 months, these animals were still

producin_ some 7S antibody of IgG and IgA class. As described in the previous

report,_ 7 preliminary testing indicates that immunization with adjuvant leaves
less "memory" than the above series. It also indicates that stimulation

with I0 mg of BSA is in excess and produces a mixture of "anamnestic" IgG

and a simultaneous primary response. Thus, in both groups, the secondary,
or anamnestic, response is also a highly kinetic series of events.

In these studies, with the use of a foreign, rapidly degraded protein,

BSA, whose only demonstrable biological effect is antigenicity, a baseline
of the normal i_ne response in the rabbit has been established. The

amounts of antigen processed and stage of development of the immune response

in this species can now be predicted by analysis of a few samples of anti-
sera. In the rabbit, the pattern of an immune response to other antigens can

be assessed and the effects of variables evaluated, e.g., toxicity, by

comparison to the _tablished baseline. Evaluation of the excellent data
of Fukazawa, et al_" is an example of the application of this principle.
These authors immunized rabbits with Salmonella typhimurium cells or with

lipopolysaccharide or lipopolysaccharide-protein complex extracted from

these organisms. The IgM and IgG pattern of antibody response was determined

by agglutination, but was not quantitated. By comparison with the normal

baseline, the data clearly indicated that: (i) rabbits responded to the 0

antigens in a normal time frame for each step of the immune sequence; (2) the
0 antigen complexes of this organism were relatively easily degraded, although
less so than BSA; (3) the rabbit was capable of responding to the protein

complex with a complete i_mune response through the IgG stage, and (4) neither
the bacterial vaccine nor the lipopolysaccharide presented a sufficient

quantity of antigen to complete this response; with these vaccines, the
immune response remained at the IgM stage which is characteristic of

i_unization with submicrogram quantities.
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The toxicity of gram negative 0 antigens limits the amounts of

vaccine which can be employed. The above evaluation suggests that

addition of enough detoxified polysaccharide-protein complex to these

vaccines might enhance their effectiveness with safety. With the use of

a biologically inert antigen, such a baseline can be structured for any

species under study. By comparison to a normal baseline, the response

to unknown antigens or vaccines can be evaluated more comprehensively and

efficiently.

Unique properties of antibodies may explain mechanisms of immune

clearance of antigens and produce better in vitro methods of evaluating

the immune response. The observation that antibody protected up to 90%

of a protein antigen (BSA) in preformed complexes or i_lwhole antiserum
from enzyme attack was presented in an earlier report._" BSA, rabbit anti-
BSA sera, and the enzyme, pronase, were used in these studies.

It was demonstrated that resistance of BSA to pronase hydrolysis was

conferred by IgG antibody, but not by IgM. Moreover, IgM appeared to
inhibit the protection of IgG when tested in combination.

At constant levels of total protein concentration, serum, BSA and

pronase, it was found that enzyme resistance of BSA w_s directly proportional
to the absolute quantity of antibody, as measured by 311-BSA binding. It

seems, for any antigen binding value, that fixed percentages of complex, or

specific antlgen:antibody (Ag:Ab) molar ratios, are resistant to enzyme.

As reported by McKernan and Ricketts,_ / interaction of BSA with soluble
DEAE-dextran yields Ag/Ab-like complexes which simulate the classical

precfpitin curve. In our studies, when such complexes were treated with

pronase, BSA was totally hydrolyzed. In the Ag/Ab complex, the antigen

substrate was blocked by antibody, which was also a substrate for the

enzyme. In the Ag/dextran complex, DEAE-dextran was neither a substrate

nor did it sterically block the enzyme. The experiments indicated that

inhibition of enzyme hydrolysis of the protein antigen by antibody was
competitive in nature.

Summary:

The kinetics of IgM and IgG antibody production in rabbits after primary

and secondary immunizationwith BSA was determined by antigen binding

analysis in sequential bleedings. HA titers of these sera were assessed

by the binding method; there was no relationship to actual antibody content.

The protection of a protein antigen from enzyme hydrolysis by its
specific antibody was found to be proportional to the binding capacity of

IgG antibody in antiserum and seemed to be competitive in nature.

ii. :.....: +ii.̧ •
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23 (U) To develop a method to effect a specific _m--_ne inhibition.

24 (U) Rabbits are pretreated with seromucoid extracted from the antlsera of immunized

rabbits. The pretreated rabbits are then challenged with the same antigen; immune

responses are compared to controls.

25 (U) 69 08 - 70 07 - An i_e inhibition has been effected by pretreating rabbits

with the acid soluble fraction of serum (seromucoid) extracted from rabbits immunized

with bovine serum albumin (BSA). The inhibition appeared to be specific in that

inhibition occurred when the pretreated rabbits were challenged with BSA, whereas no

significant inhibition occurred in similarly pretreated rabbits challenged with

another antigen, egg albumin. Also no inhlbition occurred on pretreatment with sero-
mucoid extracted from unimmunlzed rabbits. The seromucoid factor does not appear to

be the antigens BSA, or its antibody. Further studies are being done to characterize
this factor.
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BODY OF REPORT

Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 02: Prevention and Treatment of Biological Warfare
Casualties

Work Unit No. 096 02 006: Evaluation of Humoral Factors Other Than

Antibody in the Immune Response

Description:

Study the antibody response of animals following pretreatment with an
acid soluble fraction derived from immune and noniLm,une sera.

Progress:

Serum glycoproteins, particularly _he _-fractions, are elevated in
inflammatory and infectious diseases._ / Although specific biological

activity has not been ascribed to these fractions, there is evidence that

_-glycoproteinsfrom nonirm_une animals have an ir0munosuppressive effect.Z/

Therefore, an investigation was initiated to study whether glycoproteins

from immunized animals would behave similarly.

In a preliminary study, 4 rabbits were hyperiumL_nized with bovine serum

albumin (BSA) over a 10-week period. One week after the last injection,

animals were exsanguinated and the sera were pooled. The seromucoid fraction
was extracted by a modification of the method of Price, et al._/ After

precipitation with 0.48M HCI04, the supernatant fluid was adjusted to pH

7.0 with KOH; the precipitate was discarded. After dialysis, the supernatant
containing the seromucoid fraction was concentrated to one-fifth the

original serum volume. Antibody activity was not demonstrable. Pooled
serum from nonlmmunized rabbits was treated in the same manner.

The effect of seromucoid on immune response was evaluated by pre-

treatment of a group of rabbits with immune seromucoid, and another with

nonimmune seromucoid; a control group received no pretreatment. These
preparations were administered by the intraperitoneal (IP) route. One

half of each group was challenged with BSA and the other with egg albumin

(EA). Antibody responses after challenge were measured by precipitation

and hemagglutination techniques.

Results indicated that there was specific immune inhibition in rabbits

challenged with BSA after pretreatment with the seromucoid fraction of rabbit

anti-BSA sera. In contrast, significant inhibition did not occur in rabbits
treated similarly but challenged with EA, or in animals pretreated with
nonin_nune seromucoid.

i _ ;
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A second study was conducted to investigate those factors involved in

inhibition of specific antibody production, and to confirm the preliminary
data. Pooled sera were obtained from nonia_nized rabbits, from rabbits
immunized wlth BSA in Freund's adjuvant, and from rabbits stimulated by
Freund's adjuvant alone. Seromucoid fractions were obtained from each by

precipitation with 0.26 M HC104 and further treated as described above.

Each seromucoid preparation was employed to pretreat a group of rabbits.
Treatment consisted of 4 injections at weekly intervals; 1 ml was given IP
and followed by 3 injections of 0.5 ml subcutaneously (SC). A control

group received no pretreatment. Twenty-four hours following the 4th
injectionj a challenge sequence was initiated. This consisted of three
30-mg injections of BSA or EA at 3-day intervals. Approximately 3 weeks

following the last injection, HA and precipitin titers were measured
(Table I).

This study was complicated by death of animals from unexplained causes
during treatment and challenge periods. Two of 3 survivors in the group
given seromucoid derived from anti-BSA exhibited suppression of antibody
response to BSA challenge; it is possible that antibody contained in this
seromucoid preparation counteracted the suppressive effect in the 3rd animal.
The disparate antibody responses in rabbits pretreated with Freund's sero-
mucoid have not been explained. Seromucoid from nonimmune rabbits had no
suppressive effect on antibody to BSA. Antigen specificity was evident
because there was no suppression of response to challenge with EA. Studies
are currently in progress to amplify these data.

The factor or factors responsible for specific inhibition by sero_ucoid
have not as yet been identified. Seromucoid has been shown by electro-

phoresis to be a heterogeneous fraction of serum protein; 51 - and _2"glyc°"
proteins are predominant but a small amount of _-glycoprotein is normally
present.Z / Characterization of our preparations has not been completed.
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TABLE I. EFFECT OF PRETREATMENT WITH IMMUNE AND NONIMMUNE SEROMUCOID

ON ANTIBODY RESPONSES OF RABBITS CHALLENGED WITH BSA AND EA

ANTIBODY RESPONSE

PRBTREATMENT
CHALLENGED Reciprocal Precipitln !al

WITH HA _g antigen

Seromucold extracted from BSA - -

sera of rabbits immunized - -

with BSA in Freund's 20 0.78

adjuvant

EA 320 b/
160

320

Seromucoid extracted from BSA i0 3.12

sera of normal (non- 40 3.12

immunized) rabbits 20 0.78
40 3.12

40 3.12

Seromucoid extracted from BSA i0 1.56

sera of rabbits immunized - -

with Freund's adjuvant alone - -
20 6.25

40 3.12

EA 40

320
40

40

20

None BSA i0 3.12

40 1.56

i0 0.78

EA 40

160

180

a. Precipitated at equivalence by i ml of serum.

b. Final results not available; qualitative precipitln tests strongly
positive.

_IL!•• ,•L ¸¸¸¸•ri•
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Sulllnary:

An acid soluble fraction (seromucoid) extracted from serum inhibited immune

response. For the first time, inhibitory activity of seromucoid has been
demonstrated to be specific for the original antigenic stimulus. Studies are
continuing to extend these observations and define the factors involved in

suppression of immune responses.

Publications:

None.
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23 (U) Evaluate experimental vaccines or antigens in laboratory animals before use in
man.

24 (U) Promising vaccines are given to laboratory animals and safety tested prior to
administration to man.

25 (U) 69 07 - 70 06 - The optimal immunizing schedule for the standard Pfizer lot of

staphylococcal enterotoxin B (SEB) toxold was found to be 2 doses of 50 micrograms
antibody N 28 days apart. Five production lots of SEB toxoid were received. Two were

tested in monkeys and found to be unsatisfactory, based upon criteria previously

established for fever and emesis. One lot was tested for protective efficacy; it
induced only low-grade imm-nlty.

Acceptable fluid toxold from Pfizer Co. was precipitated with alum. When tested

for efficacy it was no better than the parent material.

A whole broth culture was toxoided with formalin for 7 days. Safety testing of the

material produced fever and emesls typical of SEB toxemia.

tA variable to ¢ontrectota u_on ori_inatorBa a_roval.
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Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 02: Prevention and Treatment of Biological Warfare
Casualties

Work Unit No. 096 02 007: Evaluation of Experimental Vaccines in Laboratory
Animals

Description:

Evaluate experimental vaccines or antigens in laboratory animals before
use in man.

Progress. Part I:

To determine optimal dosage and schedule for administration of staphylococ-

cal enterotoxin B (SEB) toxoid 3 a variety of immunizing schedules using Lot
87285 were tried. All groups were challenged with toxin 6 weeks after the

last dose of toxoid was administered. Groups i-i0 were challenged with puri-

fied SEB (Lot 14-30). Groups 11-14 were challenged with 30% purity SEB (Lot

52-68); all animals were sick. The groups_ along with dose# schedule and
deaths 3 are shown in Table I.

No dose or schedule examined was any more or less effective than that

(group 9) usually employed for toxoid evaluation. Lot 52-68 appeared to be
more toxic than 14-30_ but the toxoid still conferred some protection. Sero-
logic studies are reported under Work Unit No. 096 03 800.

Five additional production lots of SEB toxoid produced by Charles P. Pfizer
Co. 3 Terre Haute_ Ind. were received in November 1969. These 5 lots differed

from Lot 87285 in that they were detoxified for only 30 days. One lot (96627)

was standardized_ filled# packaged and labeled exactly like Lot 87285; the re-
maining 4 lots were supplied in 100-ml amounts with several small-volume bot-

tles from each lot for testing.

Results of safety tests (using the techniques previously reported_I/) on 2

of these production lots (96627 and 4237J8) produced fever in 3 of 3 monkeys_
and emesis in 2 of 3 monkeys. This does not meet the standards proposed for

the finished product. Results of efficacy testing (using the standard tech-

nique) of Lot 96627 toxoid are shown in Table II. Fewer monkeys were protected

against illness and lower precipitin titers developedj as compared to previ-
ously described lots.
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TABLE I. RESPONSE _/ TO CHALLENGE AT 12 WEEKS OF MONKEYS _NIZED WITH
VARYING TI_OID SCHEDULES.

y_ TOXOID N GIVEN BY WEEKS
GROUP 0 i 2 3 4 5 6 Total 7,DEAD OF 6

Challenged with Lot 14-30

300 _/k_

i 80 20 i00 0

2 80 20 i00 17

3 50 50 I00 17

4 40 40 20 100

5 40 40 2O i00 0

8 i00 i00 17

9 50 50 i00 0

6 50 50 50 150 0

7 50 50 50 150 17

i0 Controls 0 50

Challenged with Lot 52-68

i0 _/k_

ii 50 50 I00 0

12 Controls 0 50

300 _/k_

13 50 50 IO0 33

14 Controls 0 83

a. All monkeys sick except group II_ 4 of 6 sick.

b. Five monkeys only. ,

_!i_i• •i_!i¸,•!•_•••i••
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TABLE II. EFFICACY IN MONKEYS OF LOT 96627 SEB TOXOID AGAINST CHALLENGE WITH
LOT 14-30 TOXIN

i0 _/kg 300 u_/kz

LOT 96627 TOXOID Ill/Total Dead/Total Ill/Total Dead/%otal

Tmmunized 3/5 0/5 5/5 1/5

Controls 6/6 1/6 6/6 4/6

Summary. Part I:

The optimal immunizing schedule for Lot 87285 Pfizer toxoid appears to be

2 50-_g-N 2 doses 4 weeks apart. Two of the final 5 lots of Pfizer-produced
toxoid did not meet safety standards proposed for this product; one lot tested
for efficacy produced low-grade immunity.

Progress ! Part II:

In an attempt to improve the immunogenicity of SEB toxoid 3 Pathology Divi-

sion 3 USAMRIID 3 prepared an alum-precipitated toxoid from Lot 87285. Safety
testing of this product using the technique described previously !/ proved that

it was unsatisfactory. The quantity of alum present in the inoculum was suf-
ficient to produce fever by itself. Efficacy tests using the standard sched-

ule were performed.

Results in Table III show that the alum-precipitated toxoid was no better

than the parent fluid toxoid (87285). Serological studies are reported under
Work Unit No. 096 03 800.

TABLE III. EFFICACY IN MONKEYS OF ALUM-PRECIPITATED SEB TOXOID AGAINST
CHALLENGE WITH LOT 14-30 TOXIN

lO 300  g/kg
TOXOID Ill/Total Dead/Total Ill/Total Dead/Total

Alum-87285 2/12 0/12 ii/Ii 0/ii

87285 1/12 0/12 12/12 1/12

Controls 12/12 2/12 12/12 10/12

Su,m__ry, Part II:

Alum-precipitated 87285 toxoid shows no advantage over the fluid toxoid.

: k / i ¸



;i! JOD,DPG
' 144

Publications:

None.

LITERATURE CITED

I. U. S. Army Medical Research Institute of Infectious Diseases. i July
1969. Annual Progress Report, FY 1969. p. 98. Fort Detrick, Maryland.
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BODY OF REPORT

Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 02: Prevention and Treatment of Biological Warfare
Casualties

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

Description:

Test and evaluate combinations of vaccines in man.

Progress_ Part I:

Evaluation of Combined Western Equine Encephalitis _EE) Vaccine,

Lot 1-1967j and Eastern Equine Encephalitis _EEE)Vaccine _ Lot 1-1966,

in Volunteers (Pro_ect No. FY 69-6): Clinical responses and laboratory

determinations on 16 volunteers admlnister_ combined, inactivated WEE
and EEE vaccines were reported previously.iINeutralization tests on

blood obtained over a 1-year period have been completed.

The majority of subjects failed to achieve significant WEE neutrali-

zing antibody tlters 14 and 28 days after the first dose of combined
vaccine (Table I). The mean WEE serum neutralization index (SNI) on

days 14 and 28 was 1.4 logs. Fourteen days after the second dose of

vaccine (day 42) the mean was 1.7 logs although 8 of 16 subjects had a

SNI < 1.6 logs. The mean WEE SNI remained at acceptable but low levels

through day 270. However, by day 360 the mean SNI was 1.6. Moreover,
4 of 16 subjects did not achieve significant WEE neutralizing antibody

titers throughout the entire study and by day 360 only 6 of 16 subjects

had significant neutralizing antibody titers to WEE virus.

The majority of subjects failed to attain significant EEE SNI

(Table II) by 14 days after the first dose of combined vaccine. The

mean SNI 28 days after the first dose of combined vaccine was 1.7 logs.

By day 42 the mean SNI was 2.7, I00% having antibody tlters _ 1.7 logs.

The mean EEE SNI remained at acceptable levels through day 270, with a

decrease in mean on day 360 to 1.5 logs, when only 6 of 16 subjects had

tlters _ 1.7 logs. A decrease in EEE neutralizing antibody titer occurred
on day 90 in I subject, day 180 in 4 subjects and on day 360 in 5.
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TABLE T. WEE VI.Rb'S NEUTRALIZINGAlqTIBCOYI_SPONSES-_/OF VOLUNTEERSADMINISTERED
2 DOSES OF CCI_INED WEE AND SEE VACCIBS ON DA'FB0 AND 28

. i i

VOLUN- LOG10 SNI BY DAY POSTVACCINATION
i . ,|,N I

TKIgtS
14 28 /,2 56 90 _ 180 270 360

. i i ii ii i i _ i , , ,ll. i i

w_ o.e 1.o 1.4 1.8 !.P z.4 Z.o 1.4
GLB .2..5._/ 2.2 2.0 2.5 2.5 2.5 2..8 2.3

see z.3 x.3 1.8 2..2 2.3 1.6 1.6 1.6
LNC 2..3 2.8 3.3 3.3 3.1 2.6 2.9 2.4

DDC 0.4 0.3 0.5 1.1 0.3 0----- 0.2 0_

gSC 1.4 1.4 0.8 0.8 0.8 0.8 0.8 0.3

_mG z.o 1.4 0.5 0.5 0.5 0.3 1.0 z.3
DEG 0.9 1.0 1.1 0.8 0.5 0.2 0.1 0.2

n_ 1.i 1._ 2.9 2.0 x.9 z.7 x.9 1.5
DCH 1.3 1.6 2;0 2.3 2.3 2.4 3.! 2.___3

RHL 1.1 1.3 2.3 2.2 2,.1 2.0 2..1 2,1

R_ 2.8 3.3 3.4 3.3 3.4 3.8 3.8 3.3.

_O 1.4 1.4 2..3 2.2 2.2 1.7 1.3 1.5

REP O-- 0.6 0.9 1.4 1.4 1.__99 1.3 1.6

J'DS ND_I 0.4 1.0 1.2 1.2 1.6 1.8 1.4

• _ 1,7 1.5 1.6 2.3 2.1 2,8 2.5 3.0

lqO.
._>1.7 4 3 8 10 10 9 9 6
logs

I IlJ II J J mill II JR

Mean 1.4 1.4 1.7 1.9 1.7 1.7 1.8 1.6

,i i

Range (0.4-2.5) (0.3-3.3) (0.5- 3.4) (0.5-3.3) (0.3- 3.4) (0 --- 3.8) (0. I- 3.8) (0--- 3.3)

a. llo subjects had demonstrable neutraltzin8 antibody on day 0.
b. - > 1.7 lop.
c. ND ffi not: done.
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TABLE II. EEE VIRUS NEUTRALIZING ANTIBODY RESPONSES-_/OF VOLUNTEERS ADMINISTERED

2 DOSES OF COMBINED WEE AND EEE VACCINES ON DAYS 0 AND 28

VOLUN- LOG10 SNI BY DAY POSTVACCINATION

TEERS
14 28 42 56 90 180 270 360

WPB i.I 1.8 2.0 1.9 1.3 1.4 1.5 1.9

GLB 1.6 !.7 2.8 3.0 2.6 2.5 1.7 1.8

RBB 0.8 1.0 2.5 2.2 1.9 1.8 2.1 1.6

LNC 1.0 1.9 2.6 2.2 2.0 2.3 2..I i.I

DDC 1.9_/ 1.5 2.6 2.3 2.3 1.1 1.1 1.1

JBC 1.2 1.4 2.3 2.0 1.4 1.5 0.5 0.9

HDG 0.8 1.0 2.1 2.3 2.1 1.6 1.9 1.0

DEG 2.0 2.6 3.0 2.7 2.6 1.9 1.5 2.0

KKH 2.3 1.5 3.1 2.3 1.8 1.7 2.0 1.5

DCH i.6 i.7 2.9 2.8 2.5 2 .___!l 2.! I.2

RML 1.5 2.1 3.5 3.8 2.8 1.4 1.4 1.6

REL 0.8 0.8 2.8 1.9 1.8 2.2 2.1 1.8

1_0 2.4 2.5 3..7 3.1 3.__00 1.4 1.8 1.3

REP 0.8 1.5 2.3 2.2 1.9 I.I 1.5 i.i
c/

JDS ND-- 1.4 2.3 2.8 2.4 2.5 2.7 2.4

KGW 1.6 2.1. 3.3 2.__/7 2.7 1.6 2.2 2.0

No.

> i.7 4 8 16 16 14 8 I0 6

logs

Mean 1.5 1.7 2.7 2.5 2.2 1.8 1.8 1.5

Range (0.8-2.4) (0.8-2.6) (2.0-3.7) (1.9-3.8) (1.3-3.0) (i.1-2.5) (I.i-2.7) (0.9-2.4)

a. No subjects had demonstrable neutralizing antibody on day 0.

b. = > 1.7 logs.
c. ND = not done.

ii̧ _,i /i
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Summary, Part I:

A combined Western and Eastern inactivated vaccine was evaluated in

man. A significant mean WEE SNI was not achieved until day 42, 14 days
after the administration of the second dose of vaccine. SNI remained

significant through day 270. Four of 16 subjects failed to attain

significant SNI throughout the study period; on day 360 only 6 of 16

sugJects had significant SNI. By day 42 the mean EEE SNI was 2.7 logs

and all subjects had achieved significant titers. However, by day 360
the mean SNI had decreased to 1.5 logs and only 6 of 16 subjects had

significant EEE neutralizing antibody tlters.

Progress_ Part II:

Evaluation of Combined WEE Vaccine1.Lot 1-1967_ and EEE Vaccine,

Lot 1-1966, Administered Simultaneously with Venezuelan Equine Encephalo-

myelitis (VEE) Vaccine, Attenuated a NDBR 102-2 <Prolect No. FY 69-8):

Clinical and serological responses were evaluated in 16 volunteers

administered combined WEE and EEE vaccine given simultaneously with VEE
vaccine. The WEE and EEE vaccines were reconstituted and combined as

described previously.i/ Each 0.5 ml of combined product contained

approximately I00 hamster intraperitoneal median immunizing doses

(IPIDb_ of each vaccine. Each 0.5 ml of reconstituted VEE vaccine con-

tained the standard human dose of approximately 103.7 guinea pig IPID_.
The combined WEE and EEE vaccine and the VEE vaccine were inoculated in

0.5-ml amounts subcutaneously in different arms. Twenty-eight days
later a second 0.5 ml dose of combined WEE and EEE vaccine was adminis-

tered. Four volunteers served as controls and received 0.5 ml Isotonic

Sodium Chloride for Injection, Sterile, U.S.P. subcutaneously. Each

subject had frequent laboratory determinations including white blood

cell and differential counts, hematocrlts, quantitative platelet counts,

serum glutamic oxaloacetic transaminase, serum glutamic pyruvic tran-

saminase, direct and indirect serum bilirubln, blood urea nitrogen,

alkaline phosphatase, and urinalysis; in addition daily electrocardio-

grams were performed. All vaccinees were observed for 12 days for local

and systemic reactions. Following the administration of the second dose

of combined WEE and EEE vaccine, subjects were observed at 24 and 48 hr

postvaccinatlon on an outpatient basis. Blood was drawn to obtain serum

for mouse neutralization tests prior to in_nunization and on days 14, 28,

42, 56, 90, 180, 270, and 360.

Systemic and local reactions are shown in Table III. Two subjects

had minimal local reactions on day O, whereas I0 had systemic reactions
the majority of which were minimal. Following the second dose of com-
bined inactivated WEE and EEE vaccine 4 had minimal local reactions

while i0 had systemic reactions which varied from minimal to mild. No
serious reactions were observed.

i

r
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TABLE III. REACTOGENICITY TO _OMBINED WEE + FEE (0.5 ml) AND VEE
(0.5 ml) VACCINES_ / IN 16 NONEXPERIENCED SUBJECTS

SZVER TYb/
REACTION (DAY)

None Minimal Mild Moderate

Local (O) 14 2
(28) 12 4

(O) 6 6 2 2
Sys temic

(28) 5 6 4 1

a. WEE + FEE and VEE vaccines given day 0, second dose of WEE +
EEE given on day 28.

b, Local reactions:

Minimal = discomfort with or without tenderness.

Mild = erythemawlth or without induration.
Moderate = marked swelling, fluctuation.
Severe = necrosis.

Systemic reactions:

Minimal = Subjective complaints, < 48 hr duration.
Mild = Subjective complaints, body temperature I00-i01F.

Moderate = Subjective complaints, temperature 101-102 F,

ambulatory.

Severe = Subjective complaints, temperature > 102 F,

not ambulatory.

No meaningful changes in clinical laboratory values were observed during

the period of study. Serum neutralization tests for each virus have been

completed on sera collected through day 90; these results are shown in Table

IV. Most subjects (12 of 16) failed to achieve a significant SNI to WEE

virus until 14 days after the administration of the second dose of combined

vaccine (day 42) at which time the mean SNI was 2.1 logs; comparable levels

persisted through day 90. The mean EEE SNI 28 days after the initial dose

of combined vaccine was 2.0 logs, wlth 4 subjects remaining at _ 1.6 logs.

On days 42, 56 and 90 all 16 had titers _ 1.7 logs. By day 28 the mean SNI

to VEE virus was 2.4 logs, 14 of 16 being _ 1.7 logs; similar high titers
persisted through day 90.

Table V presents data from several studies for comparative purposes.

It can be seen that WEE responses were delayed slightly in the combined

vaccine studies when compared to WEE vaccine alone. Responses to the EEE
component was essentially the same among the 3. Concerning VEE, it is not

possible to compare these data with those of previous studies, since

neutralization tests were not routinely performed on earlier volunteer
studies with this vaccine.
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TABLE IV. SEROLOGICAL RESPONSESa/OF VOLUNTEERS ADMINISTERED COMBINED FEE

+ WEE VACCINE SIMULTANEOUSLY WITH LIVE VEE VACCINE ON DAY 0 AND
SECOND EEE + WEE ON DAY 28

LOG I0 SNI OF SERA TESTED WITH VIRUS INDICATED BY DAY POSTVACCINATION

VOLUN-

TEERS 28 42 56 90

WEE EEE VEE WEE EEE VEE WEE EEE VEE WEE EEE VEE

3LC 0 1.9b/- 1.9 1.9 2.1 2.4 2.0 2.6 2.5 2.9 2.8 3.1

CGD 0.3 1.4 2.2 1.6 2.3 2.3 2.2 2.6 2.3 2.4 2.1 2.5

JED 0.4 1.5 3.0 1.3 2.8 3.0 1.5 2.5 3.0 1.8 2.3 3.0

KJF 0.6 2.4 2.5 2.1 3.0 3.0 2.3 3.0 3.0 2.2 3.0 3.6

REH 0.3 2.0 2.0 1.8 3.0 2.9 2.6 2.5 2.1 2.8 1.7 2.4

H_ 0.I 2.3 1.6 1.8 3.0 1.2 2.2 2.8 2.1 2.6 2.4 1.7

3DM 0.3 2.0 2.3 1.9 2.6 2.1 2.2 3.3 2.2 2.3 2.6 2.9

DLM 0.1 2.6 1.4 1.9 3.3 2.0 2.9 2.9 2.2 2.1 2.7 2.3

CAM 0.3 2.0 2.0 2.7 3.0 2.6 3.0 2.8 2.7 2.2 3.2 2.8

MUN 0.1 1.5 2.6 1.6 2.6 2.9 2.1 2.9 2.8 2.1 2.4 3.0

MCR 0.3 2.3 2.8 2.2 3.0 3.0 2.2 2.0 3.5 2.7 2.2 3.0

LBR 0 2.1 2.9 2.0 3.2 2.9 2.0 2.1 2.9 1.6 2.8 2.8

GLR 0 3.0 1.8 1.6 3.0 2.5 2.2 3.8 2.5 2.4 3.0 1.8

KHR 1.3 2.0 1.9 4.0 3.4 1.8 3.7 2.9 1.8 3.6 2.0 2.2

DRS 0 1.6 2.9 2.3 2.4 3.1 3.1 2.2 3.0 3.0 2.5 3.1

DFL 1.0 1.5 2.9 2.0 2.6 3.0 2.0 2.5 3.1 2.0 1.8 3.4

No.

> 1.7 0 10 14 12 16 15 15 16 16 15 16 16

togs

Mean 0.3 2.0 2.4 2.1 2.8 2.5 2.4 2.7 2.6 2.4 2.5 2.7

Range (0-1.3) (1.4-3) (2.1-3.3) (1.5-3.7) (1.8-3.5) (1.7-3.2)
(1.4-3) (1.3-4) (1.2-3.!) (2.1-3.8) (1.6-3.6) (1.7-3.6)

a. No subjects had demonstrable neutralizing antibody on day 0.
b. = > 1.7 logs.

i¸.¸



JOD,DPG

153
i'

TABLE V. COMPARISON OF MEAN TITERS OF MEN IMMUNIZED WITH WEE AND EEE

COMBINED VACCINES

% WITH SNI_ 1.7 LOGS BY DAY POSTVACCINATION
STUDY NO. MEN

14 28 42 56 90 180 270 360

WEE TITERS

21 14 48 lOO 95 90 95 9069-3,

NEE alone Mean SNI 1.4 1.6 2.5 2.4 2.3 2.5 2.4 2.3

69_6ci 16 27 bl 19 50 84 84 56 56 38

WEE + EEE
Mean SNI 1.4 1.4 1.7 1.9 1.7 1.7 1.8 1.6

69-8 16 0 75 94 94

WEE + EEE

and VEE Mean SNI 0.3 2.1 2.4 2.4

EEE TITERS

8 13 38 88 I00 ND_d/68-2
EEE alone

Mean SNI 1.3 1.6 2.2 2.3

69-6 16 27_/ 50 I00 i00 88 50 63 38

WEE + EEE
Mean SNI 1.5 1.7 2.7 2.5 2.2 1.8 1.8 1.5

69-8 16 69 I00 I00 i00
WEE + EEE

and VEE Mean SNI 2.0 2.8 2.7 2.5

a. Three dosage schedules combined, see Work Unlt 096 02 002.
b. One not done.

c. Part I, this work unit.
d. Not done.

i
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Su_ry_ Part II:

Sixteen volunteers were administered 2 doses of 0.5 ml of combined WEE

+ EEE vaccine 28 days apart and a single standard dose of VEE vaccine.
Clinical reactions to the vaccines varied from minimal to moderate with

only 2 subjects developing moderate systemic reactions. The in_munogenlclty

of the composite vaccine was demonstrated by the achievement of significant

mean SNI to EEE and VEE virus 28 days after the initial dose of vaccine and

persistence of mean titers through day 90. All subjects developed signifi-

cant SNI by day 42 to EEE and VEE viruses. Significant mean SNI to WEE

virus were attained by day 42. Fifteen of 16 volunteers acquired meaningful

WEE SNI by day 56 which persisted through day 90.

Publications:

None.

LITERATURE CITED

I. U. S. Army Medical Research Institute of Infectious Diseases.

1 July 1969. Annual progress report, FY 1969. p. 87 to 102. Fort Detrlck,

Maryland.
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(U) Determine the factors influencing the susceptibility to plague infection and the

most appropriate method to prevent the infection.

24 (U) Using standard methods, strains of Pasteurella pestis are tested for their

physiological and virulence characteristics. Serological tests are performed on wild

and laboratory animals for the detection of anti-P, pestis Fraction I antibody.

25 (U) 69 07 - 70 06 - Temperature is the most critical condition influencing the

fibrinolysln test for P. pestis. Sera from various species of animals differ in their

ability to inhibit the lysis of a standard bovine fibrin clot by P. pestis. Serum from
known resistant species inhibit the reaction whereas sera from susceptible species do

not. Man falls intermediate between these 2 groups. Strains of P. pestis isolated in

the Republic of Vietnam during 1968-1970 were similar to strains isolated during

previous years. The apparent decline in the prevalence of human plague in certain well

defined focl cannot be attributed to an alteration in the causative organisms.

The occurrence of a pseudolysogenic strain of P. pestis was observed. Two b-type

cytochromes have been found in aerobically grown P. pestls. One of these, cytochrome o,

has been highly purified and characterized spectrally, physically, and immunologically.

Preliminary data indicate that this antigen may be useful in the serologic distinction
between immunization and true infection.

It has been demonstrated that laboratory rats and mice are highly susceptible to
infection with P. pestis when challenged orally with infected carcasses. Dogs and cats

appear less susceptible than rats although cats are somewhat more susceptible than dogs.

All surviving dogs and cats had demonstrable specific pla£ue antibodies.
Publications: Bull. Wildlife Dis. Ass. 5:1B7-194, 196_; l___nl_mnual of Clinical

Microbiology, 1970, p. 205-209; In Plague, 1970, In press.
iA l*atlllble Io ¢oniraciorll UpOn orlitnmtol*i ar_lt'owll. I ---- I I -- --f,,l

DD,-o. 1498_1  l,olt,R i, sej
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BODYOF REPORT

Project No. 1B662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB622706A096 02: Prevention and Treatment of Biological Warfare
Casualties

Work Unit No. 096 02 102: Development and Evaluation of an Effective
Vaccine Against Pneunonic Plague

Description:

Determine the factors influencing the susceptibility to plague infection
and the most appropriate method to prevent the infection.

Pros,ress t Part I:

Differences in natural susceptibility to plague among various animal
species have been recognized since the Manchurianplague epidmic of 1920o
More recently 1 of the virulence factors, Pesticin I, fibrinolysin,
coagulase complex (_C) has been shown to be related to invasiveness of
Pasteurella pestiSo_/ The action o£ Po pestis £ibrinolytic factor has
been shown t_"F_nilar to that of s_apE_-6kTnase and u_kinase_ d_ectly
activating plasminogen which then lysed the fibrin clot.:/ Madison,/
reported that Po pestis differed in its ability to lyse the clots prepared

rentfrom plasma og"di e_ species o£ animals° Contrary to these results_
Domaradskii and Yarmyuk_/reported that clots prepared from purified fibrin
of various species o£ animals were equally susceptible to the action of
Po _fibrinolytic factor° A series of experiments were conducted to
_lar_e apparent discrepancies of these findings° A £ibrinolysin test

using purified bovine fibrin clotp acetone killed and dried Po pestis was
standardized° The clot lysis inhibition of sera of various _ni_al species
was determined°

During the standardizationprocedure it was found that the temperature
of the reaction was the most critical factor° At temperatures below 27 C
the reaction time was prolonged and required 5 - 20 times the concentration
of Po _estis cells to cause complete lysis at temperature of _ 30 Co
Thi_ data was found to correlate with flea transmission dataj and to be in
agreement with observations of spontaneous decline in the epidemic curve of"
human plague in Vietna_ and elsewhere°

• _i/_ ,, _ _ f ,•/ '_ ,, .

t
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When the sera of various animal species were tested for their abillty
to inhibit the lysls of a standardbovlne fibrin clot by _. pestis, it was
observed that the sera of hlghly susceptible species failed to inhibit
clot lysls. The sera of known resistant species were found to inhibit
the reaction to various degrees. Human sera were found to be intermediate
between the highly susceptlble and the highly resistant groups. The presence
or absence of _.pestls Fraction I antibody did not appear to Influence the
results of the test with either human or animal sera.

Smmar_v# Part, l:

the P
Temperature is the most crltical condition Influencing .

fibrlnolysln test. Sera from various species of animals differ in their
ability to inhibit the lysis of a standard bovine fibrin clot by _. pestis.
Serum from resistant species inhibit the reaction whereas sera from sus-
ceptible species do not. Man falls intermediate between these 2 groups.

Prosress t Part II:

Durlngthe reporting period, an additional 3SO cultures of _.
isolated in Vietnam werecharacterized according to criteria reported last
year.5_/ Strains isolated frem areaswhere the human disease was on the
decline were in no way different from strains isolated frum the same areas
during previous years of peakepidemic activity. Therefore. the apparent
burn-out of these focalepidemics cannotbe attributed to alteration in
virulence of_.pestisassuggested by earlier workers.6-/

A strain Of_o pes$is was found to be pseudolysoge_ic. While this
condition has been En-du_dby laboratory aanipulationL/_ it has not been
reported as a naturally occurring state instrains isolated directly from
humans. The culture as received from Vietnam contained a mixed population

of 3 biotypes of P. pestis and a phage which differed in its properties
from the standard--typing phage used in Vietnam° Eighty per cent of the
population of P. pestis cells in the culture were resistant to lysis by
either phage. "_Fhese-'_'_otypes have been characterized; all are of reduced
virulence due to loss of the pigmentation factor. The newly isolated
phage, while set.logically related to the standard one. is more active
against a small number of laboratory strains selected for phage resistance.
The new _. pestis phage has been incorporated into the routine testing
procedure.

:!ii iiiii ¸_I.... i • i

i!i: !• ;:I ¸ i / k¸



JOD,DPG! !
;i!i

: 159

SummaxTm Part II:

Strains of P. pestis isolated in the Republic of Vietnam during 1968o
1970 were slmil_r to strains isolated during previous years. The apparent
decline in the prevalence of human plague in certain well defined focl
cannot be attributed to an alteration in the causltive organism. The
occurrence of a pseudolysogenic strain of _. pest is was observed.

Prolress m Part III:

The immune status of an individual with respect to plague is frequently
evaluated serologically by means of the hemagglutination (HA) test with
Fraction I protein, the capsular antigen of P. pestis. However, in the
course of studies of nonencapsulated strains='as_nes, it became
necessary to obtain an alternative purified antigen common to both wild-
type and nonencapsulated bacteria. A reddish-brown antigenic protein was
isolated and later identified as cytochrome o (a bacterial terminal oxidase
with a b-type or protoheme prosthetic group)_

Cytochrome o was purified from sonic extracts of aerobically grown

P. __ straTn M25NP_ by DEAE cellulose chromatography and gel filtra-
tion. Material prepared in this manner was shown to be homogeneous by disc
electrophoresis_ gel £iltration_ ultracentri£ugation, and immunologic
techniques. Cytochrome o has a sedimentation constant of 8.78, aM W of
approximately 175,000 an_an isoelectric point of 6.8. This cytochrome
has been carefully characterized spectrally, is auto-oxidizable, forms a
complex with CO characteristic of bacterial oxidases, and possesses a
protoheme-type alkaline pyridine ferrohemochrome spectrum. Attempts to
determine the redox potential have not yet been successful due to failure
of common redox dyes to couple with the purified protein. This problem
has also prevented in vitro analysis of the purified cytochrome by oxygen
uptake studies. Was'_ep_='_ticulate fractions of sonicated bacterial cells
have_ however, demonstrated vigorous oxygen uptake in the presence of DPNH2
or succinate. Oxygen uptake could be stimulated 50_ by addition of puri-
fied cytochrome o to such a system. Respiratory activity of those particles
as studied by oxy--gen uptake and spectral methods indicates insensitivity
to inhibitors such as rotenone_ azide and anti-mycin A.

In.addition to the oxidase_ another b-type cytochrome was detected.
This cytochrome was not auto-oxidizable_ formed no complex with CO,and
possessed spectral and physical properties distinct from those of the
oxidase. Alkaline pyridine ferrohemochrome spectra of whole cell extracts
revealed only protoheme. Difference spectra at -196 C also revealed only
b_type cytochromes. In _. pestis_ there£ore_ only 2 cytochromes have been
detected. This is a uniqueo--os_rvation and may represent a primitive
evolutionary form of the electron transport chain.

i /_
i __ _ . •
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P, pestls cytochrome o is highly antigenic. Precipitating, HA and

compTement"_-F_xing antibodTes are readily elicited in rabbits by cytochrome
o injectlon_ with or without the use of adjuvant° Such antibody reveals
_nly 1 line by Ouchterlony i---unodiffuslon against either the homologous

antigen or the crude P. _soluble protein preparation. Bices injected
with 2 doses of varying q_---_-n-_ties of cytochrome _, were not protected against
challenge with 1_000 median lethal doses o£ _o pestis_ strain 195Po

Preliminary evidence suggests that animals surviving challenge fre-

quently have an anti-cyCochrome o titer_ whereas animals immunized with
killed vaccine seldom do. This o-_bservation is being investigated further

to develop a method,f distinguishing retrospectively between i_unization
and true infection. Such amethod, if available, would have great potential

value in epidemio!ogical studies°

Cytochrome o isolated from Pasteurella pseudotuberculosis has been com-
pared to the ox_dase of P. _by a quantitative precipitin technique.
The results indicate the_ are identical° These studies are being extended

to other species of the Pasteurellae in hopes of clarifying their taxonomy.

Sulmr_ Part III_

Two b=type cytochromes have been found in aerobically grown P. espy°
One of these_ cytochrome_ has been highly purified and characterized
spectrally_ physically_ and i_nunologicallyo Preliminary data indicate
that this antigen may be useful in the serologic distinction between
imaunization and true infection.

Pro_ress_ Part IV_

The value o£ serological methods in the ecology and epidemiology of

plague has received a great deal of attention in the past several years.
In order to evaluate the significance of the results obtained in serological
surveys_ laboratory experiments were designed to examine the time of appear-
ance o£ antibody following subclinical and clinical plague infection in
animals as well as the type o£ antibody produced° Ancillary studies were
carried out on the role of cannibalism in the maintenance o£ plague infection

in rodent populations when the flea population is not of sufficient density
to maintain the disease in rodent populations° Experiments on cannibalism

performed in the past were not consistently reproducible and thus were not
assumed to be of importance in the ecology of plague_6/o

Experiments carried out in our laboratory indicate that fatal plague
infection consistently occurs in rodents feeding on carcasses of animals

that have died from plague infection° The disease pattern of animals
challenged in thls way is similar Io that in animals challenged by bites of
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infected fleas. The gross pathology of animals infected by ingestion of
diseased carcasses, however, varies. Lung involvement appears more fre-
quently in the form of a pneumoni¢ process with massive infiltration and
occasional hemorrhage. Animals infected orally also show enlarged mes-
enteric nodes as well as cervical and other peripheral lymphadenopathy
similar to animals infected by subcutaneous and IP routes. The mean
time of death of theseorally infected animals is 2.6 days and is 100%
fatal. Attempts to induce infection with in vitro cultured organisms
have not been uniformly effective. Laborat-__w has been impregnated
with organisms grown at 25 C and at 57 C and fed to rats. Death occurred
in all animalsfed with 25 C-grown organisms, but occurred only occasion-
ally with the 57 C-grown bacteria. Further experiments indicated that
by utilizing a 24-hr culture of organisms grown at 37 C death of the
animals usually occurred. Cultures maintained at 57 C for • 24 hr
rarely killed the animals even though it could be demonstrated that the
population of bacteria utilized did not vary in the proportion of VW-
positive organisms present. Antibody could not be demonstrated in any
of the surviving animals and all succumbed to challenge with virulent
organisms.

In,nunized animals were protected against oral challenge to the same
extent as those challenged by the subcutaneous or IP route. Animals that
had been fed carcasses of mice infected with the vaccine strain EV-76

showed evidence of subclinical infection by demonstrating the formation
of measurable antibody and by survival following infection with fully
virulent challenge.

A modified mouse epizootic was established in a mouse colony free of
the vector flea by the introduction of an infected mouse carcass; by
replacing the animals that died, it was maintained for _ 50 days. All
animals that died were shown by culture and pathological alterations
to have died from overt plague disease.

Since large predator animals from plague endemic areas frequently have
been shown to have antibody to the capsular material of the plague
bacillus experiments were designed to test the susceptibility of dogs
and cats to both oral and parenteral challenge and to measure the anti-
body produced following such challenge. It was shown that cats could
be infected by ingesting infected mice and by inoculation with virulent
organisms. Two of 5 cats died following ingestion of a single plague
infected mouse while 1 of 2 died following subcutaneous inoculation.
Five dogs survived (2 challenged subcutaneously and 5 challenged orally
by feeding a single infected mouse). The 2 surviving cats showed evidence
of disease in that they were febrile for several days and organisms
could be obtained from blood and in I instance grom pleura1 fluid. The
disease was evident in only 2 dogs which were febrile for a few days.
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All o£ the survivors_ both dogs and cats_ demonstrated antibody between
days 9 and 12 in£ectlono Studies are currently in progress to establish the
locallzation of the antibody formed as to its occurrence in the smaller 7S
or macro 19S y globulin_ as well as the persistence of the antibody with
respect to time°

Sunnnary_. Part IV:

It has been demonstrated that laboratory rats and mice are highly suscep-
tible to infection with _o _when challenged orally with infected car-
casseso Dogs and cats appear-less susceptible than rats although cats are
somewhat more susceptlble than dogs0 All o£ the surviving dogs and cats had
demonstrable specific plague antibody £ollowing challengeo Immunization o£
rats was observed following ingestion o£ animal carcasses infected with avir-

ulent Po pestiSo This immunization was demonstrated by serological methods
as welt as survival following either oral or subcutaneous challenge with
highly virulent organismso Attempts to measure the time o£ appearance o£
the dif£erent antibody globulins and the persistence o£ such globulins is
currently in progresso

Presentations_
,r

lo Marsha11_ JoDo_ Jro Plagueo Presented at the Global Medicine Course,
Waiter Reed Army Institute o£ Research_ 8 July 1969_ and 17 February 1970o

20 Marshal1, JoDo_ Jro Relationship between diseases of wild and domes-
tic animals° Model 2-_PasteurellosiSo Presented at the National Animal
Disease Laboratory_ UoSo Depto of Agriculture_ Ames_ Iowa, 16-18 June 1969.

Publications_

lo Cavanaugh_ DoCo_ PoFo Ryan_ and JoDo Marshall_ Jr° 1969o The role of
commensal rodents and their ectoparasites in the ecology and transmission of
plague in Southeast Asia° Bullo Wildli£e Dis° Asso 5:187-194o

2o Marsha11_ JoDo_ Jro and D_C0 Cavanaugho 1970o Pasteurellaj po205 to
2090 In JoE° Blairo Manual o£ Clinical Microbiology_ (edo) American
SocietT-for Microbiology_ Bethesda_ Marylando

30 Winter_ PoEo_ DoCo Cavanaugh_ JoDo Marsha11D Jro_ and JoH° Rust, Jr°

19700 Plague_ I_n Bo MacGraith_ (edo) Textbook on Tropical Disease. In
press°
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10. NO./CODI[$:* PROGRAM ELEMENT ililiOJECT NUMBER TAlK AREA NUMBER WORK UNIT NUMBER

CDN" l-_2b

(U) Immunologic studies with rickettsiae.

IZ. 14"IINTIIlIC JMIO TEi_,NIIIKM.O(IICAI. aNfJk_

003500 Clinlcal Medicine; 004900 Defense; 003200 BW, C%T, RW

tO. NI[IOURCE$ EITIMATI[ • PROFEIIII_ONAL MAN YNS k FUNDI _ mmm4mA-)

• DA,EII_ FI_[CTlV., EX,RATIQN, ]wm.c.;_..
NUWEE._ ,,_AL 2 8

G TYPE; _ (L ANOUNT!
YEAR I GWNNRNT

L x,.oo.A.ANm t.CUM. AMY. I 71 2 8

.-.....=.o...... i i .--.o--.O.AK,.Y=I i
N_.¢_ USA Medical Research Institute of N_.=_ Virology Division

InfecZious Diseases USA Medical Research Institute of

Aamm.e Fort Detrick, Md 21701 AOo.=,._ Infectious Diseases

Fort Detrick, Md 21701
PNINClPAi. INVlrJYIGATON (Jl'_sdiM _ II U.L AC:_lsmle Inetltad4m)

U,PO_LEINm_..*L "_'_ Miesse, M. L.

N_,'. Crozier, D. ,,LE,,O.=: 301 663-4111 Ext 7241
TKL,,,_,, 301 663-4111 Ext 5233 _|AL'ECURITYACCWNTNUNDEN:

11. Q|[NENAL UIIE &IUlOCIAYE INVEIITIOATON$

Foreign intelligence considered. N_E, Robinson, D. M.
N_.E, DA

Immunology.;_ (U) Rickettsial diseases; (U) Spotted fevers; (U) Vaccines;
Q fever; (U) Coxiella burnetl

rickettsial diseases.

24 (U) Propagate representative strains in tissue culture systems. Assess the

feasibility of producing rickettsial suspensions of quality and quantity suitable for
vaccines for h,,man use.

25 (U) 69 07 - 70 06 - No studies were conducted on the spotted fever rickettsiae

during the year.

A master seed lot of Coxiella burneti (M44-WR-EI) and a vaccine lot (M/+4-WR-E2) were_

produced and sterility tested at the Department of Biologics Research, WRAIR. Character-_

ization of M44-WR-E2 by us has indicated that while this strain is infectious for _
guinea pigs it is nonlethal for this host in contrast to the common phase I and phase II_

strains. Guinea pigs serologlcally converted after infection with M44 strain were

resistant to challenge with virulent strain EP88. The challenge endpoint was equal to

the complement fixation endpoint, which was 2.5 log greater then the febrile endpoint.

Tetracycline and oxytetracyline at 1 and 5 times the human dosage levels were effective

in reducing the febrile period, but one-fifth the h,,man dose was not. Chloramphenicol
was not as effective.

_A ,*IMble eo contractors upQn od_inetot*, orrro_l I (I

DO. :.o,_,__I4.¢IR_i (FOR,*Z_,, US=) : ..: .
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BODY OF REPORT

• Project No. IB662702A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 02: Prevention and Treatment of Biological Warfare
• Casualties

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

Description:

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

Progress and Summary Part I:

No studies were conducted during this report period with the spotted

fever group of rickettsia due to delays in the useful occupancy of the
new USAMRIID Laboratories. Studies will be resumed when facilities become
available.

Progress Part II:

Investigations were begun on the M44 vaccine strain of Coxiella

burneti._ / A master seed lot (Lot M44-WR-EI) produced from the original

material, and a lot of vaccine (Lot M44-WR-E2) produced as first passage

material from the master seed were obtained from the Department of

Biologics Research, WRAIR. All materials were prepared as 20% yolk-sac

suspensions in Snyder's I buffer and filled in l-ml aliquots. The master

seed lot was stored as fluid at -60 C. The vaccine lot was divided,

with suitable amounts being freeze-dried or left as fluid; both were stored

at -60 C. These materials were tested for sterility at WRAIR in accordance

with Public Health Service Regulations for vaccines for human use.

On intraperitoneal (IP) titration in guinea pigs Lot WR-E2 had a
titer of 104.3 mean febrile doses (FD50) per ml. Fever was taken to be

temperatures _ 104 F. All guinea pigs given 104.0 or 103.0 FD50 IP were
febrile on day 2, and afebrile by day 7. Guinea pigs inoculated with

102 FD50 IP had a delayed onset of fever (day 3) but were afebrile at

the same time as animals inoculated with i or 2 logs more rickettsia.
The intensity of the febrile reaction was the same regardless of dilution

employed, i.e., 85-100% had temperatures _ 105 F. In contrast guinea

pigs inoculated IP with I0 FD50 had a prolonged incubation period (mean
3.5 days) and did not become afebrile until day 8; only 25% of these

animals had a fever _ 105 F. Further, animals given I FD50 IP had low
grade fevers of short duration with none > 105 F.

!;;i ..........
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When sera from all the above animals were tested for phase II complement

fixing (CF) antibody, reading a 3+ reaction at a serum dilution _ 1:8 as a

positive, the tlter was calculated to be 105"1 mean CF doses per ml (CFs0) 14

days after inoculation and 106.8 CF50 28 days after inoculation•

Guinea pigs infected with the M44 strain converted serologlcally and rapidly

developed high but brief febrile reactions when challenged with approximately

I median lethal dose of the EP 88 strain• These animals appeared normal and

continued to gain weight, while control animals without detectable Q fever

antibody were listless and lost weight. Therefore, the reaction to phase II

challenge of guinea pigs with circulating antibody is indicative of a pyrogenic
reaction rather than an infection.

The antibiotic sensitivity of the M44 strain is comparable with the AD

strain in that dosages of tetracycline and oxytetracycline equivalent to human

doses of 2 g/day shorten the febrile response and negate the weight loss asso-

ciated with infectlon induced by 104 FD50 per guinea pig. While 5 times this
dose was no more effective, i/5 of the dose was less effective. Chloramphenicol

was not as effective as tetracycline or oxytetracycline.

Sun_ary:

A master seed lot and a vaccine lot of the M44 strain of C. burneti have

been produced; determination of the strain parameters has been initiated.

Publications:

None.
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..,, USA Medical Research Institute of ._,,+ Animal Assessment Division

Infectious Diseases USA Medical Research Institute of

•_.m_Fort Detrick, Md 21701 _""'_ Infectious Diseases
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(U) Encephalitis, equine (EEE, VEE, WEE); (U) Arbovlruses; (U) Vaccines; (U) Immunizatior
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23. (U) Evaluate routes of and dosages for immunization of susceptible hosts with
arbovirus vaccines.

24 (U) Laboratory animals will be immunized by varying routes and dosages and chal- *
lenged at appropriate times subsequently. _+

25 (U) 69 07 - 69 06 - No work was accomplished during this report period due to
movement of the laboratories to new facilities.

i;

L
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Project No. IB662706A096: Medical Defense Aspects of Biological Warfare (U)

Task No. IB662706A096 02: Prevention and Treatment of Biological Warfare
Casualties

Work Unit No. 096 02 402: Comparative Studies of Various Routes of T.-.uni-
zation with Arbovirus Vaccines

Description:

Evaluate routes of dosages for immunization of susceptible hosts with
arbovirus vaccines.

Progress and Summary:

No work was accomplished during this report period due to movement of the
laboratories to new facilities.

Publications:

None.
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(U) Cross-immunity within the A group of arbovlruses

I_._IE_TIFi¢ _O TE_NNOt.OOICAI. AN_

003500 Cllnical Medicine; 004900 Defense; 003200 BW_ CW 1_

**-,-,.0,r* *-"T"o,l.__.,OOc. ou.
1r7.¢ONTIIACT/CIIIANT 11. RI_IOUNClr.I NSTINATN • I_NQFI[ISIONAL. NAN YPt$ III. FUNOS (]it Ik_lld_)

• OATII:I/I ,,,¢TlVlb ,XPI,TION, I ".'¢'0""

[I 7o 1 10
• TYIqZz HA d AIIOMNT_ YIAN I I;UMmII[NT

I 71 1 30
• xN.o, ,,,No, t cuu..uv. I

N-- . o... I I ..--NOO . * I I
ii

,_,E_ USA Medical Research Institute of N_,,_ Virology Division
Infectious Diseases USA Medlcal Research Institute of

*.m_m_ Fort Derrick, Md 21701 ,m.m._ Infectious Diseases

Fort Detrick, Md 21701
IININ¢IilAi. INvIr.ITICIATON (i_wll/"a" _ If[I.$. Aeldeml© IWellludilO

mm_mm_, iNm_..*L .*U_ Co le, Jr. , F. E.
._.-. Crozier, D. v,L,_o.., 301 663-4111 Ext 7241
T'L,..O.,, 301 663-4111 Ext 5233 inCA .¢umvv*cco.Nv UNKN

II. ll[NllllAL UII AIIO¢IATI INVIrlTIOATON$

Foreign intelligence considered. .*-_, Hargett, H. T. DA
NAIIII

ne,_,,, ceil)
__d_"_,__v_ruses; (U) T--m,nizatlon; (U) Encephalitis, equine (VEE, EEE, NEE)

TI[¢I4NICAI. OIIJIrCTIVlr. * 14. APIINOACNp I1. lINOCIl_lll (J_Ndlll llllffdlllW ll_e/Ikil///lld IV IIimdm_. llqrl_ll4k lell/@t _ w/Ik _ Cl_elllaltlm CoiN.)

).3(U) Evaluate experlmental attenuated and inactivated group A arbovirus vaccines for

:heir ability to induce protection against other members of the group.
b

24 (U) Adult hamsters are inoculated with group A arbovlrus vaccines in appropriate

combinations and sequences. Response is determined by challenge with virulent strains

and by serologlcal techniques.

25 (U) 69 07 - 70 06 - No studies vere possible during this report period due to delays

in the useful occupancy of the new USAMRIID laboratories; research will res,,mA when
facilities become available.
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" Project No. IB662706A096: Medical Defense Aspects of Biological Agents

Task No, IB662706A096 02: Prevention and Treatment of Biological Warfare
• Casualties

Work Unit No. 096 02 403: Cross Immunity Within the A Group of Arboviruses

Description:

Evaluate experimental attenuated and inactivated group A arbovirus

vaccines for their ability to induce protection against other members of
the group.

Progress and Summary:

No studies were conducted during this report period due to delays in

the useful occupancy of the new USAMRIID laboratories; research will resume

upon acquisition of facilities.

Publications:

None.
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(U) Development of inactivated group A arbovlrus vaccines
I1. liGIEIIT1FI¢ AliO TICNliOLOaICAL ANI[AI_

003500 Clinical Medicine; 004900 Defense; 003200 BW, CW,
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•* .u,,uM_' "_*" I "- 1 40

YEAN IGuMMKNT
I 70 1 40

• x,,,.o, ,,,m t. ¢u.-. ,,iT. I

......... =o--.,,.. / I ......-..°o..,.,o. I I

...=p USA Medical Research £nstz=ute oi ._.=_ Virology Division
Infectious Diseases USA Medical Research Institute of

•._m_* Fort Detrlck, Md 21701 _..Mm_ Infectious Diseases

Fort Derrick, Md 21701
PMINGIPAL. INvIr.STIGATOA (_dm _ IIU.i. AC_l_d_ la,.Dl#_

..*,_=L= m=_=u*L "*'_ Cole, Jr. , F. E.
..i-. Crozier, D. ..L._._=, 301 663-4111 Ext 7241

.=_..._=, 301 663-4111 Ext 5233 ._,AL,¢CUM,**AC_..*.U..'.:
II. IMIilIIIIA_ UI AImOClATI INVI[STIGATORI

Foreign intelligence considered. ._._ _rgett, H.T. DA
Ni,!

ILL JLICE _ll GI II *'_ _ •

_r_bo_v ruses ;_ _cep_%a°__'iris, equine ._EE, EEE), (U) SemIiki Forest virus ; (U) Cel:
culture; (U)¥,,,,_.,nizatlon;(U) Antibody, (U) Vaccines ; (U)Roller culture

TICNNICML OaJ,GTIVR.* 14, APPlIOACH, all PNOQNI[IB _l_mlddD Jm_Wdm_ pmwqV_l_l _ml_l_ _, _. _ /ell ol _ _ib _ld_ Cl_*lBeatl_m ¢_.)

23 (U) Produce inactivated group A arbovirus vaccines from selected strains;

investigate their capacity to induce serologic response and/or resistance to challenge
in test animals.

24 (U) Arboviruses are propagated in primary cell cultures and inactivated with forma-
lin. Products are tested for safety and potency in animals. Efficacy is determined by

subsequent cha 11enge.

25 (U) 69 07 - 70 06 - No studies were posslble during this report period due to delays
in the useful occupancy of the new USAMRIID laboratories; research will resume when
facilities become available.

Publications: Appl. Mlcrobiol. 17:927-928, 1969.
Am. J. Trop. Med. Hyg. 19:119-122, 123-126, 1970.
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Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 02: Prevention and Treatment of Biological Warfare
Casualties

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

Description:

Produce inactivated group A arbovirus vaccines from selected strains

of viruses propagated in cell culture; investigate the capacity of these

vaccines to induce serological response and/or resistance to challenge in
test animals.

Progress and Stumnary:

No investigations were undertaken during this report period due to

delays in the useful occupancy of the new USAMRIID Laboratories; research
will resume upon acquisition of facilities.

Publications:

I. Cole, F. E., Jr. and R. W. McKinney. 1969. Use of hamsters for

potency assay of eastern and western equine encephalitis vaccines. Appl.
Microblol. 17:927-928.

2. Maire, L. F., III, R. W. McKinney, and F. E. Cole, Jr. 1970.

An inactivated eastern equine encephalomyelitis vaccine propagaged in chick-

embryo cell culture. I. Production and testing. Amer. J. Trop. Med.
19:119-122.

3. Bartelloni, P. J., R. W. McKinney, T. P. Duffy, and F. E. Cole, Jr.

1970. An inactivated eastern equine encephalomyelitis vaccine propagated

in chick-embryo cell culture. II. Clinical and serological responses in
man. Amer. J. Trop. Med. 19:123-126.

NEXT PAGE IS BLANK
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).3 (U) Study the role of antibody as it relates to the cllnlcal manifestations of
renezuelan equine encephalitis (VEE) virus infection, and the usefulness of immune

;erum in prophylaxis and treatment of this infection.

_.4 (U) Animals are inoculated with either attenuated or virulent VEE virus. The

._fflcacy of antiserum in preventing undesirable reac'tlons to these viruses is evaluated.
the resulting immune response and its dependency on the relatlonshlp of the quantity of

intiserum given to time of its administration are investigated.

_5 (U) 69 07 - 70 06 - VEE-immune globulin, human (VEE-IG) was inoculated into volun_eer_
.nfected at various times with live attenuated VEE virus (vaccine strain). Neutralizing

mtibodies were not detectable on day 28 in the 6 men given VEE-IG alone. They were

_etected in the remaining 6 men who were given VEE vaccine alone. In the 18 rem_ir.ing

volunteers, given VEE vaccine and VEE-IG at different intervals with respec_ _o e_c?_

other, there was no difference from results observed in VEE vaccinated men. Sy_en.ic

nd local reactions were mild to moderate. VEE-IG did not appear to ameliorate _he

ffect of live VEE vaccine in men.

4

i
_*/ va,:,Jt,,',_ .'Q _ r,ntr_cror_ u_ot_ orz_in_tor% approval _ . .,



_ JOD,DPG
i 183
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• Project No. 1B662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. 1B662706A096 02: Prevention and Treatment of Biological Warfare
Casualties

Work Unit No. 096 02 408: Role of Antibody in the Clinical Manifestations
of Venezuelan Equine Encephalomyelitis

Description:

Study the role of antibody as it relates to the clinical manifestations

of Venezuelan equine encephalomyelitis (VEE) virus infection, and the use-

fulness of immune serum in prophylaxis and treatment of this infection.

Progress :

Venezuelan equine encephalomyelitis Immune Globulin, Human (VEE-IG)

(Project No. FY 69-5) was studied in volunteers. VEE-IG, Lot 0750DO30AI,

was prepared by Hyland Laboratories, Los Angeles, Calif. The VEE-IG was

produced and tested in conformance with Public Health Service specifications
for Immune Serum Globulin (Human) U.S.P. It was prepared from the plasma of

donors immunized with attenuated VEE vaccine. This product had a serum

neutralization index (SNI) of approximately 1.8 logs.

The purpose of this study in humans was to doct,m_nt and define the

appearance and persistence of circulating antibody following the adminis-
tration of VEE-IG and to determine the effect of this globulin on infec-

tions with attenuated VEE vaccine, NDBR 102-4 (National Drug Co.,

Philade Iphla, Pa.).

Thirty volunteers were divided into 3 groups designated, I, II and III
and administered VEE-IG and/or VEE vaccine as shown in Table I. The sera

obtained on the bleeding dates shown were tested for VEE hemagglutlnation

inhibiting (HI) and neutralizing antibodies.

All subjects in Group I administered VEE-IG alone failed to exhibit

HI antibody (i.e., <I:I0) and members of this group similarly failed to
attain significant levels of VEE neutralizing antibody by day 28. The

import of these results is readily reflected in the results obtained with

Groups II-A, II-B and III where all individuals administered attenuated
VEE vaccine developed an active immunizing infection; this occurred

whether VEE vaccine was given before or after VEE-IG; SNI of members of

these 3 groups ranged from i.i to 3.2 logs. These tlters are comparable
to those obtained from the vaccine controls (II-C) which ranged from 1.4

to 3.4 logs.

•i!/
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TABLE I. EXPERIMENTAL SCHEME FOR EVALUATION OF VEE-IG AND SNI

DAY 28 POSTVACCINE ADMINISTRATION

PROCEDURE REC IPROCAL MEAN

GROUPS HI TITER LOGI0

(No. of men) VEE Vaccine _/ VEE-I_ bb/ Day 28 SNI

I (6) - Day 0 <10 0.4

II-A (6) Day 0 +4 hr 10-20 2.5

B (6) Day 0 +24 hr 10-320 2.4

C (6) Day 0 10-40 2.3

III (6) Day +15 Day 0 <10-40 2.3

a. Standard dose: 103.7 guinea pig Intraperitoneal immunizing
doses.

b. i0 ml intramuscularly in 2 divided doses.

It is apparent that this immune globulin administered as a i0 ml-dose

was not effective in preventing infection with the vaccine strain of VEE
virus.

In addition, from the limited data available it does not appear that

the immune globulin administered as described affected the reaction rate

to attenuated VEE vaccine.

No further studies of VEE-IG in man are contemplated in the near future.

Summary:

VEE-IG was studied in volunteers. VEE antibody could not be detected

in the sera of volunteers following the intramuscular administration of

i0 ml of this preparation. The immune globulin did not prevent infection

with llve VEE vaccine when administered either 4 or 24 hr after or 15 days

prior to vaccination.

Pub iica tions :

None.
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23 (U) Investigate various interactions between animal hosts and virus vaccines.

24 (U) Various virus vaccines are given to laboratory animals or man; responses are
measured.

25 (U) 69 07 - 70 06 - Dogs infected with virulent infectious canine hepatitis (ICH)

and fed a normal diet showed typical clinical laboratory and histopathological results

as well as large changes in alpha-2 glycoglobulln. Control animals and animals

receiving attenuated ICH vaccine showed no such changes. Sequential comparison of

data shows that alpha-2 glycoglobulln alteratlons occur very early, sometimes preceding,_

fever. Six dogs, fed a high fat diet and given virulent ICH virus, showed typical

changes as described above, but had a more rapid death rate than the dogs on a normal _

diet. Lipid studies of frozen plasma samples to elucidate possible mechanisms are

pending.

A combined yellow fever and Venezuelan equine encephalitis vaccine previously

reported in this work unit has been transferred to work unit 096 02 004.

WA vatlable to contraclors u on orl tnator'_ a royal.
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Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 02: Prevention and Treatment of Biological Warfare
Casualties

Work Unit No. 096 02 409: Host-parasite Relationships in Virus Immunization

Description:

Investigate various interactions between animal hosts and virus vaccines.

Progress. Part I:

The present study was designed to compare serial serum protein and glyco-

protein responses in immune and nonimmune beagle dogs infected with either

virulent infectious canine hepatitis (ICH) or attenuated ICH (vaccine strain)
virus.

The 44 dogs used were 4-6 mon old 3 purebred beagles maintained in isola-
tion since weaning and fed a commercial puppy chow. They were grouped ac-
cording to the virus received and their pre-exposure immune status into one of

the following 5 categories: (i) 5 nonimmune dogs were given i standard im-

munizing dose of attenuated tissue culture-origin vaccine strain ICH virus

subcutaneously (SC); (2) 12 nonimmune dogs were given i ml Cornell strain

virulent ICH intraperitoneally (IP); (3) 6 immune dogs were given the attenu-

ated vaccine strain ICH virus; (4) 12 immune dogs were given virulent ICH

virus; (5) 6 dogs used as controls were not given an injection.

To determine the immune status before and subsequent to inoculation_ ICH
serum neutralization tests were done on each dog on days 0 and 28.

After infection with either the virulent or the vaccine strain of virus_
daily clinical examination and temperature recordings were accomplished on
each dog. Clinical laboratory parameters examined include total white blood

cell (WBC) count 3 differential leukocyte count_ packed cell volume_ hemoglo-

bin, serum glutamic oxalacetic transaminase (SGOT)_ and serum glutamic pyruvic
transaminase (SGPT). Serum and glycoprotein electrophoresis was also done.

Most dogs were bled on days -5_ -3_ 0 (immediately prior to inoculation

with live virus)3 days i-i0 inclusive and day 28, but because individual dogs

were studied over a 2-yr period_ minor differences occurred in the bleeding
schedule in each group. In no case was an average group value represented on

any day by less than 3 dogs from that group.

In addition to the 5 groups mentioned above_ plastic liver windows for
obtaining serial liver biopsies were implanted surgically in 3 other nonimmune

dogs 5 days prior to inoculation. One dog was challenged with virulent ICH

virus, one was injected with attenuated ICH vaccine_ and one served as a con-

•!i i _
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trol. Biopsies_ approximately i gm in weight 3 were taken from the liver edge

under direct visualization on days 03 2_ 43 and 6. All liver biopsies from
each dog studied showed histologic changes attributable to the presence of

the plastic windows. These changes were characterized by centrilobular de-

generation or necrosis of hepatocytes with suppurative reaction in the subcap-
sular locations proximal to the liver window.

The serial liver biopsies taken from the nonimmune dog infected with viru-

lent virus showed widespread intranuclear inclusions and disseminated focal

areas of hepatocellular necrosis typical of ICH infection. Th_se changes were

evident by day 4 and maximal by day 6. The ICH-related 3 pathologic changes in

this dog were concurrent with the changes attributed to the presence of the

plastic window 3 while the control and vaccine strain-inoculated dogs from
which biopsies were taken showed only the liver window-induced changes.

Highly significant changes with p < 0.001 were present only in the nonim-

mune dogs infected with virulent ICH virus. The changes were characterized by

a marked progressive decrease in serum albuminj a markedj but transient 3 early

rise in _2-globulin and late rise in 7-globulin.

Each fraction of the glycoproteins showed larger percentage changes in re-

sponse to infection than the corresponding serum protein fractions. There was

a significant marked fall in glycoalbumin and _l-glycoglobulin 3 and a spiking

of a2-glycoglobulin to virtually double baseline values. _-glycoglobulin fell;
there was a small late rise of 7-glycoglobulin. All alterations between days

3 and 5 were statistically significant with p < 0.001. Abnormal a-globulin

and_-glycoglobulin values from all infected dogs had returned to normal or

near normal by day 28.

Electrophoretic patterns for nonimmune dogs given vaccine strain of virus

produced slight changes similar to the infected group. This was particularly

evidenced by the slight 3 though not significant_ increase in _2-glycoglobulin
and the fall in _-glycoglobulin.

Clinically 3 all nonimmune dogs infected with virulent virus responded with

fever 3 lethargy 3 vomiting 3 diarrhea 3 petechiae of mucous membranes and thin-

skinned areas 3 and dependent edema. Sequentually 3 the temperature increased
between days 2 and 43 and was followed by leukopenia; SGOT and SGPT values be-

gan to rise about day 5 or 6. Death occurred in 42% of this group between

days 5 and 83 while dogs that recovered were clinically normal within 2 weeks
after onset of symptoms. Typical hepatic necrosis and intranuclear inclusions
were found when tissues of infected dogs that died were examined histologi-

cally.

_2-glycoprotein changes begin early in this sequence 3 frequently being in-
creased on day 2 and reaching a peak on day 4 or 5. This timing closely par-

alleled the temperature rise. Increase of _2-glycoglobulin actually preceded
temperature rise in 2 nonimmune dogs of the group infected with virulent virus.

No clinically ill dogs were found in any of the other groups 3 as judged by
the above-mentioned parameters.

i!i LL; i !
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JOD,DPG
189

Similar changes have been attributed to other acute infections and various

noninfectious inflammatory conditions, indicating a nonspecific reaction. One
theory proposed for these changes is release of glycoprotein from damaged tis-

sue. Evidence that cellular damage or destruction is not the mechanism of

glycoprotein alteration is that pattern changes in experimental ICH have oc-
curred prior to hepatocellular necrosis. This can be said because serum en-

zymes indicative of necrosis have not risen_ and there is no histologic evi-

dence of hepatocellular damage until day 4. In contrast 3 glycoprotein pattern
changes are evident by day 2.

Lack of highly significant electrophoretic change_ in either noniu_aune

dogs that received an attenuated virus_ or in immune dogs that received vir-

ulent virus_ indicates that entry or presence of an infectious microorganism

does not create abnormal patterns. Rather 3 abnormal patterns are the result

of host response associated with occurrence of diseasej secondary to the det-
rimental effects of the virus.

Summary, Part I:

Nonimmune dogs infected with virulent ICH virus responded with fever 3

leukopenia, _2-glycoglobulin increasej decreased serum albumin and death in
42% of the cases, while nonimmune dogs given attenuated vaccine and immune
dogs given virulent virus showed minimal or no response.

ProRress. Part II:

Half of 12 nonimmune beagle dogs were fed military stress diet (MSD) con-

taining high fat content for 6 weeks prior to challenge 3 while the other half

received regular Purina diet. Weight gain_ hematology 3 lipoproteins, choles-

terol 3 free fatty acids_ triglyceridesj total protein_ and serum and glycopro-
rein electrophoresis were monitored during this time and subsequent to chal-

lenge with virulent ICH virus.

Weight gain in the MSD group was slightly lower during the 6-week period_
but the MSD group lost less weight after challenge than the Purina-fed group.

The MSD group looked clinically fatter_ even though their rate of gain as a

group was slightly lower than the Purina-fed dogs.

While all dogs suffered fever 3 leukopenia_ lethargy_ and a variety of

other signs_ death occurred more rapidly in the MSD-fed dogs. Interpretation
of this finding is under discussion and may be answered when all the above-

mentioned tests are completed.

Lipoprotein electrophoresis has been completed and results show that the

MSD group has much more densely stained lipoprotein electrophoretic strips.

Summary , Part II:

Beagle dogs fed a high fat diet suffered a more rapid death rate in re-

sponse to infection than dogs that received a normal diet. Interpretation of

this finding may be elucidated by lipid studies on the frozen plasma from the

2 groups of dogs. .....

Publications:

None.
NEXT PAGE IS BLANK
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(U) Pathophyslology and treatment of yellow fever
I!. ECIENTIFIC AND TECHNOLOGICAL ANEAE O
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TYp,: L_ d.ANOUNT: IiYEAR CURRENT

, x,,o o, ,,ARO: t. CUM.*MT. I 71 3 30
i.N-SpoNs,..oo00..NI,ATIONI I 0PEN.ORM,NOONGANI,AT,O.L 1
.ARE," USA Medical Research Institute of ,ARE:* Animal Assessment Division

Infectious Diseases USA Medical Research Institute of

ADORE.:"Fort Detrick, Md 21701 _DDNE.:* Infectious Diseases

Fort Detrlck, Md 21701
PRINCIPAL INVESTIGATOR (Fumleh SSAN I[ U.S. ACademic [netltution)

,NOiViO.L NAN.:* Clmpple. F. E.
NESPONS'RL" _rozier _ D.NA,_ T,LEPNONE: 301 663--4111 Ext 7244

301 663--4111 Ext 5233
TELIrPHONIr: SOCIAL SECURITY ACCOUNT NUMBER:

|l. GENERAL USE kSSOCIATE INVESTIGATORS

Foreign Intelllgence considered. NAME: Spertzel, R. O.
.ANE: Mason, D.W. DA

|1. KIryWoNDS (pl_¢ede EACH wlB; $eourl|y Clllllllcltlcm Code)

(U) Yellow fever; (U) Therapy; (U) Cross-circulatlon

_S. TECHNICAL OGJECTIV,. _ 24L APPROACH, 2_ PROGRESS (Furnish I_Wd_l perliltephl identified by number, p_cede text o! each Irlth SlcurJty Cllealffcltion Code.)

23 (U) Study cross-circulatlon as a mode of therapy for yellow fever.

24 (U) Inoculate rhesus monkeys wILh Asibl strain yellow fever virus. Study changes

in blood and tissues durlng the course of the disease. Study cross-clrculation as a

mode of therapy.

24 (U) 69 07 - 70 06 - Cross-clrculation of yellow fever-lnfected monkeys has been

suspended. Many of the technical problems encountered have been overcome and the

n-tuber of deaths that previously occurred with normal monkeys following cross-

circulation has been greatly reduced.

tl

"_A vail_bfe to contractors u_orl originator's a_roval. _ li HJl
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BODY OF REPORT

Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706AO96 02: Prevention and Treatment of Biological Warfare
Casualties

Work Unit No. 096 02 410: Pathophysiology and Treatment of Yellow Fever

Description:

Study cross-circulation as a mode of therapy for yellow fever in the

rhesus monkey.

Progress:

Due to the move to the Phase I facility_ studies using virulent yellow

fever virus have been suspended. During the year_ however I several cross-
circulation trials have been conducted_ using normal 3 noninfected animals.

Through these trials 3 it has been established that the use of Dicumerol will
prevent the formation of clots during cross-circulation.

Summary:

Although cross-circulation of yellow fever-infected monkeys has been sus-

pendedj many of the technical problems encountered have been overcome. The
number of deaths that previously occurred with normal monkeys following cross-

circulation have been greatly reduced.

Presentations:

i. Chapple, F. E._ III, J. M. Crosbie_ B. E. Reisberg, and R. O. Spertzel.
Surgical technique for cross-circulation of rhesus monkeys. Presented at

American Association for Laboratory Animal Science_ Dallas, Texas. 13-17 Oc-
tober 1969.

Publications:

None.
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(U) Development of a polyvalent S. aureus toxotd
I|. SCIENTIFIC AND T,CNNOI,OGIC'AI, AIIBAI_

003500 Clinical l_dtcine; 004900 Defense; 003200 ]_d, CN, 1_
I|. START OAT, I& ESTtAT,O ¢OMPLET_ BATE IL @ONMNG ASENCY _. PERFORMANCE METHOD

70 04 CONT I_ J C. In-house
_FF. COMTRACT/ORANT IlL RESOUNGES ,STIMATE • PROFEIMltONAI, MAN YRE I_ lfOm_ _ II_mm_de)

i
• DATU_EFFI[CTIVE_ ,XPtRAT_N: WmlKC:EOIN•

70 1 15
b. NUMIER:* FISCAl.

YEAR GUNNINTG TYPE: _ AMOUMT;

71 1 15
• KIND O_ AWARD: f* ¢UM. ANT.

sear ,_.._ Pathology Division
Infectious Diseases USA Medical Research Institute of

AOO.E.,"Fort Detrick, Md 21701 _.oR.m,* Infectious Diseases
Fort Derrick, Md 21701

)R|NC|PAL INV'STIGATOR (/_um_k _M il [I._* ARAbiC _rlell_d¢l_

..s,.o.,,s_E,.o*v,ooA_ "'"* Metzger, J. F.

N_'* Crozier, D. T._.P.O..: 301 663-4111 Ext 2134
TE_.P.ONE, 301 663--4111 Ext 5233 mC,Al.,ECO.,T_ACCOU.T"""..R:

_1. _'N'NAL US" _O¢IATE |NV,STI_ATORS

Foreign IntelliEence considered. .A.,, Johnson, A. D. DA
NAME:

]rJL , [YWOROG (Jl'llmlOAMJ[ACII wlEi |eeJdlF Cle_llleAIl_l CRAM)

(U) _.nterotoxin; (U) Staphylococcus; (U) Toxoid

'"23_'c"'_A'(U)Develop°R_ECT'V"",_A_Ol*_a, _---- - -------- -------------- ---------- ------.--. -- --- ---:_:_*n_-_;_-v"h*_c_`1_`*_v`_:_-d_;_;_._t;_h_v%_;_"_u_ c,-.,.-.-au_eus_''_entero-
toxins A, B, C, and D and other exoproteins.

24 (U) Initial studies would include preparation of apllot bach of formalinized broth
filtrate utilizing organism 10-275 (potent producer of alpha hemolysin and B toxin).
Determine cultural and toxoiding conditions.

25 (U) 70 04 - 70 07 - A 10-L fermenter culture of strain 10-275 S. aureus was grown in
a completely dialyzable media. The resultant crude broth contained 150 micrograms of B
toxin and 256 units of alpha hemolysin. Toxoiding safety tests were satisfactory at 21

and 28 days. On the 28th day, a IO-L batch was dialyzed for 1 week against phosphate
buffered saline with 1:10,000 merthiolate. Filtration through a millipore filter (HA)

was accomplished and the final product was bottled aseptically in 100 ml vaccine bottles
Further tests will be conducted.

fl_llable to contrllc¢ora u od Meto_e • VIII.

u_r_r_'.%".1498 PREVIOUS EDITIONS OF THIS FORM ARE OBSOLWTE. DO FORMS 1498A. I NOV 68I AND 1498-1. I MAR 68 (FOR ARMY USE) ARE OBSOLETE.
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BODY OF REPORT

" Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 02: Prevention and Treatment of Biological Warfare

Casualties

Work Unit No. 096 02 800: Development of a Polyvalent S. aureus Toxoid

Description:

Develop a polyvalent toxoid which would include Staphylococcus aureus
enterotoxins A, B, C, and D and other exoproteins.

Progress:

Enterotoxicity due to exoproteins of S. aureus is common in institu-
tional environments and in the military situation. Four enterotoxins -

designated A, B, C, and D have been described. Dack, et al.!Tand Dolman _/

utilized toxic filtrates administered _ os for irmnunlzatlon of animals and
volunteers. Davison and his co-workers_ produced--active immunity in monkeys 41""
utilizing subcutaneous injections of formalinized filtrate. Bergdoll, et al.--

reported that the different enterotoxins did not.cross react or cross protect.
The development of a polyvalent (A, B, C, and D_5/) enterotoxoid would make
possible an immunization which might offer protection against all enterotoxins

of S. aureus thus far identified. In addition, it is possible that antibodies

which might develop to the other exoproteins and polysacchrides present in

crude broth filtrates could offer protection against local and systemic

staphylococcal infection.

Initial studies concerned the cultivation of S. aureus (10-275) in

casaminoacids supplemented with a dialysate of yeast extract. Cultivation

for 18 hr in a 10-L fermenter under 5% CO2 and 95% air resulted in production
of 160 _g of B toxin (as determined by radial diffusion technique) and 256

units of _-hemolysin. Other exoproteins and polysaccharides were not

guantltated.

The organisms were removed by centrifugation at 15,000 rpm in a continuous
flow head. Formalin was added and aliquots were removed after I, 3, and 4

weeks. All formalinized filtrates were dialyzed against phosphate buffered

saline containing I:I0,000 merthiolate for a minimum of 72 hr. After dialysis,
the filtrates were filtered through a millipore filter and dispensed

aseptically in lO0-ml vaccine bottles.

ii . • _
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Cooperating investigators include Dr. V. McGann, Bacteriology Division,
who is involved with quantitatlon of toxin and antibody studies on animals,

and members of the Animal Assessment Division who perform safety tests and
animal immunization.

Summary:

A lO-L fermenter culture of 10-275 was grown in a completely dialyzable

media. The resultant crude broth contained 160 _g of B toxin and 265 units of

_-hemolysln. Toxoldlng safety tests were satisfactory at 21 and 28 days. On

the 28th day, a IO-L batch was dialyzed for one week against phosphate buffered

saline with I:I0,000 merthiolate. Filtration through a millipore filter (HA)
was accomplished and the final product was bottled aseptically in 100-ml vaccine
bottles.

Publications:

None.
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, | _)= cP-=.* -,- ,.=-,_,Diagnosis of viral infections with homologous bone marrow cultures
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NESPONSINLE,NO,VIDUA" NAME:* Cole, Jr. , F. E.
HAM" Crozier, D. TE'EP.ONE: 301 663--4111 Ext 7241

301 663-4111 Ext 5233 _C,A-SECUR,TYACCOUNTNUMEER:TELEPHONE:
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Foreign intelligence considered. NAME: DA
NAME:

|Z. KJ[Y_VORO$ (precede EACH with Seotw//y _le_eiflcetlon Code)

_U) Bone marrow; (U) Encephalitis, equine (VEE) ; (U) Arbovirus infection;
(U) Tissue culture

|S. TECHNICAL OIJIrCTIVE. * 2dL APPNOACN, 2S. PROGRESS (_m|ah Incllvldual paral)reph# identified by ntamber, precede rezt of eech with Secur#_ CleaBt6t¢etlon Code.)

23 (U) Develop a diagnostic system in which bone marrow serves as both a clinical

specimen and a host system for in vitro virus propagation; determine the duration of
bone marrow infection in animals inoculated with the attenuated strain of VEE virus;

define the correlation between persistence of infection and maintenance of antibody

level.

24 (U) Canine hosts are inoculated with attenuated or Trinidad strain VEE virus. At

various intervals postlnoculation the animals are bled for viremia and hemagglutinatlon-

inhibition antibody assays, and samples of marrow are aspirated from the ilium for use

in cultural procedures. After incubation for periods up to l0 days at 37 C, virus
content of culture fluids is assayed by the mouse protection test. !_

25 (U) 69 07 - 70 06 - Due to shift of personnel to work of higher priority, no
studies were conducted. Work will resume when sufficient peEsonnel are available.

I'

_A vatlmble to contractors u_,,':_ originator'8 a_roval.
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Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 003: Diagnosis of Vlral Infections with Homologous
Bone Marrow Cultures

Description:

Develop a diagnostic system in which bone marrow serves as both a

clinical specimen and a host system for in vitro virus propagation;
determine the duration of bone marrow infection in animals inoculated

with attenuated Venezuelan equine encephalomyelitis virus; define the
correlation between persistence of infection and maintenance of anti-

body level.

Progress and SummarT:

Due to shift of personnel to work of higher priority, no studies

were conducted. Work will resume when sufficient personnel are avail-
able.

Publications :

None.
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• '_'_' 62 706A 1]}662706A096 03 006

(U) Early immune response in infectious disease and toxemia

IL IClINYI@I¢ 4MII) Tm_m_'_ AIIIAIP

003500 Clinical Medicine; 004900 Defense; 003200 BW, _, I_

W. _T_/I_NT t- _B BTIMAT! • P_F_AL MAN YM _ FUNI _ i_)

'- .u._* 70 1 7

71 1 7
KInD.OF AlfAROt t. GUM. AMT.

B. _1 _ ON6_IZA_ J _ _N_NG ORGANIZATION

,_ USA Medlcal Research Institute of ,_,_ Medical Division

Infectious Diseases USA Medical Research Institute of

•.m_s_ Fort Derrick, Md 21701 _ Infectious Diseases
Fort Detrlck, Md 21701

_IPAL M_TIGATOR (_'_' M Jl U.I. Ai I_ellik

.lu Crozier, D. v,Lc_,. 301 663-4111 Ext 7341
v,_ 301 663-4111 _t 5233 ma*LHC.M,TVACCO,,V.UINM:

II. QINIDAil. M_ _ATI INvIrJYIGATONI

Foreign intelligence considered. .Muc,
._,,, DA

"YFSy''   F'tormtlon; (u)Che=otaxls;() magglutinatlon;
U) Con_lement[ (U)Macrophage; (U)Enterotoxin; (U) Staphylococcus

_ _*_D_; 'an_e_ _o_e_s_i_ __s" _o_"c_e_e c"_'_ _'_ _ ;_u_a_ _s_g_ n or

Immunoglobulln early in the course of infectious disease or toxemia.

24 (U) Sensitivity of various assay techniques for detection of in,nunoglobulin,

Including chemotaxls, aug_nented hen_gglutlrmtlon, and macrophage migration will be
determi_d. These Till be applied to detection of circulating antibody and antibody

forming cells early in the course of infection in animals and hu-_ns.

25 (U) 69 07 - 70 06 - _e findings that staphylococcal enterotoxin B (SEB) Ir_ibits the

migration of peritoneal ex_date cells from Eulnea pigs have been confirmed. Steadies

reported _re indicate that the n_chanlsm of this mi_ratlon inhibition effect is due in

p_rt to SEB stlnmlatlon of ly_hocytes to produce migration inhibition factor. It was
also found t_t tS_pe specific antitoxin blocked the migration inhibition effect of SEB.

This finding In, lied that the system could be made specific for detection of SEB.

Dialyzed SE_ toxold preparations varied in their effect on migration; this variability

may have been related to the presence of u_ifled toxin. Should this hTpothesis be
conflicted, the technique offers the first in vitro assay for uruuodlfled toxin in

toxolded preparations.

Studies on the machanlsm of action of those factors Involved in migration inhibition

are continuing.

Publication: Clin. Res. 18:426, 1970 (abstract).

' i,_/leMe i_o r.onlr_h=ra _ od /oPI _nsl.

POIMDD....... 1498-1 us)
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Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 03: Laboratory Identification of Biological Agents

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

Description:

Develop and employ sensitive methods for detection of circulating
antigen or immunoglobulin early in the course of infectious disease or
Toxemia.

Progress:

It has been shown that sensitized lymphocytes from guinea pigs with

delayed hypersensitivity can be cultured in the presence of specific

antigen and will release a factor which inhibits migration of peritoneal

exudat_ _lls (a mixture of lymphocytes and macrophages) from capillary
tubes.-+-z-_"This production by lymphocytes of a migration inhibition factor

(MIF) is of potential value in detecting specific antigens. It should be

possible in an animal with delayed hypersensitivity to a given antigen, to

demonstrate the presence of that antigen in an unknown specimen by testing
for specific inhibition of migration of the hypersensitized animal's
peritoneal exudate cells.

Studies were begun using staphylococcal enterotoxin B (SEB) as the model

antigen. Craig and Irving3/ showed that SEB inhibited the migration of

peritoneal exudate cells from approximately 80% of normal adult guinea

pigs. At low doses, SEB inhibited the mixed population of peritoneal

exudate cells, but did not inhibit the migration of purified macrophages.

This suggested that inhibition by SEB was lymphocyte-dependent and that SEB

stimulated lymphocyte production of MIF. These findings imply the possibil-

ity that most normal adult guinea pigs become sensitized to SEB by natural
exposure.

Studies were designed to determine whether SEB induced MIF. Because

SEB inhibited the migration of normal guinea pig peritoneal exudate cells_

the usual method for demonstrating MIF production could not be employed.

However, since purified macrophages were inhibited by MIF but not by SEB,

they could be used instead of the exudate cells to detect MIF in superna-
rants from SEB-stimulated lymphocyte cultures. In order to demonstrate the

purity of preparations, macrophages from guinea pigs sensitized to bovine

7-globulin (BGG) were used. In functionally pure macrophage preparations_

i.e. absence of MIF-producing lymphocytes_ BGG would not inhibit migration.
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Guinea plgs were sensitized to BGG in complete Freund's adjuvant.

Approximately 3 weeks later, mineral oil-induced peritoneal exudate cells

were obtained, washed and suspended in culture media consisting of Eagle's
Minimal Essential Medium (MEM) containing 15% normal guinea pig serum. This

suspension was then drawn into capillary tubes and centrifuged. The

capillary tubes were cut at the cell-fluld interface and placed in plastic
culture dishes containing culture media with and without specific antigen.

Purified macrophages were obtained by serial plating of peritoneal exudate

cells in plastic dishes and retrieving those cells adhering to the plastic

surface. With this procedure, >95% of recovered cells were macrophages.

After 20 hr incubation at 37 C_ migration patterns for both peritoneal exudate

cells and purified macrophages were projected and traced, and the areas of

migration determined by planlmetry. Lymphocytes were obtained from minced

axillary, inguinal and popliteal nodes. They were cultured at 37 C for 24 hr
with and without antigen and the culture supernatants examined for MIF.

As shown in Table 13 SEB does induce the production of MIF. It was

apparent that peritoneal exudate cells were inhibited by both antigens but

TABLE I. EFFECT OF SEB AND BGG (50 _g/ml) ON MIGRATION OF PERITONEAL CELLS
AND PURIFIED MACROPHAGES FROM GUINEA PIGS WITH DELAYED HYPER-

SENSITIVITY TO BGG (* = R <0.053 ** = R <0.01)

MIGRATION, %OF CONTROL_/

Exudate Cells Purified Macrophages
b/

Supernatant--

EXPERIMENT NO. BGG SEB BGG SEB BGG SEB

I 56* 47* 83 88 78* 55**

2 0"* 0"* 78 160" 37* 27*

a. 100% control = the average migration of peritoneal exudate cells in

media without antigen, or of purified macrophages in

supernatants from lymphocytes cultured without antigen.
Each value represents the average migration from at
least 4 tubes.

b. Supernatants from BGG-sensitized lymphocytes cultured for 24 hr with

either 50 _g/ml of BGG or SEB.

• 'k
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that purified macrophages were inhibited only with supernatants from
lymphocytes cultured in the presence of antigen. Results of the second

. experiment where it is seen that there was enhancement of migration of

the purified macrophages by SEB are not understood; however_ it is evident

that inhibition by SEB supernatant was significant_ _ <0.05. Further
studies are necessary to determine whether MIF induction by SEB is due to

a naturally-acquired sensitization or a nonspecific stimulating effect on
unsensitized lymphocytes.

Migration inhibition should be a sensitive method for detecting

antigens. A unique problem associated with detection of SEB by this

system is the apparent nonspecific inhibition of nonsensitized guinea pig
cells. An approach to providing specificity would be to demonstrate an
effect of antitoxin on SEB migration inhibition.

Another series of experiments was designed to determine the effect of

antibody to SEB upon SEB migration inhibition. Results are shown in

Table II. These results indicate that guinea pig antibody to SEB blocked

SEB migration inhibition. This blocking effect appears to be inversely
proportional to the ratio of toxin to antitoxin. These data indicate that

this in vitro system can be made specific for SEB detection.

In an attempt to investigate the mechanism involved in SEB stimulation

of lymphocyte production of MIF_ it was postulated that the toxic moiety of

SEB was responsible. Therefore_ the effects of SEB and SEB-toxoid (Lot
87285) on migration of guinea pig peritoneal exudate cells were studied.

A sample of Lot 87285 toxoid was dialyzed at 4 C for 72 hr against MEM

to remove free formalin and thimerasol. The effect of this dialyzed

material on cell migration was evaluated in the manner previously described.
At concentrations of 25 _g/mlj the dialyzed toxoid did not inhibit

migration, whereas unmodified toxin did. To confirm this finding_ the

study was repeated. This dialyzed sample inhibited migration. Serological

studies with both dialyzed samples demonstrated that the first preparation

reacted in the same manner as untreated toxold_ whereas the second sample

showed evidence of 2 antigenic components. If the second component was

residual toxin and was responsible for migration inhibition_ this technique

would offer for the first time an in vitro assay for detecting residual
toxicity.

Studies are in progress to delineate further the mechanism involved

in lymphocyte production of MIF and to adapt this in vitro assay system
to the rapid detection of bacterial antigens.

i_i - •
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TABLE II. EFFECT OF SEB ON MIGRATION OF NORMAL GUINEA PIG PERITONEAL _

EXUDATE CELLS IN MEMMEDIA CONTAINING EITHER 15% NORMA_ OR 15%

GUINEA PIG ANTI-SEB SERUM (* = £ <0.05, ** = £ <0.01)_ l

MIGRATION, % OF CONTROL b-/

SEB Dg/ml EXPERIMENT NO. Normal AntI-SEB
Guinea Pig Serum Guinea Pig Serum

i00 1 ii 23
2 50 iii**

i0 i 7 42**
2 66 120"*

1.0 I 9 92**
2 64 148"*

0.I I Ii 103"*
2 65 132"

0.01 i 7 95**
2 91 83

0.001 I 15 90**
2 73 90

0 (Controls) i I00 i00
2 I00 i00

a. Represents significantly greater migration in anti-SEB guinea pig

serum than in normal guinea pig serum.

b. i00% control = the average migration of peritoneal exudate cells
in medla without antigen. Each value represents

the average migration from at least 8 tubes.

Summary:

The findings that SEB inhibits the migration of peritoneal exudate cells

from guinea pigs have been confirmed. Studies reported here indicate that
the mechanism of this migration inhibition effect is due in part to SEB

stimulation of lymphocytes to produce migration inhibition factor. It was

also found that type specific antitoxin blocked the migration inhibition

effect of SEB. This finding implies that the system could be made specific
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for detection of SEB. Dialyzed SEB toxoid preparations varied in their

effect on migration; this variability may have been related to the presence

of unmodified toxin. Should this hypothesis he confirmed, the technique

offers the first in vitro assay for unmodified toxin in toxoided
preparations.

Studies on the mechanism of action of those factors involved in

migration inhibition are continuing.

Presentations:

i. Irvin, W. S., and R. G. Sherry. The in vitro inhibition of guinea

pig macrophage migration by staphylococcal enterotoxin B (SEB). Presented

at National Meeting of American Federation for Clinical Research, Atlantic
City, N.J. 2-3 May 1970.

Publications:

I. Irvin, W. S., and R. G. Sherry. 1970. The in vitro inhibition of

guinea pig macrophage migration by staphylococcal enterotoxin B (SEB).
Clin. Res. 18:426 (Abstract).

LITERATURE CITED

I. Bloom, B. R., and B. Bennett. 1966. Mechanism of a reaction

in vitro associated with delayed-type hypersensitivity. Science 153:80-82.

2. David, J. R. 1966. Delayed hypersensitivity in vitro: Its

mediation by cell-free substances formed by lymphoid cell-antigen interaction.

Proc. Nat. Acad. Sci., USA 56:72-77.

3. U. S. Army Medical Research Institute of Infectious Diseases.

1 July 1969. Annual Progress Report, FY 1969. p. 191 to 199. Fort

Detrick, Maryland.
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Foreign intelligence considered. ..,,E, Leonhardt, D. A.
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(U) Diagnosis; (U) Computers; (U) Medicine

Ilk TI[O)iNICAJ. OIIJRCTIVE, 0 14. APPNOACH, IlL RNOO_N f_e IdWdlm/Jm*qVIl_e/dait/If/ecir IiV _. prectede hN[# OI e4mb wfilk Security" C/4milBr._dm_ Code.)

23 (U) Develop techniques for utilization of computers, statistics and mathematics to

process and interpret scientific data.

24 (U) Automation of data analysis currently accomplished with the Fort Detrick CDC

3150 computer will be expanded with a data acquisition system. The theories and

disciplines of numerical analysis, differential equations, statistical tests of hypo-

thesis, experimental design, information storage and retrieval, and pattern recognition

are utilized to analyze and interpret data gathered by various investigators.

25 (U) 69 07 - 70 06 - Mathematical, statistical and computer techniques have been
applied to data emanating from the Institute. The input has come from investigations

on plasma growth hormone, renal physiology, amino acids, volunteer studies, and serum
proteins.

DD, ',O.'N'..1498_I (VO vs)
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• Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 008: Mathematical and Computer Applications in
Infectious Disease Research

Description:

Develop techniques for utilization of computers, statistics and

mathematics to process and interpret biological data derived during

studies of infectious disease or toxemia.

Progress:

In the past year research has been conducted in the applications of
mathematics, statistics, and computer science to various study projects

of the Institute. Efforts to automate data analysis have been extended

both by the use of the Fort Derrick CDC 3150 computer and by plans to
procure an automated data acquisition system (DAS). This DAS will

"listen to", digitize, and further process the analog signals from the

amino acid analyzer and from the electrophoresis densitometer as well
as recording the digital output (counts per minute) from a double channel

particle counter. Furthermore, it will be expandable to interface in the

future with more analog inputs such as the autoanalyzers and with additional

digital inputs such as a B-particle counter. The output of the DAS will be

either stored in computer compatible form for further analysis or printed
out for immediate examination.

The formation and subsequent use of growth hormone radioimmunoassay

standard curves to calibrate unknown samples have been automated (Work Unit

096 Ol 002) The algorithms involved first convert the counts per minute

to per cents, from which a standard curve is derived. The curve is chosen
from 3 mathematical models, each of which has been fitted to the standard

data. An iterative technique is used in this fitting procedure in order
to alter the parameters of the model to obtain a "best" fit. Then the

model yielding the smallest sum of squared deviations from the standard
data is chosen for the standard curve, and all unknown samples are

automatically calibrated. The unknown growth hormone values together with

a copy of the standard curve are printed on paper by the computer.
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Renal physiology data analysis has also been automated (Work Unit

096 01 001). Using a set of 286 measurements from each monkey undergoing study,

22 renal physiological parameters are calculated for each 20-min period of the

ii hr period of study. A control period average and variance are calculated,

and the results along with the monkey number are stored temporarily in the

computer's auxiliary memory until all monkeys have been analyzed. Then a

statistical program groups the data and tests for significant differences in

means between groups by calculating t values (Student's t distribution). The

data are analyzed both before and after correcting for individual animal

differences by expressing the results as per cents of the uninfected control

period averages. Finally, least squares regression coefficients are

calculated for pairs of parameters felt to be correlated.

Amino acid data analysis has been partially automated with a program
to collect amino acid measurements in biochemically meaningful amino acid

groups (Work Unit 096 01 009). This is done separately for each time period
of the study, and then a control period average and variance are calculated.

Again the results are expressed either in raw form or as per cent of control

period averages. Statistical t tests are done to detect significant
differences in means between infected and noninfected groups.

Although the statistical hypothesis testing performed in the Institute
has utilized primarily the t test, research is under way to develop the

appropriate mathematical models and procedures to use factorial analysis,

analysis of variance, and analysis of covariance techniques to test for

significant effects of infection.

A computer data bank is being created to store the clinical, physio-

logical, and biochemical data collected during the volunteer sandfly fever
projects conducted on Ward 200. The data will be stored in the computer

auxiliary memory such that they can be easily searched and brought into the

computer for various kinds of analyses including statistical tests for
significance and correlation analysis.

A multicompartmental analysis approach is being used for the study of

lipid kinetics during infection (Work Unit 096 01 013), Initial estimates
of rate constants are obtained using a graphic "peeling" technique. Final

estimates will be obtained using the SAAM-25 program developed at National

Institutes of Health by Berman and Weiss.L/

Finally, plans have been developed to apply pattern recognition

techniques to the area of serum protein electrophoretic patterns in an
attempt to recognize subtle changes that may occur in the serum proteins

early in infection (Work Unit 096 01 009).
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Su_r 7 :

Mathematical, statistical and computer techniques have been applied

to data emanating from the Institute. The input has come from investigations

on plasma growth hormone, renal physiology, amino acids, volunteer studies,
and serum proteins.

Publications:

None.

LITERATURE CITED

i. Berman, M., and M. F. Weiss. 1966. SAAMManual, Public Health

Service Publication No. 1703, U. S. Government Printing Office,
Washington, D. C.
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23 (U) Show usefulness of electron spin resonance spectroscopy in solving problems

related to infectious diseases.

24 (U) Search for the effect of infectious agents and toxins on biochemical reactions ii

involving free radicals. Spin label various compounds involved in fectious or
in_nunologic processes.

25 (U) An electron spin resonance spectrometer has been acquired. This equipment adds

a new capability as a method for monitoring biochemical reactions during infection or

toxemia. It is being calibrated preparatory to making pilot runs.

#*A vaHab;e to contractors u_n or/_l/nato#*_ a_)rovaL

Uil_/r_l_ MAR.ag_UFORM68,J_ _ PREVIOUS EE)ITIONS OF THIS FORM ARE OBSOLETE, DE) FORMS 14_8A, 1 NOV 65I AND 1498-1. 1 MAR 68 (FOR ARMY USE) ARE OBSOLETE.
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Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 009: Application of Electron Spin Resonance Spectro-
metry to Infectious Disease Research

Description:

Show usefulness of electron spin resonance spectrocopy in solving
problems related to infectious diseases.

Progress:

Free radicals are suspected intermediates in a number of biochemical

reactions and have been detected in altered amounts in certain diseased

tissues. If these free radicals can be detected, and studied serially in
key host tissues, the particular biochemical reaction could be monitored

for the effects caused by infectious and toxic agents.

In order to carry out such studies, we have recently obtained an
electron spin resonance spectrometer. This machine is able to detect

free radicals directly by causing transitions between spin energy levels.
The signals are proportional to the concentrations of free radicals in the
sample cell.

Another approach to the study of infection involves the use of spin

labels. These are essentially small, minimally reactive free radicals

which can be attached chemically to a biologic molecule of interest.
Spin labels provide a technique similar to radioactive and fluorescent

labeling that has been so successful in biological problems. They offer

the advantage, however, of being able to provide information not only on
the existence but also on the physical conformation of the labeled
molecule.

The spectrometer has been received and is being calibrated. Pilot

studies have been planned and are being initiated.

Summary:

An electron spin resonance spectrometer has been acquired. This

equipment adds a new capability as a method for monitoring biochemical

reactions during infection or toxemia. It is being calibrated preparatory
to making pilot runs.
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PRINCIPAL INVESTIGATOIq (Fv_fd_ eeA_ If _.S. Ar._de_l¢ .q_tl_ble_) '

•E'_ON'IG_,I.OIV,"AL NAME:* Pekarek, R. S.

,w," Crozier, D. TELEpNONE: 301 663--4111 EXt 5214
TOnE'.ON,: 301 663--¢111 Ext 5233 _¢,A- sEculq,T_ACCOUNT,,..Elq:

SI. GENEIqAL USE ASSOCIATE INVESTIGATORS

Foreign intelligence considered. NA.E. DuBuy, 3. B.
.A.E: Walford, III, J. B. DA

._r_ce .mer_s_.._u). _:naogenou.smea_ator; (U) Bacterial infections; (U) Viral
xn_:ectlons ; _,U) _onKey moae£s

$_TEC/HN_CAL OIJE[CTIVE. 'i_ _4. APPROACH, ZI_ PIqOGIqESS (Fum|eh I_Wdu_l p_*Mqphe identified by nm_. p_ce_e te=t ol _ _r_ _o_ty CIl_sll_¢e#lm Code.)

_u) Assess trace metal changes during infectious illness as a posslble aid in early
identification of disease etiology.

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

25 (U) Early significant decreases in serum Fe and Zn levels with a concomitant rise in

serum Cu were demonstrated in h,_nmns infected with either acute bacterial or viral

infections. Recent animal studies have shown that Infectlon-lnduced alterations in

_race metal metabolism may be initiated by an endogenous mediator which is released,
in part, by neutrophils.

Rhesus monkeys are being employed as a model for studying the effects of gram + and
gram- bacterlal infections on trace metal metabollsm.

Publications: Am. J. Med. Scf. 258:14-25, 1969.

Appl. Microbiol. 18:482-484, 1969.

Fed. Proc. 29:297, 695, 1970 (abstracts).

Bact. Proc. 1970. p. 81.
Am. J. Clln. Nutr. 23:660 (abstract).
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BODY OF REPORT

. Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 010: Trace Metal Changes during Infectious Disease

Description:

Assess trace metal changes during infectious illness as a possible
aid in early identification of disease etiology.

Progress_ Part I:

Recent prospective clinical studies in human volunteers have demonstrated

that serum Fe, total Fe-binding capacity, and serum Zn levels fall early

after exposure to either an acute bacterial(Pasteurella tularensis)(Project

No. FY 68-4) or a viral (attenuated Venezuelan equine encephalitis vaccine)
infection (Project No. FY 69-1) with a concomitant rise in serum Cu

concentrations. 1,2/ Alterations in these serum metal concentrations were

significantly different from changes expected on the basis of day-to-day

variability or differences among individuals. The prospective nature

of these studies and the rapid development of altered serum metal metabolism,

even in exposed subjects who remained asymptomatic, suggest that the changes

in these metals in the prodromal period represent an early host response

to the presence of invading microorganisms. In subjects who developed

febrile illness, the responses became exaggerated and appeared to be

related in timing and magnitude to the onset and severity of the febrile

reaction. The possibility was raised that an endogenous mediating factor

was released from polymorphonuclear leukocytes and served to trigger the
observed changes in the metabolism of these metals. Thus, these infection-

induced changes in trace metal metabolism may have significance in providing

new approaches to diagnosis and to an improved understanding of metabolic
responses during infection.

More recently, alterations in serum Fe, Zn, and Cu concentrations were

studies prospectively in a group of volunteers infected with sandfly
fever virus (the Sicilian type) (Project No. FY 70-1). Based on fever

(rectal temperature > i00 F), the subjects were divided into 3 clinical

response categories: typical illness, mild illness and asymptomatic.
Significant decreases in serum Fe and Zn concentrations and a rise in serum

Cu were observed only in those individuals who developed either mild or

typical illness. Unlike the previous studies, where moderate alterations

occurred in the prodromal period, alterations in the serum metals during
sandfly fever infection occurred on the day of onset of fever. However

the magnitude of these alterations appeared to be related to the degree
of the febrile response.
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Besides examining changes in the serum concentrations of the above metals

in response to sandfly fever, an attempt was made in conjunction with Mr. Joseph
T. Piechocki, Division of Biochemistry, Walter Reed Army Institute of Research,

to measure changes in serum Cr concentrations. However, the range of serum Cr

concentrations in normal young adult males was found to be quite low during pre-
exposure baseline control measurements and at the limits of technical measur-

ability. No increase in Cr occurred during sandfly fever; because of low base-

line values a possible decline in Cu values could not have been documented, even .
if present.

Sun_nary, Part I:

Significant alterations in Fe, Zn, and Cu metabolism were demonstrated in

volunteers exposed to either acute bacterial or viral infections. The prospective

nature of these studies demonstrated that these alterations occur as an early

host response to infection, with the magnitude of these changes showing a close
relationship to the degree of febrile illness.

Progress_ Part II:

Studies in animal models have shown increasing evidence that the release

of an endogenous mediator from polymorphonuclear leukocytes (PMN) may be directly
or indirectly involved in the production of hypoferremia and serum Zn reductions

in the infected host. 3,4/ This endogenous factor was shown to be present in the

serum within 2 hours postendotoxin intoxication in the cat and in a large enough
concentration to permit its Fe and Zn depressing effects to be transferred to

normal or endotoxin tolerant recipient rats. This factor could be destroyed
by heating the serum at 90 C for 30 min. To exclude the possibility that these
changes may have been due to transfer of either a modified endotoxin or an

endotoxln-protein complex, transfer studies were performed using virulent

Diplococcus pneumoniae (a gram positive bacterium that does not produce endotoxin),
an attenuated vaccine strain of [. tularensis, and polyinosinate-polycytidylate
(Poly I: Poly C), a synthetic double stranded RNA which has been shown to

induce endogenous interferon. In all cases, the transfer of millipore-filtered

2-hr serum from these infected or intoxicated donor rats significantly depressed

serum Fe and Zn concentrations in respective groups of normal recipient rats.
These experiments tend to support the hypothesis of the release of a common

endogenous mediator of trace metal metabolism during infection and inflammation.

In order to determine if the endogenous mediator was released by PMN, peri-

toneal exudates were obtained from rats and a factor released from leukocytes
during incubation in normal saline was isolated. When administered intra-

peritoneally to endotoxin tolerant rats, the leukocytic factor produced sig-
nificant decreases in serum Fe and Zn which were linear to the logarithm of
the doses administered. Similar results also were obtained in rabbit and

monkey model systems. A leukocytic factor thus appeared to serve as an endog-
enous mediator of Fe and Zn depression.

ilii iiilii
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Partially purified samples of the endogenous mediator were obtained

from 2-hr sera of infected or intoxicated animals as well as from peritoneal
leukocyte incubation fluid by either a methanol-butanol extraction method

or by treatment with varying concentrations of phenol. Preliminary data
. indicate that the partially purified mediator from this serum and from

peritoneal leukocytes is a heat labile, nondlalyzable, low molecular weight
protein (20,000-30,000 as determined by ultrafiltration technique), which
is soluble in organic solvents.

These initial characteristics for the endogenous mediator of trace

metals are similar to those cited for endogenous pyrogen. However the

endogenous mediator of trace metal metabolism during infection and toxemia

shows less species specificity than does the endogenous mediator of fever.
Both fever and trace metal alterations were observed when different animal

species received homologous preparations of the mediator. When these

animals received heterologous preparations, only changes in trace metals

were observed. Studies are now in progress to purify further the endogenous

mediator, to characterize its mechanism of action, and to assess its

possible effect on other biochemical and metabolic parameters during
infection. Appearance of the endogenous mediator of trace metal metabolism

in serum may be one of the earliest detectable responses of the host to
invasion by infecting microorganisms.

In a cooperative study with Dr. R. L. Squibb, Rutgers University,
New Brunswick, N. J., (Contract No. DA-49-193-MD-2694) the effects of

Newcastle disease virus (NDV) on serum diurnal patterns of Cu, Zn, cholesterol,
and carotenoid in chicks were investigated. All chickswere fed the same

diet and were maintained with constant light. Comparative changes were

observed in 4 wk old white Leghorn male chicks starting 48 hr prior to NDV

inoculation and continuing 120 hr postinoculation. Serum samples were
taken from normal and NDV chicks at 0800, 1500, 2000 and 2400 hours each
day.

In controls, serum Cu had the most striking diurnal pattern with

troughs at 2000 and daily changes of as much as 80%. Maximum daily
variations in Zn were 50%, cholesterol 26% and carotenoids 28%. NDV

involvement: (i) significantly increased serum Cu in 16 hr and continued

throughout the entire period; (2) depressed Zn values starting at 12 hr;

(3) depressed the cholesterol level slightly for up to 48 hr followed by

a significant increase for the remainder of period; (4) depressed carotenoid
values throughout the 120 hr. Data indicate NDV resulted in almost

immediate and significant biochemical changes in serum components prior
to any clinical manifestations of disease.

Sun_nary_ Part II:

Recent studies in animal models have shown that infection or toxin-

induced depressions in serum Fe and Zn concentrations may be mediated

by an endogenous mediator released, in part, from PMN. Preliminary data
indicate that the mediator of altered trace metal metabolism is a heat labile,
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nondialyzable, low molecularweight protein (20,000-30,000), which is soluble

in organic solvents. Although similar in many respects to endogenous pyrogen,

the Fe and Zn depressing mediator shows less species specificity than does

the endogenous Fe and Zn depressing mediator in serum; this fact may be one

of the earliest detectable responses of the host to invasion by infecting micro-
organisms.

Further, comparative diurnal changes in Cu, Zn, cholesterol and carotenoids

were observed in Leghorn male chicks. NDV involvement in the chicks produced
significant alterations in the metabolism of these serum components.

Prosress _ Part III:

In order to study the effects of infection on host metabolism in a nonhuman

primate, we investigated several monkey models in which a gram positive

(D. pneumoniae) and gram negative organism (Salmonella typhimurium) host inter-

relationship could be examined. The monkeys, restrained in chairs, each had an

indwelling catheter in the right atrium of the heart and a thermocouple inserted

into back muscles which were connected to a multipoint recorder. In some

experiments a plastic window was inserted in the abdomen by the technique of
McConnell, et al.!/ By day 3 postsurgery the animals were ready for ex-

perimentation.

When a chaired monkey was given an intravenous: injection of 107 to 108 D.

pneumoniae (type l-A, strain 5) organisms, it developed transient rise in body

temperature in i hr and a 4-5 degree rise in 24 hr which persisted for the next

72-96 hr. The monkeys had normal circadian periodicity in body temperature,

high during the day, low at night, which was still present during the febrile

phase of illness. During the first 3-8 hr the animals developed leukopenia

followed by a marked increase in neutrophiles; the lymphocytes tended to remain

low. By 8 hr the monkeys were anorexic, lethargic and might vomit. The clinical

illness persisted for 4-5 days after which the body temperature returned to
normal and food intake increased.

The addition of a plastic window did not affect the normal development of

the infection. Liver samples were obtained from monkeys 24 hr preinfection

and 3, 34, 48 and 72 hr postinfection. A 1-2 gm sample of liver was removed
at each time period, the window was removed after the last sampling and the

monkey was allowed to recover. Histological and biochemical measurements did

not reveal any effects due to presence of the plastic window.

Daily blood samples were obtained at 5 different time periods during the

pre-exposure period in order to determine baseline concentrations of serum Zn,

Fe, and Cu as well as any diurnal variability A diurnal periodicity was apparent
for Fe and Zn, but was not clear-cut for Cu.

Notable changes in the serum concentrations of all 3 metals were observed

in both monkeys following exposure to D. pneumoniae. Serum Zn concentrations
decreased rapidly, with values well below baseline occurring within 3 hr.

Decreases in serum Fe concentrations occurred but maximal depressions were not
as rapid. During the first 24 hr, serum Cu values were actually shown to be

i_̧,
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depressed below baseline and did not start to increase until the 2nd

postexposure day. However, the sampling regime during thefirst 24 hr

included numerous bleedings. This excessive amount of blood sampling
probably accounted for the initial decrease in serum Cu.

e

When the chaired rhesus monkey was given an intravenous (IV)

injection of I0I0 S. typhimurium organisms (either strain ATCC No. 1311

or a MIT strain), it developed a febrile response within 3 hr which

persisted in undulating fashion for the next 22 days. The body temperature

reached highs of 105-106 F during the day and was normal at night. Over the
22-day period the monkey challenged with ATCC No. 1311 strain had

cumulative fever hours (time x degrees > i00 F) of 300 while those

infected with the MIT strain had approximately 900 fever hours for the
same time period.

With the 1311 strain the monkey had bacteremia that ranged from 104-

107/ml, which persisted for the 22-day period of the experiment. In

contrast the 2 monkeys _nfected with MIT strain had variable bacteremia
which rarely reached lO_/ml and was not present on every day of the infection.
Thus, the higher fever index on the MIT strain was not correlated with the
level of bacteremia.

The neutrophils were markedly depressed during the early stages of

infection and returned to normal concentration by day i0. In contrast the
lymphocytes were elevated throughout the course of the infection. The

response in white blood cells was similar for both strains tested. Monkeys

infected with either strain had a gradual decrease in hematocrit, anorexia,
and occasional episodes of vomiting.

Agglutinating antibody titers were determined to the S. typhimurium

0 antigen in monkeys infected with the MIT strain, both monkeys displayed

no agglutinating antibody titers before exposure. By day 8 titers of

1:80 and 1:160 were observed in monkeys J-2-16 and 1-7-49 respectively.

Monkey J-2-16 maintained a 1:80 titer through day 17; by day 21 the
titer had dropped to 1:40. Monkey 1-7-49 reached a maximum titer of 1:640

by day ii, and remained at that level until termination of the experiment
on day +21.

In response to the IV challenge with S. typhimurium, ATCC 1311, early
marked decreases from predetermined baseline values were demonstrated

for serum Zn and Fe in both test monkeys. Concentrations were maximally

depressed by day i. Depressions in serum Zn and Fe concentrations appeared
to be more severe. In Monkey J-7-89, had the more marked response, with

the exception of 2 days the levels remained below baseline throughout the
postexposure period. In monkey J-2-44 serum Zn and Fe concentrations

returned to baseline by day 7, followed by a progressive increase, which

went above baseline values at the termination of the study. This late
increase in serum Fe and Zn may have resulted from release of storage
Zn and Fe due to tissue necrosis.

,_:_¢ =._ _ . ! _ ,



JOD_DPGi

228

Both monkeys displayed early marked increases in serum Cu concentrations

with 2-3-fold increases being observed between days 7 and 15. Significant
increases in serum Cu were observed as early as day 2 and remained well above

baseline throughout the postexposure period.

In response to infection with S. typhimurlum, MIT strain, rapid decreases
in both serum gn and Fe were demonstrated in both test animals. Both test

animals displayed maximal depressions in both serum gn and Fe within 8 hr _

postinfection. During the second week postinfection serum Zn values rose

above baseline values in both animals. A corresponding rise, although never
going above baseline, in serum Fe values also was observed. Due to the

severity of the illness throughout the 21 day postexposure period, these rises

in serum gn and Fe suggest the release of storage Zn and Fe due to tissue

necrosis. During the third week of illness, both serum Zn and Fe concentration

began to decline steadily, suggesting bodily depletion of these metals.

By contrast, serum Cu concentrations began to increase by day I; values

rose steadily reaching a 3-4-fold increase. A terminal decline from this

elevated plateau occurred in i monkey.

In monkeys infected with either strain of S. typhimurium, the organisms

were first isolated from the stool on days 3-7 and remained positive throughout

the study. Upon termination of the experiment, _. typhimurium could be isolated
from the liver and spleen and cerebrospinal fluid o_ both animals and from the

lung of one of the monkeys.

Microscopic diagnosis of the tissue from monkeys infected with either strain

revealed a resolving bacterial pneumonitis, focal necrotizing hepatitis in two

animals, hemopoiesis in the liver of another and meningitis in one of the monkeys

infected with the MIT strain. Most of the pathology reflected a long and ex-
haustive defense effort by the host.

Future studies on host defense mechanism are planned with these monkey models.

Summary_ Part III:

Monkey models have been developed to study host interrelationships in

gram positive (D. pneumoniae) and gram negative (S. typhin_rium) organisms. The
former is a mild infection of 4-5 day duration in the monkey, while the latter

organism is a more severe infection that persists for > 21 days. Both
infections caused similar changes in serum trace metals.

Presentations:

I. Pekarek, R. S. Characterization of the infectlon-lnduced endogenous

mediator of serum zinc depression. Presented at Federation of American Societies

for Experimental Biology, Atlantic City, N. J., 12-17 April 1970.
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2. Pekarek, R. S. Endogenous mediator of serum iron depression

during infection and endotoxemia. Presented at American Society for

Microbiology, Boston, Massachusetts, 26 April - i May 1970.

" 3. Squibb, R. L. Effect of Newcastle disease virus (NSV) on serum

diurnal patterns of copper, zinc, cholesterol, and carotenolds in chicks.

Presented at the Federation of American Societies for Experimental Biology,

- Atlantic City, N. J., 12-17 April 1970.

4. Beisel, W. R., R. W. Wannemacher, Jr., R. S. Pekarek, and Peter J.

Bartelloni. Presented at American Society for Clinical Nutrition, Atlantic
City, N. J., 2 May 1970.

Publications :

i. Pekarek, R. S., K. A. Bostian, P. J. Bartelloni, F. M. Calia, and
W. R. Beisel. 1969. The effects of Francisella tularensis infection on

iron metabolism in man. Amer. J. Med. Sci. 258:14-25.

2. Pekarek, R. S., and W. R. Beisel. 1969. Effect of endotoxin on

serum zinc concentrations in the rat. Appl. Microbiol. 18:482-484.

3. Pekarek, R. S., and W. R. Beisel. 1970. Characterization of the

infection-induced endogenous mediator of serum zinc depression. Fed. Proc.
29:297 (abstract).

4. Squibb, R. C., W. R. Belsel, and K. A. Bostlan. 1970. Effect of

Newcastle disease virus (NDV) on serum diurnal patterns of copper, zinc,

cholesterol, and carotenoids in chicks. Fed. Proc. 29:695 (abstract).

5. Pekarek, R. S., and W. R. Beisel. 1970. Endogenous mediator of

serum iron depression during infection and endotoxemla. Bact. Proc. p. 81.

6. Beisel, W. R., R. W. Wannemacher, Jr., R. S. Pekarek, and Peter J.

Bartelloni. 1970. Early changes in individual serum amino acids and trace

metals during a benign viral illness of man. Amer. J. Clin. Nutr. 23:660,
(abstract).
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DATE PNEV SUIfRY 4. KIND OF SUMMANY S* I& OlSrN INSTN'N IS t_ SPECIFIC DATA- IS. LEVEL OF SUM

or[_ TRACTOR ACC ESS [ _- WORK UNIT
69 07 01 De CHANGE U U NA DE v-s D NO

IO. NO./COOEI.. 8 pItIOOII_AM I[i.I_MENT IIINOJIrCT NUMIII[R TASK ARE[A NUMBER WORK UNIT NUMBER

,.mANY 1B662 706A096 03 402

LUb
I I. lr=lT;E (pfeeNb wire 8e_/b CleeelIleMIm

(U) Development: of methods for detecl:ion and assay of interferon
IS. SCIENTIFIC AND TECRNOLOBICAL AREA_

003500 Clinical Medicine; 004900 Defense; 003200 ]_, CW, 1_

i 1,oo; i17. CONTRACT/GRANT IS, NESOURC_'S ESTIMATE &, PROFESSIONAl, MAN YR5 13. FUNDS (In L%oul_de_

• DATIrS/E FFECTiVE: EXPIRATION: I I=RECEDIN_

RUNNER:" ,,SCALI 70 2 3O

TYPE; NA • ANOU,_: ,;YEAR CURRENT

• KIND OF AWARD: f. CUM. AMT. I 71 2 30
,,o oooO.ANiZATiONI I " ""'OR.INGO.ANI,ATIONI J
RAM,:" USA Medical Research Institute of RANG:* Virology Division

Infectious Diseases USA Medlcal Research Institute of

ADORE=:*Fort Derrick, Md 21701 *ODRm:* Infectious Diseases

Fort Detrlck, Md 21701
PNINCIPA / INVESTIGATOR (tell& SJl_l_f If U,S* ACedemt¢ irietltul_on,)

NESPONSISI=iNDi_OUA" .ARE:* Luscrl, Be J.
.,., Crozier, D. TE'Ep"O"E: 301 663--4111 Ext 7241

301 663--4111 Ext 5233
TELEPHONE: SOCIAl SECURITY ACCOUNT NUMGER:

II. GENERA 1 USE ASSOCIATE INVESTIGATORS

Foreign intelligence considered. NA,E=
NAME: DA

'_v_T_6_."_'_r_t'"i_rference; (U) Slndb£s virus; (U) Semllkl Forest virus;

I(U) Chlkunmmva virus
23. TECHNICAl OBJECTIVE. _ 2• APPROACH, 2S. PROGRESS (Fuml=h Individual p4mreSr_e Idetttlned by nmabeT, p_cede text o! elch with SecurltF ClleelflcetK, qn Code.)

23 (U) Develop tests for use in rapid diagnosis of viral diseases.

24 (U) An interferon of tissue culture origin will be produced and characterized.

Standard methods for bloassay will be applled. Interferon is to be produced in quantity

and partially purified. Antlsera to partially purified interferon are to be tested for

possible use in an immunological assay for interferon.

25 (g) 69 07 - 70 06 - Recent advances in interferon research and previous work

performed by this unit have been reviewed. The production and assay of chick inter-

feron will be initiated in addition to the continuing work with mouse (L-cell)
Inte rferon,

Temporary laboratory space has been obtained for the preparation and titration of

the various necessary virus stocks. Semllkl Forest and S£ndbis viruses have been

produced in tissue culture and allquoted in small amounts for use as challenge agents.
Preliminary attempts to induce interferon in chick cells are in progress using

Chikungunya virus as the inducing agent.

_'_r"l FoR_ laCIl:_l (FOR ARMY USE)
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BODY OF REPORT

Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 402: Development of Methods for the Detection and

Assay of Interferon

Description:

Develop methods for the detection and bloassay of interferon.

Progress and Summary:

Recent advances in interferon research and previous work performed

under this work unit have been reviewed. The production and assay of
chick interferon will be initiated in addition to the continuing work

with mouse (L-cell) interferon.

Temporary laboratory space has been obtained for the preparation
and titration of the various necessary virus stocks. Semliki Forest

and Sindbis viruses have been produced in tissue culture and aliquoted

in small amounts for use as challenge agents. Preliminary attempts to

induce interferon in chick cells are in progress using Chlkungunya virus

as the inducing agent.

Pub Iica tions :

None.
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Period Covered by Report: i July 1969 to 30 June 1970
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,,RES.ONS.LEONOANI.TION[ I ,0..O.,NOO.OAN.TIORI I
NAME:*USA Medical Research Institute of NAME:* Virology Division

Infectious Diseases USA Medical Research Institute of

AOORE":'FortDetrlck, Md 21701 ADORE,:* Infectious Diseases

Fort Detrick, Md 21701
PRINCIPAL INVESTIGATOR (Furnish SSAIN If [2.5. Ac@demlc Irlllltu(Jor_)

RESPORStmLEINDIVIDUAL NAME:* Levitt, N. H.

RAML Crozier, D. TELEPNORE: 301 663--4111 Ext 7241

TELE".ONE: 301 663-4111 Ext 5233 soc,ALsEcu.,T*ACCOUNTNUM.ER:
!1, GENERAL USE ASSOCIAT Ir INVESTIGATORS

Foreign intelligence considered. NAME:
NAME: DA

ArDovtruses; tu) xmmunology; (U Antigens (U) Antigen-antibody reactions;
Serology; (U) Tissue culture _U Tobacco mosaic virus; (U) Equine encephalitis (VEE)

_11. TIrCNRICAL OBJECTIVE, _ 24. APPROACHp 2S. PROGRESS (Furnleh Indlvlduel pere41¢lphe Identified by number, precede text of Ilch with Security Clalelfl¢ltlon Code.)

23 (U) Study arbovirus agents in purified preparations, separate serological or immuno-

logical antigens from infectious virus particles, and separate group and specific anti-

gens in order to investigate antlgen-antibody complexes in concentrated and/or purified
forms. ,.
24 (O) Selected group A arboviruses will be compared as to infective and/or antigenic

components. Concentration and purification of viruses will be accomplished by ultra-

filtration, column chromatography and density gradient centrifugation. Procedures will

be developed to detect specific antibodies to arboviruses using cellulose polyacetate

e lec trophores is.

25 (U) 69 07 - 70 06 - Studies have been initiated to develop methods for the rapid

detection of specific antibodies to arboviruses in human sere. An in vitro procedure

employing the cellulose polyacetate electrophoresis technique is presently being

developed for visual detection of antlgen-antibody reactions. Concentrated preparation_=
of tobacco mosaic virus (TMV) and antiserum to this virus were tested in a model system,i

Preincubated mixtures of TMV and serum were electrophoresedat 300 V for 60 minutes in _

verona1 buffer, pH 8.6. The migration patterns along the strips were detected by stain_

ing with Ponceau red stain. Migration of TMV was inhibited by the presence of immune ,i
serum (1:256 or less dilution) as indicated by both a deeply stained precipitate at the _
point of application (origin) and the absence of a band 3.9 cm from the origin towards

the anode, the pattern seen with free TMV. Work is in progress to determine the

effectiveness of this procedure using inactivated arboviruses as test antigens.

e Tellable to contractors u _'_ orl Jnator'e a roval. ,

Dr} ,o.M1498-1 (oR AR." use)_1 MAR 66"
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Project No. IB662706A096: Medical Defense Aspects of Biological Agents (U)

Task No. IB662706A096 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 403: Separation, Purification and Concentration of

Arbovirus Agents and Antigen-Antibody Complexes

Description:

Study arboviruses in purified preparations, separate serological or

immunological antigens from infectious virus particles, and separate group

and specific antigens in order to investigate antigen-antibody complexes

in concentrated and/or purified forms.

Progress:

A study is currently in progress to develop an in vitro procedure for the

rapid detection of specific antibody to group A arboviruses in human sera.

Due to its rapid and simple operation, the cellulose polyacetate electro-

phoresis technique was selected for visual detection of specific antigen-

antibody reactions 1,2/. Mixtures of concentrated virus (0.025 ml) and

2-fold dilutions of serum (0.025 ml) are incubated in Microtiter plates

at 37 C for 60 min. Approximately 4 _1 of each reaction mixture is applied

to a separate cellulose acetate strip and electrophoresed at 300 V for 60

min; subsequently the strips are fixed and stained with Ponceau red stain

followed by destalnlng with acetic acid.

As a model antlgen-antibody system, highly concentrated tobacco mosaic

virus (TblV) and specific rabbit antiserum were tested to determine the

reliability and sensitivity of this immunoelectrophoretic procedure. Aliquo_s
of THV and 2-fold dilutions of antiserum were reacted as described previously

and electrophoresed. Similar aliquots of THV were mixed with dilutions

of normal rabbit serum and tested concurrently as controls.

Results of this preliminary experiment demonstrated that after electro-

phoresis, visual differences existed between strips containing reaction

mixtures of THV with immune and normal sera. A deeply stained precipitate

was seen at the point of application (origin) for mixtures containing
dilutions of inlnune serum at < 1:256. No inhibition of migration was

observed for reaction mixtures of TMV and normal rabbit serum at any serum

dilution tested.

It has not yet been possible to test this procedure for the detection

of specific antibodies to arboviruses due to the unavailability of a highly

concentrated killed virus preparation. However, large quantities of

;ir!ii_ili¸_¸̧̧ I
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Venezuelan equine encephalitis (VEE) virus are now being concentrated and
purified for use as a test antigen in this electrophoretic procedure. This

technique, if successful for VEE virus may be useful in the detection of specific
antibodies to various groups of animal viruses.

It was anticipated that this cellulose polyacetate electrophoresis procedure

described could be modified for the rapid detection of specific viral particles
in clinical specimens. By reacting radlo-labeled i_m,_ne Y globulin with an

aliquot of VEE virus suspension (similar to the immunoassay for certain hormones

3,4/) attempts were made to detect the presence of virus by evaluating the

migration pattern of the labeled globulin. In preliminary experiments 1251-

labeled Y globulin was reacted for I hr at 37 C with varying dilutions of

ultraviolet-light inactivated VEE virus. Mixtures of labeled Y globulin and

saline served as controls. Samples were applied to polyacetate strips and

electrophoresed for one hour. After electrophoresis, detection of radioactivity

along the strip was accomplished by the autoradiography technique.

Differences in migration patterns of experimental and control samples were

observed. Further studies are required to evaluate the significance and repro-
ducibility of these results.

Summary:

Studies on the development of an in vitro procedure to detect specific anti-

bodies to certain arboviruses in human sera are in progress. Preincubated

mixtures of virus and serum have been electrophoresed on cellulose polyacetate

strips and reacted with a protein stain. Specific antigen-antibody complexes

formed precipitates at the origin and failed to migrate along the strip. This

procedure has been used successfully for the detection of antibody to tobacco
mosaic virus and awaits further evaluation with arboviruses.

A study employing the cellulose polyacetate electrophoresis procedure and

1251-1abeled immune Y globulin is presently in progress to develop methodology

for detecting arboviruses in clinical specimens. Migration differences have

been observed between free Y globulin and that previously reacted with dilutions

of VEE virus. These results are preliminary however, and critical evaluation

of this procedure awaits the availability of more data.

Publications:

None.
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23 (U) Investigate immunoloEic responses of a susceptible host after exposure to micro-
bial toxin and after immunization with toxold.

2¢ (U) Evaluate in vitro methods to determine protective status of antibodies in a sus-

ceptible host and to assay for immunoEeniclty of toxold preparations. Investigate

suitable techniques to compare antisenic composition of a variety of preparations of
ente rotoxins.

25 (U) 69 07 - 70 06 - Studies were undertaken to potentiate the activity of toxoid

prepared from staphylococcal enterotoxln B (SEB) by alterin_ dosage and immunization

schedule and by addition of adjuvant. Significant differences were observed in SEB-

precipitln response to primary immunization. Fluid toxold eliclted an earlier response !
than correspondin_ amounts of alum-precipitated toxoid and at doses of 80 _8 N was more 1

effective than at hisher or lower doses. Six weeks after immunization with a total
dosaEe of 100 _ N, Eiven in i, 2 or 3 injections, no differences were observed in anti-|

body response or protection. Although enterotoxlns and toxoids prepared from purified 1
material can be assayed readily in vitro, _here is no satisfactory _thod for estlmatlnE
_oxold convene of formalinized culture filtrates. Hemolyslns in SE5 preparations were

hiEhly antiEenic but did not contribute to toxicity in monkeys. InvestIEatlons are in

proEress on seroloslcal aspects of the response of monkeys _o reexposure with SEB, and

studies were initiated on type A staphylococcal enterotoxln.

Purified and crude SEB preparations can be neutralized by equine antitoxin.

Reexposure of monkeys to SE_ often resulted in an anaphylac tic- like syndrome. ,+
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Task No. IB662706A096 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 800: Immunological Studies with Microbial Toxins

Description:

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

Progress_ Part I:

Evaluation of in vitro methods for estimating resistance to intoxication

with staphylococcal enterotoxin B (SEB) continued and studies were initiated
with enterotoxin A (SEA). Investigations are in progress on techniques for

measuring antigenic components in a variety of preparations of enterotoxins

and their toxoids, for detecting SEB in biologic fluids and for predicting

response to repeated exposures with enterotoxin.

Formalin-treated toxoids. Antigenic and protective properties of a

production lot of formalin-treated SEB toxoid, Lot 87285, received from
Chas. Pfizer & Co., Inc. (Contract No. DADA 17-68-C-8079) were summarized

in a previous report._/ Further studies were concerned with determining

conditions for increasing efficacy of toxoid.

The effect of injection schedule and dosage on antibody response and

protection was investigated. Animals received a total dose of 100-150 _g

toxoid N given in 1-3 subcutaneous (SC) injections; selection of the total

dose was regulated by earlier studies on safety and efficacy. A detailed

description of experimental procedures is reported under Work Unit No.

096 02 007. Early antibody response to immunization, particularly toxin-

precipitin response, was markedly affected by dosage (Table I). Essentially

no SEB-precipitating antibodies appeared within 6 weeks of a single injection

of 50 _g N. After the 80 _g N dose, i0 of 12 monkeys developed SEB-

precipitins: i in 2 weeks, an additional 6 by 4 weeks, and 3 at 6 weeks;

2 monkeys that were positive at 4 weeks had no detectable precipitins at 6

weeks. The antibody response to a single injection of i00 _g N developed

slowly but by 6 weeks both incidence of response and titers compared

favorably with the post-booster response of other groups. No advantage was
gained in protection or antibody response when the same amount of antigen

was divided among 3 injections.
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TABLE I. TOXIN-PRECIPITIN RESPONSE TO IMMUNIZATION WITH SEB TOXOID,
LOT 87285

=

TOXOID NUMBER ANTIBODY-POSITIVE/NUMBER IMMUNIZED

Primary Booster Dose

Dose After Initial Injection (Weeks) After Booster

Bg _g N Time 0 2 4 6 6 Week

i00 0/6 0/6 1/6 5/6

80 20 4 weeks 0/6 1/6 5/6 5/6

6 weeks 0/6 0/6 2/6 3/6 3/6

50 50 4 weeks 0/18 0/18 0/18 14/18

6 weeks 0/6 0/6 0/6 1/6 5/6

The presence of SEB-preclpltatlng antibody correlated well with protection

against the lethal effect of challenge with 300 _g SEB/kg. Animals that
succumbed to challenge lacked SEB-preclpltlns whereas 28 of 31 survivors

had precipitating antibody. Protection against the emetic effect of a i0 _g/kg

challenge with 30% pure SEB, Lot 52-68, did not correlate so well with

antibody; illness occurred in each of 2 monkeys that lacked SEB-preclpitins
as well as in 2 of 4 with precipltins.

Protection induced by _mmunization with alum-precipltated toxoid

(Lot 87285) was the same as that with fluid toxold (see Work Unit No. 096

02 007). SEB-precipitlns, however, appeared more rapidly after immunlzation

with the fluid product; within 2 weeks after injection 7 of 24 monkeys

responded to fluid toxoid in contrast to 2 of 24 to alum-precipitated toxold
(Table II). There was some indication that immunity might persist longer

after _,_unlzatlon with alum-precipltated material. At I0 weeks, incidence

of SEB-preclpltatlng antibody was increasing in the alum-precipitate group

and was decreasing in the fluid toxold group. All monkeys without antibody

and i of 44 with antibody responded to challenge.
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TABLE II. SEB-PRECIPITIN RESPONSE TO IMMUNIZATION WITH FLUID OR

ALUM-PRECIPITATED SEB TOXOID, LOT 87285

NO. ANTIBODY POSITIVE/NO. IMMUNIZED CHALLENGE

. CHALLENGE RESPONSE

GROUP By Week After First Injection

TOXOID (_g/kg)
0 2 4 7 i0 R/T_I

Fluid i0 0/12 4/12 4/12 12/12 11/12 1/12

300 0/12 3/12 3/12 12/12 11/12 1/12

Alum- i0 0/12 1/12 1/12 11/12 11/12 2/12

precipitated 300 0/12 1/12 1/12 8/11 ii/ii 0/Ii

a/ R/T = At I0 _g/kg Number Ill Number dead= Number tested; at 300 _g/kg =-- Number tested

Other indices of antibody response, hemagglutinins (HA) and toxoid
precipitins, showed poor correlation with protection. Essentially all

monkeys had toxoid precipitins within 2 weeks after a single injection of

toxold. Only 60% of the monkeys had HA titers at 2 weeks and although

incidence of response increased to 90% by 4 weeks, the median titer was

only 1:40. High titers (>1:80) appeared only after booster injection.

Approximately 11% of the monkeys with early toxoid-precipitins never

developed SEB-precipitins. Persistence of SEB-precipitins was not related

to that of other antibodies. Consequently, after toxoid immunization no

other antibody test could be used to predict SEB-precipitin response.

Characterization of toxin and toxoid preparations. The use of 30% pure
SEB, Lot 52-68, for challenge and the proposal to use detoxified whole

culture filtrates for immunization (see Work Unit No. 096 02 800) produced

a requirement for detection and quantitation of the biologically-active
extracellular products of Staphylococcus. Initial studies were restricted

to preparations of SEB, SEA and hemolysins because highly purified reference

material was available for the enterotoxins and 5-, 8- and 6-1ysins were

detected readily by hemolysis.

Reactions of equine antitoxin produced with SEB, Lot 14-31, indicated

that even highly purified SEB contained traces of non-specific antigens.

At least 5 lines of antigen-antibody reaction were demonstrated with culture

filtrates of SEB, as well as low-titering reactions with purified SEA.

Antibodies for these antigens appeared only after repeated injection with
large amounts of purified SEB (1-3 gm). Purified SEA had at least 2

antigenic components that reacted with the equine anti-SEB serum and with
anti-SEA sera.
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Direct titration for hemolysins indicated that Lot 14-30 SEB contained

4 units of _-lysin and 2 units of S-lysin/mg SEB. Lot 52-68 contained

200 units of G-lysln/mg SEB and little or no B-lysln. No lysins were

detected in purified SEA at concentrations of i00 _g SEA/ml. Identification

of G-hemolysln by precipitln reactions is not yet posslble because of lack of
purified reference material. Twenty-four monkeys were surveyed for the

presence of naturally-acqulred antibody for G-hemolysin. Sera of all
animals could neutrallze 2 units of lysin/ml serum; 30% could neutralize 10

unlts/ml and 50%, at least 25 unlts/ml. No increase in antilysln occurred

after _mmunlzatlon with SEB-toxoid, and protection against challenge with

Lot 52-68 SEB was unrelated to antilysin activity. Survivors of challenge,

however, showed a rapid 10-fold increase in antilysin, often without showing

any increase in anti-SEB.

Radial immunodlffusion techniques have been developed to quantitate

purified enterotoxins, toxoids prepared from purified enterotoxln and known

toxic components in crude culture filtrates. No method has yet been satis-

factory for identifying and quantitating enterotoxold in formalin-treated
filtrates. Detoxified filtrates gave weak reactions with anti-enterotoxoids

and the nature of the reaction suggested that a component other than entero-

toxoid, possibly detoxlfied _-hemolysin, was involved. On the basis of

serology, formalin treatment of filtrates appeared to destroy over 90% of

the antigenic activity. Efficacy tests with detoxified filtrates are now in

progress and should provide a better basis for proceeding with serologic
studies.

The efficacy of 2_aturally-acquired antibodyNaturally-acquired antibody.

in protection against SEB was reported elsewhere._' Studies were initiated
to determine the incidence of naturally-acquired SEA hemagglutlnins in man

and monkeys. In a group of 50 people, 40% had SEA titers of 1:10-1:40 and

55%, SEB tlters of 1:20-1:5120; 25% had antibody for both SEA and SEB and
30% had antibodies to neither enterotoxin. Low-titering SEA antibody,

1:10-1:20, was present in sera from 7 of 195 monkeys. After IV challenge

with <0.5 _g SEA/kg, i of 7 antibody-posltlve and 6 of 153 antibody-negatlve

monkeys died. Antlbody-posltive survivors showed no booster reaction but 7

of the antlbody-negatlve survivors developed tlters of 1:10-1:640.

Very few sera have been tested for SEA-precipltins. Serial bleedings
were available from 27 individuals involved in an outbreak of food poisoning;

4 of these individuals had strong SEA-preclpltatlng antibody. Simultaneous
titration for HA revealed that some strong precipitating sera had no HA-

antibody and HA tlters, when present, never exceeded 1:80, suggesting that

optimum conditions for hemagglutlnation have not been developed.

Reexposure studies. A cooperative study with personnel at Fort Derrick
on response of monkeys to reexposure with SEB has been reported.2/_ The
results indicated that a number of animals with high levels of prechallenge

antibody had severe reactions to respiratory challenge; the symptoms resembled

those usually associated with hypersensitivity. Investigations have continued

/ i_ i i •
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on various parameters of response of SEB-experlenced monkeys after

reexposure by the IV route.

Preexposure sera and sera from serial bleedlngs obtained 15 min - 48 hr

after challenge were examined for antibody content and circulating SEB. HA

and precipltin titers were unsatisfactory indices of potential for

- inactivating the challenge dose, but by adding a known quantity of SEB to

serum it was possible to determine the SEB-bindlng capacity. The relation-

ship of bound SEB/ml to the theoretical value for challenge SEB/ml was used

to indicate antibody competence.

The initial rate of clearance and persistence of antibody-precipitable

SEB in the circulation after challenge with 500 _g/kg was related to antibody

competence (Table III). In nonexperienced, antibody-negative monkeys, 60%
of the challenge dose was cleared within 10 min and 80% within 20 min, but

occasionally 10% - 20% remained in the circulation for 1½ hr. In sera from

5 of 7 experienced monkeys capable of inactivating the challenge dose (100%

competence), no SEB was detected after challenge; the other 2 monkeys behaved

like nonexperienced animals. At decreasing levels of competence, the initial

rate of clearance was comparable to that of nonexperienced monkeys but SEB

persisted in the circulation for a significantly longer time. In 50% of

these animals, SEB remained in the serum for at least 4 hr.

TABLE III. ANTIBODY COMPETENC_ / AND RESPONSE TO IV CHALLENGE OF

SEB-EXPERIENCED MONKEYS

MEAN NO. WITH OVERT RESPONSE

ANTIBODY DURATION OF

GROUP COMPETENCE NO. CIRCULATING Immediate

% SEB (HR) Symptoms_b/ Death_/

No Experience: 0 5 3/4 0 5

Antibody-
Negative

Experienced: i00 7 <1/2 5 1

Antibody- 25-90 ii 3-3/4 9 4
Positive

<25 i 4 i 0

a. Ability of prechallenge serum to inactivate the challenge dose; expressed

as percent of challenge dose inactivated.

b. Facial flush, vomition or respiratory distress <5 min after challenge.

c. Deaths of nonexperienced monkeys occurred after 36 hr; deaths of

experienced monkeys occurred at 3/4 - 12 hr.
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It is doubtful that circulating-SEB was combined with antibody because

precipitation with anti-monkey serum did not remove SEB activity. Many sera

containing circulating SEB were able to inactivate SEB added i_n.nvii.to,

suggesting the simultaneous presence of antigen and antibody and the possibil-
ity that in vivo alteration of SEB may block combination with some antibodies.

Antibody activity of all animals decreased precipitously _ 15 min after
challenge. Approximately 80% of the original activity was restored within

3-6 hr and 100%, within 24-48 hr. At time of death_ sera obtained from

experienced monkeys were capable of inactivating added SEB at levels

equivalent to 25-50% competence, indicating that significant amounts of

antibody were present.

Estimates of antibody competence probably were better than preclpitin or

HA reactions for reflecting total antibody content but they could not be used

to predict the immediate response to challenge. If hypersensitivity is
involved, IgE antibody determinations may be required to indicate the
sensitized state.

Summary, Part I:

The state and dosage of SEB toxoid markedly influence the SEB-precipitin

response to primary immunization but have significantly less effect on

response to subsequent immunization. Fluid toxoid elicited earlier antibody

production than corresponding amounts of alum-preclpitated toxoid, and a

single dose of fluid toxoid containing 80 _g N was more effective than
higher or lower doses. The SEB-preclpitin response to a single dose of

i00 _g N developed more slowly, but within 6 weeks_ was equivalent to the

response produced by the same amount of toxoid divided among 2 or 3 injec-

tions. Toxin precipitation continues to give the best index of protection;

other serological reactions are not effective substitutes.

Studies were initiated to detect biologically-actlve extracellular

products of staphylococcal culture filtrates. Purified and crude entero-

toxins and enterotoxoids prepared from purified material can be measured with

radial immunodiffusion techniques, but no satisfactory method is yet available

for detecting toxoid in formalinized filtrates. Although most enterotoxln

preparations and filtrates contain hemolysins_ their anti-hemolysins to not
contribute to protection against crude SEB. Preliminary results suggest that

modification of HA procedures will be required to detect antibodies for SEA.

Antibody-positive_ experienced monkeys often respond to SEB exposure with

symptoms that resemble hypersensitivity. Techniques for predicting severe

overt response are under investigation. Many monkeys that appear to have

sufficient antibody to neutralize the challenge dose demonstrate immediate

physiologic response to SEB 3 but the most severe reactions occur in animals

with partial neutralizing activity. Serum antibody always decreases

precipitously immediately after challenge but soon returns to original levels.

Animals that can partially neutralize the challenge dose may have SEB in

i
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their circulation for as long as 6 hr; circulating SEB and antibody

activity are often found in the same serum sample. Sera from all

• experienced animals that succumbed to challenge demonstrated antibody

activity at time of death.

. Pro_ress_ Part II:

The protective capacity of antitoxin prepared against highly purified
SEB (Lot 14-30) was evaluated for 30% pure SEB (Lot 52-68). Mixtures of

enterotoxin and antitoxin at equivalence and at 1.5 times equivalence were

tested for toxicity in monkeys. Solutions containing 1,000 _g SEB/ml were

mixed with the appropriate amount of equine antitoxin, held at 4 C for

18 hr with occasional shaking, and then centrifuged to remove the precipi-

tate. The injection dose was that amount of supernatant that would have

contained 1,000 _g/kg of toxin if no neutralization had occurred. Antitoxin

controls were injected IV with the appropriate amount of equine antitoxin;
toxin controls received 1,000 _g/kg of either Lot 14-30 or 52-68. One of 3

control monkeys became ill immediately after injection of equine antitoxin.

Consequently, all experimental challenges were by the subcutaneous (SC)
route.

All toxin control animals died; all monkeys receiving toxin-antitoxin

mixtures survived (Table IV). No overt symptoms appeared except in the

group that received Lot 14-30 and antitoxin at 1.5 equivalence. The time

required for symptoms to appear, 34 min and 8 hr, respectively, would

suggest that reaction to serum protein was not implicated in the response
of these animals.

TABLE IV. IN-VITRO SEB TOXIN-ANTITOXIN NEUTRALIZATION IN MONKEYS (3/GROUP)

SC INOCULATION

INJECTION MIXTURE NO. SICK NO. DEAD

Equine antitoxin, IV i 0

Lot 14-30 + antitoxin, equivalence 0 0

Lot 14-30 + antitoxin, 1.5 equivalence 2 0

Lot 14-30 + physiologic NaCI 3 3

Lot 52-68 + antitoxin, equivalence 0 0

Lot 52-68 + antitoxin, 1.5 equivalence 0 0

Lot 52-68 + physiologic NaCI 3 3

a. Immediate response suggesting reaction to foreign protein.

:



'i JOD,DPG

i 250

S-mmary_ Part II:

Both purified and crude preparations of SEB can be neutralized by equine

antitoxin at equivalence.

Progress t Part III:

On occasion, early deaths occurred in SEB-experienced primates on re-
exposure to high levels of SEB (500 _g/kg). Studies were initiated to

investigate the possibility that 4mmedlate hypersensitivity reactions or the

activity of antlgen-antibody aggregates were involved in the early-death

response. In preliminary studies, 8 guinea pigs received a sensitizing dose

of 1,000 _g SEB. Eight weeks later these animals received a shocking dose of

i00 ug SEB. Seven animals developed classical signs of Immediate type ana-

phylactic reactions. This preliminary data, coupled with current studies on
SEB skin hypersensitivity in the primate, reemphasized the sensitizing
potential of SEB.

Monkeys selected for investigation of the pathophysiology of primate

response had survived IV exposure to SEB, either with or without prior

Immunization with toxoid, or had survived both IV and respiratory exposure.

Their HA titers ranged from 1:640 - 1:320,000 and their precipitin titers from

0 - 1:32. Table V summarizes clinical data from this study.

TABLE V. CLINICAL SIGNS OF SEB-EXPERIENCED M. MULATTA: CHALLENGE DOSE

500 _g/kg IV, SEB 1418-BI

INCIDENCE % OF

RESPONSE OF RESPONSE RESPONSE

Emesls 1-2 mln postchallenge 8/20 40

Emesis/retching 1-5 min postchallenge 14/20 70

Distress i-i0 min postchallenge 19/20 95

Facial flush 1-5 min postchallenge 10/20 50

Mortality 4/_0 20

Hypotension i-i0 min postchallenge 6/8 75

Tachycardla i-i0 min postchallenge 6/8 75

Increased respiratory frequency 8/8 i00

Leukopenla i-i0 min postchallenge 9/9 i00

Absolute neutropenia i-i0 min postchallenge 7/9 78
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The early development of emesis, distress, facial flush, hypotension,

tachycardia, increased frequency of respiration, leukopenia, and _ 5/

neutropenia are classical signs of anaphylaxls in the rhesus monkey.'- 5_
However, thrombocytopenla, a consistent finding in one of these reports, ="

was not observed in this study.

To substantiate the hypothesis that facial flushing was related to

vasodilatlon and vascular leakage, 6 SEB-experlenced monkeys were given

50 mg Evans Blue autoconJugated in 5% h-mnn serum albumin 15 min prior to

challenge. Three animals developed faclal flushing 1-5 min postchallenge,

facial tissues remained stained for 3-4 days. This is indicative of true

increased vascular permeability and vascular leakage often associated

with histamine release in immediate hypersensitivity.

Weiszer et al_/ indicated that with Ascaris antigens, there is a rela-

tionship between the skin sensitivity of rhesus monkeys and their
susceptibility to anaphylactlc shock. The existence of such a relation-

ship between cutaneous hypersensitivity and the anaphylactic shock-like

syndrome seen in some SEB-experienced monkeys upon systemic challenge with
toxin is currently under investigation.

To date, 4 skln-reactive monkeys have been challenged. The results are

presented in Table VI. Available data suggest that the cutaneous reactivity

of a monkey can be used to predict the susceptibility of the animal to the

anaphylactlc syndrome. Other animals have been skin-tested for further

experimentation.

TABLE VI. SUSCEPTIBILITY OF SEB-SKIN-SENSITIVE RHESUS MONKEYS TO IV

CHALLENGE WITH 500 pg/kg SEB AT 3 MON.

PRECIPITIN SKIN REACTIVITY ANAPHYLACTIC-LIKE

MONKEY TITER TO SEB RESPONSE TO

NO. DAY 0 DAY 0 CHALLENGE

J4-3 i:i + + and death

J4-83 i:i + +

J4-25 >1:32 + +

J4-30 >1:32 + Weak +
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S,,mary_ Part III:

A study has been initiated to define the pathophysiology of deaths in

SEB-_mmune anlm-ls when subsequently challenged with SEB. Data thus far

are clearly indicative of an Immediate hypersensitivity reaction --

anaphylactic in nature. Additionally, the cutaneous reactivity of a monkey
may be useful in predicting the susceptibility of the animal to the

anaphylactic syndrome.

Publications:

None

LITERATURE CITED

i. U. S. Army Medical Unit. 1 July 1969. Annual Progress Report,

FY 1969. p. 227 to 233. Fort Derrick, Maryland.

2. Commission on Epidemio!ogical Survey. December 1969. Annual Report

to the Armed Forces Epidemiological Board, FY 1969. p. 21 to 33.

3. Kopeloff, L. and N. Kopeloff. 1939. Anaphylaxis in the rhesus

monkey. I. Horse serum as an antigen. J. Immun. 36:83-99.

4. Kopeloff, L. and N. Kopeloff. 1939. Anaphylaxis in the rhesus

monkey. II. Egg white as an antigen. J. Immun. 36:101-127.

5. Kinsell, L., L. Kopeloff, R. Zwemer, and N. KoPeloff. 1941. Blood
constituents during anaphylactic shock in the monkey. J. L,_un. 42:35-49.

6. Weiszer, I., R. Patterson, and J. J. Pruzansky. 1968. Ascaris

hypersensitivity in the rhesus monkey. I. A model for the Immediate type

hypersensitivity in the pr_m-te. J. Allergy 41:14-22.



I_ JOD,DPC i

253

AUTHOR INDEX

Auerbach, D.

Bartellonl, P. J.

Beisel, W. R.

Boucher, J. H.

Burghen, G. A.

. Buzzell, A.

Calla, F. M.

Caspary, W. J.

Cavanaugh, D. C.

Chapple, F. W.
Christmas, W. A.

Cole, F. E., Jr.

Dangerfield, H° G.

Denniston, J. C.

DuBuy, J. B.

Fiser, R. H.

Francisco, N. M

Grey, N. J°

Hablg, W. H.

Rargett, H. T.
Harrison, D. N.

Harrison, W. A.

Herman, T. S.

Jordan, G. W.

Kahn, D. E.

Kaplan, J.

Kessler, H. S.

Kirkland, B. B.

Kuehne, R. W.

Levitt, N. H.

Luscrl, B. J.

Marshall, J. D., Jr.

Marrs, G. E.
Mason, D. W.

McGann, V. G.
McKinney, R. W.

Metzger, J. F.

Miesse, M. L.



JOD,DPG,
254

Nalewaik, R. P.

Pekarek, R. S.
Powanda, M. C.

Ramsburs, H. H.
Roberts, E. O.
Robinson, D. M.
Rollins, J. B.
Rust, J. H., Jr.

Spertzel, R. O.
Steinhart, W. S.

Stiles, J. W.

Stookey, J. L.

Trevlno, G. S.

Van Zwieten, M.

Vollmer, R. T.

Walford, J. B., III

Wannemacher, R. W., Jr.

Well, J. D.

Wilkie, M. H.

Winnacker, J. L.

Woeber, K. A.

Wolfe, H. J.



i_ JOD,DPG

255

APPENDIX A

U. S. ARMY MEDICAL RESEARCH INSTITUTE OF INFECTIOUS DISEASES

GUEST LECTURE SERIES

DATE GUEST LECTURER TITLE OF PRESENTATION
i

" 23 Oct 69 Colonel Irvln C. PloughD MC Medical Research and the

Con_nandlng Officer Military Mission.

U. S. Army Medical Research and
Development Command

Washington, D. C.

20 Nov 69 Dr. Malcolm S. Artenstein Development of a

Chief, Department of Bacteriology Meningococcal Vaccine.
Division of Communicable Disease

and Immunology
Walter Reed Army Institute of Research

Washington, D. C.

18 Dec 69 Dr. Herbert L. Dupont Study of Shisella Vaccines
University of Maryland School of in Man.
Medicine

Baltimore, Maryland

22 Jan 70 Dr. E. C. Sharman Foot and Mouth Disease

Staff Assistant Emergency Programs Outbreak in England.

Agricultural Research Service

U. S. Department of Agriculture

Washington, D. C.

5 Mar 70 Dr. Ralph Snyderman, M.D., and Mediators of Neutrophil

Dr. Thomas Robert Tempel, D.D.S. Chemotaxis.
National Institute of Dental Research

National Institutes of Health

Bethesda, Maryland

2 Apr 70 Lt Colonel Daniel G. Sheehan, MC Histochemistry of the Small

Chief, Department of Experimental Intestine in SEB Intoxica-

Pathology tion.

Walter Reed Army Institute of Research

Washington, D. C.

30 Apr 70 Dr. Donald L. Williams Screw Worm Eradication.
Chief Staff Veterinarian

Screw Worm Eradication Program
Animal Health Division

U. S. Department of Agriculture

Hyattsville, Maryland
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DATE GUEST LECTURER TITLE OF PRESENTATION

21 May 70 Dr. Joseph A. Bellanti Phagocytosis, Molecular
Associate Professor of Pediatrics Aspects.

and Microbiology

Georgetown University Medical Center

Washington, D. C.

/
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APPENDIX B

U. S. ARMY MEDICAL RESEARCH INSTITUTE OF INFECTIOUS DISEASES

PROFESSIONAL STAFF MEETINGS

DATE LECTURER TITLE OF PRESENTATION

• 26 Sep 69 Dr. Robert S. Pekarek Trace Metal Metabolism during

Physical Sciences Division Infection and Endotoxemia.

Dr. Anne Buzzell Metal Chelation and its Appli-

Physical Sciences Division cation to Biological Membrane

Theory.

Dr. Robert W. Wannemacher, Jr. Significance of Serum Free

Physical Sciences Division Amino Acid Changes during
Infection.

Captain Michael C. Powanda, MSC Typhoid, Typhimurium, and

Physical Sciences Division Tryptophan.

LT Robert P. Nalewaik, USNR RNA Metabolism in Mycoplasma.

Physical Sciences Division

Lt Colonel Kenneth A. Woeber, MC Alterations in Thyroid Hormone

Chief, Physical Sciences Division Economy in the Primate during
Acute Pneumococcal Infection.

31 Oct 69 Mr. Eugene D. Massey Microtitration of Tularemia

Bacteriology Division Agglutinins.

Mrs. Mary H. Wilkie Resistance of Protein Antigen

Bacteriology Division in Immune Complexes to

Pronase Digestion.

Dr. Virginia G. McGann Evaluation of Immunity against

Bacteriology Division Staphylococcal Enterotoxin B.

21 Nov 69 Major George W. Jordan, MC Interferon.

Virology Division

Major David M. Robinson, VC A Review of Q Fever Vaccines.

Virology Division

Lt Colonel Robert W. McKinney, MSC Activities Relative to

Chief, Virology Division Venezuelan Equine Encephalitis

Epizootic in Central America.

#! .....
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DATE LECTURER TITLE OF PRESENTATION

30 Jan 70 Lt Colonel Peter J. Bartellonl, MC Studies on Arbovirus Vaccines.

Chief, Medical Division

Major John L. Winnacker, MC Growth Hormone Response to
Medical Division Pneumococcal Infection in the

Monkey.

Major Theodore S. Herman, MC The Effect of Pneumococcal

Medical Division Infection on Tyrosine Transaminase.

27 Feb 70 Captain J. Brent Rollins, VC Electrophoretic Patterns in
Animal Assessment Division In_nune and Nonimmune Beagle Dogs

Infected with Either Virulent or

Attenuated ICH Virus.

Review of Staphylococcal
Enterotoxin B Toxoid.

Captain Jerry D. Weil, VC Natural Occurring Shigellosis

Animal Assessment Division in Monkeys.

Captain Joseph C. Denniston, Jr.,VC Enterotoxin Challenge of

Animal Assessment Division Experienced Monkeys.

27 Mar 70 Colonel Joseph F. Metzger, MC Purification of Enterotoxins of
Chief, Pathology Division Staphylococcus aureus

Captain Ulysses McElyea, Jr., VC Quantitative Pharmacology of

Pathology Division SEB in the Primate.

Captain Garrett S. Dill, Jr., VC Incidental Pathologic Lesions

Pathology Division in the Primate Colony.

Captain James W. Stiles, MSC Ultrastructural Changes of

Pathology Division Monkeys Chronically Infused with
SEB.

24 Apr 70 Captain William H. Habig, MSC The Cytochromes of Pasteurella

Microbiology Division pestis.

Mr. Daniel N. Harrison Pseudolysogeny of Pasteurella

Microbiology Division pestis.

Dr. James H. Rust, Jr. Epidemiological Implications of

Department of Bacterial Diseases Cannibalism in the Transmission

Div of Comm Disease & Immunology of Plague.

Walter Reed Army Institute of Res

¸I¸_¸I¸./ ......••i_ r
. . "_ "i_
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DATE LECTURER TITLE OF PRESENTATION

22 May 70 Dr. William R. Beisel, M.D. Panel presentation:
Scientific Advisor Use of Subhuman Primates in

Infectious Disease Research.

Colonel John D. Marshall, Jr., MSC

Chief, Microbiology Division

Major Richard O. Spertzel, VC

Chief, Animal Assessment Division

Major Jerry S. Walker, VC

Virology Division

Major John L. Winnacker, MC
Medical Division

Major Gordon L. Bilbrey, MC
Medical Division

Captain James B. Walford, III, VC

Physical Sciences Division
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