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A report of progress an the research program of the U. S. Army Medical
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FOREWORD

This FY 1972 Annual Progress Report is a general review of research
activities of the U. S. Army Medical Research Institute of Tnfectious
Diseases, Frederick, Maryland, conducted under Project IW662711A096,
Medical Defense Aspects of Biological Agents (11) and a small effort
under the In-house Laboratory Independent Research Program (ILIR).

£W6h271lA096 0i - Pathogenesis of Infection of Military Importance.
IW662711A096 02 - Prevention and Treatment of Biological Agent

Casualties.
lW662711A096 03 - Laboratory Identification of Biological Agents.

Beginning 1 July 1972, funding will be by The Surgeon General, Army,
under Project 3A07211OA834.

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

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

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

,)0 Juic 1972
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23 (U) Study early changes in carbohydrate tetabolism and physiology induced by
experimental disease. This work unit is an essential element in a comprehensive
program for defenss against BW agents.

24 (U) A variety of te,:hniques are employed to study metabolic changes associated with
infection.
25 (U) 71 07 - 72 06 - Studies have been performed to indicate that early profound
changes in carbohydrate homeostasis occur in the host during experimental sepsis.
Accelerated liver glycog(,nolysis is promoted in the rat by pneumacoccal and S.
typhimurium sepsis and by LEM. The striking changes produced by salmonella sapsis in
the adrenalectomized rat strongly implicated that alterations in carbohydrate homeo-
sta ,s are important determinations of morbidity and lethality during sepsis.

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

* Studies utilizing the isolated perfused rat liver have been started.
P-1ications. Fed. Proc. 31:2:674, 1972

Clin. Res. 20:453, 1972
J. lamunol. 108:142-151, 1972

Terminated since FY 1973 funding will be under The Surgeon General, Army. New
Project No. 3A062110A834; Accession No. DA 0A6410.
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Work Unit No. 096 01 001: Metabolic and Physiological Studies in
Experimental Infectious Disease for BW Defense

-:ccr ipti on :

Study eairl.v changes in carbohydrate metabolism and physiology induced
by experimentai disuase.

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

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

To determine the most desirable anesthetic agent to use in studies on
the influence of infection on liver glycogen metabolism the effects of
halothane and pentabarbital anesthesia were compared on liver glycogen
synthetase (GS), liver glycogen phosphorylase (GP), and plasma glucose
concentration. Animals given halothane were killed within 3 min of induction
of anesthesia while those given pentobarbital were killed at 20 min. In
fed animals, plasma glucose and liver GS activity were not significantly
different regardless of anesthetic agent. However, CP was significanti"
higher (p - 0.02) in halothane-treatu animals then those givell pentobarbital.
In fasted animals plasma glucose concentration was significantly elevated
(p - 0.01) in animals given pentobarbital. Thu per cent GS in thc activo
or T form (11.5-I) was significantly lower (p 0 0.01) in fasted animals given
ilaloLhane whlle thore was no significant difference in GP activity.

Thus, in using the rat as a model of infectioLwc diseac, one 'ust be
aware of the effects of the variables of types of anesthesia and nutritior.,ai
status.
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I!-f .,unL- of Diplococcus pneumoniao (DP) and Salmonella typhimurium (ST)
s ,-Pis on glycogen metabolism in rat liver.

Studies were performed to demonstrate the sequential changes in liver
glycogen metabolism during DP and ST sepsis in the rat. Both infections
inc:reased the rate of glycogenolysis over that of controls. In DP sepsis,
this was associated with an early decrease in the % GS-I but with a less
dramatic effect on GP activity. Thus, an incrensed rate of glycogenolysis
was more closely related to a decreased glycogen synthetic rather than an

.a dc'rudativc activity. In ST sepsis this was not associated with
.. tn;.. cct on CiCher GS or GP activities. Thus, the mechanisms

?onrLilL tir an increased rate of glycogenolysis during ST sepsis are
. ~c;.jilu and po.s>sibly less applicable to study using the present enzyme

.'sSaV. ST sepsiza promoted a significant diminution in plasma glucose
while DP sepsis had no significant effect on this parameter.

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

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

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

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

Glucose given (as above) to rats infected IP 6 hr earlier with 2 x 108
ST organisms promoted a significantly decreased peak plasma glucose
concentration at 30 min when compared to noninfected controls. More
importantly, plasma glucose remained significantly above baseline at 2 hr,
indicating a decreased glucose tolerance in infected animals. Liver CS, GP,
and glycogen concentration assays have not been performed on these tissues
but when completed should give added insight into alterations in host
homeostasis at the molecular level during septic illness.
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Effect of ST sepsis on glycogen metabolism in adrenalectomized rats.

To gain information that might reveal mechanisms Involved in incre..jed
liver glycogenolysis during ST sepsis in the rat, GS, GP, glycogen
concentration, and plasma glucose were monitored in adrenalectomized rats
infected with 2 x l0 ST organisms. At approximately 3 hr these animals
began convulsing, and within 10 min 10 of 18 rats were dead. The remaining
rats were immediately anesthetized and killed. At that time mean rectal
temperature of the grcup was 4C below 0-time controls; mean plasma glucose
concentration was 34 mg/100 ml compared to 110 for 0-time adrenalectomized
animals. At time 0 mean liver glycogen concentratiun was 15 mg/gm wet-
weight-liver, while at 3 hr it had fallen to less than 1 mg/gm. However,
there was no demonstrable influence on liver GS activity (GP activity has
not yet been measured). At least in rats, the presence of adrenal
glands is not essential for infectLion-promoted accelerated glycogenolysis.
Adrenalectomized rats are much more sensitive to the lethal effects of
sepsis; this decreased resistance is associated with gross abnormalities
in carbohydrate homeostasis as shown by the terminal hypoglycemic and
liver glycogen depletion relatively soon after the initiation of sepsis.

Studies utilizing the isolated perfused rat liver.

To determine the influence of sepsis, and factors related to it,
on liver metabolic machinery studies utilizing the isolated perfused rat
liver have been initiated. The rate of glycogen synthesis and degradation
in this organ can be significantly influenced by altering the concentration
of perfused glucose concentration with a relative hyperglycemia (300 mg/lO0
ml), promoting glycogen deposit and euglycemia, and hypoglycemia
(< 100 mg/100 ml) promoting glycogenolysis. Glycogen deposition was
associated with an increase in %GS-I and a decrease in GP activity, while
reciprocal changes were seen during glycogenolysis. It is planned to
remove livers from septic animals and study them in above fashion to
determine the nature of altered glycogen metabolism at the molecular level
inte liver.

S ummary:

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

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

Studies uilizing the isolated perfused rat liver have been started.
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Presezltat ion:

Curnow, R. T., and R. S. Pekarek. The effect of Dip~ococcus pneumoniae
sepsis and leukocytic endogenous mediator on liver glycogen synthetase and
glycogen phosphorylase activity in the fasted rat. Presented at Annual Meeting
of the Federation of American Societies for Experimental Biology, Atlantic City,
N. J., 9-14 April 1972.

Publications:

1. Curnow, R. T. and R. S. Pekarek. 1972. The effect of Diplococcus
neumoniae sepsis and leukocytic endogenous mediator on liver glycogen

synthetase and glycogen phosphorylase activity in the fasted rat. Fed. Proc.
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2. Curnow, R. T. 1972. Effect of D. pneumoniae and S. typhimurium
sepsis on glycogen metabolism in rat liver. Clin. Res. 20: 453 (abstract).

3. Bellanti, J. A., R. I. Krasner, P. J. Bartelloni, M. C. Yang, and
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and bactericidal function. J. Irmnunol. 108: 142-151.
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23 (U) Study the role of hormones in host response to infection. This work unit
is an essential element in a comprehensive program for defense against BW agents.
24 (U) Isotope tracer techniques are employed in assessing cellular uptake and
subcellular distribution of hormones during acute infection.
25 (U) 71 07 - 72 06 - Acute pneumococcal, Salmonella typhimurium, or Escherichia
coli bacteremia result in accelerated host peripheral distribution and metabolism
of L-thyroxine with subsequent increase in thyroid gland secretion.

A radioimmunoassay for growth hormone end insulin (IRI) along with a computer-
ized method of computing the data have been discussed. A preliminary study in 4
rhesus monkeys revealed no characteristic hormonal pattern for IRI, HGH, or serum

glucose during the course of pneumococcal bacteremia. A model examining these
same hormonal parameters after a glucose load during the course of pneumococcal
bacteremia is described which may minimize the wide minute-to-minute fluctuations
in these polypeptide hormones.

A study was initiated to determine the effect of thyroxine on function of
polymorphonuclear leukocytes.

Publications: J. Clin. Invest. 51:788-795, 1972
Endocrinology 90:1384-1387, 1972.
Clin. Res. 20:424, 1972

Terminated since FY 1973 funding will be under The Surgeon General, Army.
New Project No. 3AO6211OA834; Accession No. DA OA6411.
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Description:

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

Propress, Part I:

Accelerated metabolism of thyroid hormone has been observed during
acute pneumococcal infections in man and the rhesus monkey. 1'2 In the
monkey, cellular uptake of L-thyroxine (Tb) is enhanced early during the

course of this illness. 3 Further, concentration of labeled T4 and
triiodothyronine (T3) has been reported to localize in involved areas
of lung in patients with bacterial pulmonary infections.4 The patho-
genesis and significance of these alterations in thyroid hormone distribu-
tion and metabolism are unclear. Studies undertaken in the rat suggest
that during pneumococcal infection there may be an increased metabolic
impact of T4 at the cellular level.5 In vitro studies with peripheral
leukocytes reveal that enhanced thyroid hormone metabolism during infec-
tion could be part of a host defense mechanism in which phagocytizing
cells utilize T4 or T3 as a source of iodine for iodination and killing
of ingested microorganisms. 6 However, the extent to which thyroid hormone
or iodide participate in this peroxidase-hydrogen peroxide-halide anti-
microbial system in vivo remains uncertain.

7

To explore further the effects of bacterial sepsis on host thyroid
hormone economy in the rhesus monkey, peripheral retabolism and distri-
bution of 131 -labeled-Tq ("'I-T,) was examined in monkeys inoculated
intravenously (KV) with 109 Salmonella typhimurium, 109 Escherichia coli,
109 Diplococcus pneumoniae, endotoxin, latex or carbon particles. Inocula-
tion of both viable and heat-killed organisms but not endotoxin, latex or
carbon particles resulted in a marked acceleration in the fractional dis-
appearance rate of 131I-T4 (K(4) within 8 hr. The effect of heat-killed
organisms on K was transient and not evident by 16 hr. Monkeys receiving
viable organismt demonstrated a more persistent acceleration of KT4 corres-
ponding in duration roughly to that of the septic illness. There was at
least a 2-fold increase in the daily absolute metabolic disposal rate of
T4 in the infacted monkeys during acute illness.



In additional monkeys, distributive clearance of 1t1 1-T4 (rapid cellu-
lar uptake of hormone) was evaluated at various times after inoculation
of viable or heat-killed S. typhimuriwn,. By 4 hr, a marked enhancement
of distributive clearance of hormone was noted in both monkeys receiving
heat-killed and viable organisms compared to those inoculated with saline.
This phenomenon also appeared to be transient in monkeys receiving heat-
killed S. typhimurium since no change in distributive clearance of T4
was noted by 14 and 24 hr in these monkeys, although clearance was still
accelerated at these time intervals in monkeys given viable organisms.
.' incrcase in hepatic uptake and binding T4 was also noted at 4 hr in
monkeys inoculated with S. typhimurium.

The acute changes in T, abolism and distribution could not be
ascribed to decreased extra i.Lar protein-binding of hormone. An in-
crease in the proportion of . T4 in serum was noted only at 48 hr,
while the alterations in T4 peripheral kinetics occurred much earlier.
A biphasic change in total serum T concentration was seen during the
course of S. typhimurium sepsis consisting of a significant depression
by 48 hr and a significant elevation by 192 hr. Further, in monkeys
tAose intrathyroidal iodine pool had been pre-labeled with 1251 a similar
pattern of change in serum protein-bound 125 1 concentration was noted.
It would appear likely that the fall in serum T4 concentration reflects
a depletion of the peripheral hormonal pool due to the accelerated T4
metabolism.

Accelerated host metabolism of Ti, has been reported in other stressful
or hypermetabolic states such as exercise, cold exposure, malignancy,
salicylate administration and acromegaly. Thus, this reElrnse may be a
relatively nonspecific one. It is possible, however, that the accelerated
:etabolism of T noted during bacterial sepsis is related to enhanced
phagocytic cell functions.2' This possibility is currently being assessed
by examining in vitro Ti, deiodination by peripheral leukocytes harvested
during the course of acute S. typhimurium bacteremia. However, preliminary
observations in monkeys with radiation induced leukopenia suggest that
cellular sites other than circulating leukocytes are involved in T4
metabolism during ._. typhimurium bacteremia. The early disappearance
rate of 131I-T4 from serum in infected, leukopenic monkeys was not sig-
nificantly different from that of intact monkeys.

Sulmary, Part I:

Accelerated peripheral distribution and metabolism of Ti, has been
observed during several bactereimic illnesses in the rhesus monkey. This
is accompanied by a depletion of the peripheral hormonal pool and a sub-
sequent increase in thyroid gland secretion. These changes appear to be
mediated by a primary enhancement of cellular uptake and metabolism of
hormone since they could no be correlated with appropriate changes in
c..tracellular bincing of hormone.
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The pathogenesis and significance of these alterations in hormone
economy remain unclear and may represent a more general host response to
struss. However, a relationship between host phagocytic cell function
and T4 delodination remains an attractive hypothesis which is currently
being more thoroughly evaluated.

Progress, Part II:

A sensitive simultaneous double antibody radioimmunoassay for growth
liozmone (Gd) and insulin (IRI) has been developed. 8 This assay can de-
tect 0.25 ng/ml of G,1 and 5-7 pU/mi of IRI. In collaboration with CPT
Rowberg (Work Unit 096 03 008) a computer program has been devised which
craws a standard curve and calculates the final results for this system.
We have analyzed about 200 rat serum samples for IRI and CH from Major
Curnow's experiments (Work Unit 096 01 001) dealing with the effects of
pneumococcal, Salmonella typhimurium, and leukocyte endogenous mediator
on carbohydrate metabolism.

A preliminary study of sequential changes in GH, IRI, and serum
glucose (glu) during the course of pneumococcal bacteremia in 4 chaired,
conscious rhesus monkeys was carried out. After 5 days of baseline
equilibration in the chairs, 1 mi of 5 x 108 virulent Diplococcus
pneumoniae was injected IV at 0900 hr into 2 monkeys, 1 ml of heat-
killed D. pneumoniae was injected IV into one, 1 ml normal saline into
the 4th animal. The 2 infected monkeys developed fever and leukocytosis;
one died 30 hr postinoculation. The IRI levels pre-inoculation varied
from 50-275 WU/ml and fluctuated throughout the course of the infection
without any significant change between the experimental and control groups
except that the surviving infected animal had a low IRI of 5 pU/ml.

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

Finally, GH varied from 1.8-21 ng/ml during the baseline period with
wide fluctuations in all monkeys during the infected phase and an elevation
to 21 ng/ml on day 7 in the surviving infected animal. Additional studies
are required to establish a characteristic hormonal profile in macaques
during pneumococcal bacteremia.

Investigations are underway in collaboration with AA Division to
examine changes in lRI, GH, and serum glucose during IV glucose tolerance
tests and uneumococcal bacteremia in monkeys having indwelling bilateral
venous catheters. Each animal will receive 3 such tests: Baseline, at
24 hr, and during convalescence. 9 Preliminary baseline data in 3 chaired
monkeys who had received a glucose tolerance test (0.5 gm/kg body weight)
in the uuinfectL.d state showed a mean fasting blood glucose of 44mg/l00 ml
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with a peak of 199 at 5 min and a rapid drop to baseline levels of 46 at
30-45 nin. The mean fasting serum IRI was 27 iU/ml, with a rapid rise
to 90 PU/ml 5 min after glucose infusion; peak levels of 94 pU/ml occurred
at 15 min with a sharp fall to baseline levels by 30-45 min.

A radioimmunoassay for ACTH is being developed in collaboration
with LTC Collins of Pathology Division. A specific antibody to a,-39
porcine ACTH in goat has been prepared. The major difficulties we have
encountered with iodinating and purifying the 125l-ACTi{ will be solved
Dy obtaining the labeled ACTH commercially.

Su~mary, Part II:

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

Progress and Summary, Part III:

Depression of serum thyroxine (T) has been noted during acute
infection. 3 In addition, the halide-myeloperoxidase-hydrogen peroxidasesystem has been implicated as a major bactericidal mechanism of poly-murphonuclear neutrophils (PMN).10

Consequently, in vitro studies employing the bactericidal assay
developed by Quie, et al.l1 have been initiated to determine the effects
of T4 upon PMN function. To prevent nonspecific binding of T4 by serum
proteins introduced as opsonin, Escherichia celi were sensitized with un-
diluted serum and washed 3 times. No additional opsonin was required in
.ie final reaction mixture which was capable of killing 60-80% of phagocy-
L'Zed bacteria. To assess bactericidal activity of PMN treated with
ph!,ysiological levels of T4 (100 pg/ml), a 6:1 ratio of bacterL;i to P
was employed to provide maximum stress. Preliminary data indicate that
actively phagocytizing PM exhibit increased deiodination but no change
in bactericidal activity.

Presentation:

DeRubertis, F. R. and K. A. Woeber. Accelerated host metabolism
ol L-thyroxine during acute Salmonella typhimurium sepsis. Presented at
Annual Meeting, American Federation trr Clinical Research, Atlantic City,
N. J. 29-30 April 1972.



13

Publications:
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2. DeRubertis, F. R., and K. A. Woeber. 1972. Accelerated host
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BODY OF REPORT

Project No. IW662711A096: Medical Defense Aspects of Biological Agents (U)

Task No. 1W662711AO96 01: Pathogenesis of Infection of Military Importance

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

Description:

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

Progress:

Recent investigations have led to the development of the second mes-
senger role of cyclic 3'5'-adenosine monophosphate (cAMP) in the mediation
of hormone action.1 ,2 According to this concept, cAMP has been placed
in the cell to serve as a "Director of Foreign Affairs", acting, therein,
to regulate cell function in response to changes in the external environment.
Since alterations in the adenyl cyclase system can reflect abnormal intra-
cellular metabolism in states of endocrine imbalance, it is hoped that these
studies will give more insight into the host response to infection at the
molecular level.3- 6

Certain actions of prostaglandin El (PGEI) indicate its involvement
in infectious disease processes, stimulation of leukocyte chemotaxis 7 and
production of a febrile response. 8 Aspirin and indomethacin block
these actions by preventing the synthesis of PGE1 . PGE1 has been shown to
increase cAMP production in some tissues, i.e., platelets and thyroid, and
to decrease cAMP levels in another tissue, fat. Prostaglandins are
released from tissues by hormones which are known to increase cAMP levels,
that is, in liver by glucagon and in epididymal fat pad by catecholamines. -
This has lead to many intriguing postulations about the role of
prostaglandins in relation to adenyl cyclase.

Studies are being conducted to determine what effect these
prostaglandins may have on the hepatic adenyl cyclase. Preliminary
cxperiments show that POE1 is significantly stimulatory at a high concentration
and significantly inhibits adeny]. cyclase enzyme at a low concentration,
Table I.

mo
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TABLE 1. EFFECT OF PGE1 ON PARTIALLY PURIFIED HEPATIC ADENYL CYCLASE

Concentration of PGE I (M) % Control + SEM Significance
P

4.0 x 10-4 252 + 21 <0.0005

2.0 x 10-4 212 + 5 <0.0005

6.7 x 10-5  153 + 18 <0.050

2.0 x 10-5 152 + 21 <0.100

6.7 x 10-6 135 + 17 <0.100

2.0 x 10-6 89 + 13 <0.300

2.0 x 10- 7  59 + 14 <0.050

2.1 x 10-8 65 + 7 <0.0125

Summary:

PGE1 significantly stimulates partially purified hepatic adenyl
cyclase at high concentrations and significantly inhibits this same
enzyme at low concentrations.

Publications:

White, A. A., and T. V. Zenser. 1971. Separation of cyclic
3',5'-nucleotide monophosphates from other nucleotides on aluminum
oxide columns. Anal. Biochem. 41:372-396.
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complicated by secondary bacterial infection.
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7 yays (4 due to measles pneumonia and 2, acute diarrhea); 5 during the 2nd
and 3rd week (3 of acute diarrhea and 2, acute pneumonia); and one 30 days
aLor of profuse chronic shigellosis. There were 30 deaths in the 2nd group

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

.-oCas Old Tuberculin (KOT) was used for 1049 tntrapalpebral tests of
;.;cn<eys; all of which were negative.

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

Linmary, Part I:

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

Progress and Summary, Part II:

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

Progress and Summary, Part III:

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

Except for the problems encountered in the unconditioned monkeys, the
reneral health of the colony has been good throughout the year.

-. .............
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BODY OF REPORT

Project No. IW662711A096: Medical Defense Aspects of Biological Agents (U)

Task No. IW662711A096 01: Pathogenesis of Infection of Military Importance

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

Description:

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

Progress, Part I:

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

man resulted in a drop in total blood amino acids. 1-5 More recently we

have measured serial changes in individual plasma free amino acids which
were obtained from volunteers that were exposed to either sandfly fever

virus,5 (Medical Division Protocols FY 70-1 and 70-3), Salmonella tyohi',

adenovirus type 2 1 ,8 (Medical Division Protocol FY 71-2), or 17-D yellow

fever vaccine virus (Medical Division Protocol FY 71-3). With both the

febrile (sandfly fever and S. typhosa) and afebrile (adenovirus type 21
and 17-D yellow fever virus) infections there was a significant depression

in total plasma free amino acids. The magnitude and pattern of individual
amino acid response appeared to be characteristic for each infection and
can be summarized as follows:

a. Sandfly fever virus: Depression of all amino acids 47 hr after

inoculation with maximal responses in leucine, isoleucine and valine;

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

threonine;

c. Adenovirus type 21? Maximal depressions on day 6-7 with greatest

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

d. 17-D yellow fever vaccine virus: Maximal depression on day 3

with greatest decreases in threonine followed by lysine, a:partate,
histidine, and methionine.



f)Lring the febrilo stages of the' inr there wab a marked increase
in plasma phonylalanine-to-tyrosine rat iut q change was absent in the
afcbrile infections, These data indicr thzit ,-i a mild asymptomatic
infection can result in alterations in iu,, vidial lasma amino acid content.
Tle changes appear to be characteristic L.A the indvidual infection and do
not appear to be related to anorexia or t, ,& r. state.

Previous observations have suggested that serum from volunteers infected
with S. tvohi contained a humoral factor which when injected into recipient
rats would stimulate a flux of amino acids into liver.8  More recently serum
... hl bec-n obtained frox subjects Lth various types of naturally acquired
tfl~eCtioL, (a cooperative study with Dr. Klainer, Ohio State University
_+2dacal School, Contract Vo. DADA 17-68-C-8080). The sera were divided into
Lhe tollowing groups: pneumococcal infections, mixed infections, cellulitis,
poiynuphritis, and staphylococcal abscesses. When the millipore-filtered
sura weru injected into recipient rats which had been equilibrated with 14C

cycloleucine, a nonmetabolizable amino acid analog, a significant accumulation
o: the cycloleucine was observed in the liver 4 hr after the injection of any
3; chc sera from the various types of infections. When heated, 90 C for 30
min, serum from an infected subject was injected into a recipient rat, no
effect was noted on the distribution of labeled-cycloleucine. Thus, it was
concluded that a humoral factor was released in subjects with various viral
ana bacterial infection3 which influenced the distribution of amino acids
in host tissues, such as liver. Current experiments are being devised to
attempt to develop a quantitative bioassay for the concentrations of this
mediator of amino acid transport and to determine its presence during
various stages of infectious processes,

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

Summary, Part I:

Both viral and bacterial infections in man are characterized by early
depression of plasma free amino acids. The magnitude and pattern of change
in individual amino acids appear to be characteristic for a particular
infection. Those changes in plasma amino acids have been observed in mild
asymptomatic viral infections but the marked elevation in plasma phenylala-
nino-to-tyrosine ratio is only observed during the febrile stages of the
infectious process. The changes in plasma amino acids appear, in part, to
be related to the release of a humoral mediator which stimulates a flux of
amino acids into tissues such as liver. 9 The presence and concentration of
the mediator as well as changes in individual plasma amino acids may afford
the biochemical means of detecting the exposure of the host to a particular
infectious organism.
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Progress, Part II:

The concentration of 21 individual free amino acid,4 in serum, liver,
and skeletal muscle was determined in rats during incubation, acute illness,
and terminal stages of experimental infection with Diiplococcus pneumonae.l
By 4 hr after subcutaneous inoculation the concentration of total and many
individual free amino acids in serum, liver and muscle was significantly
decreased in comparison to findings in noninfected, pair-fed control rats.
By use of a nonmetabolizable amino acid analog (cycloleucine) it was
possible to detect a flux of amino acids from muscle to liver in the infec-
ted rat, The endogenous amino acids which moved to liver were rapidly
utilized in biosynthesis of serum proteins.

In order to elucidate further the mechanisms by which plasma amino
acids were depressed in volunteers or experimental animals infected with
either viral or bacterial organisms, studies were continued in animal
models on alteration and distribution of 2 nonmetabolizable amino acids,
14 C-cycloleucine and X-aminoisobutyric-1-1 4C acid (AIB). Cycloleucine
Is transported at the "so-called" L site on the cell membrane and is a
model for transport of neutral amino acids with branch-chains (e.g.,
leucine) or aromatic rings (phenylalanine). AIB, on the other hand,
is transported by the "alanine-preferring" A system on the cell membrane
and is a model for transport of alanine, glycine, and other neutral amino
acids with small or polar side chains. These model amino acids are subject
to intracellular transport and cellular concentrations gradients but are I
not incorporated into protein or further metabolized.

Rats were injected subcutaneously with I 4Ci/lO0 gm body weight of
either 14 C-cycloleucine or 1 4 C-AIB and 24 hr later, when equilibrium
distribution had been established for the model amino acid, were injected
subcutaneously with 5 x 10 virulent D. pneumoniae or intraperitoneally
(IP) with 2 x IOs Salmonella typhimurium organisms. Food-restricted
controls were inoculated with heat-killed cultures of either organism
and all animals were killed 24 hr later. Two hours before killing thoee
rats that had received the cycloleucine were injected IP with lOpCi/lO0 gil
body weight of 3H.-leucine and those given AIB with an equivalent amount of
•H-glycine. Liver and muscle intra- and extracellular volumes were calcu-
lated from total water determinations and chloride space measurements.

The livers from the rats infected with both organisms contained more
intracellular and less extracellular water than pair-fed, noninfected
controls, When compared on the basis of intracellular water content,
the livers from rats infected with pneumococci, as assessed by bacteremla
and elevated body temperatures, had twice as much cycloleucine or AIB as
those of control animals, while livers from rats infected with S. typhi-
1m1uriuM contained 7 and 5 times as much cycloleucine and AIB respectively,
as liver from control mqimals. Even though there was aik increased rate
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of amino acid transport, the livers from animals with either infection con-
tained 86% as muzh free leucine as those of controls, while IH-glycine
content of the livers frcm rats infected with D. pneumoniae or S. typhimurium
were 80 and 40%, respectively, of that found in the control animals. There-
fore, in both infectionq these amino acids were transported into the liver at
an increased rate and were also utilized or further metabolized at an equal
or greater rate for protein syLahesis. This flux of amino acids into liver
and utilization appeared to be greater in the animals infected with the S.
tyhimurium than those infected with pneumococci.

Wi-. chc previous studies had shown that infection-related depression
in plasiaa a.aino acids is related to a flux of amino acids from muscle and
t isuas such as liver, in certain infections which involve hepatic damage,
11'2h as viral hepatitis, a marked increase in plasma amino acids has been
observed. One possible explanation for this increase in plasma amino acids
ou'J be th- fact that the utilization by liver is decreased due tj hepatic
..:;a. To test this hypothesis, rats were given various doses of inhibitnrs
o. protein synthetic mechanisms and subsequently infected to see what effect
this would have on plasma amino acid flux of cycloleucine into liver, and
subsequent synthesis of serum proteins. When rats weze infected with D.
pnonnIAg and injected with 12 mg of puromycin over a 24-hr period, they
developed typical febrile responses and bacteremia as observed in infected
animals without puromycin. Similarly, the rats receiving the protein
inhibitor had an increased flux of 14C-cycloleucine into liver as compared
to noninfected controls but the concentration of serum unbound H-leucine
was significantly increased in both control and infected animals. As
observed earlier, infection resulted in a 2-3-fold increase in synthesis
of serum proteins; however, in the rats receiving puromycin, serum protein
synthesis was decreased in both groups of rats. The total serum amino acid
concentrations were decreased in rats infected with pneumococci, but, when
puromycin was given to these rats there was a significant increase above
control values, with a 2-fold increase in serum alanine.

If rats were infected with D. 2neumoniae and given 0.6 mg of cyclo-
hexamide IP over 24 hr (another inhibitor of protein synthesis) none of the
rats survived for 2' hr. In control rats receiving cyclohexamide there was
a very markei accumulation of serum amino acids; serum protein synthesis was
only 15% of that in untreated controls. When infected rats received lower
doses of cyclohexamide (0.3 or 0.6 ng/24 hr) they survived for 24 hr after
infection with D. pneumoniae and had bacteremia very similar to that of
untreated rats. In these rats there was an increased flux of amino acids
into liver but there was no increased synthesis of serum proteins, as
observed in untreated infected rats. Similarly, the concentration of
metabolizable leucine was iacreased in the serum of rats receiving the
cyclohexamide. From these data it may be concluded that by blocking the
utilization of amino acids for protein synthesis an infection will result
in a marked increase in serum free amino acids. Thus, the increase in serum
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amino acids in subjects with viral hepatitis my bO related to in elevated
flux of tissue amino acids into serum and a decreased hepatic utilization
as the result of liver damage.

When weanling rats were fed an amino acid deficient diet (67. casein)
the liver had a decreased protein biosynthetic capacity.1 1  If these rats
were then challenged with a subcutaneous dose of D. pneumoniae there was
a marked accumulation of cycloleucine in the liver and a 2-3-fold increased
incorporation of radioactive leucine into serum proteins as compared to
noninfected diet-controls. Thus even though these rats were severely
,''tin-d'pled thvy did utilize their meager body stoles to mobilize
a,,; no ~acids for flux to livar and subsequent increased synthesis of serum

. Ti .ug;ests that the movement of imino acid into liver and
subsequent synthusis of Lerum proteins is a basic defense mechanism
against infectious organisms aLid takes place a" the expense of other body
tissues.

Summary. Part II:

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

1'rogruss, Part III:

Rece ntly it ha. been reported that a saline wash from incubated
peritoneal leukocyte thatt have been stimulated with glycogen will mediate
a marked .nci-eoLe in rhth transport of 1 4 C-cy('loleucine into liver cells of
rats. " Thesf sLudic s have ben extended to show that this leukocytic
endogcnous mcdiator (1.EM) also has a significant effect on the hepatic
accuriultJlo of 14 C-AlB. With one injection a nmximal effect is noted in
3 hr; by 9 h,- ,the -oncwtration of the amino acid analogs are back to that
observed in -,-ine-injected rats. If the rats receive repeated injections



o: LEM at 4..hr intervals, the cycloleucine accumulates logarithmically and
by 12 hr attain a liver-to serum concentration gradient similar to that seen

in animals infected with S. typhimurium. Thus, it may be concluded that
LEM has a relatively short biological half-life as to its effect on serum
amino acid flux into liver and, in addition, repeated injections result in
continual stimulation of the amino acid transport sites on the membrane of
hepatocytes.

Studies have continued in attempts to characterize the LEM prepared
fror,. different species of experimental animals. LEM prepared from rat,
rabbit, monkey, and dog all stimulate a flux of amino acids into liver
when injected into recipient rats, while LEM from goat and burro had no
activity. Both pronase and trypsin inactivated the amino acid flux activity
of hEM prepared from rabbit; however, it took approximately 20 hr for either
pronase or trypsin to completely inactivate the LEM. The LEN is stable for
at least 7 days when stored at either 4 or -20 C at a pH range of 4.7-8.0.

When the crude preparations of LEM from rabbits were fractionated on
G-200 Sephadex coluns, amino acid flux was observed in a fraction of high
molecular weight, > 200,000, and a low molecular weight fraction, approxi-
mtately 10,000. A crude extract of LEM from dogs had similar distribution
of activity when fractionated on G-200 Sephadex. When the various fractions
were dialyzed against water and back-extracted with either DEAE cellulose
and pH 6.5 buffer or CM cellulose and pHi 5.0 buffer, the amino acid flux
activity of the high molecular weight fraction was in the CM supernatant
while for low molecular weight fraction it was in the DEAE supernatant.
In another study in which unfractionated rabbit LEM was extracted immediately
with either DEAE or CM cellulose, most of the amino acid flux activity was
present in the DEAE supernatant fluid. This would suggest that the higher
molecular weight fraction merely contains aggregates of the lower molecular
weight material. This conclusion was sapported by another experiment in
which crude LEM was first centrifuged at 105,000 x g for 40 min to remove
any particulate matter. This material was then passed through an Amicon
ultrafiltration apparatus with a 100,000 ra.w. filter. In 2 studies in
which the concentration and pH of the crude LEM were varied, an approxi-
maitely equal distribution of the amino acid flux activity of LEM was found
in both fractions, g-eater than and less than 100,000 m.w. Since both of
these subfracttons of LEX lose activity when heated to 90 C for 30 min, it
imy be concluded that the higher molecular weight i. not an endotoxin con-
taninant. The mo:. t ;laubible explanation for the appearance of activity
at these different molecular weights is that the LEM exists in an aggregateu
configuration.

While the purcs; fractions following fractionation oi Sephadex G-200
columl and batching with either CM or DEAE cellulose still contain 3 to 4
)rotein ban&; whet electrophoresed on acrylamide gel, attempts are continuing
LO purify Lhe mediator of amino acid flux. It is hoped that eventually we
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will be able to obtain enough material to produce an antibody against this
protein and subsequently develop a radiolmmunoassay. Once this has been
accomplished it will be possible to analyze sera ripidly for the presence
of this endogenous mediator. This may be one of the earliest indications
of the presence of an inflammatory state of the host.

Summary. Part III:

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

Progress , Part IV:

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

contains thyrotropic, anenocorticotropic, gonadotrophic, and growth
hormones, nor the posterior pituitary (neurohypophysis) are necessary
for the effects of LEM on amino acid tcransport. Similarly, the adrenal
corticoids or catecholamines do not appear to be involved in the LEM-
mediated effects on amino acid flux into liver. Additiona> studies are
currently being carried out in thyroidectomized and diabetic animals to
see what effect these have on LEM-stimulated amino acid transport into
Iii er.

Summary, Part IV:

The action of LEM is apparently not mediated through the pituitary
or adrenal glands.

Progress, Part V:

Methods have been developed for the in vitro determination of the
protein synthetic ability in the liver of various aninnls in response to
iti xr a viral or bacterial infection. This work is based on the work

ci previous investigators at USAMRIfD. 1 2 - 1 5 who showed alterations in
overall host protein synthesis in response to an infection. The methods



em it:/v, .aru: amino acid incorporation, 1 8 percentage of active ribosomes, 1 7

and; ribosomal patterns.'
8

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

. ..t. vau a eparating fractions by ultracentrifugarion.
....... . .. .i ',t h,, iev-er to the lighter polysomes gives one an idea of the

,i-kucwf oCir A,-regation as compared to thu normal ratios.

There i., an ca:ily itzcrease in amino acid incorporation, 7. of active
a;nd ' in the -,lysome area of the ribosomal patterns in both

(iL lococcal ane Saimioaelia infections. This is followed by a return to
normal or below normal values in all 3 tests as the time of infection
progresses.

Recently work was begun on in vivo incorporation of labeled orotic
acid into the RNA of the following fractions of rat liver; total homogenate,
nuclei, nonseoimentable RXA (S-RtA), total ribosomes, and free ribosomes.'0 6,30

Preliminary work on subfractionation of rat liver after 16-20 hr of pneumo-
coccal infection has revealed a marked increase in incorporation of orotic
acid into total ribosomes of infected animals as compared to controls.
Smaller increases were noted in the free ribosomes, S-RNA and total homo-
genate with no change in the nuclear fraction. This indicates that while
the production of ribosomes involved in the formation of intracellular
proteins (free ribosomes) is significantly stimulated, the formation of
ribosoes responsible for the production of extracellular proteins (bound
ribosomes which make up a part of the total ribosome preparation) are more
greatly stimulated.

Studies will also be performed on infected and control rats raised
with a deficient protein eiet1l to determine their ability to incorporate
orotic acid into RNA in response to an infection.

Summary, PartV:

The effe S of infection on the ribosorries of rat liver are characterized
by an early increase in the production of ribosomal RNA, especially that
associated with the bound ribosomes, followed by a decrease back to or below
control levels.
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BODY OF REPORT

Project No. IW66271LA096: Medical Defense Aspects of Biological Agents (U)

Task No. IW662711A096 01: Pathogenesis of Infection of Military Importance

Work Unit No. 096 01 010; Effect of Irradiation on Infection and Immunity
for BW and RW Defensive Research

D~escription :

Investigate interrelationships between acute or chronic irradiation and
disease processes.

Progress, Part 1:

In previous studies,1 600 r irradiation was shown to delay but not to
prevent the onset of protuction from the attenuated form (TC-83) of Venezt :l-
an equine encephalomylitis (VEE); but the smaller the time interval betweCn
irradiation and TC-83 inoculation, the greater the delay of onset of protec-
tion. Since the ultimate result of vaccination, protection, with the attenu-
ated VEE virus was the same in irradiated and nonirradiated mice, the period
of viremia in irradiated mice following TC-83 immunization was probably pro-
longed until the host inmmune mechanisms had recovered from irradiation dam-
age. Limited studies in 19662 showed that 500 r irradiation delivered 24 hr
prior to TC-83 inoculation prolonged viremia by 3-6 days. An experiment was
designed to duermine to what oxteunt viremia was prolonged in irradiated mic.
and how this prolongation correlated with the previously observed delay in
onset of protection relative to challenge.

Thirty-day-old white, Swiss nice, obtaintd from Microbio logical As:sci-
ates, inc., -alker vi]Ic, Me., were irradiated as prCvioL.sly described. 1  r-
radiation was timed so that inoculation with 5000 median guinea pig intra-
peritoneal icuniunlzing closes (GPPiD 50) of TC-63 occurred at 0, 2, 7, and 14
days postirradiation. The experiment was designed, howevr, so that all micc
were vaccinaLed on the same days. Vircmia levels were followed for 15 days.
Each mouse was bld every 5th day and marked by ear punching. 'This enabled
us to study any cye] i2 changes in the viremia and decerminc wh th..r it was
prolonged in any one mouse. One hundred microliters of blood were drawn ret-
robulbarly from each mouse and mixed with 0.4 ml of phosphate buffered sa.-
line; 0.3 ml of this mixture was injected I? into a recipient mouse. The ru-

cipicits were,., chal Ilege.d 14 days 'atr with 1000 mdian mouse intracranial
lethal dos,,,; ( 0.)) of rinidad strain V iii. if virus was present in the

donor blood, then the recipient should resist chaLicngec.

TheT re, 'fabl.1, thow that irradiation prolongs the' TC-83 V[II vi-

reia in mice; the shorter dLi timei interval )etwcen irradiation and inmmuni-
zation the longer ti, viremia is prolonged. %,irUmia of -ho unirradiated



4 4

TABLE 1. DURATION OF VIREMIA IN IRRADIATED AND NORMAL MICE GIVEN TC-83 VEE
AS MEASURED BY SURVIVAL AFTER TRINIDAD CHALLENGE

SURVIVORS/TOTAL BY DAY OF
DAY OF BLEEDING IRRADIATION PREVACCINATION VACCINE
POSTVACCINATION -14 .- 7 .-2 (hr -I) CONTROLS

1 3/7 1/12 2/11 5/12 4/11
2 5/12 5/11 6/12 3/12 4/11
3 4/7 3/11 1/12 3/11 5/11
4 5/10 1/6 2/10 5/11 1/11
5 1/7 4/11 2/9 4/12 0/11

6 0/7 3/7 3/8 4/12 0/12
7 0/1 2/12 2/7 3/11 0/12
8 0/7 1/10 1/7 1/11 0/12
9 0/10 0/5 1/5 1/11 0/12

10 0/8 0/9 0/5 1/1o 0/12

11 0/7 0/6 0/7 1/11 0/11.
12 0/12 0/7 0/6 0/6 0/12
13 0/6 0/11 1/3a 0/6 0/11
14 0/i0 0/5 0/, 1/8a 0/11
15 016 0/9 0/4 0/9 0/12

% by Day

1 43 8 18 42 36
2 42 45 50 25 36
3 57 25 8 25 45
4 50 17 20 45 9
5 14 36 22 33 0
6 0 43 38 33
7 17 28 27
8 10 14 9
9 0 20 9

10 0 10
11 9
12 0

a. Probably aberrant figures.
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vtccine controls persisted for only 4 days, which correlated closely (5 days)
with those animals irradiated or. day-14. However, when the mica were irradi-
ated 7 days prior to inmmunization, viremia lasted 8 days, 2 days prior, 9
days, and at hour -1, 11 days. A spurious viremic response was observed in
one mouse in day -2 and day 0 group on 13 and 14 days postimmunization, re-
spectively. In mice vaccinated t hr postirradiation, viremia was present in
individual mice on at least 2 consecutive bleedings, e.g., viremia persisted
in individual mice '> 5 days. However, in all other groups, although Uiremia
of the group was detected up to 9 days postirradiation, in each instance this
represented viremia in different mice; thus, in these mice viremia could not
have bcn present more than 5 days.

Although most of the irradiation work has been done In 30-day-old mice,
so:;we studies were completed in adult mice (2-9 mon old). As previously re-
ported,1 the median lethal dose (LD5o(30)) for the adult mice was 760 r,
about 85 r higher than for 30-day-old mice. A series of studies was designed
utilizing the adult mice in order to evaluate the effect of age of the mouse.
Mice were irradiated with 650 r from 21 days pro- to 9 days postvaccination
with 5000 GPIPID5 0 TC-83. Crom days 1-28 postvaccination, groups of mice wee
challenged IP with 1000 MICLD5 0 of Trinidad strain VEE, Table II. As ob-
served with the 30-day-old mice,1 irradiation befcrc vaccination delayed the
onset of protection to Trinidad VEE. The delay was not as pronounced as that
seen with young mice; however, the same general trend was noted: the shorter
the irradiation-to-vaccination timL interval, the greater the delay of onset
of protection to Trinidad VEE. Also, as in 30-day-old mice, irradiation of
adult mice after vaccination inhibited the onset of protection, but a time
factor, if involved, was not as obvious as when irradiation preceded vaccina-
tion.

The effects of 600 r irradiation on hemagglutination-inhibition (HI) an-
tibody titers produced by TC-83 VEE in 30-day-old mice have been reported.'
However, because of a few aberrant figures and statistical inadequaci,!s, fur-
ther studies we.e planned. Before the project began, the ]-,%TV X-ra' unit
became inoperable. It was found that by placing the m'cL, 90 cm in front of
the Autorad 500 Cobalt source, a 2 r/min-dosc! could be achieved when utiliz-
ing both Cobalt sources. The project was redesigned so that the mice re-
ceived 300 r (24 hr in front of the Cobalt source) on days -14, -10, -7, and
-1 preimmunlzation IP with 5000 GPIPID5s of TC-83 VEE . The mice wcre then
bled from days 1-60; results arc pending.

A joint project with Pathology Division involving the determination of
the histopathology of Trinidad and TC-83 strains of VkL' in 30-day-old CD,
mice (obtained from Charles River Breeding Laboratori0s, Inc., Wilmington,
Mass.) with and without radiation was initiated. '1t mice were placed in one
ot 6 groups: 'I) control, (2) irradiated, (3) infectd with TC-83, (4) in-
fected with 'irinidad, (5) infected with TC-83 and irradiated, and (6) in-
fected with Trinidad and irradiated. The irradiatd animals were exposed to
600 r, infected 4 days later, and then s.rially sacrificed with 8 mice per
group on days 3, 4, 5, and 6.

-- C ... .
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The control animals were essentially normal histologically except for
moderate infection with chronic murine pneumonia (CMp) in a few. Animals in-
oculated with TC-83 showed no significant differences from the controls. Ir-
radiated controls had CMP only and expected depletions of bone marrow and
spleen. The regeneration of the lymphoid and erythroid elements had almost
corrected the depletions by day 6, Irradiated animals inoculated with TC-83
did not differ significantly from irradiated controls.

Animals infected with Trinidad VEE, on the 3rd and 4th days postinfection
had a mild-co-sevre, acl.te, lymphold necrosis in germinal centers of the
3p~een, lymph nodes and/or lymaphoid nodules of the small intestine. ±his h e-

lt.s6 apparent on day 5 and had almost disappeared the next day, A mini-
:au enccphalitis in the olfactory lobe was observed in 2 of 8 mice on day 3,
wLhich uy day 4 was manifested by a neuronal necrosis in 7 of 8 mice. On days
5 and a, all 3 had a minimal-to-severe encephalitis or meningoencephalitis
with neuronal necrosis. No other significant deviations from controls were
observed except somre mycloid depletion on days 3 and 4 postinoculation,

Irradiated animals infected with Trinidad had depletions of lymphoid and
bone marrow elemelits similar to tne irradiated controls on days 3 and 4, bLt
the effect persisted longer, so that on days 5 and 6 they: were still moder-
ately depleted. Unlike those nonirradiated mice injected with Trinidad VEX,
a true encephalitis was present minimal"y inT only one irradiated mouse, but
neuronal necrosis was progressive (0 of 8 on day 3, 5 of 8 on day 4, 8 of 8
on day 5, and 7 of 8 on day 6),

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

Summary, Part 9:

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

Histopathological examination of thi.s mitcrial revealed that no lc.ion,
were produced in mice with the TC-83 strain of VE virus whether the mic
were irradiated or not; the mningoecncephalitis, produced in mic' by infee-
tion with Trinidad strain of VEE virus, was altered to a neuronal necrosis I
irradiation, presumably because of depression of the immune respon.7.e. In-

fection with Trinidad strain prolonged the depletion of the bone marrow and
lymphoid elements produced by irradiation.

Several mechanical failures of the i-MEV X-ray unit have hindered til
p~rogress of this project throughout the year.

Progress and S;;mnary. Part 11:

A satisfctorv Cobalt-60 source has been unavailable. ProcuremCnt action
has been iniLiated.
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23 (U) To develop a rapid electron microscopic assay for virus particles This
work unit is an essential element in a comprehensive program for medical defense
against BW agents.

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

25 (U) 71 07 - 72 06 - Pending completion of a series of papers on the model for
mechanism of membrane transport, experimental work on the electron microscopic assay
for virus particles has been temporarily halted. A survey of the virus literature
will be undertaken shortly to extend the membrane model to the process of virus
penetration and release. It is expected that this survey will be useful also in
providing new ways to improve and simplify the virus assay.

Terminated since FY 1973 funding will be under The Surgeon General, Army.
New Project No. 3A06211OA834; Accession DA 0A6416.

1 TI 1J 0 1 S F C, 1M A R 0P$<F I IF F QRMY 14)A A 1.
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Task No. 1W6627I1A096 0]: Pathognesi, of Infection of Military Importance

Work Unit No. 096 01 OI: Rapid I,'loctron Mlec roscop ic A,, say for Virus
]'articles of Diseases of Military Medical
[mportance

Doicrlpt lon_:

'To deVLopi o a rapid cle ctron mit'roscopic tisay for virus particls,

As reported previously, experimental work on the electron microscopic
assay for virus particles has been halted, pending completion of a series
of papers on a model of merbrane transport, a model which appears potentia.Jy
capable of account iug also for the ability of virus particles Lo enItCr
a ceUl. The papers covering tho basic aspect. of the membrane model have
now been aliMOst completed, so thaL it is expected that work on the virus
assay ctn be resumed shortly.

The survey of the literature, necessary for extending the membranie
model to cover the ny.chanism of virus pemet ration and re lease, should also
be useful in connection with the virus particle assay. New methods may now
be available to make posslble a closer identification of the particles from
their image in the elctron miCroscope. Such methods would simplify
development of the :ssay. whic h MiV otherise have to include the uso of
fe rrit t labele. 1 d se'' i C anti Sra.

Pub L ic;It f otIs:
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This work unit is aa essential element in a comprehensive program for medical
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24 (U) The literature will be surveyed for applications of the membrane model to
virus-host cell interactions and other infectious disease processes.

25 (U) 71 07 - 72 06 - After revision of the first two papers on the proposed model
for membrane structure and function for resubmission for publication, and completion
of a paper on sugar transport now urde way, a literature survey will be undertaken
to see if the model can be used to account for the pet ,tration and release of virus
particles from host cells. The model can account for he behavior of myxoviruses
in some detail and appears likely to do so for other vi uses as well.
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Dkxriltion:

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

Progress and Summary:

Work has been completed on the theoretical model for biological
membrane structure and function described in the previous report. 1 The
key feature of the theory is the lipid micelle, bilayers of limited ex-
tent, of which 2 major types are envisioned. Phospholipid micelles,
with molecules arranged in a linear fashion, would occupy a substantial
fraction of the surface, the linear micelles being arranged for the
most part in parallel rows. Soap micelles, of equal importance but
occupying a far smaller area, would be scattered throughout the membrane,
the bylayered clusters of a few hundred ionized fatty acid molecules being
trapped between neighboring pairs of linear phospholipid micelles.

These 2 types of micelle would constitute the actual transport
sites in the membrane; the soap micelles with their strong negative
charge allowing rapid transport of monovalent cations and some types of
cationic molecules. The slits between the phospholipid micelles would
allow transport of a wide variety d ions and metabolites. The arrange-
ment of various individual phospholipids would provide specific binding
sites along the edges of the slits to arrest passing ions or molecules
and orient them properly for passage through the slit into the cell.
The principal classes of phospholipids found in biological membranes
could account for the broad categories of transport: phosphatidylcholine
and phosphatidylethanolamine accounting for transport of anions;
phosphatidylserine, for amino acids, mainly small, hydrophilic ones;
and phosphatidylinositol, for sugars. A study of molecular models shows
that the required specificities could be produced by simple physical
adjustments of molecules about the slit.

Enzymes embedded in the membrane would regulate transport activity
by altering the compression of the membrane or by shifting phospholipid
wiculles relative to one another, the conformation of the enzymes changing
as they interact with substrates. 2 Sudden motion of an enzyme embedded
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near a row of linear phospholipid micelles would loosen molecules already
oriented across the slit orifice, the molecules then entering the cell
through the widened slits. Transport through a soap micelle would be
regulated by compression, the spacing between individual soap molecules
determining the size of the cation that could be sequestered. Thus,
enzymes would not have to move back and forth across the membrane to
regulate transport, as theorized in the carrier protein model.

The concepts, based originally on the properties of the external
..,Lors of culls, have been extended to include mitochondrial membranes.
a-liing Ch peculiarities in the lipid composition of these membranes,

thi theory can account in detail for the characteristics of carboxylic
dcid cranOport as well as other properties of these membranes. Molecular
:.odels have been built which illustrate the steric factors underlying
The transport specificities.

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

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

Publications:

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

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

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

Publications: Proc. Soc. Exp. Biol. Med. 138:605-609, 1971
Amer. J. Vet. Res. 33: 323-327, 713..719, 1972
J. Infect. Dis. 125:54-60, 1972
Clin. Res. 20:233, 271, 1972
Fed. Proc. 31:727, 1972
Proc. Soc. Exp. Biol. Med. 140:314-318, 1972

Terminated since FY 1973 funding will be under The Surgeon General, Army.
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Task No. 1W662711A096 01: Pathogenesis of Infection of Military Importance

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

Des cription:

Study early changes in lipid metabolism during infection and toxic
illness.

Progress, Part I,

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

In order to elucidate further the effects of infection on conversion
of FFA to triglycerides, control and D. pneumoniae-infected monkeys were
given a dose of a nonionic detergent, Triton WE 1339, which blocks the
utilization of triglycerides by peripheral tissues. This resulted in
marked increases in the serum triglyceride concentrations of the animals
treated with the detergent. In the animals infected with the pneumococci,
however, serum triglycerides were increased to almost twice that found in
the noninfected animals treated with the detergent. These dati suggest
that in infected animals there is a more rapid synthesis of triglycerides
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Chart in the noninfected group and may be related to increased mobiliZation
of fatty acids as a source of energy.

Sunigary. Part I:

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

Progress' Part IT:

A number of investigators have suggested that the feeding of high
caloric diets can result in depressed immune response. In order to study
the effects of diet on the immune responses, rhesus monkeys were fed a high
fat, high cholesterol diet for 9 months and compared to a group fed a low
fat diet. The animals fed this high cholesterol, high fat diet had serum
cholesterol levels of 400-600 mg/lO0 ml. Cholesterogenesis during infection
in these monkeys was markedly depressed when compared with the normal diet
group of infected monkeys. Both prior to and after infection with D. pneumoniae
a marked effect was noted on both humoral as well as cellular inmmunity in
monkeys fed the high fat, high cholesterol diet. Changes included: TB skin
test became positive, quantitatively and qualitatively different precipitin
response to ovalbumin, lessened imnmunoglobulin response, RE system clearance
of colloid impaired with morphological changes noted by electron microscopy
of the polymorphonuclear leukocytes. This work is preliminary but suggests
that the marked effects on immune defense mechanisms can be altered by
manipulating the dietary fat intakcs.

Summary, Part.I:

When monkeys were fed a high fat, high cholesterol diet marked effects
were noted on cholesterol metaboli.s.m and both humoral as well as cellular
immunity in these animals. These studies stress the importance of prior
dietary intake on host response to infeution and also suggest the important
feedback mechanisms on cholesterol synthesis.

Publications:

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

2. Fiser, R. H., J. B. Rollins, and W. R. Beisel. 1972. Decreased
resistance against infectious canine hepatitis in dogs fed a high-fat ration.
Am. J. Vet. Res. 33:713-719.

.... ... ... ... .... ... .~, - ~ l. k...J.~Al~lLI~li~L I. 1.M~*..U, .. 1,. J~ ~.Al.CL .lMLJif~ihi



63

3. riser, R. H., J. C. Denniston, and W. R. Beisel. 1972.
Infection with Diplococcus pneumoniae and Salmonella typhimurium in
mon keys: Changes in plasma lipids and lipoproteins. J. Infect. Dis.
125:54-60.

4. riser, R. H., J. C. Denniston, J. Kaplan, V. G. McGann, and

W. R. Beisel. 1972. Hypercholesterolemia and altered immunity in
rhesus monkeys. Clin. Res. 20:271 and Fed. Proc. 31:727 (abstracts).

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

6. Fiser, R. H., J. C. Denniston, M. C. Kastello, R. B.
Rindsig and W. R. Beisel. 1972. Cholesterogenesis during acute
infection in chronically hypercholesterolemic rhesus monkeys. Proc.
Soc. Exp. Biol. Med. 140:314-318.
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an essential elenment in a comprehensive program for medical defense against BW agents.
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Dt:scnr,,tion:

Pro~pare spucializ'd equipment for use in aerosol exposures of man and
laboratory aniials ro biological nterials and their products.

Prograss and Summary:

Due to higher priorities, no work was conducted on this project during
the reporting period.

Publications:

None.
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24 (U) lJting c envotlonal methods of quantitating myocardial contractility, determine
bae line value s and then nsveasure changes induced by infections induced in rhesus
monkeys.

25 (U) 71 07 - 72 06 - A method for the implantation of long-term ventricular

)rest;ure transducers iII the rhesus sonkey has been devised. Cardiac indices
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Task No. IW662711A096 01: Pathogenesis of Infection of Military Importance

Work Unit No. 096 01 015: Evaluation of Myocardial Contractility during
Infectious Disease of Military Medical Importan,!e

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

'rogress:

The established methods of measuring cardiac performance leave much to
be desired in describing the innate contractility of the myocardium. Cardiac

output, stroke volume, stroke index, etc. measure the heart's ability as a
pump, rather than as a muscle, due to the fact that the loading conditions
of the heart at the time of measurement affect these parameters.1  In addition,
these parameters frequently do not decrease until late in the course of myo-
cardial disease.

2' 3

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

A controversy exists as to which derived index, Peak dp/dt,Peak dP /dt
±0

Peak Vce, or Vmax, is the most valid for measuring the contractility of
the myocardium. It ts the purpose of this study to discuss the use of

these indices in conscious chaired rhesus monkeys.

Electroi .clanical pressure transducers with head diameters of 6.2 ImTU1

(Model 1017 Dynasciences, Chatsworth, Cal.) and 3.0 mm (P-15 Konigsberg
Instruments, Pasadena, Cal.) were implanted in the apex of the left
ventricle of the heart in male rhesus monkeys via a left 4th intercostal
thoractomy. Simple interrupted sutures were used to anchor the cable to
the intercostal muscles where it exited the thorax and a pre-placed
suture in the -kin was anchored to the cable emerging from the skin by
taping the suture ends to the cable.
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The monkeys we,-m sufficiently recovered from anesthesia in a few hours
to be placed in their restraint chairs, which were constructed of piexi-
glass and allowed limited arm and leg motion but prevented access to the
transducer cable. Tney were fed a ration of commercial monkey feed and
fresh fruit and given at least I hr free exercise daily after immobilizing
the transducer to their body with a protective bandage.

The monkeys were acclinted to the chairs and general environment for
1 week prior to surgery; data collection began 1-2 weeks after operatively.
..w' wore kept a5 bd.,al as possible by limiting access and visual stimuli

, & quaert i d I~ by duplicating daylight and evening hours with
,.rt±:.i~t1 light. All recording devices were kept in an adjoining room
zta interfaced to thu moakeys via wires.

2ressure with-in rho left ventricle was detected using the Dynasciences
ModeL 1017 and Konig.,berg Model P-15 implantable transduc:ers. The signal
from each transducer was amplified to a level of approximately 1 volt full
scale by a Dynasciences Model BE-3 preamplifier. The preamplifiers were
powered from a regulated supply to overcome calibration errors from battery
aging. The signal was conducted via a multiconductor cable from the animal
room to the separate, sound-insulated room where the recording apparatus
was located.

In the recording room, the signal went through a Brush Universal ampli-
fier with differential inputs for hum cancellation. The hum induced through
the approximately 50 ft of cable between the rooms was unmeasurable when the
differential inputs were used.

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

Isoproteronol studies were conducted by taking a baseline recording,
injecting a bolus of isoproteronol intravenously (IV) and then recording
at 30 sec postinjection. The change in the parameters studied is expressed
as % of change (7 A) from baseline values, by use of the equation:

Eperim ental value-baseine value X 1000/ A : Baseline value
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When more than one injection was given per day, at least 15 min were
allowed for recovery between trials. The dosa range was from 0.001-1.600
ug/kg isoproternol.

Diplococcus pneumoniae (1 x 108 organisms) were injected IV into 2
monkeys (A-607 and B-12). Continuous monitoring of core body temperature
was achieved by use of implanted thermocouples connected to a continuous
print-out recorder (Model 16 Electronic Honeywell, Inc., Philadelphia, Pa.).

Pressure recordings were taken every 2 hr during the first day of
1:- ction aneL then every 4 hr for the next 2-3 days. Blood cultures were
"Kea every 12 hr until at least 3 consecutive samples showed no growth of
D. pneumoniae.

Vce was caiculated a; 5-msec intervals, throughout isovolumic systole,
by the equation Vce dpj dt Vmax is obtained by extrapolating back to
zero pressure that por bnof the Vce curve that is linear. Po was definec
as that prest;ure which occurred simultaneously with peak dp/dt. Peak Vce
was defined as the largest Vce which was used in the regression analyses
for Vmax and is not usually synonymous with the absolute peak Vce. All
presures used are developed pressure (DP) which is total pressure (TP)
less end diastolic pressure (EDP).

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

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

A total of 358 observations were made on 5 chaired, conscious monkeys.
These data are presented in Table I1. The smallest number of observations
contributed by a monkey was 12 and the greatest was 162. Data collection
was not begun until 2 weeks postoperatively in order to help assure a
basal state.
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TABLE I. ANALYSES OF 10 CONSECUTIVE HEARTBEATS

HEARTBEAT PEAK dp/dt PEAK d ,ldt PEAK Vce VMAx
Mm Hg/sec PC sec-1  Xec-1

1 3464 52.4 2.585 2.857

2 3472 50.3 2.359 2.844

3 3522 51.0 2.609 2.930

4 3581 51.9 2.585 3.072

5 3564 51.6 2.942 3.034

6 3531 51.2 2.942 3.073

7 3506 51.5 3.054 3.144

8 3589 52.0 2.871 2.990

9 3506 50.1 2.507 3.033

10 3405 49.3 3.094 3.189

Investigation of-the Myocardial Indices:

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

1. Peak dp/dt

2. Peak dp/dt
PC

3. Peak Vce
4. Vmax

The data are tabulated in Table III. There is extremely goad corre-
lation between the log dose of isoproteronol and both Peak dp/dt and
Peak pi dt. There is less correlation between Peak Vce and the dose of

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

INDEX CORRELATION COEFFICIENT SLOPE F
r b

Peak dp/dt 0.98 71.49 325.60

Peak dp/dt 0.93 30.48 89.65**
Po **

Peak Vce 0.78 7.99 22.19

Vmax 0.0 0.13 0.01n s

HR 0.93 20.89 94.00

** P < 0.01

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

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

Pneumococcal Infection:

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

Monkey A-607, which never became clinically ill, at no time exhibited
any significant change in the parameters studied. Monkey B-12, however,
had a decrease in all the parameters studied (Vmax, Peak Vce and Peak d2Ld

which corresponded to the time between his 2 febrile states and prior to the
time he became clinially ill. This decrease was in relation to the control
monkey's values but were well within the sick monkey's normal range as
established by the i:ita t 2 SD.

The u.ie of Vma. , been crit.zed on both theoretical and practical
grounds.' Our expz. t ice with it has shown it to be a quantity extremly
"ubject to minute er4-.s in analyses. Table IV shows the effect on the
parametecs of iuteet: due to an increase and decrease of only 2 mm Hg
pressure throughout Loclumic systole. This could occur as a re ult of
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a
TABLE IV. RESULT OF A CHANGE OF 2 mm Hg ON A SINGLE HEARTBEAT

HEARTBEAT PEAK dp/dt PEAK dp/dt PEAK Vce Vmax
P0

Original 2505 43.2 2.199 2.508

+ 2 mm Hg 2505 41.7 1.900 2.369

- 2 mm Hg 2505 44.7 2.565 2.898

a. See Table I for units.

error in analyses both due to the difficulty of finding the true zero pressure
point on the pressure curve and as a result of errors in visual discrimi-
nation, which we feel to be in the range of ± 0.5 am Hg at the sensitivity
levels used. Therefore, extreme care must be taken when hand analyzing
these pressure curves if meaningful, comparable results are to be obtained.

The use of total pressure or developed pressure has similar effects
on the Vce curve. The use of DP (DP = TP - EDP) and hence lower than TP,
results in consistently higher Vce and Vmax values than those obtained
using TP. We analyzed the results from the isoproteronol study, using
both TP and DP; there was no difference. The results from the normal
observations were also calculated using both TP and D1 and are reported
from the DP data.

Peak dp/dt and Peak dp/dt showed, by far, the greatest sensitivity
to increased inotropismr8f all the indices studies. Peak dp/dt, however
is said by many to be influenced by the loading conditions at the time
of measurement and hence is not ideally suited for use under conditions
when preload and aferload change.6- 9 Others claim that preload, as
measured by EDP, has little if any effect on Peak dp/dt.10 ,12 It has
been stated, however, that EDP is no. a reliable indicator of end-
diastolic volume, which is the better index of preload. We did not
investigate the effects of preload on these indices in this study,
but preload, as measured by EDP, did not change much, 2.9 1 2.8
(mean ± 2 SD) in over 300 observations over a period of several months
in normal rhesus monkeys, nor did I.t change significantly after isopro-
teronol challenge. Therefore, if EDP is a useful indicator of preload,
and preload does affect Peak dp/dt, our values for Peak dp/dt were not
influenced by preload.

Changes in afterload (aortic diastolic pressure), however, may have
affected our values for Peak dp/dt, but it was not measured.
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Peak dP/dL has been claimed to be sensitive to changi-; in myocardial

inotropism and to be free of variations. in the heart'!, ioading condi-
tions., ,12-10 If this latter statement is true, it would appear that this
index would offer the most reliable, sensitive and accurate measurement of
myocardial contractility in the rhesus monkey, as it showed extremely good
response to increasing doses of isocroteronol. We believe any value for
this index out of the limit.s of 33.3-64.1, i.e. 2 SD below and above the
mean, indicates either a depressed myocardium (< 33.3) or increased contrac-
tility (> 64.1) in the chaired, consciour rhesus monkey.

D, pmneum.onia caused a small, trartient depression, of all the para-
ieters studied in I of 2 monkeys to which it was administered. This decrese
began from 10-16 hr postinfection and lasted from 10-14 hr, depending on
the parameter studied. This depression occurred during the initial febrile
pnak which was 'before the monkey became clinically ill. )uring the period
of clinical illness, the monkey exhibited the second peak of diphasic fever
but the cardiac indices we us ed did not decline as hey did during the
initial febrile peUak, even though blood cultures were positive for pneuno-
cocci during this second febrile period. It may be that the initial febrile
response and myocardial depression were due to metabolites present in the
inoculVIeI of pneumoCoccus as myocardial depression did not occur during the
second febrile peak even though pneumococcus was isolated from the blood.

Sugunary:

A nsthod for the implantation of long-term venLricular pressure trans-
duckers in the rhesus monkey has been devised. Cardiac indices evaluated in
their resp-r :e to increased myocardial inotropism included: Peak dp/dt,
Peak dp/dt, peak Vce anc Vmax. Peak dp/dt showed the most sensitive and

accurate response, to increased myocardial contractility, achieved through
graduated doses oi isoproteronol. D. pneumoniac caused a slight, transient
decrease in all parametoirs studied in I of 2 monkey.i given I x i013 organims
IV.
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spacus were labeled from the space of Diesse to the pericanalicular tight
junctions; labeled pinocytotic vesicals could also be seen in the hepato-
cytes.

Pinocytotic activity is peaks at 10 min postinjection. Collecting
vacuoles are also formed at this time. The sinusoid is often empty at this
time. Twenty minutes after injection, the only activity is found in peri-
canalicular lysosomer. At no time iu reaction product positively located
within the bile canaliculus.

Aftur 6-hr exposure to D. pneumoniae, Type I, 3 changes in peroxidase
uptike could be seen. A definite gradient across the endothelium was
obscrved imdiately after HP injection. Pinocytotic activity was observed
rugularly after l-min exposure. After 5 min, the bile canaliculi contained
rLaction product.

Summary:

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

Publications:

None.
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23 (U) Study alterations in nitrogen and tryptophan metabolism, RNA biosynthesis, and
template acrtivity chromiatin in host cells during infection. This work unit is an
essential element in a comprehensive program for meidical defense against BW agents.

24 (U) Urinary excretion of nitrogen and metabolites of tryptophan, as well as the
extent and/or pattern of serum protein synthesis are measured during infections of
man and laboratory animals. The incorporation of radioactive precursors of RNA
into R4NA isolated from various subcellular fractions is measur~ed during infection.

25 (U) 71 07 - 72 06 - Increas~ed excretion of metabolites of tryptophan and alter-
ations in the urinary output of the catabolites of the pyridine nucleotides were
noted in mian during sandfly and typhoid fever without resort to an oral dose of
tryptophan and thus allow discrimination between viral and bacterial illnesses.

Sepsis caused by either Diplococcus pneusnoniae or Salmonella typhimurium
Induces a loss of body nitrogen and increased synthesis of specifir serum proteins,
the latter can be demonstrated to occur even in malnourished rats suggesting the
essentiality of the response.

Diurnal variation in the template activity isolated from rat liver has been
domons tra ted.

Publications: ifec. Immun. 4:556-562, 1971
Blochim, Bicophys. Acta 252:239-245, 1971
Fud, Proc. 31:710, 1972 (abstract)

Terminated since FY 1973 funding will be under The Surgeon General, Army.
New Project No. 3A062ltQA834; Accession No. DA 0A6422.
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BODY OF REPORT

Project No. 1W662711A096: Medical Defense Aspects of Biological Agents (U)

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

Work Unit No. 096 01 401: Effect of Bacterial and Virus Infections on
Host Cell Biosynthetic Mechanisms in BW
Defense Research

Description:

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

Progress, Part I:

Tryptophan metabolism in human subjects, as measured by the urinary
excretion of Lryptophan metabolites, can be shown to increase during
typhoid fever even in the absence of a 3-gm oral load of tryptophan.
Eleven volunteers who contracted typhoid fever during a typhoid vaccine
evaluation study conducted by the Division of Infectious Diseases, Uni-
versity of Maryland' demonstrated significant increases in kynurenine,
acetylkynurenine and o-aminohippurate during manifest clinical illness.
No increases in kynurenate, xanthurenate or anthranilate were observred
unless a 3-gm oral dose of tryptophan was administered 6 hr before urine
collection. N-methylnicotinaiide, a catabolite of the pyridine nucleotides,
was found in lessened amounts on the first day of febrile illness but was
within the control range during the height of illness. This observation
suggests that changes in pyridine nucleotide metabolism occur in infectious
illness but are not necessarily linked to alterations in tryptophan cata-
bolism.

Preliminary analysis of data from volunteers with experimentally-
induced sandfly fever revealed a significant increase in urinary kynurenine
excretion and evidence of increases in 3-hydroxykynurenine and 3-hydroxy-
anthranilate output. The change in kynurenine excretion appeared to
parallel fever index and was in some measure apparent before dietary intake
lessened. Variations in N-methylnicotinamide excretion appeared not to
correlatu with those noted in tryptophan catabolites. 2 Further analysis
must be undertaken to assess whether the excretion patterns of tryptophan
metabolites in the absence of an oral load of tryptophan differ signifi-
cantly during bacterial and viral illness.

In order to study the mechanisms of the enhanced excretion of tryptophan
meabolitCs, rats were put in meLabolic cages and allowed to equilibrate

~..



ULi ore being infectud WWI e.ier Diplococcus Vneumonlav or Salmonella
typhimurium. In bothi inStances pair-fed infected animals excreted sig-
niificantly more nlitrogen but, on Hie othecr hand, significantly less
cllazotizable 11atIE-riail (i.e., metabolitus of tryptophan) than their con-
t rols .* The explanation for the decreased excretion of tryptophan cata-
boll us ina lie in the ussentia lity of tryptophan to protein synthesis
in rodents b and thle marked increase in serum protein synthesis observed
during sepsia.

Panrt 1:

~ocoasd xcretion of mietaiboli tes of tryptophan and alterations in
urinary output of catabolites of the pyridinle nucILeotidet; were noted

ouigsandfly and Lyphoiu fever. These changes wero demonstrated in
the absence of anl oral dose of Lryptophon and thus m,,ay allow discrimi-
nation between viral and bacteria1 ilinL-sses. Lessened oxcretioll of dL-

i radation productS of' tryptophan were noted in rats uxposed to D.
pneumoniae and S. typhimurium.

Progress, Part IL:

Rats fed a diet adequate for growth eliminated morc nitrogen when
LAoosed to D. pnuoiethan their pair-fe-d controls which had been
injucted withi heat-killed pneumococci. The average increase in nitrogen
excreted amounted to 37 mg/24 hr on day 1 and 25 mg/24 hr on day 2.
Th'lese differences Were significant at tile 0.005 and 0.05 level, respec-
tively as Judged by the paired L-test. Analysis of t-ha urine samples
for specific nitrogen metabolites showed urea nitroden, zuwmionia, a-amino
nitrogen ;itid cruatininu to be excreted in greater quantities by the in-
fucted ,iniinais than the controls. The significantly increased excretion
o1f crzaiainu on day 2 is consistentl with Lhe data f-rom studies in man6
and wi Li thle hypo Lilu~im; that infuction induces a flow of: amino acids from
skelutal iiuscio to liver.'/

inI con trast to thoe enhanced eve rail cat :molic oct lvi y on day 1 inl
the. infected animials , the, ru was, a significilntl Lncrea,,( inI Ole incorpoluation
of rildioaative leucirne into srum proteins at 1A and 24 hr postexposure,
cur resnnding In t Lira to *Jie onlset of fever and b ac to rL'EkI: InI thUs allniS.
hitLie change was nuced inl tota'l liver protein incorporation atL these
t imies. 3

Rats were linfLCted withl i0jL D. pommna;22 hir i atr thmey wore in-
juOeted With 100 Xi .i-lou ta/OOg Ody weight. Tw k [I rs later 0hC.
Wetre K(ilkd. U CiiuioJSo ace tat strip uiLc rophmorus i! of time sora reve aled

5 li~iLicai tin(.12 0005c ill Ci (1:_ 111(1 p i~lo Lein i raeLOI t 11 ton a 1marikd decro.ZSOS
.1.1 the lo uiii1i and -, ,..-1Lo i n f'rictions, W1 1n the ,;t r L ps w, re. ;; tiIalled for

,.~ cup ote ns ad Lt,-: Lln to rendvred as, mg of protein 1) wind earbohyd rate,
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the U1, ( 2 and i-glycoglobulin fractions displayed sinificant increases
while the albumin and y fractions remained unchanged. Radiochromato-
grams of the elecLrophoretic strips as well as analysis of individual
fractions indicated that the al, a2 , and 8 serum protein fractions of the
infected animals contained more 3H-leucine than similar fractions in non-
infected pair-fed controls, while radioactivity in the albumin fraction
was significantly decreased.

A ,;!ar<.Ud increase in serum protein synthesis is also observed in rats
" 'cuLn deficient dieL (6% protein) for 28 days after weaning and

i :;.r to uL:uir exposure to infecting organisms. The increase is of the
=ate o gnituda as that found to occur in rats fed a diet optimal for
grwth (1L% protein) and thus suggests that serum protein synthesis by
the liver is a fundemental host response to infection.

When S. tit urium was used as an infectious agent, pair-fed in-
fected rats excreted on the average. 135 mg more nitrogen than the saline-
injected controls over a 5-day period following exposure. Though there
was a significant increase in nitrogen output by the infected rats on
da:y 1, the preponderant outpouring did not occur until day 3. By day 5,
the difference between control and infected rats was minimal. Prelimi-
nary data indicate that salmonellosis also enhances serum protein syn-
thesis.

Very recently we have been able to induce a pattern of increased
serum protein synthesis resembling that observed during pneumococcal
sepsis in the rat, by the administration of an extract from peritoneal
liukocytes. This same leukocytic extract has been shown to induce a move-
ment of amino acids from muscle to liver tissues.9 Similar extracts have
also been shown to elicit. the synthesis of acute phase globulins.10
We therefore suggest that the concomitant outpouring of body nitrogen and
the enhanced synthesis of serum protein observed in these studies have a
common origin and are interrelated facets of the liver-mediated response
to a proliferating infectious organism.

Summary, Part I;

Sepsis caused by either 1). PneumoniLae Or S. typhimurium induces a
greater loss of body nitrogen than occurs in pair-fed controls. Con-
comitant with this outpouring of nitrogen there is an enhanced s~nthesis
of serum proteins which occurs even in rats fed a protein deficient (65'
protein) diet for 28 days after weaning and prior to exposure. Ceiiulu"c
acetate electrophoresis reveals that tho cv' and -S protein and ao ,' ,u :
g.lycuglobulin fractions are increased inl peUumococcal sepsis. This i,
confirmed by the analysis of 3 1i-leuciie incorporation into serum procins,
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The iticruased synthesis of serum proLeins does not become evident until
after the onset of fever and bacteremia. This infection-induced increment
in serum protein synthesis can be mimicked by the injection of an extract
of peritoneal leukocytes as can the flux of amino acids from muscle to
liver. These data suggest that the enhanced excretion of body nitrogen
and synthesis of serum proteins in infection have a common origin and
are interrelated facets of the liver mediated host response.

Par III:

During the past year the transition to a new investigator has
occurred, Previous work done at this Institute has shown diurnal varia-
tion in genetic template expression in the mousel 1 and a change in this
normal variation during 2. pneumoniae infection of the mouse.22, 3

The system used to gather this data consisted of isolated mouse chromatin
and a bacterial DNA-dependent RNA polymerase isolated from Escherichia
col. Progress for this year has centered on the investigation of
the basic findingu in the rat.

Preliminary data obtained from time intervals more frequent than
previously studied has been used to construct a day curve of template
activity. The data supports the hypothesis that diurnal variation is
present in the rat and that the magnitude of the variation is greater
than that reported in the mouse.11 This work has also utilized the
above mentioned bacterial enzyme.

In order to standardize further the assay system and to allow
further study of the multifactorial mammalian transcriptional process,
work is in progress to isolate the rat liver DNA-dependent RNA poly-
merases. This species-specific in vitro system will enable further
studies into the earlier observatio-T'-concurning the increased incorpora-
tion of precursors into ribonucleic acids during infection.

Sunmiary, Part III:

The study of the Lemplate activity of isolated mammalian chromatin
has been extended to another species, the rat. Diurnal v'ariation in
the template activity of this animal has been established.

Presentation:

Powanda, M. C., R. W. Wannemacher, Jr., and G. L. Cockerell. 1972.
Nitrogen metabolism during sepsis in rats. Presented at, Annual Meeting
of Federation of American Societies for Experimental Biology, Atlantic
CiLy, N. J. 9-14 April 1972.
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W. R. Beisel. 1971. Tissue amino acid flux after exposure of rats to
!iplococcus pneumoniae. Infec. Immun. 4:556-562.

2. Powanda, M. C., and R. W. Wannemacher, Jr. 1971. Tryptophan
availability as a control of hepatic pyridine nucleotide concentration
in mice. Biochi'm. Biophys. Acta 252:239-245.

3. PowancLa, M. C., R. W. Wannewacher, Jr., and G. L. Cockerell.
J972. Nitrogen metabolism during sepsis in rats. Fed. Proc. 31:710
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23 (U) Identify and study factors involved in the pathogenesis of virus diseases.This work unit is an essential element in a comprehensive program for medical
defense against BW agents.

24 (U) Extend investigations of the effect of arboviruses or the fets, in orderto understand how the observed effecL on fetuses occurs, ,tc.

25 (U) 71 07 - 72 06 - Studies were conducted to elucidate the site of action ofTC-83 virus which results in fetal death when mouse dams are inoculated on thedays 10-12 of gestation. Developing viremia levels in maternal and fetal tissuesfollowing inoculation of the dam indicated virus levels in embryos as high as2 logs more virus/gram of tissue than observed in maternal blood. However, thehighest virus levels were seen in uterine tissues. Histopathologic studies
suggest that placental lesions precede fetal death.

Terminated since FY 1973 funding will be under The Surgeon Guneral, Army.New Project No. 3A062110A834; Accession No. DA 0A6423.
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BODY OF' REPO0RTi

Projuct No. 1l uo211IA090: IMedical !Xefense ASPe-Ctb Of Biological Age.nts (I,"

'Task No. 1W6627I1A096 01: Pathogenesis of lnfiction of Military Importance

Work Unit No. 09o 01 403: floslt-parasite lNlationships in Ilathoge'nosis of

V'irus '.nfuctions ol. %ilitary %'e.dical Importance

V Iacturti inVolVcd in LhLt patLhogL neSiS of Vi;r ta5

Studies6 .-av,- shown thaC pregnalnt iaice inc:,aLtd With live2, atnuat~
Vunozuc.lan ouinUel vncephalomy lit is (VEE) vaccine virus (TC-83) during a cur-
tain stage of gestation had diminished litter tsize, more stillbirths and in-
creased mortality of young.1 Thu same studies suggested that transmission of
TC-83 from dams to young occurred in utero. Previous studies had shown that
Hie maximum doLt-irii'nal effUct on the fEtuses and newborn Occurred when dams
were inoculacud on days 10-12 of ge.station. 2  To dtermine relative viremia
titers of maternal blood and it bryonic ti. sues6, damts we-ru inoculated on the
10th or 1201 day of gestation with 5000 med6ian mouse intraperitonceal (IP) im-
munizing dose's (M1I!] ' InI P<poriment 1, :ietddams inoculated on day 10
were killed 12 and 2419 ir postinoculation. and at 24-hr intervals thereafter.
Maternal blood and an embryo suisoension from each damn were examined for virus
titers. RLesuit., are shown Ln 'fable 1. Pe ak ombryonal viremia was attained
by 48 hr postinloculat iea of LAIe daa-I and sustaired throughi 96 hr. 'This period
Of maXinImm nr'ni vir ,nia corrn'ijdted w,;Lh the puak maternal viremia; how-
e'ver, the ma Lvra l ead vis Li.L i t~swLIre approximate lvl 2 logs., lower in mag-

In Vpeet2, danra: wore ec ae onI te 12 tI daiy of gestation and
kille.d diiiv, a-. ii a xp,-rj.inL 1. I MAerl- bloo0d, titer ilno tissue' an1d mr
011 c S us pI) On1 Wi tls sa!Ved Loi.' %irus tICea es t art- shown in
Ii. The2 Viru I't-'itcr.; in Vhe 1 -r noL I IL t L1tI. Ca weCre' e>Ce-pLtonal Iy h igh I exceed'i ng
value's Itaied I vi tier ote.;or maenlCi :iuoL:;. Future -,tudies Will1
atempt to ae)';toplacental and a ten i noC t.IC as us ad furth e-r evaluate C he

To invecL L11k. 11106 th0"eo~ c of i'-3in produe ini; L1he ,;ev~rL, detri-
nnaL IecLict_- P rvvi euc I observed, the gos anda histopatlio log ical e f-c ts

Of TC-83 vi nt:, on ri, fo tan, p a11.Cn~ta and uteruIs woreo iunitiated, Ni nety -s i:x
ncocantMiCe '...'Oo i:toculIated IP on thek 1201 da f oi'esta't ion with 5000
1)l 1.% t'I-S3 virus' * To e inocte 1ad 12 non nIIIee'ted damis were ncc'rop.4ied

atL 24-)tn 11nL.- !-%,11 aatI1 day potJCtLL' gos otrmination o t numiber
of ftuso~ "~aai i 6Ls te of resorption andl placental sites wero made in
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TAI3I,4 11 * VIRE.MLA LEVElS IN MATERNAl, AND FETAL TISSUES AFTER INOCULATION Or'
DAM Wh111 5000 MIPND TC-83 VIRUS

HOURS POST- TISSUE
INOCULATION Maternal Embryo Uterus

Blood

+a 4.4 0.1

46 + 3.9 ± 0.3 5.5 ±0.2

72 3.9 ± 0.2 5.4 ± 0.7 8.0 ± 0.1

96 + 4.2 ± 0.7 8.9 ± 0.4

120 b 4.9 ± 0.8 5.5 ± 0.3

144 + 4.1 ± 0.2

a. Viremia present; too low to quantitate.

b. No detectable virernia; limit of detection 2.0.

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

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

The histopathologic observations are sumarized as follows: No lesions
were observed in either the fetuses or dam which could be attributed specifi-
cally to the effects of TC-83 virus. Necrotic foci in the lumien of the uterus
which were either resorption or abortion sites were observed in both control
and inoculated dams with about the same frequency on days 1 and 2. In these
cases, the lesions obviously had been present more than 2 days; they are con-
sidered to be the result of early embryonic death, rather than an effect of
TC-83 virus. On the other hand, in mice necropsied after day 2, the resorp-
tion sites occurred primarily in the infected mice. Marked placentitis and/or
placental necrosis also were seen primarily in inoculated mice. Results
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suggest that the primary lesion resulting in the severe effects observed nay
be in the placenta; however, these results are limited. The e:eceptionally
high virus titers in the uterine tissues (which may bL .,..M'rely a result of
placental tissue) would further suggest that this rapidly growing tissue may
be a primary target organ for this virus. Additional studies will be ori-
ented toward further elucidation of these observations.

Summary:

Studies weru conducted to elucidate the site of action of TC-83 virus
Fichl r~uits in fetal death when mouse dams are inoculated on the 10lI-12th

days of gestation. Developing viremia titers in maternal and fetal tissues
following inoculation of the darn indicated virus titers in embryos as high as
2 logs more virus per gram of tissue than observed in maternal blood. How-
ever, the highest virus titers were seen in uterine tissues. Histopathologic
studies suggest, buL are too minimal to be conclusive, that placental lesions
precede fetal death.

Additional studies are in progress.

Publications:

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

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

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

Terminated since FY 1973 funding will be under The Surgeon General, Army.

New Project No. 3A06211OA834; Accession No. DA 0A6424.
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0escription:

Determite the ultrastructure of arbovirus infection in the mouse
central nervous system.

Progress and Summaryv:

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

Large viruses, such as vaccinia (250 n") are cleared in minutes by
the reticuloendothelial system, while smaller ones, such as Venezuelan
equine encephalomyelitis (VEE) (60-75 m) 2 have longer half-lives, 1  This
longer half-life may be decisive in favoring endothelial invasion by a
circulating virus. Indeed numerous investigators have shown viral antigen
in significant amounts in the endothelium of the central nervous system.,3 " 6

Neural infection and spread along axons, perinoural space and endoneural
cells 7 is probably secondary to endothelial invasion and growth.

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

Normal brain (and other tissues) have been processed and studied by
electron mi.crotcopy, in anticipation of actual inoculation and harvesting
of infected vissue.

Publication:

None.
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23 (U) To evaluate the ultrastructural changes in lymphoid tissue of mice infected
with virulent and attenuated strains of VEE virus. This work unit is an essential
element in a comprehensive program for medical defense against BW agents.

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

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

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

Terminated since FY 1973 funding will be under The Surgeon General, Army.
New Project No. 3AO62110A834; Accession No. DA OA6425.
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Project No. tWb2,7liA096: Medical Defense Aspects of Biological Agents (U)

Task No. IW66271iA096 01: Pathogenesis of Infection of Milimry Importance

Work Unit No. 096 01 405: Lymphoid Tis.iue Ultrastructure in Viral InfecLiuns
of Military Importance

Descript ion:

Study ulLrZutructural changes oi lymphoid tissue lesions produced by
VEE and yellow fuver.

Progress :

Lymphoid necrosis has been observed in mice infected with the virulent
strain of Venezuelan equine encephalomyelitis (V12) virus. yperplasia of
reticuloendothelial (RE) cells is described in mice infected with the
attenuated vaccine strain of VEE (TC-83). These mice develop an enhanced
antibody response to antigenic challenge. It has been theorized that
this enhanced immunity is related to the effect of the virus on the RE
system. It does appear that tae lymphoid system is a target organ for
VEE virus. An ultrastructural study of the lymphoid changes during in-
fection should help explain the pathogenesis of VEE infection. It may
explain the mechanism of enhanced antibody response produced by attenuated
VEE infection ii mice.

Fifty 35-day-old white mice were divided into 3 groups. One group
was inoculared with 5000 median mouse intracerebral lethal doses (MI('D )
of TC-83 by the incraperitoneal route (IP) route. -he 2nd group receiVw'
1000 MICLD0 of TrihLdad strain VE::, and the 3rd group served as a controlit) - ",
group. Mice trom each groulp were killed at 12-hr intervals through 48-hrpost-inoculation and then at 24-hr intervals through the 6th day.

Sections of spleen were collected from each -mouse and prepared for
electron microscopy. The remaining tissues were formalin fixed and prepared
for light microscopy. Special interest was directed toward the presence wm
severity of lymphoid canges. These findings have been summarized in Table I
RE cell hyperplasia was not pronouncLd in any of the infected mie. Zc nlni-
ca. difficuiLies with the electron microscope have delayed the exa::,ination
of the tissues at the ultriastructural level.



TABLE i. PRESENCE OF NECROSIS IN LYMPHOID TISSUES

TIME POST- PRESENCE OF LYMPHOID NECROSISa

INOCULATION

hr CONTROL TC-83 TRINIDAD

12

24 +

36 ++ +++

48 ++ +
72 -- ++

96 ++

120 +

144

a. - No pathology
+ Minimal
++ Moderate

4++ Severe

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

Summary:

Lymphoid changes in mice infected with virulent and attenuated strains of
ViL have been compared by light microscopy. Tissues have been prepared for
electron microscopic study, but technical difficulties have delayed this study.

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

Publications:

None.
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23 U~ StudCIythe biological effects of microbial toxins. This ;orkunitI is anl cf
essential element in a comprehensive program for medical defense against BW agents.

24 (U) The effects of microbial toxins on animal hosts are determined by
measuring various physiologic parameters.

25 (U) 71 07 - 72 06 - Techniques have been perfected for surgical implantation
of single or multiple car'nulation devices in the rhesus monkey to facilitate
introduction of toxins at specific gastrointestinal sites. In addition, preliminary
studies utilizing intestinal loops have demonstrated no grass or histopathologic
differences between loops containing SEE and control loops containing saline.

* Preliminary data obtained in this study suggest that the dosage of purified
staphyloloccal alpha toxin employed was lethal for the rhesus monkey and that
postmortem lesions were compatible with those seen in deaths from endotoxins. IV
administration of delta toxin at the dosage indicated appeared to have no adverse

* effect. Additional studies employing significant numbers of rhesus monkeys are
needed to fill the existing void in data collected from subhuman primates and to
better elucidate the in vivo mechanism of action of purified samples of staphylococcal
alpha toxin.

Publication: Lab. Invest. 25:617-625, 1971.

Terminnted since FY 1913 funding wi1ll be under The Surgeon General, Army.
Now Project No. 3A062110A834, Accession No. DA 0A6426.
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';Laphytococcal alpha (C) and delta (A) hCmolytic uxotoxin. ",v  Alpha and L
ricmolytic exotoxins are only 2 of a large number of potcu.Lially toxic factors

Zind enzymes produced by various strains of Staph1yooccu aureus; these are
not to be confused with staphylococcal enterotoxins which likewise bear let-
ter designations.

Three rhesus monkeys were inoculated IV with a 6, re-lO (most purified)
or a-11 toxin preparation; a 4th monkey, inoculated with borate buffered sa-
line (BBS), served as a control. After surgical implantation of necessary

io, ntio , monkeys were placed in restraint chairs and allowed to sta-
i.lize for 24 hr prior to collection of baseline dat. and toxin injection.

PI-ysiologic parameters measured included arterial pressure (BP), mean arturi-
al pressure (MAP), electrocardiogram (EKG), respiratory rate (RR), heart rate
(HR), body temperature, and various hematologic values [white blood cell
(WBC) and differential white count, hematocrit (1CT), blood urea nitrogen
(BISN) and blood chemistry'. Complete gross and microscopic pathological
studies were performed on monkeys that died.

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

TABLE I. CHARACTERISTICS OF STAPHYLOCOCCAL ALPHA AND DELTA }EMOLYTIC TOXINS

IDENT. MONKEY mg INJECTED SPECIFIC ACTIVITY jgg LETHAL (45 MIN)/
NO. (IV) (HU/4g) 3-kg RABBIT

a-10 B-137 1.0 10 75

-11 B-147 3.5 3.6 <140

L-142 10.0 --

Control B-156 2 ml BBS --

Xonkvys receiving i0S or A toxin showed no abnormal clinical signs. 11owevLer,
the monkey receiving iz-l0 toxin demonstrated severe signs consisting of eme-
sis, lethargy, dyspnea and respiratory arrest terminally; the monkey which re-
ceived U-1l toxin showed similar clinical signs.

"'Supplied by Dr. James J. Rahal, Chief, Division of infectious Diseases,
, reranp '1ministration Hospital, New York, N. Y.

.........



Physiologic data collected on the monkey receiving A toxin were consis-
tent with values recorded for the control monkey throughout the 72-hr obser-
vation period. The a-10 and a-11 monkeys showed early elevation in body tem-
perature and blood pressure, believed to be associated with emesis, retching
and struggling. From 10 min postinjection to death at 95 min, the a-10 mon-
key showed a progressive drop in BP, RR and HR. Although the a-11 monkey re-
mained more physiologically stable throughout the observation period, both

a-l0 and a-11 monkeys showed a precipitous fall in blood pressure terminally.

Physiological data are summarized in Table II.

m, control and A monkeys showed similar hematologic values except for
a iarkud leukopenic change with subsequent rebound demonstrated by the L mon-
key. Both the a-10 and U-11 monkeys showed leukopenic changes in the hemo-
gram, but rebounded prior to death. Similarly, both had terminal elevation
in the hematocrit. Hematologic values are summarized in Table III. Addition
ally, alterations in blood chemistry values included early elevation in blood
glucose in both the i-i0 and u-Ii monkeys. These 2 monkeys demonstrated ter-
minal elevation in lactic dehydrogenase (LDH) values.

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

Monkeys given U-10 and c-i! toxins were necropsied immediately following
death. Significant lesions in the a-10 monkey included tracheal fluid, edLem-
atous lungs, acute hemorrhage of the myocardiu=, gastric mucosa, and brain,
and moderate congestion of all tissues. The lesions described arQ compatibli
with those observed in deaths from endotoxins. The immediate cause of death
appeared to be acute pulmonary edema.

In addition to the previously described lesions noted in the a-10 mon-
key, the ce-I1 monkey demonstrated gastric dilation, subendocardial hemorrha,%
severe peracute infarction of the left kidney, edema of the submucosa of the.
stomach, small intestine and colon, thrombosis of the major arteries of the
lungs and kidney, splenic necrosis, and lymphoid hyperplasia of the spleecn.
Cystic dilations in the mucosa of the stomach were unique in the pathoiogi-',%-
experience.
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TABL1 Ill. HEMATOLOGIC VALUES, STAPIYLOCOCCAL ALPHA AND DELTA HEMOLYTIC
TOXIN STUDIES

WBC IICT
TIM no./cu. cm. %

Control A U-10 C-11 Control A a-i0 c-ii

C 11,990 16,900 19,800 9,350 32 38 42 39
5 11,440 8,580 9,850 3,000 32 38 40 38

15 12,320 9,000 8,250 2,500 32 38 25 38
30 14,740 7,150 12,100 4,180 31 38 42 38
60 14,410 2,750 8,250 4,290 32 38 47 38

90 6,820 12,000 5,000 36 70 37

hr
2 15,180 11,700 Dead 5,500 31 35 Dead 38
2.5 9,600 9,680 34 38
3 9,790 9,460 10,350 25 32 37
4 12,100 12,430 32 36
6 14,630 10,500 13,860 25 31 40
+15" 11,000 52

10,450 12,800 Dead 21 30 Dead
24 8,690 11,100 27 28
36 6,710 26
48 11,440 9,240 27 24
72 11,000 13,640 27 24

Summary, Part II:

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

Additional studies employing significant numbers of rhesus monkeys are
needed to fill the existing -void in data collected from subhuman primates and
to better elucidate the in viva mechanism of action of purified samples of
staphylococcal a toxin.
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Evaluate ile role of host mediators in the action of microbial toxins.

Proress:

Researci into ,ie role played by bradvkinin in the action of microbial
toxins has been slowed by problems encountered in the radioimmunoassay
technique. The major problem has been in producing a suitable bradykinin
antiserum.

Since the last report,, work on thin problem has taken the following
direction: Two additional rabbits were irmmunized vith antigen previously
prepared, and the resulting antisera gave no improvement in binding activity.
Fresh imnunogen was prepared and injected into 2 rabbits, with similarly
poor results. Gamma globulin fractions were isolated from previously
harvested antisera in the hope of concentrating the antibodies, but the
resultant binding activity was still inadequate. A close examination of
all antisera data up to that point showd that those rabbits immunized with
the first imniunogen prepared in this laboratory gave the best binding
activity. Unfort. ately, these were rabbits lost because of a thermostat
malfunction in the animal chamber. Batches of inmunogen prepared after
that first one may have contained a partially (or completely) deteriorared
bradykinin molcoule, resulting in antibodies wnich would not bind well L
labeled tyros;, .- 8-bradykinin.

Thereforo, fresh bradykiiin was obtained from a diff.rent supplier
and the bradvkin in-ovalbumin complex again pre pared in the previous manner.
Upon tie recomm.endation of Dr. Talamo, the originator of 1his assaly, a
dose of approximately 15 mg of irnmunog:.'n, as compared to 6 mg previouslv
used, was administered to each of 3 rabbits, The method of immun izat in:
was also altered. Previously the entire dose was injected into the toL.,ads
of rabbits. This time, however, the rabbit's back was shaved, the dose
divided in half, and 2 series of injections given :;ubcutancously 3 weks
apart.
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AL this stage of the research an 1 I-""-labeled bradykinin product
b.cam, commerIcally available and was obtained. Use of this hapten has
improved the chances success with this immunoassay, since it is a
more standardized product than the one we tried to label ourselves and
has a known specific activity.

Antisera were collected from the rabbits immunized by the newer
method and larger dose and tested for their binding capacity with the
commerically-obtained hapten. Results from the binding studies show
, the antibody response from the newer method is somewhat better.

,.ie binding capcity must still be greater and the antisera
diluted further before the assay is suitable.

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

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

TABLE I. BRADYKININ LEVELS OF 4 RANDOM RABBIT SERA.

ng/'ml PLASMA
SAMPLE mean + SEM Range

A

I 10.2 + 2.7 7.2 - 15.0

II 13.2 + 10.8 2.6 - 31.2

II 7.8 + 3.4 2.2 12.5

IV 8.8 + 5.3 4.8 - 18.8



123

It is plainly evident from Table I that the assay was not consistent in
its ability to measure constant concentrations of bradykinin in the same
sample. The variation between samples is not unexpected, since plasma
bradykinin concentrations is dependent on a variety of processes and/or
factors. The reason(s) why the assay was not more consistent is now
being explored. It is expected that a more suitable antiserum, with a
much greater binding capacity, would contribute much to solving this
dilemma. Steps are still being taken to produce such an antiserum.

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

Summary:

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

Publications:

None
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Description:
Study transport and localization of microbial toxins in animal tissues

and the pathogenesis of the corresponding intoxications.

Pr gress:

Various in vitro labeled staphylococcal enterotoxin B (SEB) preparations
have been utilized to dete e the dynamic pharmacology of enterotoxin B.1-3

SEB was labeled with 1311,1251, fluorescein, peroxidase, and tritium.
In vitro labels separate either spontaneously or through the actions of
enzymes when these in vitro labeled toxins are tested in animals. Fluorescein
and 1311 are both separated almost completely when the toxin is administered
via the gastrointestinal tract. Therefore, the in vitro labeled toxin has in
no way elucidated toxin adsorption, distribution, or fate by this route. By
the intravenous and intrapulmonary routes a similar displacement of the label
occurs and most measurements have been made utilizing TCA precipitation as an
indication of that portion of the label which is still 1ittached to SEB. It
has been demonstrated by all routes that from 1251 or I can attach in vivo
to proteins other than SEB. Therefore a portion of the TCA precipitable
activity may well represent free 1251 or 1311 which has attached to proteins
other than the toxin and previous localization studies may represent either
the toxin or an extraneous protein.

U. S. Army Biological Laboratories4 demonstrated an in vivo labeled SEB
with the isotope 14C. This material was purified by the method of Schantz
et al. 5 and the activity was verified by immunological and toxicological
methods.

Tritium labeled SEB was prepared by adding tritiated protein hydrolysatu
and amino acids to both complete and partially synthetic media. The pro-
duction of toxins utilizing isotopically reagents was not decreased. The
levels of incorporation of tritium remained low and exposure times for auto-
radiographs were at least 3 months. Though specific localization of 3H.SEB
was demonstrable in the kidneys, areas with smaller amounts could not be
visualized. The highest levels of tritium incorporation occurred utilizing
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a complete mdia (47, N-Z Amino + 17, yast extract) augmented by isotopically
labeled glutainic acid.

14
Since tritium has a low energy, C glutamic incorporation was attempted.

Trapping procedures for containment of the radioactive (,02 generated during
incubation resulted in diminution in amounts of SEB produced. The 1 C-SEB
produced had an activity of I mCi/mg which was a higher rate of incorporation
than had been achieved with triLium. Ilhe electrophoretic strips scanned with
a gas flow radioactive countvr revealed isotope counts only in the area of
SLB, Zrtium labcl.d mjtLrial scanned previously could not be identified due
to low energy. In addition, th. radioactivity could be demonstrated in the
ine'unc precipitate with radioauLography.

Preliminary in vivo studis utilizing isolated small intestine pouches
to determine histologica differences in control, noninmmune, and imImune
animals are in progress. Initial studies were accomplished utilizing non-
labeled SEB in most animals and one animal in each group with labeled 1 4 C-SEB.
Fluorescein labeled SEB was also uLilizud in one animal as a control for an
in vitro labeled SEB type.

Summary:

A labeled SEB hs been prepared by utilizing a complete media with added
C-glutamic acid. This material has a high specific activity. It can be

readily demonstrated by radioautography and is to bG utiliZL'd in in vivo

test systems.

Publications:

None.
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Work Unit No. 096 01 803: Subcellular Biological Effects of Microbial
Toxins and Microbial Diseases of Military
Importance

Study the subueilular effects of microbial toxins and informational
molecules anc d'eteroine the role of lysosomal enzymes in the catabolism
of exogenous proteins.

Progress, Part i:

Enzymatic and physical properties o± rat liver subcellular organelles
during the infectious process were determined by zonal centrifugation
techniques. Livers from rats, :-.oculated 8-48 hr previously with 107

Diplococcus pneumoniae or 109 Francisella tularensis, were homogenized 1
and subjected to isopycnic centrifugation in a SpLnco B XIV zonal rotor.
Thirty-three zonal fractions were obtained and analyzed for protein, RNA
and 6 enzyme markers of mitothondria, lysosomes and peroxisomes. A
computer program was developed to calculate and represent enzymatic
activities in the form of standardized equilibrium density distribution
patterns.

The quilibrium density distribution patterns of cytochrome oxidase
indicated that progressive degeneration of mitochondrial structural
integrity occurred during the course of pneumococcal infection. Activity
of peroxisomal markers, catalase and urate oxidase, were reduced by 82
and 76% respectively during more advanced stages of pneumococcal infection,
and were accompanied by a substantial increase in mean equilibrium density
of peroxisomal particles. The activity and distribution of particle-bound
cathepsin D, acid phosphatase, and 8-glucuronidase (8-gluc) were not
significantly different from controls. However, a moderate increase in
soluble activiLy of lysosomal enzymes was observed in experimental animals,
suggesting that in the pneumococcus-infected animals, lysosomes may be
larger, thus more susceptible to rupture during homogenization of the tissue.

The distribution pattern of 6-gluc demonstrated the presence of a minor
sedimentable component with a non-lysosomal localization. The equilibrium
density of this component was approximately 1.14 and coincided with the
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localization of the endoplasmic reticulum (ER) marker, glucose-6-
phosphatase. This observation supported the known dual localization
of 8-gluc in hepatic cells. 2 A loss in ER-associated L-gluc was
observed during advanced stages of pneumococcal infection. This finding
suggests that the biochemical morphology of ER in hepatocytes is altered
during infection and that these changes may signify a reorganization of
liver ER and protein s nthesizing machinery specifically for synthesis
of serum glycoproteins rather than cellular proteins.

In contrast to pneumococcal infection, tularemia infection was
r~~ uY suatained rapid loss of ER 8-gluc and transient changes in

t: phyuical-chemicJl properties of mitochondria and peroxisomes.

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

Summary, Part I:

Fractionation of pneumococcal and tularemia infected rat liver by zonal
centrifugation techniques demonstrated alterations in the biochemical
morphology of cellular organelles. The most significant changes observed
in pneumococcal infection were delayed loss in 8-gluc activity and
endoplasmic reticulum and progressive loss of cytoplasmic catalase and
peroxisomal particles. In tularemia infected animals there was a sustained
rapid loss of endoplasmic reticulum 8-gluc and a moderate but transient
decrease in peroxisomal enzymes.

Progress, Part II:

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

Both fractions that contained organisms were judged free of
contaminating egg yolk sac materials by electron microscopy and the
complement fixaticn test against anti-egg yolk sac sera. That quantity of
protein in the lo cr density C. burneti fraction which protected 50% of

guinea pigs against a live challenge of C. burnett was found to be 0.16 ig
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as compared to 1.601 Wg for the original liquid vaccine. Fractioration
of 2 L of liquid vaccine yielded approximately 600 ml of purified
organisms with a protein concentration of 120 g/ml, representing a total
protein yield of 1.98%.

Summary, Part 11:

Purification by isopycnic zonal centrifugation of large quantities of
inactivated, phase II, C. burneti for use as diagnostic antigen and as a
vaccine is described. Fractionation of egg yolk sac derived C. burneti
vaccine resulted in the separation of 2 distinct populations of organisms
each devoid of microscopically and serologically recognizable components
of egg yolk sac. One population of organisms, characterized by an
equilibrium density of 1.24, was rod shaped with a thick, densely-stained
wall and prominent central body. The 2nd population, with an
equilibrium density of 1.28, had a coccobacillary shape, thin cellular
walls and lacked a prominent nucleoid.

Progress, Part III:

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

SEB was iodinated by mixing 500 Vi of SEB (5 mg/ml), which had been
dialyzed against 0.05 M phosphate buffer, pH 7.2, with 5 mCi 1251 and 25 Pg
lactoperoxidase. The iodination reaction was initiated by addition of
50 V1 of 2.5 mM H202 and at the end of 1-2 hr the reaction mixture was
dialyzed against cold buffer to remove unreacted 1251. An iodination
efficiency of 99% was obtained for SEB. Rabbit YG immunoglobulins were
enzymatically iodinated with an efficiency of 93% and a specific activity
greater than 3 uCi/wg protein. Acetate strip electrophoresis of
enzymatically iodinated SEB or YG failed to demonstrate any evidence of
denaturation. Both proteins formed precipitin lines with specific antisera
using the Ouchterlony technique.

A substantial release of 125, was observed when iodinated SEB was
incubated at pH 2.5 with liver, kidney and peritoneal exudate cell
homogenates, as well as a purified liver lysosome extract. The amount
of 1251 released at pH 3.5 and 4.4 was substantially lower (Table I).
The ability of SEB to bind with specific antisera was lost after digestion
at pH 2.5 but not 3.5 or 4.4
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TABLE I. HYDROLYSIS OF SEB-125i BY LYSOSOMAL CATHEPSINS.

SEB TR.ALENT '251A/ BY SOURCE OF LYSOSOMAL ENZYMES

Liver Trit some Kidney G.F../ Liver G.F. PMN G.F.
Extractb-

Trace Labe led
2.5d' 55 40 59 49

pH 3.5 28 20 19 16
4.4 13 14 13 6
7 .. /-- -- -- 4

Formic Acid Oxidized
2.5 92 86 84

pH 3.5 80 96 89
4.4 87 93 90

100 C for 60 Hin
2.5 10 27 32 46

pH 3.5 45 63 35 64

4.4 44 80 44 76
7.5 -- -- -- 32

Extensively todinated
2.5 11 10 12

PH 3.5 11 10 14
4.4 9 14 8
7.5 -- -- 10

Chloramine-T lodinated
2.5 10 11 5

pH 3.5 9 10 4
4.5 8 7 3
7.5 -- -- 3

a. 1251 released into a soluble 5% TCA supernatant after 24 hr incubatiur.

b. Liver lysosomes isolated after Triton WR-1339 injestion by the method
of Trouet. 7  Sonified saline extracted lysosomal protein composed 10%
of the total protein in the incubation mixtute.

c. Large granule frac.tion isolated by differential centrifugation of
homogenate. G.F. was incubated with toxin at a protein to protein ratio
of 2:1.

d. Citrate buffer 0.i M containing 0.01 M cysteine.

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

In contrast to trace labeled SEB, toxin oxidized with formic acid
was more extensively digested by purified lysosomes and kidney homogenates.
SEB iodinated by the chloramine-T method and heavily iodinated SEB were
less susceptible to lysosomal hydrolysis. The latter SEB derivative,
formed by additional enzymatic iodination of trace labeled SEB in the
prusence of 0.031 X XI for 12-24 hr as described by Agner,5 resulted in
a yellow producc which was electrophoretically distinct from native or
trace labeled SZB, and did not react with specific anLisera. SEB heated
at 100 C for 60 min, on the other hand, was more extensively digested at
pH 4.4 and 3.5 than in pH 2.5.

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

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

6

Summar , Part III:

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

Prcsentations:

1. Canonico, P. C. 1971. Cellular biology of SEB. Presented to
the National :nstitute of Child Health and Human Development, Bethesda, XJ.

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

Publications:

!. Canonco, P. G., and M. J. Van Zwieten. 1971. Swelling of
mitochondaria 'rom rabbit liver induced by staphylococcal enterotoxin B.
.T. Irfect. Dis. 124:372-378.
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2. Canonico, P. G., M. J. Van Zwieten and W. A. Christmas. 1972.
Purlfication of large quantities of Coxiella burneti by density gradient
zonal centrifugation. Appl. Microbiol. 23. In press.
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Subjects in both groups exhibited a secondary antibody response with
mean LNI of 2.6 in Group I and 2.3 in Group ii. All individuals in
Group I had LNI '1.8. Two subjects failed to achieve significant
neutralizing antibody in Group II. The mean LNI 42 days after the booster
dose of vaccine was 2.3 in both groups.

Summary , Part I:

A EEE vaccine produced by the Merrell-NatLional Laboratories,
niizwaL, 2a. uLillzin6 large scale production methods has been admin-
JLAurud to a limited number of subjects. It has been found to be of low
ruacogcnicity when administered subcutaneously in 2 different doses 28
Juys apart. Significant neutralizing antibody developed in the majority
cf subjects 14 days after the second dose of vaccine. A booster dose on
day 180 eliaited a secondary response in the majority of subjects.

Progress, Part II:

Clinical and Laboratory Evaluation of Repeated Immunizations in Man:
immunization has become an accepted method to prevent infection in man.
With the exception of local and systemic reactions following the adminis-
tration of a vaccine, few other adverse effects to vaccination have been
clearly defined in man. Amyloidosis has been reported as a complication2
in experimental animals receiving frequent and large amounts of antigen.
To determine whether frequent and repeated immunizations are associated with
adverse effects in man, a study was initiated in 1958 in 99 individuals at
Fort, Det~ick who were receiving a variety of antigens for an extended period
of time. Seventy-seven of the original 99 subjects were re-studied in a
similar manner in 1964. 4 No evidence of clinical illness was found in
subjects in either study which might be attributed to imnunization.
However several unexplained laboratory deviations were noted as follows:

1. High incidence of lymphocytosis.

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

fractions.

3. Elevated serum hexosamines.

4. Unexplained abnormalities of Liver and renal function.

5. A high incidence of serum ant?gamma globulin activity.
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No conclusive evidence was presented that these abnormalities represented
adverse effects of intensive immunization.

The study to be described represents a 25-year follow-up evaluation
of the 99 individuals. Eleven had died; 11 have not yet been seen; the
77 other subjects had received an average of 100 ml of antigen and over
40 skin tests each since [946.

Each individual was studied with a complete history, physical
cX.4aZilti(), ciust x-ray and electrocardiogram. Blood was obtained
±rou eich subject for the following laboratory studies: white blood
cell, differential, platelet count, hematocrit, partial thromboplastin
and prothrombin time, leucocyte alkaline phosphatase stain of peripheral
blood smear, lupus erythematosis cQll preparation, sodium, potassium,
chloride, copper, zinc, iron, calcium, phosphate, creatinine, uric acid,
SGOT, alkaline phosphatase, billrubin direct and indirect, cholesterol,
triglycerides, free fatty acids, blood urea nitrogen, phosphates, venereal
disease research laboratory test (VDRL), serum hexosamine, antinuclear
antibody, rheumatoid latex factor, serum protein and lipoprotein electro-
phoresis, IgO, IgM, IgA, IgD, Kappa and Lamba light chains, C'3 and
lymphocyte stimulation studies. In addition, 24 urine specimens were
obtained from each subject for creatinine, protein and immunoglobulin
determinations. The results were compared with 25 control subjects from
Fort Detrick.

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

Summary, Part II:

A 25-year clinical and laboratory follow-up study was conducted in
77 subjects who had received frequent special immunizations. Although
studies are still in progress no clinical illnesses were found that could
be attributed to intensive immunization. Liver function studies and
serum hexosamines were found to be elevated in some of the vaccinees and
remain unexplained. Lymphocytosis, abnormal serum protein electrophorecic
patterns and proteinuriv noted in previous studies were not detected in
the present study.
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*F tularensis.
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simrultaneous ly withi other vaccines.* survive~d in 11' cai iW i Lh higi. ly
virulent Trinidad 6train of VELE at I close lethal for 'IN notlitiXlUneCan r
andmals (Table 1). I-nmunzation with LVS vaccino p:oa:vctod jguiine pi.gsL

* ~ ~~~~ L.... e:' ih F, t i-in 425, z, c:;. strair of

- a..,. . !'ec 1en0d SC With hihyVlra,,101 trlar ta

PiRQ7-!-Ci'lyc LE FICACY OF VLNEZLL.A N LQI: >CA.i l (ii
'LC-83 '...:~ NJ T'LLARLMIA LVS VACCINEA2 NI''JD

S IuLAN:O~:i :20Oi WITHOU PIN AVALE'; VA(,; (P'V)

CHALLENGE oiIGANIS.16

Trinidad StrainlTlrmi tai

VEiL 425__ SIL- 4

(3av s

P'V + T-83 7/7 -

P'V + LVS -- 15/15 1/ L5 2'J + 3.~

A' + '20-83 + LVS 9/9 10/10 1119 22 + 2 .

LA'S -- 13/1.4 c/.1 23: + .

TC-83 + LVS 8/9 14/14 /14 26 6 .

0/9 3/17nized 012 o + 0.2

L. PIT =ProLecteci/Totai.

b. XTTL) Mean time to 6cath + SEM.

Scrur-, samnples were coll cted for s.aroic± i cal C!%iU;Atkn flc: :t1
.aaonl day -3 and day 38, from zurvivors, of V , ,airik

cor. survivor,, of LLula rer. aChal lenge oni <5', 1,02. C.i ci ; . ' a
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C'.M by reportLd at this time. Preimmunization sLr.1 had no detectabh'
antibodies for VEE; hemaggiutinatlon inhibition (HI) titers were I :I.
and ttilaremi agglutinin titers <1:10. Except foi 6 Mlinals in the groupi
that received the LVS-TC--83 vaccine treatment, a &ood VEEi at tbodv r,.sjozi.it
do\,elopLed following TC-83 immunization (Table 11). The 6 retractovy
animals, members of a group In which some guinea pigs inadvertIIly
received 0.01 human dose (rather than 1 human dose) of '1C-83 vaccine, had;
prechallenge HI titers <1:10, but 5 of the 6 survived challenge. Th'c
reciprocal geometric mean titer (GMTr) for the other 4 members of the ro;
was 760, a value compatible with that of other TC-83 immunized gr'ups.

,iU.' response to tulareria immunization was essentially the same for
uii : ups,

TABLE ii. RE'CIPROCAL GEOMETRIC MEAS TITERS OF PRECIIALLEN;: SERA FXOM
GROUPS OF GUINEA PIGS IMMUNIZED WITH TC-83 AND/OR L\.S \ACC'.Nil,
ALONE OR SIMULTANEOUSLY WITH PENTAVALENT VACCINE (FV).

PRECHALLENGE VALUES FOR CHALLENGE GROUPSIMUNIZATION Trinidad 425 S0 IU- S4
CROUP VEE titer Tularemia

HI agglutinin titer

PV + TC-83 830

PV + LVS - 175 211

PV + TC-83 + LVS 1880 197 160

TC-83 933 - -

LVS - 201 150

TC-83 + LVS 37 150 175

Antibody response to 4 of 5 components ol the peuntalent prepacuarion
was also evaluated (Table III). Simultaneous immun!: nIcon with live I'6
vaccine did not affect the responses to any of the 4 components.
Simultaneous imunization with living TC-83 vaccine appeared to .uppre's
WEE and EEE responses but enhanced response to Q vaccine.
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TABI, III. RECIPROCAL GEOMITRIC MEdUN TITIiRS 7 DAYS AFITER TiE 2ND
INJECTION OF PENTAVALENT VACCINE (PV) ADMINISTERED ALONL
OR IN COlUINATION WITH 1C-83 AND/OR LVS VALCINE.

MEAN T IT'ER a-

£ IMUN IZAT ION CROUP I x a 1 Ion
CROUP WEE EEE RVF Q

2540 930 2.5 7.6

V -- -b3 ov7 128 2.4 23.0

IV + LVS 1222 1469 1.4 5.2

PV + TC-83 + LVS 1483 1888 1.5 14.0

a. Test antigens: WEE - Formalin-inactivated Western equine encephalitis
virus

EEE - Formalin-inactivated Eastern equine encephalitis
virus

RVF - Formalin-inactivated Rift Valley Fever virus
Q - Formalin-inactivated Q fever, phase II

It is obvious that serological techniques employed to measure humoral
antibody were ineffective for evaluating protection conferred by
immunization with live attenuated vaccines. Guinea pigs lacking Jil antibody
were resistant to challenge with VEE and most animals with tularemia
agglutinins succumbed to challenge with virulent tularemia strain SCIIU-Si.

it is difficult to assess the significance of resistancc to chal Icn-kc
wit'h tularemia strain 425. Mechanisns for eCtabdishing infection arc
probably quite different from attenuated and fully virulent strains, is
Is suggested by the numbers of bacteria required to produce fatal illtect ions,
Attenuated organisms may exert their effect by accumulat~ion of endo"oxin--
like products; their ability to invade cells of the hos t may ho blocked o.r
delayed; or their somatic or soluble products iflay provoke an acceluraLed
host defense response. In any event, some modificatieCn of their 1'.,ifcctious
properties is advanzogeous to the host and permits effective utiliaetion of
specific and nonspecific mechanisms of resistance.



ri

157

Simultaneous immunization of guinea pigs with pontavalent vaccina-
neither enhanced nor suppressed immunogenic responses to living attoauated
viral and/or bacterial vaccines. Serological responses to WEE and HE
components of the pentavalent vaccine appeared to be suppressed by
simultaneous immunization with TC-83 vaccine. However, serological
response to the Q Fever vaccine component of the pentavalent preparation
was enhanced by inmunization with TC-83 vaccine.

:;anor.ico, . G., M. J. Van Zwietf!n an.; W. A. Christmos. 1972.
of lariu quantities of Coxiella barneti by density gradient

4cnal centirLkLC ionA. Appi. Microbiol. 23. In press,
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Pro ju,-t No~. 1W6627.1A096: Medicali Defense Asp)ect> of sBlologiudi tecnts (U)
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of c hr z r. La i IL. V,:1 no uS ; I id LC d,.: C. pr, . Ltk L:aL L N' t L Q r, :1) Lon,1

Fi"k' bc: a! .r to 1irudict rma LcpI;;si

Studies continued to investigate the feasib~iLity of' employing a)n
animal model SysLtcw. to establish optimal dosag--t;e and !:eheduie. for
adminis tration of usperimnental. vaccines Lo mar!

Rabbits, weire i.m-munized withi iriactivoted ateequinie teaceph.li ils
(L;EE) vaccine, NDRR 104, Lot 1; antibody reepj.onoes were studied in
Conjunction wich those Of volunteersC! immunlizoed with the sanme vccile,
Medical Divis;ion Protocols FY 71-4 anld -.

To deteralacn if EEE vacciuc waLs capable of producing ' c 1iL iflih1ITill

response through the 16,C phiase ani it Ins suerelogical rsoe in hiumans
are due to low doa;,4 rabbits cer l).ecrw I ..) afot. 1.0 mO o" thu
subcutaneoa (SC LQt . Rabbit aer o. a ac a1- 7--day irit'e:rwii1 fur
6 weelks and aL T, -.,on were s tudiud-1 fi dietail1

Who,1? S era were s rekeautlt 1"Or iOJO.U In in;itw;(1 aIL<'

l)V LiWt )cco f Clairke nk: a an~d foI'Jp- ICIZ Ix

chr'm o2a 01, of 1 1 ........

Iris Uui~lLL -.. LlL , ji 7.3. Oratecl ci !'c C. .u~
by -CV ab,, i .- on or a IT, LI '5 < Pl~nto r n iratt LI:

titration cj m,: ctbc'*o a\ I LIOLI COI I k IOLL

C (x-i LlhSI j t LJO .V-1 iio CIOi roe .I)EL

cciI, Lu0

L 11 A '. Un. .c O t:. 0 > ~ At. Q:I LI k.'IfL 'ibi " Co ' I. V ICV
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The 4th peak, peptide and/or amino acids, demonsitrated no activity,
Results are shown in Table I.

TABLE 1. HERAGGLUTINATION- INHIBITION (III) AND COMPLEML'NT FIXATION (CF)
RSPONSES IN RABBITS IMMUNIZED WITH EEE VIRUS VACCINE.

ANI MAL DAY WHOLE SERUM RECIPROCAL HI ACTIVITY (UNITn/ml)a /

N iL1' AFTER ANTIBODY TITER CHROMATOPRAPHY ',EAK
'H Ii CF 1st Perk 2nd Puak

0 <20 8 135 56
44 7 20 32 67 151

14" 64 123 646
28 40 32 301 8b4
42 S0 32 176 5)u

135 160 58  688
365 80 4 NI)

0 <20 4 ND ND
7 20 32 14 7345 14 40 32 1.7 145

28 40 32 0 181
42 80 32 0 2S4
135 320 4 68 335
365 320 4 ND ND

0 <20 2 44 0
7 320 128 159 414

14 160 128 53 30 1"
28 80 16 70 880
42 40 8 6O 333

135 320 16 5} 452
270 40 8 0 349

0 <20 2 62 2:3
7 810 64 1.74 412

14 dO 64 55 612
28 20 8 99 29
42 20 4 19:, 280

142 ibO 4 310 471
365 160 4 NI) NO

a. Sum of HI acLiVity in a UV peak (area under ctuivv)

b. ND Not 0 ;c

.............................................A



This Ef vaccine preparation produced a Local :mune response in
rabb its. By day 14 after the last injection, who>. !ierum HI and CF titers
averaged 1:80 and 1:64 respectively. Specific Ig, ill activity, v>.puctud Sr
the 1st chromatographic peak, was masked by lipoprUtein inhihitors that
could not be removed. In the 2nd peak, specific Ig(; activity gcnerally
became maximal by day 28 but subsequently decreased. This flndli-:3, il
combination with responses observed from whole serum, indicated tl,uL
conversion to IgG occurred and, therefore, that the capability for
immunological memory had been established by the vaccine dosageb, er1 .Lnved
The increase in HI titers seen in both whole sera and IgC fractions b day,
135-142 cannot be explained at this time.

Of considerable interest was rabbit 46. ThIs animal develope, l,,c

paralysis 9 maon after vaccination and was killed. Neither viral isclitio'n
techniques nor histopathological studies provided a diagnosis. During tl..
following 2 mon, 8 of 15 healthy nonvaccinated animals caged in the ..;c
area developed CF and/or HI titers against EEL antigen; IgG; conversiloii.,
confirmed by chromatography in 2 of these rabbits. nltkc findiass ,i.ur.'.
with vaccinated animals, antibody activity disappeared within 45 days.

For volunteer studies, smaller doses of vaccine were et'ploy-ed. Li'x:ht
men received 2 doses of 0.5 ml each of EEL vaccine 26 days apart and a'othe'r
eight 2 doses of 0.25 ml each 28 days apart. Whole sera obtained at

specified intervals were screened for HI antibodies. 2 Sera of 3 indlvidual:
with the highest titers and 3 with low or intermediate responses on days 35
and 42 were selected for detailed study, as described for rabbit sera.

Two vaccinees, GFN and JTR (Table II) developed essential]y no antibody
response following immunization: no CF antibody, sporadic Ill titer: , and
no significant serum, neutralizing (SN) activity as indicated by 'og

neutralization index (LNI). Hi activity of chromatographic samples nover
exceeded baseline values which, influenced by the lipid content of icu,

varied from sample to sample of each individual, it should bo rL'tcd"iL
both individuals were from the low vaccine dose grotup. Whole Srr:;, t±;cr
for subject RIMWI were representative of responses Of 9 otIle vacu:x;,ca,
i.e. no CF antibody, sporadic HI titers and transient L,\I ictivity. A:;
with nonresponders, HI activity in peak 2 did not exceed hasitn .

Antibody responses of the 3 volunteers who appar-.iv rc-g cilui

maximally to vaccine are shown in T'able ill. Althou5: not s. ,, lc..
tabular presentation of data, inspection of chronatogr.i '-l-s a L,,at

serological activity suggests that all 3 individuals lia6o s m e or
prior experiencu to antigens in the UI"E vacci L:. A:1 dv:ltpt0 L il c,'
levels of whole serum titers for HI, CF and SN antibodies. SigniLiC: tt
increases in hIi activity were observel in the 2.io c.; Snatas.,ra"hi ( ',
sera from subjects BCB and GAS. Values for ohroca;:r.cpai,
sera from subtect HG.' resembled those described for volunLteal K2 h .a:L' .
a poor responco;:. however, serologica:l activity for volueccr ia;l ,. ', ...

to a sharp peak upon a low baseline rathor than discrihut.U w.,u, -
tube range.
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'fABLE II. VALUES ,'OL VOLUNTL~kS WIT11 POOR ANTIBODY RfSPONSrS FOLLuw1:J
INUUNIZATION WITH ELE VACCINE.

SUBJECT DAY WI1OLL SIRUM TIT'LRS HI ACTLVITY (UNIT/a)-..
CHROM'rOGRA.PHy PAK

CF LN I /  i

S0 < 10 < 2 0 56 1.8
< 2 0.50 75 28

< 2 0.50 67 %2-u 10 <2 0.75 b6
5 10 < 2 1.L5 44 2842 10 <2 1.25 62 3256 10 <2 0.85 84 1990 < 10 < 2 0.55 150 , 29180 <10 < 2 0.35 N)--  N'

0 <10 '.2 0 110 30JTR- /  7 < 10 <2 0.25 63 34
14 20 <2 0.15 82 24
28 <10 <2 0.15 56 3235 <10 < 2 0.90 70 22
42 <10 <2 1.15 126 1156 <10 <2 0.80 78 2090 <10 <2 0.40 25 18180 <10 .2 0.38 ND ND

0 <10 2 0 82 6:3Rwmb. 7 <10 2 0 121 39
14 20 <2 0.50 275 5928 <10 <2 0.50 90 43
35 <10 -2 1.50 104 0942 20 <2 1.87 384 C456 <10 <2 2.00 282
90 <10 <2 1.15 580 .17

180 <10 <2 0.50 N1):

a. 0.25 ml EIE vaccine per dose on Days 0 and 28.

b. 0.5 ml I5LL vaccine per dose on Days 0 and 28.

C. LNI = Log neutralization irndex, titration in suck.ling mce,
courtesy Virolosy Division.

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

ND Not Done.
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TABLE 11. VALUES FOR THE THREE VOLUNTEERS WITH MAXIMAL ANTIBODY

RESPONSES FOLLOWING IMMUNIZATION WITH EEE VACCINE.

WHOLE SERUM RECIPROCAL HI ACTIVITY (UNITS/ml)- /

SUBJECT DAY ANTIBODY TITER CHROMATOGRAPHY PEAK

HI CF LNI- /  1 2

/ 0 <10 <2 0 211 43
7 20 <2 0.65 103 24

14 160 <2 1.65 521 95
28 40 <2 1.75 ill 140
35 160 .2 2.75 301 20.I
42 160 4 3.55 222 462

56 80 2 2.75 517 291

90 320 <2 2.25 262 615
180 80 8 2.10 ND /  ND

0 <10 <2 0 486 97
HGHa-/ 7 <10 <2 0 548 6214 20 <2 0.60 429 95

28 <10 <2 0.20 93 59
35 40 2 2.10 176 58

42 80 4 2.10 208 75
56 160 4 2.20 128 51
90 80 <2 2.00 168 104

180 20 <2 2.24 ND ND

0 <10 <2 0 3430 37

GAS- /  7 10 <2 0 42 13
14 20 <2 0.86 130 .1

28 <10 <2 0.86 65 45

35 40 42 2.86 135 12].
42 160 32 3.05 245 216

56 80 4 2.61 108 8'3

90 ND -2 2.61 144 112

180 20 <2 1.25 ND Ni)

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

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

c. LNI - Log neutralization index, titration la suckling mice,

courtesy Virology Division.

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

e. ND Not Done.
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Six mionthis following the 2nd dose of vaccine onl.y ,ubjects 13DB
and HGH had 8ignificant levels of neutralizing antibo1 . Therefore,
a 0.5 ml booster dosa of vaccine W49 administered to alli1 subjects.
Witti few exceptions antibody response,4 at 2H and 42 days after the
booster resembled in both magnitude and duration th.ose Following the
2nd dose of vaccine. We were unable to determine the nature of
responne to booster, i.e. ariomnestic vs. new primary, beonause earlier
bleedings were not obtained.

Of particular interosL ',jeie 2 individuals, JTR and ML.'. hoth
~~.cnd.-'. c i o thu ist 0.25-mi injection but failed to respond to

~ ic.Ol cnseqjuently, the poiisibilit..' of low 6(.) e
L.e raoce E'.L:t be coiisideured. Of additional intere.st was ;.n appatrvnt

~,.re~ebetween day 56 and 90 in specific IgG activity uf chromatographi
.al from subjL'Ot6 shown in Table 111; this finding was similair to di

dela'ted increalSe that occurred in the more intensivuly immurilud rahbbicS.
Aniong factors that may contribute to this phenomenon are: (1) chariges in
quantity and/or serological efficiency of spee-tfic irnmunoglobuliii ls~'
(2) activation of secondary antigenic systums, e.g. latent viruises,
(3) presence of a low concentration of live virua%, (4) adjuvant effect of
viral nucleic acid and (5) breakthrough from a state of partial toleroAnce.

It is clear from review of these data that it i6 feasiblu to employ
a reference animal model, the rabbit, for evaluation of responlSes Lo
vaccines, however, it is equally clear that serological techniques are
not sufficiently sensitive to quantitate antibody reSpjonsuS to arboviral
vaccines in a meaningful manner. Therefore, studies were initiated inl an
attempt to develop an improved HI test.

Nonspecific arboviral hemagglutinin inhibitors in norwai sord halve
been reported to be lipoproteins which could be remnoved by kaoliin
absorption prior to antibody titration. 2, 4 1n the fr~igep' mn.
normal inhibitors were found in the 1st and 3rd Chra1:MLto)grap~hiL'eas
None were detected in the 2nd peak of sera from nonira-,unizud huiians Or
rabbits; therefore, specific IgG titers in the 2nd peak of' iimmune, t;e-ri CLL.
be determined directly witliout treatment. However, in order to Litraltt' 1J,-
in the 1st peak, it was necessary to remove inhibitcrs. We found that.
absorption of chromacograohic eluates by the standard kaol in method iov'
all hli activity, ant ibodies as well as lnhib~tor ,,, 1"Urthurmo Ce,
chromatography ud imimune rabbit serm after absorption with koolin dnm iL~

that 60Z of IgM and 90% of IgG activity were removud. Therulovct, th(:
standard procedure em--ploying kaolin absorption wiill not yield va1id ik1 iu
antibody titers for eithe~r whole sera of serum fractions!.

Similar findings have been rC,)rrted for other virkuse , 1'L22V11-W ru

and rubLalln, aind tnca use of pulyaiiion complex as an 111hib t1o r aLwlb~tnt
Ilas, beun proposed . ' -0 The schema for scepwise p~rtcip)i tat Llln of 1 1ipopro.Lk"Il:

rca ura i thC& i nd diuxtran sul fate 7 wae.pod sabtt:chu tr
removal of llonspcciric arovirus inhibitors. SincO the boratU L1nu Jil i J~pli 112L



167

buf-fer.s emplecved in. standard ill p~uizeduresi ac-Q * patiblo W4 L;;
requiring Lda ions, a new buffer systelnl Was _,Uc. It was 'tcouid 0hiAt
the single pil (6.2) buffer ,ybtem employed in tht: robeila test
unsatisfactory in thei EEHE system and possibly for ttl groip A irbvi.ru,,4oh
L.E antigen was stable for only 4 hr ond inh~bitQ. ttrsotn *X.,~~

10,000. A new dual buffer systvin was developud %ririgen in(! .:u UiLre
incubated in 0.0125 M 2- (N-morphoiino) propainvsul fonic acid (Y.WSI s
containing 0.0025% gel-.tin and 1% bovine seruc.. albuniJn (BISA) j'&t
pR 7.5. After incubation, goose erytblrocytes (1UC) werc Llaac: ctr l
adjusting diluont of 0.05 M~ 2 -(N-morphoiino) klmc~ln*a : .,:

;th ;e"atin and 6SA, adjusted to pli 6.0. Te t(~~ L- n .
CL iz.. hr.

bth thiL duLal buffer systrm, the rolati(.nshi.s ot viri.,
antibodies, and irtihibitors could be explorcu. Vfr-. ' hemat;> a utin:
were equal zo or g reater than those obtained _n ticu ,L,411drd L.- L
phosphate syiLtrr and were .ycable for >48 hr at 1:100j diiurl:,; r- Elvi
antigen. Ar±ibodies and inhibitors against tue -vC Liti,;Ilr
measured iadepundently in seruin; effects of :ib tre[rumuvuJ wckrc
evaluated in anti-sheep RBC and anti-goose RkBC sera by independicntI. titration of inhibitor with LEE antigen and antibodies with sheup :n.
goose RBC. Two groups of lipoprotein inhibiLtors could b,-epritnu

from human and rabblt sera. Although the ser,. of )Octh 6 eciac -
both groups, their distribution varied. Hiuman serz contained mr ~t I
precipitated in the low aensity (VLDL) and W6t dcn:ftty grup RLIL a Rbb
sera contain~ed more inhibitor in the high density fraC LiOns Hl,~
Inhibitors car, be precipitated from aged or fres.h scra. Huatlr,'?: Or p
knowni to denature lipoprotefns, does not affe.c ir.111iiCLco. S".I.LC
delipidatio. 'ay e:..haustive ether extraction do~es not affc:L inhin-ILcI
activity, v4.:al hc-aggiutinin may bind to protein, ratheur than iti. 'Ilc
arbovirus inh-ibitors :in serum. have not boon icount2fid.

The fin etcils of volures anu cond.ci:.:, 1;:. e on:; :Lp.1:.(
application of the new test to nol2rail aand i ui-w' !rn.oOi,~i . 1

S ummma rv:

SeCa frr., rabtsund V0IUu!teeui. :;1.,i
analIyzed6 for 1,; Prod"uctiOn by .;he St .c,;_1 :_

gel ~ ~ ~ ~ ~ ~ N tit t.acr~~tg~n \ 'wa .

nmuni.calicr. of Volunteers, exct* )P in _'16' %1;,
c cinp at Ibla w.. p i r e xp Lr ie ric ~r t i. ' . *~

.5t laos ab ach VIccine PmociUCeL.. S a
unexplained c&a~.increabe in Lij -i(
in both man ncr aisaf~ter thei initial -: .1s-~

Oiscrp.<.lcs .-n the standard - ~ .~ .

proceduu r:.te adov-e iopnient of -i a w i. i t .L :.: I
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Pub IIcati ins:
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waS more frequent. This biphasic pat tern of distaN, following vaccination
was sen also during the 1971 Texas epizootic. F[.ollow-Lp information was not
available in all cases, but data indicate that the majority of the deaths oc-
curred in ho':ses with early onset of illness.

At the time of the original observations in 1969, the early, sevre di,.
case was attributed to an acceleration and exacerbation of a preexisting in-
fection due to vaccination with the attenuated strain; whereas the mort mild
disease was considered to represent infection of thei animal within a fLw d y
after vaccination, but before development of effective immunity. A study by
,uuy ,. z' in 1970 in Costa Rica, suggested that both pattern!,, uf diseat;'
following vaccination represented infection with the virulent virus prior to
vaccination and severity of the disease was, in fact, determined by tnt tiLer
of viremia at thLe time of vaccination. Of 35 animals studied, 2 deew.pi , .d
the early, severe form of illness 2 days postvacciiiaeion. A 3rd ani.mal dL-
veloped overt encephalitis, on the 5th day, but eventually recovered. On ci1
the 2 horses which developed the early, severe form of the dieae;j au vi-
remia of 1.6 x 105 logs au the time of vaccination. '11e other horsL:, whielL
became ill on days 2 and 5 contained trace amounts of virus in prevaccination
sera. Two other horses which remained asymptomatic also had trace amounts of
virus in their blood at time of vaccination. Horses that did not contain
virus at time of vaccination did not develop any evidence of disease.:

The data of Eddy4 suggest that both forms of th disease arc probably duLI
to preinfection with the virulent virus and the form of the disease mar be
related to the stage of viremia at time of vaccination. His data further
suggest that the vaccine nay serve to protect horses already infected with
the virulent virus. This protection concept received some support in a docu-
mented case study during the 1971 Texas outbreak. The surviving, nonvaccina-
ted animals in the herd previously discussed were vaccinated at the time of
the herd investigation. Nine of the nonvaccinated hors,;es had fevers of 103-
105.5 F at the time of vaccination. Virus was isolated from 3 of tiiLs ani-
mals (only 3 sampled) from sera collected at the time of vaccination. (f
these 9 animals, only one died. The other 8 animals recovereLd without appar.
ent permanent sequelac. At the same time, 3 of 3 horses not vaccinated with
fevers of 103-105 F died. In addition, 9 nonfebrile animals at the Lime of
vaccination never d.vclopcd any clinical illness. On the basis of thc IO0l
virus isolation rate, all febrile animals were presumptive y ViEIl cases, if
this presumption is correct, since, the 89. survival rate, of: infected animais,
at time of vaccination far exceeds the exeected recovery rat% from V1-: irufeC-
Lion in the equine, thL above information supports tl,e ctncetpL tIa' at LeLtu-
ated vaccine affords Some protectio to horses already infected with vim ]j nt
VIE virus.

Lemma rt y:

lack-nassage of T-83 virus in burros was accomished. After 7 C'il.et
:i AcS ial Ixis sziav; , no t.videntc 0cf rL'vems Lon t 'vr Pr;osobtt;~

~.... ition ,icia oesraLions were madL' on the afety and C1 fiCacv t< 0 -0.,

v .ccino durin tiv 971 TV.xas VIE epizootic. i L r'Lults attine. werL
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consistunt withi observations made in theL laboratory and in 1969 andl i970 inl
Central America.
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23 (U) Test and evaluate combinations of vaccines in man. This work unit is an
essential element, in a comprehensive program for medical defense against BW agents,.

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

25 (U) 71 07 - 72 06 - A study on associated administration to volunteers of
yellow fever and VEE vaccines was initiated late in the fiscal year.

Terminated since FY 1973 funding will be under The Surgeon General, Army,
New Project No. 3AO6211OA834; Accession No. VA 086415.

DDo, 1498 . I" • ... '..c. '"...... Q. ...
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Casual ties

* )6 02 008 LValuatiOnl Of E"ffl, i;Cy 01' GCQ:i~L-d ;Act ,
Man

e s t anid uvaliuat. comib It ion.' 0 f VaCC ink'S in111 11c i.

Associatedl AdminiStratlon to VOIUnters Uf Venezuelan I

elitis Vaccine, Live, Attenuated and Yellow__Feor Vnccino , 17L) L'ran (Modit. il
Division P'rotocol No. FY 72-4) : A StUdy in vol unteurs has been iifLI- tud Lt.
compare single, simultaneouIS and closely spa(-ed adtuin1!;tratLion of ye Ilow IL'VL'1'
CYF) vaccine, 17D strain, and Vonezuelan Equinu Encvpha Ioinyuci i (\ I'J) Vika in.,
Live, Attenuatou, Nl)BR .102, oil thu basis of liuutral Jal ng anL d Kuil,iutiI [0t11
inhibition antibody responses to both zint ensl in vuluntors. I 0OlL11SO
duration of virenlia and circulating-, Interferon levels resu1 t.in.,, fl01 cm nfc CLIOn
with VEE and YF vaccine strains will be studivd.

Thirty-two Iualthy malo vu1l i:utr s, not p rev icuisl I .1mmniz ~c-d \V.1 I- V'i I ~l*o
YF Va:ccineP Mnd haVing1 110 history of Infoet on w.L Lii LIL',s&L vi l*UM Wi I I1it
divided into 4 gvoups , A, B3, C, a-nd 1).* GrO1S j% 11L h ndI Wil oI 0os i

subj ects each and grou~ps C and 1) wIll Ofs stc 10 v0ol'un ~crS ULaC11
Individuals inl e ach groups wiil hiz admlInis tcrl-d va-c1m: I muc as I I lW-.

VAC:CI NE AIIMIN\I SI N 1- 1)

GX~UI N0. S UBJE:CTS LVi

A6

B3 60

of V W ]i l'3' 10 1 0 )lli ii

0. ., bC "111 -; I NLI ' i lIl m 1 2 .

Gtiuucut C1Lo. lv j J

lm.~hL atUI dctS 11 G ~~ i I 1 t' ad 2 , 1. 0;i "i 'I



18

The, ALW~Y begun In M~ay will be reported on in detail in FY 1973.

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

was initiated.

Publications:
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7 . I~~~ A 11 e vY AS U.l~ ! t t M m A N . C IA~ n r O N T O L a am i
RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY DA OtYg01 2 N pp ) VMEOL.

. DATI 0 AN 14 KINlD OP JMAM IicrUAi, I . A goD I 111190C 72G-6'30

710 01 H. TERMINATION U U NA NL 0"'NA"cw3 Y 0CN
10 NO COalS

$  
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1 62711A LW66271A096 021009
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(U) Studies with human diploid cell cultures for production of military vaccines
IS. $OSCIONTIFIC AN;) TEC'N4LOICA, AN&AlA

003500 Clinical medicine; 004900 Defense; 010100 Microbiology
If START 0T0

I

E .. -1TI1TI CONl 0.t row OAtS I I tUN INO AENCY **SLNTONSA 0( M(tN0I

69 11 CONT DA C. In-house
I CONTRACT d a0. *t -- 1i 1[- AC1 ESTIMATE • MM I ION &1 Ak INJ 6 "INDS (I- .- - If )

, O..,t NASr.r ,* 71 2. 40

TY. Itlla Awouwt tra. . . . . .. . . . . . . . . .. .. ...

A MIND , O ANO . CUM. AMT. 72 2.0 4 0

It 142100.4-1 -. 10 .. . .0. ........ - I... I. - .- .

w.b-r USA Medical Research In.stitute of -,r Virology Division

Infectious Diseases USAMRIID
lb fthI" Fort Detrick, MD 21701 'G"'"*Fort Detrick, MD 21701

PAINCIPA6 INVrSTIGAtON tpu slr . JSAN 11 A-0l1r Ir4rrlrkr
#

'

M[$PONSI*6t INDIVIIUAL .IrEwO McManus, A. T.
4A.L: Crozier, D. T'ELC"°". 301 663-7241

91,91.ON: 30 1 66 3-2833 SOCrAL SILCU. . ACCOUNT N , l.

G OENEMAl .61 AS$OCr*TA IoVtI&IUATO&I

Foreign intelligence considered DA
DAN A~t: , ,,

Tcutb W{-3,; (U) Immunization; (U) Vaccines; (U) Military medicine

21 tKCHruICAL OwaoC 't.* 2N APPROACH.l f~t~ .M. ~~.J~ n.n.2$.r~~ Nr ra .Il... .. '. .rr .r.I, ... rr.. Crd,23 (U) Evaluate human diploid cell cultures for use as substrate for preparation
of viral and rickettsial vaccines. This work unit is an essential elemeent in a
comprehensive program for medical defense against BW agents,

24 (U) The human diploid cell, WI-38, is studied to establish the technical
requirements to produce and quality control cell ;train Eubstrates for human
vaccine.

25 (U) 71 07 - 12 06 - Seed stocks of WI-38 have been and are continuing to be
prepared. This cell is available in quantities greater than 10,000 square
centimeters per day to investigators of USAMkII). WI-38 has been examined for
its abilit y to: assav human interferon, produce levels of virust acceptable for
vaccines to Q fever, Rocky Mountain spotted fevr and selected Group A, Group H,
and California Group arbovirus strain-;. A llayi.ro virus pilot vaccine has been
produced and is pre sontly beitntg evaluated.

Terminated because tho accL ion number is chatied S t, rtinu FY 1973.

New accession numLber will e PA OB6416.

DD.'17..498. .
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Project No. 3A611OIA91C: Independent Laboratory In-House Research

Task No. 3A6110!A91C 00: (Prevention and Treatment of Biological
(1B662711A096 02) Agent Casualties)

Work Unit No. 91C 00 133: Studies with Ilunima Diploid Cell Culture.
(096 02 009) for Production of Military Vaccinc

Xoscript! on:

Evaluate hL;man diploid cell cultures for usc as substraL. Ifr
preparation of viral and rickettsial vaccincs.

P ro ,,ress:

A separate laboratory area in USAMRIID has been organized for the
production and characterization of human diploid cells. This area meets
U.S. Public Il-0aith Service requirements for the propagation of cells to
be used in vaccine production. The human diploid cell arca is presently
capable of growing and maintaining cells without contact with other cell
culture areas.

Arrangements for procurement of low passage starter cultures of
VI-38 cells have been made with Dr. Leonard Itayflick of Stanford Uni-
versity and Dr. John Shannon of rhc American Type Culture CollectLion.
Frozen seed stock have been made and are continuing to be mtd,, from tliu
above cultures. Quality control analysis of seed stock i'=ria ;l ! ashOwn
the absence of 'Xycoplasma and nornial values for isonzyinu patLcrni inu
chromosome complement.

9

Approximately 00,000 cm ci. Wo.I-38 CLI cuIi:, _1,:i L L
CSAMPiRli) investLgato-s. Yaijor efforts with i-3S c2.i .c: sp,:

interferon as.;', suocoptibility tc sroup Z :r0oviu., sc i. ,

Q fever ane Rocky Mountain spot ted IeVee ricC .. ; ioV L..:cc, i0 f

=elected ;roup A arbovirus strains ,nd Caiiifori.sIL :rout) arvss-¢.

A 7-.. pi.lo iot of vac.ine .,.ins;t > vzjrc vire,:s ,ro;rio,;
ha be,.n prcparLud by Na"o- Robino.: o. tl:+:s 1.1 -v inl. ':11.. Vi,:cit,. ,
prepared undcr Labci.- tory condtions xcndcrinfl d si a; os au..n.. ,s-

cion to nan.

The use of - human dip i ,', c I . . :, !:.L :'or mj'...
for huran vac. .-..-o 1 )0511 ue__ , (2: .. i. .1oI I .', 10 r1 sI ' :101: 1 .

jidcrcd to procurc eher c ,lroc ,ri:.' an .1(t . :' :. 2 .. OIu
,a0_ity of a Ls.- to support: the .-oxtb .. :.;,.i.. ::x.: . .
.V\Cl, i.., a-iC: fiL:li , uircumnsi~ais, I. .ij1 X .5'pc':, , , rt< _ ' .'.:,:Ci" 5:
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based upon evidence of varying susceptibility of human diploid cell
atrains, there is reason to procure and screen strains other than
WI-38.

Guidelines for use of human diploid cell strains for oral human

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

Seed stocks of WI-38 have been and are continuing to be prepared,
Thcse cells are available to investigators; of USAMRIID in quantities

10,000 cnr per day. WI-38 has been examined for its ability to: assay
human interferon, produce levels of virus acceptable for vaccines to
Q fever, Rocky Mountain spotted fever and selected Group A, Group B,
and California Group arbovirus strains. A Mayaro virus pilot vaccine
has been produced and is presently being evaluated.

Publication:

None.
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BODY OF KLPORT

Project No. IW662711A096: Medical Defense Aspects, of Biological Agents (U)

Cask No. 1W662711A096 02. Prevention and Treatment of biological Agent
Casualties

Work Unit No. 096 02 010: Humoral and Cell-Mediated Factorsj in immunity
to Militarily Important Oiseases

Doescrition:

To eva]ua t the contribution of humoral aa, ceil-nediatd i,:uau
rX:..)OnsC in resistance to experimental infec'ion.

As one pha~e of a program concerned with humoral and cell-mediated
aspects of protection against infectious disoeae, studies were designcd
co evaluate the protection conferred by passive transfer of antiscrum and
of immune cell preparations to a susceptible host infected with
Venezuelan equine encephalomyelitis (VEE), a group A arbovirus.

Passively transferred antiserum administerad by iatraperltoneai (IP)

injection protected mice of inbred strains C57 and C57 BL/6 against

simultaneous subcutaneous (SC) infection with i00 LD50 of virulent

Trinidad strain VEE virus (Table I). Antiserum therapy was equally

effective for intact rice and immunosuppressed mice that were neonatally-
thymectomized or pretreated with anti-thymocyte serum (ATS).

TABLE I. EFFICACY OF LMMUNE SERA IN PROTECTION OF NORM,1AL ANj
LL'ruNOSUPPRESSED MiCE AGAINST VEL VIRUS CHALLE-N'UiL6t

IMMUNOSUPPRESSIVE SERUM b/RVSI'UNsLTU

TREATMENT' PROPHI'I.XI S- NU)U3',i /c}ou t

None None 040 0
N o rmnal 40 1[00

immun 40

Thymectomy None 0
Normal .' ,
Imm ,une iO0,

Anti-[ hvocv"e "Cru-z None -6
(,Vla 1  Nornmal.v

a. 100 li5 \.,i ul-.t \'.A, viru. i.:oCUla cLL"i SC ,C t . . . '.

b , ... . 1-tis .re 1'.
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7I" injctcion of 6-9 x 10 immune spleen ceils that wre harvested
from, conor mice 7 days after immunization with attenuatoe,; VEE, virus were
aluo capable of preventing infection (Table II). IntacL immune cells were
required to demonstrate the protective effect; washings from intact cells
.uid ;onically-dlsrupteO cells (100 watts, 30 sec) had no protective
projurcies, indicating that preformed antibody was not the active factor.

TABLE II. LLt.'ECT OF INTACT IMMUNE SPLEEN CELLS, SUPE!:ATA4T WASHES OF
IMMUNE CELLS OR DISRUPTED IMfUNE SPLEEN CELLS IN MIC, INFECTED
SC WITH 100 LD5 0 VIRULENT VEE VIRUS AT T1E TIME OF ADOPTIVE

R0SPONSE 0R E'CPIIi'NTS TO VEL CAI..N

Death/Total Mortalit v

None 40/40 100

Normal splee cells 40/40 100
(5-9 x 10

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

Was",ig from immune cells 10/10 100
".5 ml)

Sonicaliy-disuptod immune cells 10/10 100 j

(5-7 x 107)

The capacity cf i.c,ria oleen cells t.o confer .zdopt-vc i,;unity was a
i.c-dependent function (Tab le 11. (Cci s hiarvested 7-15 avs aftUr

coaor i;:unaion. 2 s~scu naxiaum ativi.raI activity; within 25 days
aftec imunization, essentially no activiv ws cicastrable.
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TABLE III. ANTIVIRAL ACTIVITY OF IMMUNE SPLEEN CiI.S / OUTAINLED AT
VA\IOUS TIMES FOLLOWING IMMUNIZATION Ov NICE WITH ATY'INCATEL)
VEE VIRUS

DAY OF CELL iAIVEST RESPONSE OF RECIPIENTS TO VLE CIiALLNGI- /

POSTIMMUNIZATION Death/Total W %T-alT t N.

4 6/10 60

6/40 i5

8 2/20 10

iC 2/15 1.

13 2/15 13

25 23/29 79

a. 6-9 x 107 spleen cells injected IP at time of challenge with

virulent VEE virus.

b. 100 LD50 virulent VEE virus inoculated SC.

Protection conferred by adoptive transfer of inmmne cells was a
specific immunologic phenomenon. Spleen cells from mice immunized with'
attenuated Semliki Forest virus (SF) or with TC-83 protected against
only the corresponding virulent strains (Table IV).

TABLE IV. SPECIFICITY OF ADOPTIVE IM1LfUNITY CONFERRED BY SLLN- , PIL:N
CELLS FROM DONORS IM01UNIZLD WITH SF VIRUS OR 'Eh' VlkL

R.LCIPIENT RESPuNS).' TO VIRiL !UNT 'c.
TREATMENT DONOR CELLSa /  SF (100 LAK) VIL (i'0i-,.

None -- 1.0/10 1,

immune Spleen V E 9/
cells ,/I] 1/i

a. Immune spluen clls harvested 7 days itter dnor m.:,w . :.

3 x 103 i'"L of-attneuated VEiL virus, or ot iL LcmltiL.d I.-.
(.\-774 su ~in) 6-9 :. 10 7  donc.r . I, ,;ist:. F at .i;- c,

chalicngu with virulent strain of virus;.
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Antibody responses in recipients 2, 4, 6 and 8 days following transfer of
immune donor cells were not significantly different from those of normal
spleen cell recipients or of untreated mice, indicating that a secondary
antibody response by donor cells was not responsible for the protective
activity (Table V).

TABLE V. ANTIBODY RESPONSES TO SC CHALLENGE WITH 100 LD5 0 VIRULENT
VEE VIRUS IN MICE SIMULTANEOUSLY TREATED WITH IMUNE OR NORMAL

SPLEEN CELLS.

RECIPROCAL ANTIBODY TITER- /

'IN. Al.l ER I TO NEAL 2 Days 4 Days 6 Days 8 Day,
TEEATMENT

HI CF HI CF HI CF HI CF

None ND- <2 10 <2 ND 64 1280 256

Normal spleen cells
(5-6 x 107 in 0.5 ml) <10 <2 10 <2 160 32 1280 128

Immune spleen cells
(6-8 x 10' in 0.5 ml) 10 2 20 4 160 32 640 128

a. HI = l{emagglutination inhibition; CF - complement fixation

b. ND = Not tested

To evaluate the role of interferon in adoptivc imunity, mice were
trea~ed with interferon (2500 units) or with Poly I:C (100 ug/dose) to
induce production of interferon (Table VI). Significant protectlon a iginst
challenge was observed only in mice treated with Poly I:C admrzinistured
1 day before and at time of challenge, suggesting that a mechanism other
than interferon production was primarily involved in the cell-medihted
re3ponse. These studies, however, do not exclude a role for interferon
in protection.

21
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TABLE VI: EFFECT OF POLY I:C OK PASSIVE~LY iVAIINIS'LRED INTERFERON ON
SURVIVAL OF MICE INFECTED SC WITH 100 L!)50 VIRULENT VIL. VIRUS

IP DOSE RESPUNSE TO VEL CHAIL-NGh
TREATMENT Day of Treatmenta/e

-i0 Dead/Tested Mortality

Interferon 2.5 x 103 15/15 100
units

Poly I:C 100 Pg 14/1.8 75
100 Pg 8/12 67

100 1g 100 g 15/24 62
100 g 2 /24/ 8

a. Day 0 = time of virus challenge.

b. Difference be.ween last 2 treatments significant: 1 <0.001, L-Tust.

That immune spleen cells were specifically sensitized to VEE -UlL16!n

was demonstrated by an in vitro lymphocyte stimulation test. CLl,-;
harvested 7-10 days after donor inmmunization exhibi ted a maximan, ru~pontiu
tc stimulation with a y-irradiated preparation of VEL virus ('fable V11).

TABLE VII. RESPONSIVENESS OF IM1,1ILNE SPLEEN CLLS TO V\EE AN'fGL:t ,\ ,
FUNCTION OF TDIE FOLLOWING DONOR 1:.L'RNIZAf'ION

DAY OF CELL HAkVEST FOLLOWING iN V IY,, ,Yiiu "
LMUN IZATION AiiVJ TY

4

7 "54UO

10 J5

13 15(h)

13/.22 
3

27

Iyinphocyr. .-..
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_he reaction was antigen-specific in that no stimulation occurred upon
exposure to a y-irradiated preparation of SF. It I-' noLeworthy that
Ii vitro reactivity correlated closely with in vivo aw:':.viral activity of
immune spleen cells (Table III).

Further experiments were performed to determine if thymic-derived
lymphocytes, known to be corrwlat.d with cell-mediatod immunity, were
responsible for these in vivo and in vitro findings. In those studies
spleen cells were harvested 7 days after immunization with attenuated VEE
virus and treated with complement and various cytotoxic antisera, One
aliquot was employed for in vivo passive transfer experiments and another

i1 V it,\lr o lyaph:ocyte ,timulation with specific antigen (VEE) or
r.Atogens, staphylococcal enterotoxin b (SEB) and

,:cemag~lutini (211A) . Tritiated thymidine incororaLtion was u.-ed ds
an index of proli crativa responses to either antigen or 1itogen (1i1) VIII)

1.%BL- VIII, CP,..T-.,P.NULNT EFFECT OF RABhIT ANTI-MOUS- lIIi Iu(.YTil
SERI .O1A.L. ANTI-O SERUM OR GOAT ,\TI-MOU',E y-GLUSLBLIN u.\
PIO'TL'thV-'V CAPACITY AND IN VITRO REACTIVITY OF VEU IUMUNE
SPLEEN CELLS.

IN VITRO RLACTIVI
SERUM PROTECTIVE CAPACITY

TREATMENT (Deid/Challenged) A xCM X -

VEE SEI PhA

Normal Rabbit (1:4) 1/10 1700 J6000 40000

Rabbit Anti-Mouse 8/10 200 6000 15000
Thymocyte (1:4)

Normal Mouse (1:10) 0/10 2675 3('000

Mouse AntLi- (1:10) 7/10 175 G t-'

Norraal Goat (1 :_3) 0/10 i350 -).5u!,,

;oat AIti-Youse 0/LO 127 5 0 0.
y-tglubuliin (1:3)

a. Difference in ,'i." butzuen s LMuI,tiLcI .d noI.tI.-uiatlC: y:,pt.oCXtc-j

s Linulation by trceat-.rnt with \':L' antigen and S:- or iA.

lin Vig,: pteL, .VL ACL i Vi 1nd in v!cro reqr;a venic: Li V .. tccLO
w.as vi r tu..±iv jac .ihcd > v treJtmnen t wi. Th ATrS ,Cr ,.n ±i-* : :'. * 1... cc

:,ir.L, trcat:. ent C L , ,lu: CL. 'I W iL nl i-n, 111. ' t 0i C C iL ilL L'1
.: V \ &" )\O)'±CL.V'. ,h:t1'.vy tiC - vituiro ~ ms±%~~l V': u,. a .,, .i1: yig Cf r
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I I'L4, t m fI id 1I ''i i l I uJ hL h ' ' 1 l l i I v ru il~i'- it)I1c

[tir 0I1v loi vii.ro Ll~i flt C'$jIL L0i VII.' .lini -11, 1,T l III VIY
protect I on .11 1PIoL r( n; adoptiv hvo st,

Pas.s lot. L rin I £I0QI of F aIIt I-s,, rum o r -;p I (tin 1 U tr, ia is 1, 1. D

s. fn' A'Y~ ;L , f & .1I-ptL mrisfIli ' to I nSPU. rt.: 11un 5sI
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Thurefore, studies were designed to evaluate the eiects in rhesus
monkeys of hypercholesterolemia on resistance to viral infection and
to sublethal intoxication and on immunogenic responses to living,
attenuated bacterial, rickettsial and viral vaccines. The schema for
experimental approach is:

(l) Preliminary study phase - Twenty-four rhesus monkeys that had
no staphylococcal enterotoxin B (SEB) antibodies were paired according
to sex and weight and maintained on Purina monkey diet. One animal in
each pair was immunized with SEB, Lot 14-30; the ist dose (1 pg SEE/kg

weight) was injected intravenously (IV) on day 0 and the 2nd dose
(10 Ig SEB/kg) or. day 7. Within 12 hr after the 10--g dose, 25% of
;ronkeys died with signs of fatal anaphylaxis. Matched substitutes were
.ht±n ii;unized in a like manner. All monkeys developed heinagglutinins
(!!A) but only 50% had precipitirs. Consequently, a 30-pg buoster dose
was administered intradermally 1-4 mon after the 2nd injection. Severe
'.Arthus reactions occurred at the site z= inoculation in all anima".*,

and within 1 week al monkeys developed high RA titers (geometric mean,

1:1400) and precipitin titers (geometric mean, 1:3). To provide the
basis for evaluating dietary effect as well as host responses, blood
samples for the studies shown in Table I were collected during this
interval.

TABLE I. PARAMETERS OF EXPERIMENTAL STUDILS.

CLINICAL BIOCHEMICAL IMMNOLOGICAL

Total white blood cell counts Blood cholesterol Phagocytic Index

Differential counts Leucocyte eta oo1
activicya

/

Packed cell volume
Immunoglobul in

Complement

Beta lysins

Specific anti')odies

a. Measured by nitroblue tetrazolium dye reduction
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(2) 1)let sltabi Ilzatton phase - Mtonke2ys wore. a, .,igncd to 3 groUps 01
8 animals each; 4 In each group were imirune to SIEB. ;roup I was maintained

n a standard primate dict (Wayne, Allied Mills, Chicago, 111.), and
Gro)up II on a sumisynthetic control diet 8 to provide an Internal control
on the effect of atherogenesis. Group III animals vere fed the
atherogenic test diet formulated by Armstrong 8 (General Biochemicals Corp.,
Chagrin Falls, Ohio). Within 8 weeks blood cholesterol values became
stabilized at 593 + 96 mg/lO0 ml for monkeys in Group III and ot 193 + 17
mg/100 ml and 135 + 6 mg/lO0 ml for Groups I and II respectively.

S:}. .... a.( cha'llenge -. hase-

a) Nonfatal viral infection (Venuzueian equine encuphalonvulitiS

b) Sublethal intoxication (SUB).

c) iResponse to living attenuated bacterial vaccine LJ saub1equent
challenge (Francis ella tularensis).

d) Response to living attenuated rickettsial vaccine and
subsequent challeng4 (Coxiella burneti).

e) Response to living attenuated Yellow fever (YF) vaccine (17-1))
and subsequent challenge (Asibi strain, YF virus).

All monkeys were infected subcutaneously (SC) with 412 PFU of Trinidad
strain VEE; clinical, biochemical and immunological parameters of response

were examined prior to challenge and daily for 14 days. During this period,
a total dose of 50 mg of supplemental Imferon N (Lakeside Laooratories, inc.,
Milwaukee, Wisconsin) was injected intramuscularly (IM) to prevent deplati.,
of iron store6 by repeated bleedings.

Severity of clinical ilness was essentia.llv tha same for ail ro.
All animals wert viremic from day 1-4 and most zhroughi 5 postinuilt A.,.,

all were febrilE and the majority exhibited a b.rphasic res)one. ':otc a
different.a1i leucocyte counts and packed cell volumes (iCV) S',Wu,..a .o
significant between-group differences. bloo6, caolesttroi va .cs wa

maintaine- at assenially prechallenge concentrations.

.1. 9
ihu technique of Quie, et eal. was employed to .1eSaUre phycc a,;;

bactericidal -:ccivity of peripheral leucocytes. During preliniarv al- (:ic.
stabil-z~tion paases. no significant changes in phagocytic activity cccurrc..
baccericiuai activiL" in Group I and iU monkeys .as likewise a:nl tse.
(Table Ii). zctericidai activity in Group i.11 animnli pp.areL t. .-C1-'r...

when they bec&.ne hyzrcholescroiemic; however, the group mean a11. :CL
significantly Ct tear) from the predietary mean or crom the ,rcans o;
or b:.-.1svnchec diet groups. Unusually high ".y-t -day V-, 1-aoiZL'. o. \.

,inucl.dua, nnim .s was noted.
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fALBLL 11. PMN BACTERXICIDAL ACTIVITY AGAINST S. AUREUS-

DIETPRELIM INARY
MONKEY STAB ILIZAT IONGROUP NUMB~ER PE~IAYDE

% Kill Mean + SEM % Kill Mean + SEX

Control Diet Bill 66 70
(Wayne) A817 74 70

B192 80 63
L131 79 71.4 + 2.4 82 72.6 + 3.4
DS0 75 85
B126 66 71
l65 61 58

A891 70 82

Scmi.ynthetic b175 70 73
Diet B179 83 77

B188 75 60
B152 71 73.6 + 3.8 70 65.5 + 2.7

B164 79 61

B135 50 53

B185 82 65
B151 79 65

jypercholester- B161 83 38
clemic Diet B109 71 55

£189 86 54
5184 62 70.4 + 4.9 44 56.1 + 4.0
B171 70 64
B140 42 55

B170 72 73
B148 77 56

6 6
a. 3.0 - 3.5 x 10 S. aureus and by 5.0 x 10 PNN/ral; pooled monkey

serum opsonin, 1:125 final dilution.

Following VEE challenge, phagocytic capability appeared to be

unimpaired. Bactcricidal activity for individual monkeys is shown in
Table III. It should be noted that typical leukopenia followed V1.E
challenge; consequently, during the period of maximal illness, a number
of samples were inadequate for testing. In addition, approximately 10;..
of samples could not be evaluated for various technical reasons such as
contaminated media, tube breakage, etc. Regarding those animals for whic-h
xaci.t daL wcre aviLable (at least 2 dctcr.inations ,-within 5 days)
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5 of 7 mronkeys on control diet, 3 of 5 on semisyrnhetic diet and 1 7
hyperchoiesteroletnic animala ex:,ibited impairad bactericidal activity
(i.e. less than half of the baseline value).

10
The nitroblue tetrazolium (NBT) dye reduction test was e nployed

as an in vitro measure of PMN metabolic activity prior to and 4-5 days
after VEE challenge (Table IV). No significant differences were noted
between dietary groups or within a dietary group pre- or pca.tnfection.
Unlike results reported for human peripheral granulocvtes,10 ingestion of
latex particles did not increise NBT dye reduction by monkey granulocytes.

Ev.alation of c,rological parameters of response (comple-i3,nt,
i..unoglobulin, specific antibody, etc.) and exposure to intoxicatc.i
stage of sequenti;l challenges is in progress.

Num, arv:

Studies were initiateo to evAIuate the effect of h';erC:n0 ".. eero1e1. a
upon host responses to immunization and/or infection-intoiclti:;n.
Following infection of rhesus monkeys by a non-fatal viral illness (VEE),
clinical responses, e.g. fever, viremia, etc., were similar for control
and hypercholesterolemic animals. Phagocytic activity and in vitro
metabolic activity (NBT dye reduction) by pe.ripheral granulocytes

remained the same throughout the observation period, i.e. un.iffected by
diet or infection. Bactericidnl activity was unaffected by diet; ihowever,
evidence of impaired activity following VE1 infection was observed in only
1 of 7 hypercholesterolemic animals, but in 5 of 7 monkeys on a control
diet and in 3 of 5 on a semisynthetic diet.

Publicat ions:

None.
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Project No. IW662711A096: Medical Defense Aspects of Biologica2 Ageas ()

Task No. IW662711A096 02: Prevention and Tr azment of Biological Agent
Casualties

, c ni" No. 09, 32 i02: Development and .valuation of an FCec: v
Vaccine Agairi-t .iaguL

De.scr ipt ion

Determine Lhe factors influcncing tne Su6cetLihiiitV to pIague
infection and tne -most appropriate miethod to NrcvenL tht infection.

Progress, Part 1:

Studies on the clinical and serological response of man to rjultiple
plague immunizations have been completed.

The immunization records of 1,219 persons who had received from
1 to 51 plague inoculations during a 21-year period were reviewed.
Data reflecting the number and amount of vaccines administered, and
the occurrence of local and systemic reactions experienced as well as
the severity and duration of the reactions were analyzed for each
individual. The group received 18,768 inoculations of 3 distinct killed
plague vaccines during the period 1950-1971. During this period, 350
(28.7%) individuals had 959 (5.1%) local reactions and 241 (19.8')
experiencea 426 (2.3%) systemic reactions. A disproportior .1y ig:1
percentage of persons receiving -he vaccine administered ", ing the
early 1950's nad adverse local (77.2%) and svste.Tjc (50.0%) reactiou;.
The respective reaction rates for the presently employed plague vaccine
were 14.5% local and 5.2% systemiL.

There appeared to be a direct dose-response relaotonsiiip, wiLi. 'othi
types of reactions. Reactions occurred apprnximately 3 times more
frequently following the administration of eitierlI.U or 1.5 ml of
vaccine as compared with booster inoculatlon,4 of 0 1 Approximtj
80% of all reactions were mild and of short duration, _ ! hr. A.n'ong
those individuals experiencing eitner a single marked reaction or
mu3tiple mild reactions, reduction in the volume of vaccine and/or tae
administration of medication witi subsequent inocu.aions of 7lag"e
vaccine di not markedly alter t.ae frequency of the severity of
additional reactions in those persons.

.... ..
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When the results of this study were compared with Lie resuILs Of
foreign studies involving the use of living attenuated -lagu: vaccines,
there was no question as to superior acceptability of the killed vaccine.
The frequency and severity of both local and systemic reaction resulting
from the routine administration of the living attenuated plague vaccine
were excessively high, i.e. Aleksandrov et al. 1 reported the occurrence of
plague immunization reactions, in 100 individuals, 98% had local reactions
lasting 2-7 days and 66%, systemic reactions with loss of working capacity
:;Z :-" -'ay.

.z,. ct L . .lut;i ation titers Zor Fraction ! antigen oi Y. pezis
....r:und on sera collected from 117 irdlviduai3 receiving

... ._ 'ague niza:±ons during a 20-year pcriod. Three distinct
.1 o1 IrILltboy ri-onse were observed. On, :rou of 64 iad hi4
ruc antibody (i>iC4 - 1 1:16,382). A 2nad grcup cf 23 personb -ad

....!Lgnt titers rangin from 1:64 to 1:512 and a 3rd group of 10, faiie4
:o produce liUA antioody in titers > 1:16.

Every individual regardless of the group to which te belongea attained
an antibody plateau after approximately 5 booster inoculations whicli
remained level regardless of subsequent immunizations. Cessation of plague
imtunization for periods of up to 5 years were not reflected in a decline
of antibody titers in those individuals who had attained a stable antibody
plateau. Failure to immunize for periods of from 6-12 years resulted in
a slow decline in antibody levels in the later years although in no instance
did an individual become negative.

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

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

Summary1 Part 1:

Repeated inoculation of plague vaccine resulted in 5.1% local and 2.3'.
systemic reactions. Approximately 80% of both type reactions were mild ano
of short duration. Stable antibody levels were observed In 107 of 117
individuals receiving more than 5 booster inoculations of plagu,? vaccine.
Yach person attained individual antibody plateau which ne maintained
regardless of the number of subsequent booster inoculations administered.



Progress, Part I:
2

Levi and Sucakov have demonstrated the tran~.placental transmission
of plague antibodies in Rhombomys opimus (big gerbil) using the IliA
test. In a series of studies in this laboratory using rats, it was

observed that the young of immunized mothers having demonstrable IhA
antibody titers to the Fraction I antigen of Y. pestis had circulating.

IHA antibody and were refractory to challenge with virulent I. pestJs

strain 195/P. The surviving young did not show an anamnestic rise in

titer duo to zhe c*.allenge. The young of moters who had not responded
to plague irnunization procedures with demonsrrable IHA antibody did nut

have circulating antibody and succumoed to challenge. Nonimmune motners

who ate their ciallenged young died of plague.

Using a foster mother model involving the ofispring of immune and

nonimmune mothers showed that passive protection is afforded through
nursing. Within a 21-day period the antibody level of the young

resembled that of the foster mother rather than the natural motier.

Challenge experiments are underway to determine the duration of passive
immunity after weaning and the onset of immune competence.

Summary, Part II:

Newborn rats ot immune mothers had circulating antibody and survived
challenge with virulent Y. restis 195/P. The young of mothers who did noL

respond to plague immunization procedures showed no evidence of passive

immunity.

Progress, Part 1I1;

Peysakauis and Shmuter 3 reported the use of tac inoircct aggiuL.-

nation inhiwition (IHAI) test for the detection o, Fraction i in cult re
of V. pestis and in the tissues of animals dZ~d ot plague. In orer to
evaluate this procedurv and to compare it wit. the serum agar tecni.uU
of Albizo an,- Surgalla , a series of expermv.ats wcre conductuo. Pro1.:-
inary tests tc detorminv Lie eifect ol various chemical sterilant6 on tn ,
sensitivity and reproducibility ef tile ItAl tc;t rcvealed thaL 50 /i .
sodium azide, 5aturateu c~dloroform saline, L>' nnLrai iorn .Lin, a:,u

iGZ puonol siline il not advereseiy ;-ilfect Lle tc,--t p;:ouCurQ. .dt L

to t5 C tor il rin or to iv0 C for I ri con.CtL \ -soyeu t.;e .,. -
Lory actiLv o1 nuriried Fraction I and tie .'raccion I sococ wInL
whole bacter.al suspensions.

TeLS ts6 !.? 0o a lC 4 L 10 L ![a l~ t C II li C.,11 Z ,yud tu v I tk~ c V' L " . v

s !3 puu.ale-" Fraction 1. -e tii..r :est., uslflg N.ij . ,
vaccin" . cru 7,ositve for i,>utions cc :.ain.r,:. d5 . '

.................., ...V. ne.at........-,.



iutine screening of sunpeinsions of cultures cont-. oibng approximately
i X 10 bacterla have ,uicnoasttated tile practicabiiity -. the IIIAI rest;
100 wild strains of Y. nestis gave positive tests, 8 itrainn of Y. pestis
known to be deficient or lacking In kraction 1 gave negative tests as did
15 strains of Y. psoudotuberculosis. The results obtained to date Indicate
that the MhAI test for the detection of F-I antigen of Y. pestis is more
raoid and economical of scarce reagents titan the serum igar techniques.

r', Part 11.

To% I1AI te.L ias ocen snown to bL a simple, rapid, and economical
pracedure for the detection o, fraction 1 o . pestis.

Presentations:

1. %arshall, J.D., Jr. The influence ot cli,,ate on tie seasonal
prevaieLLce Of plaguu in the epubliL of Vietnam. Prchcntod at Annual
Conference of Wilcl-ife Disease Assocj.aton, Colorauo State University,
Fort Collins, Colorado. 25-27 August 1971.

2. Narshall, J.D., Jr. SusceptibilitV of rodents ti oral plague
infection: A mechanism ror the persistence of plague in inter-epidemic
periods. Presented at Annual Conference of Wildlife Disease Asbociation,

Colorado State University, Fort Collins, Colorado. 25-27 August 1971.

3. Marshall, J.D., Jr. Plague. Presented at meeting of Sigma X1,
Colorado State University, Fort Collins, Colorado. November 1971.

4. Marshall, J.D., Jr. 'lague. Presented dL Clobal Medicine
Course, Walter Reed Army Institute of Research. January 1.972.

Publications:

i. Harrison, D.N., D.C. Cavantugi., .i.a. lou~sL, Jr., and ,.1..arsali,
Jr. 1971. Characteristics of a baccriopuogo-infucred Strain of
Pasteurella pestis isolated from a humcn case ague. 1ne. lite( ;
4:85-87.

2!. Mtarsh~all, J.D., Jr., D.N. iijr,'ison, J.11. tu A, :r.,, = D.C.

Cavanaugn. 1971. Serological responsL: oi rhesus ViC~.(N/icacc. :uilatta)
to immunization and infection WiLii Pnstvureih. pseS. Proc. boc. Lxp.
Biol. Med. 138:736- 41.

3. Rust, J.i,., Jr., D.C. Cavanaugh , R. Ji a, an J D.
Jr. 1971. "Tne role of ac:t~stic ani,.a>. L the upL11 Lite ot plague.
i. Experimental infection of Jogs and cats.,. 7r, fec. Dis. 12 4 :522-5 2 u.
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4. RusE, J.H., Jr., B.E. Miller, M. Bahmnnya.:, J.D. arshali, Jr.,
S. Purnaveja, U.C. Cavanaugh, and U.S. Tin lla. .)71. The rcle ot
domestic animals In the epidemiology of plague. it. Antibody to
Yersinia pestis in sera of dogs and cats. J. Infec. Dis. 124:527-531.

5& Brown, J.A., W.L. West, T.A. Halourdas, W.M. Banks, and J.D.
Mlarshall, Jr. 1971. Some possible mechanisms of a heat labile toxin from
Pasteurella pseudotuberculosis. Cytobios 3:25-32.

6. Cava., augh, D.C., H.L. Stark, J.D. Xar:ahall, Jr., ana J.h. .,Jr.

'J72. A simple riezhoa for rearing fleas for insec.icide teS ing iitn ,
field. J. Med. Lntomol. 9:113-114.

7. Cavanaugh, D.C., and J.D. Marshall, J:. :972. The influun,. ol
climate on the seasonal prevalence of plague in the Republic of Vietna:i..
J. Wildlife Dis. 8:b5-94.

8. Rust. J.H., Jr., S. Berman, W.H. Hab;g, J.D. Marshali, Jr., and
D.C. Cavanaugn. 1972. Stable reagent for the detection of antibody to
the specific Fraction I antigen of Yersinia pestis. Appl. Microbiol.
23:721-724.

9. Marshall, J.D., Jr., D.N. Harrison, J.A. ellurr, and D.C. Cavanauh.
1972. The role of domestic animals in the epiaemiology of plague. I£1.
Experimental infection of swine. J. Infec. Dis. 125:556-559.
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23 (U) Develop vaccines of low reactogenicity for immunoprophylaxis against
specific rickettsial diseases. This work unit is an essential element in a
comprehensive program for medical defense against EW agents.

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

25 (U) 71 07 - 72 06 - Five lots of RIF-free M strain of Coxiella burneti
vaccine were produced and tested according to USPHS regulations. They had a
median infectious dose for eggs of 10.7 logs; no fever was produced when 0.5 ml
of undiluted material was inoculated subcutaneously into guinea pigs. The
median protective dose for guinea pigs was approximately 0.00005 micrograms N;
no difference was detected between Phase I and II challenges. The vaccine
strain did not cause an increased incidence of hepatic lesions when compared
to killed vaccine. A request to administer the material to humans has been
approved by AIDRB.

The SS strain of Rickettsia rickettali was freed of RIF viruses and
redesignated SSR strain. Working seeds were propagated; a lot of vaccine
suitable for human use is currently being produced.

Terminated since FY 1973 funding will be under The Surgeon General, Army.
New Project No. 3A062110A834; Accession No. DA 0B6419.
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BODY OF REPORT

Project No. lWb627JIA09 : Medical Defense Aspects of Biological Agents (U)

Task No. IW662711A096 02: Prevention and Treatment of Biological Agent
Casualties

Work Unit No. 096 03 300: Immunologic Studies with Rickettsiae of Military
Medical Importanct:

Description:

Develop vaccines of low reactogenicity for immunoprophylaxis againsL
specific rickettsial diseases,

Progress, Part I:

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

The attenuated R-M strain of Coxiella burnuti is intended to be
administered by the endermal route; a single dose contains a very small
amount of egg protein. However, the problem of significant numbers of
local reactions occurring in individuals with and without preexisting antibody
appeared to warrant purification of the vaccine. The procedure developed
utilized only physical methods, and consisted of 2 cycles of differential
centrifugation followed by centrifugation in 10% sucrose onto a 70'7
sucrose "cushion." A comparison of titers andN concentrations is presented
in Table I. The titers were approximately equal in all materials, but
the N concentrations decreased greatly. The N concentration given for the
vaccine is below the sensitivity of our assay and was determined from
the N value of the purified vaccine pool and the dilution faccor. The
reported human dose is 0.1 ml; and it has been estimated that perhaps
1/10 of this actually enters the skin. Therefore, the N value of a
single dose would be about 0.005 ig N. When 0.5 ml of purified unailutuc,
material (1010.1 median infective dose for eggs LDE 50) was injected

subcutaneously (SC) into guinea pigs no temperatures - 103.8 F were
detected. Table II is a compilation of 4 potency assays usin the mdIn
fever supporession dose (PD ) as described by Ocmsbee et al. as an
indication of protection. Troughout thcse 4 assays no levers were,
detected when tne guinea pigs were vaccinated 51 with diiutions of
freeze-dried vaccine. There was no significant difference in thu procection
afforded against either of the 2 levels of phabL l or tiL phase ii
challenges.

While searching for an improved substrate ior tih ;crowth of C. ourn ntL
we tried severa, cell cultures which were being proauced in tne i oratore



218

for other purposes. Since penicillin had been used in diluents for the
production of C. burneti we incorporated 100 units of penicillin per ml
in the cell culture media and diluent fluids. Briefly our results showed
a progressive number of infected cells up to a maximum at 7-8 days at
which time the cultures degenerated. Refeeding decreased the number of
infected cells, and of course increased the length of time the cell cultures
could be kept without degeneration. When both penicillin and streptomycin
were incorporated no rickettsial growth coild be detected.

TABLE I. MEDIAN EGG INFECTIVE DOSE AND A,4TENT OF R-M STRAIN MATERIALS

XATERIAL LOG IDE ug N/ml
10 50ugNm

.Ia tcr seed 11.6 ND

Working seed 10.9 ND

Yolk sac pool 11.1 620

Purified vaccine pool 11.1 39

Vaccine (1:75) 10.4 0.5

ND = Not done

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

CHALLENGE

Phase Log10 IDEso Log10 PD50

1 10 4.3

6 5.4

II 10 4.8, 5.3
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This fortutious finding was used as the basi. for Liu c0l culture teSting
of the vaccine for adventitious agents,

A list of the testing procedures used in the production of the
vaccine is presented in Table III. Many of these tests are prescribed
by FHS regulations.3 All the adventitious agent tests, except the RIF
and fluorescent antibody tests for avian leucosis, were conducted on the
purified vaccine pool prior to filling and freeze-drying. A single blind
pass was conducted 14 days postinoculation with 1/2 of the suckling miCe
oewiginally inoculated. The confluen1t cell cultures (WI-38, duck and chick
t .OrcoiasLst, .n V[:RO culls) were cefed with material from thu purified
iool diluted wih an equal volume of maintenance medium containing 20C , iL.,
f :r.icillir. and 200 ..g of streptomycin. As previously stated, thcsW

conditions would not support the growth of the rickettsia in any of the
cell svstes. '.he cultures were examined daily for cytopathic effect
nd ru fed at 4-day intervals. The cell sheuts wet.r examined 14 days

postinoculation with guincea pig red blood cell., for the presence of" glnts
capable of hvadsorption. All tests were nu 6 Liv for Lhie pres,-nce of
adventitious agents.

Natura ly acquired infections with phase I organisms4 and experimental
infections have produced granulomatous hepatic lesions in humans. To
determine whether the M strain was capable of producing hepatic lesions,
guinea pigs were inoculated with the present killed vaccine, the M strain,
the phase II Nine-Mile sLrain EP-86 strain and the phase 1 Henzerling
LP-2 strain. The experimental results are given in Table IV. The lesions
found were either focal or granuiomatous necrosis of the hepatocytes.
Giant cells or eosinophils were not seen. The high percentage of similar
hepatic lesions (10%) in control animals which were inoculated with 0.5
ml of Synder's I buffer indicates the incidence of disease in any group
of guinea pigs not derived and maintained under germ-free conditions.
The incidence of lesions in the animais given the killed vaccine, and
the M strain were the same, and the incidence with the EP-88 strain was
midway between the prior strain. and the phas, 1 s train. Spcilmekns W4"'V,

collected from the onset of fever Lhrough 4 weiks postinoculation. The
potential advantages of the attenuated R-N strum J.4 a vacCine over
the presently available inaCtivatetd P[hase I ano 11 products are: (i)
these presently available products have proven to be effective, but if
they are analogous to other inactivated products repeated inoculations
of ,g amounts of material are necessary to maintain detectable antibody
titers. However, with repeated in.I .ctions the i'ncidence of sterile
abscesses increases. A deLivered dose of the, R-el strain contains protein
in the order of hundredths of a ..g, and has IeCL1 used in Europe in persons
with or without preexisting antibody with the amv percentage of local
reactions. These were limited to erythema and induration of a transient
nature; (2) a given amount of raw aterial, bC it yolk sac or ell ul ,.urc,
can be used to produce many more dose of live vaccine- than inactivaLed
produc -. In ,in emtrgency situation this al 'Low., aiiafV doses of vaci inc to
be produce'd and large lot sizes te.stsd to dvcrease. the lag timn. in th
production process.
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TABLE Il. TESTING PROCEDURES BY PHS STANDARDS

STERILITY

Bacteria

Fungi and yeasts

Mycobacterium !R

'C oplama a

QUALI TY

Nitrogen content

Titer

Pot ency

Generay safety

Residual moisture

ADVENTITIOUS AGENTS

Mice-suckling and adult

Cell cultures

Embryonated eggs (duck and chick)

Avian leucosis agents

IDENTITY

TABLE IV. INCIDENCE OF AEPATIC LESIONS IN GUINEA PIGS

GROUP NO./TOTAL %

Control 2/20 10

Q fever vaccine 2/10 20
(killed phase I)

M strain 2/10 20

EP-88 4/10 40

EP-2 6/10 60
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In conclusion, we have derived a RIF-free strin of C. burneti
from the M strain which we have designated the R-M sLrain, A series
of lots of vaccine suitable for human use have been produced and tested.
The dose capable of protecting 50% of the guinea pigs inoculated contains
a calculated amount of 0.00005 g N; the incidence of hepatic lesions
was not increased over that observed with the presently available killed
phase II vaccine. A request to proceed with testing of this vaccine
in humans has been approved by the Army Investigational Drug Review
Board.

Sqummary, ar :

A series of 5 lots of R-M (RIF-free MI) sLr.Ain of C. burncti vaccine
were produced and Lested according to PHS re~uiations. These lots had
a mean median infectious dose for eggs of 10 logs; no fvvers were
produced when C.5 ml of undiluted material was inoculated subcutaneously
into guinea pigs. The median protective dose in guinea pigs was
approximately 0.00005 ,g N; no difference was LeLec td betwwecn phase I
and II challenges. The R-M strain did not cau.-,e an increased incidence
of hepatic lesions in guinca pigs when compared to the present killed
vaccine. A requesL to administer the material to humans has been approved
by AID".,

Progress, Part II:

Work continued on the development of an improved Rocky Mountain
spotted fever (RMSF) vaccine for human use. All work for vaccine
development has been with the Sheila Smith (SS) strain of RMSF. Since
the SS strain had been propagated in eggs not certified to be RIF-free,
steps were taken to rid the master seed of any viruses of this group
which may have been present. Two methods were tried: (1) passage of
the master seed 4 times in duck yolk sacs and then in yolk sac of chicken
eggs certified RIF-free (SPAFAS; SPAFAS Inc,, Norwich, Conn.), (2)
passage of the master seed 2 times in duck embryo cell culture (DEC)
and then in SPAFAS chicken eggs. Both of the:o were freed of rickeiLsiae
by egg passage in the prusence of Letracycline, and tested for RF viruses
at the National Institutes of deal It (NIH) both were nogativ.. Our
working seed has been propagated from thaL passed 4 tilnes; in du¢t yolk
sacs. This wor4ing seed has been redesignated SSR (Sheiia Smith, RIF-frct).

Studies continuevd on the methods to be used cor jjreducL:ion of a
large, lot of vaccine made from rickettsiae prcyagated in; 0"". IL was
decided that 24-hr-old DIEC would be infected and the cells fed with
medium containing 21, human serum albumin. The cl'Is and rickotLsiao
would be harvested 5 days after infection in sucrose-phosphate-glutamaLcL
(SPC) buffer and tested for steriliLy. After poolin , int'o one 10t, ti L
mixture would be. spun aL 150 X L Lo remove cell dobri,,s and tho rickettsiae
in tile supurna., inactivated with 0.14 formaldehyde
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ProolIems with contamina.ion have hampered etffort.; to produce . large
Lot of vaccine. Repeated contaimination oc:curred wiLh a gram negative rod
identified as Mima polymorplha. The source of this contamination cannot be
ascertained, but recent (evidence incriminates tht calf s4.rum used to grow
thi, DIC. This problem was apparently eliminated by using a new source, of
calf serum. After 6 L of DEC-grown rickettsiae art, produced we will process
the mixture for vaccine,

Production of working seeds of the other members of the spotted fever
group of rickettsiae has begun, R. siherica, R, conori , I parkeri., R. akari,
and R. australls have been passed 2 times in duck egg yolk sacs and then in
)PArAS ,ggs in an ALtempt to rid the seed of any conLaminating RIF viruses.
'LhesL seeds stock will be sent to NIH to ascertain ii they are RIF-free.
Immunization of guinea pigs with our DEC-grown RMSF vaccine offers some
protection against R. conori, R. australis, R. parkeri, and R. siberica, but
not against R. akari. Work is continuing on the growth characteristics
in eggs and in cell cultures of these members of the spotted fever group.
Preliminary characterization of toxin associated with some of Lhe spotted
fever rickettsiae will be extended during the next year.

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

Summary. Part II:

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

Presentations:

1. Robinson, D. M. Live Q Fever Vaccine. Presented at Annual Meeting,
Cormission of Rickuttsial Diseases, Washington, D. C., 11-12 Nov 71.

2. Kenyon, R. Ii. Spotted fever vaccine. Presented at Annual Mveting,
"omrission of Rickeutsial Diseases, Washington, D. C., 11-12 Nov 71.

3. Kenyon, R. 1. Spotted fever vaccine. Presentd to Coimission on
Rickettsial Diseases, Washington, D. C., 23 March 171.
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24 (U) Arboviruses are propagated in primary cell culture and inactivated with fornalin.
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25 (U) 71 07 - 72 06 - Thirty small lots of formalin-inactivated TC-83 strain VEE
vaccine were prepared in roller bottle cultures of chick embryo cells (CEC). The
following parameters for VEE vaccine production are presented- (1) a multiplicity of
inoculum (MoI) of ).UO(4 may be used yielding maxii:.Tm titers of virus at 18-20 hr;
(2) as little as 300 ml of maintenance medium imay be employed without substantially
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Publications: Infec. auinun. 4:37-43, 1971; AppI. Microbiol. 22:842-845, 1971.
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BODY CF RIPORT

t'roject No. 1W662711AO96: Medical Defense Aspects of Biologlca, Agents (U)

Task No. IW662711A096 02: Prevention and Treatment of Biological Agent
Casualties

Work Unit No. 096 02 407: Development of ]nactivated Arbovirus Vaccin,.:
for Di ,oasv Of Military LmportancL

Produce naac:iv ,ted arbovirus vaccines w:-icn may be. combinud
- ciectively for prepwiylaxis in spiciflc gefograilic roa:.-

?rojress, Par*, 3:

Using slight modifications of prcviously dLscribed methods, small
lots of formalin-inactivated Venezuelan equine encephalomyelitis (VEE)
virus vaccine were produced.

Live, attenuated VEE vaccine 2 (TC-83) was used to produce the killewd
product described (killed TC-83). Trinidad strain VLE virus 3 was used
as challenge virus for potency assays.

Trinidad VEE virus was titrated in 3-week-old white mice (CD-I strain
from Charles River Moust Farms, Wilmington, Mass.). Virus sampl,:; were
diluted in cold phosphate buffered saline, pH1 7.2, containing 1 normal
rabbit serum (PBS). Groups of 5 mice were inoculated intraperitoneall'
(IP) with 0.3 ml of loglO dilutions of virus-containing fluids and weft
observed for 14 days for deaths. TC-83 VEE was titrated via the
intracirebral (1C) route in 1- to 3-day old mice (CDI strain) (roip
of 6 mice were inoculated IC with 0.03 ml of iogjIt dilution.5 0,

virus-containing fluids in cold ?BS. TitraLion eudpoinLs in al ca
were determined by the method of Reed arxt Muenca 4 and wort ,xprss -d
as median lethal dose (LD5 0 ) per milllliter.

Rolling bottle cultures of chick cmbryo CL' l;; CEC) we- pr red. 1

Once 'ce1 confluencv was achiievud, the growth me.d:iu was d(ecant,.d and
replaced With serum-Iree medium 199 ptoiitani u ni- ci I ii ii and sLr,-p om'-,cin.
The CEC rol ler cultures werev hild an addi tional 20-24 hr at 35 C. l- ioI

to infut rion, the medium was removvd and the rcesiduli fluid drained ft rm
Lhe cultures.

Formalin-ncLiv.vted VEE (killled IC-63j v-c i nv. were ;i s avtI-
using 3-wet -eLke CD-, wlii t e mice. Groups of ,- ill- e , w Ir nI' la LL att
I1 o1 n.;, 0 with 0. mI tf 5-fold di lot ions oI vccInh. i-altc-n ea,'.
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after this single dose of vaccine, mice, were challen1 ;ed IP with 103 mous,
I PLO 5 of Trinidad VEE. Titration endpoints and median effective dost,
(I,,D50 values were determined. 1

Roller bottle CiEC cultures were infected with the TC-63 strain at
multiplicities of inoculum (MO) of 0,04 to 0.00004 and maintained with
200 ml medium 199. Culture fluid samples removed from these bottles 24 hr
postinoculation were titrated in suckling mice. As indicated in Table 1,
good virus yields were obtained at all MCI levels. In all further studivs
reported here, an MOI of 0.O00 was employed.

, :. i'ir.'C F O 'O ON PROPAGATION OF TC-83 STRAIN VEE VIRUS IN ROLLER
W"4-i.L C C CLLTURES

Logl0 LD50 /ml by MCI at 24 hr

0.04 0.004 0.0004 0.00004

10.3 10.8 10.4 10.5

To determine the effect of maintenance medium volume on virus yield,
CEC cultures were inoculated and maintained with 100, 200 or 300 ml of
medium 199 containing penicillin, streptomycin and 0.25% human serum albumin
(HISA). Surmmarized in Table II are the results of asbays performed on fluids
removed from these cultures at various periods postinoculation.

TAB3LE 11. EFFECT OF MAINTENANCE MEDIUM VOLUME ON PROPAGATION OF TG-63
VIRUS IN CEC ROLLER BOTTLE CULTURES (MOI 0 0.0004)

flOURS POST- LOGI 0 LD5 0 /ml BY MAINTENANCE MEDIUM VOLUME

00 ml 200 ml 300 ml

6 6.9 5.7 b.1

12 10.5 9. U'...

1 10.3 9.6 V.

20 10.4 .0.1 i0.

10 31J99
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Although adequate virus titers were achieved at .1l maintunance medium
volumes by 12 hr, from a production standpoint the larger volumes would
be most advantageous, Coll destruction was moderato by 12 hr in thv
bottles maintained with 100 ml of medium and increased greatly at 24
hr. In cultures maintained with 200 or 300 ml of medium significant
cell destruction was not observed until 24 hr. Thus, high titered
virus material with lesser amounts of cellular debris could best be
obtained with a harvest at 18-20 hr.

Thirty small lots of killed TC-83 vaccine were prepared using
my: cdt.. described f.or the production of EALtern equine e, ncephaliLis

::5 with regard to clarification by centrifugation and Milliport:
t't. i , and the, addition of formalin to final oncentrations of

.. :nd U.,,. iHowever, inactivation was performc.d at 37 C in flasks
placed in a New Brunswick Reciprocating Water Bath (125 rp)m). The
fluids were thus ke:pt in gentle, constant movement throughout the
inactivation periods of 24 - 96 hr. Typical rates of formaiin-ina'Livation
ire shown in Table III. The TC-83 strain was inacLivated at J rapid
rate with both formalin concentrations but was surprisingly stable
when subjected to heat only (virus control),
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TABLE I1. FORMALIN INACTIVATION= / OF TC-83 STRAIN VEE VIRUS AT 37 C

iOURS POST- LOG LDso/0.03 ml BY FORMALIN VIRUS-
10FORMALIN CONCENTRATION controI

0.05% 0.1%

G 8.4 8.3 8.3

2.0 <1.0 C./

.-. , 00

8 <1.0 0 7.5

10 o-€/  0

12 0 0

14 0 0

16 0 0 7.3

18 0 0

20 0 0

22 0 0

24 0 0 7.2

a. Determined by IC inoculation of suckling mice with 0.03 ml of
log,0 dilutions.

b, Virus subjected to 37 C only.

c. Blanks - not tested.

d. 0 indicates no evidence of virus-induced death in mice inocuLaLed;
at 8-24 hr -50 mice wre inoculated with undiluted vaccine.
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Thew VE1 vacines wort, i nact ivatedl for extendled periods to
deterni no t he of fec t on potency. Tablec IV is a swimmary of the resulits
ofi sinigle doso potency assays performed on 30) lots of vace nv preparod
With 0.05 and 0.17. fomialin and inactivated for 24 - 91 hr.

TABLE IV, EFFECT OF FORMALIN CONCENTRATION AND LENGTHl OF INAC'rJVAT1ON
PER10D ON POTEN~CY OF KILLED TCI-83 VEE VACCINES

.0l:RS OF 0.05 % 0.1%
l -. Cr1VAT1ON no. lots kiD ml no. lots E1 till

(rago)( Lyve)

24 .3 0. 04 7 3 0 ~
(0.022-0.085) kO.002-k). 04(1

30 10 0.022 4 o0
(0.003-0.120) kU.001-0.029)

48 3 0.023 3 0.009

72 £ 0.042 1 U. 038

9b 1 0.060 1 0.034

Thesp data indicate that the ki I ILed TC-83 strain is stahle antigenicaillv,
even after inac tivation for periods as long as 160 hr. 'The volunie of
maintenance medium and preinactivation titers of thev fluids used tci
prepart' those vaccines varied from 10(0 - 300 m nd. j ol 1((.5 t0 0"1
suckling mouse (SM) ICLD SO/nit, respec Live l ' . '.1thre is no ;Iplaront
c orre lat ion between tie~k so lU' v 11tu (I t he pot eLPw 0 hSkerV'd. 01ne iAn>
c onc lud e, * herfore , t hat T( :.~ ~~vt u, -Z VI: v Vjj va'ie no aa,,y
he- made, wit h larger volutmes oif minnntenance ome-diun and wi Lh gret'I !at it t11I
WiLh reg ard to perilod of inactivationi.

lDuring the past year at temlptS we-re made t e' L ove ilopI'01 mil iVatkL of vzi 0' -
I-or the fol lowing viruses: lMavaro (MAY) , 'nvong-nvong (ONY) , Gial i fOrnia
Len1c 0,phlitLis S ; (E) a nd StL. Lou is kncepia it (S L.I:) . As roport of
previously1 l Lhec 4 Strains shown in Tab IL V We'rC used-L for i1 ti i ,tLlO
which were carried ouL for 2 purposes: (1) to dotermiin'L ifthe LcviruSe'S
would grow in cel I culiture to anv appreci able' Liter. and (.2) to dtLiin

f pa s sage (subcuLure) Of LIhe vi rtl.SOS inl tieL c iS hown1 wond re't In I
in an adaption to Ln 1-W CO Is, a~nd , hope)L'fl lvY, 11 : pnrC7 i t Lr s . I t s IIoll Idk
lhe noted that all of those virus is were, roe ci V(od as. sue k 1 n nioink 1-irain
preparat ions, and thatI serial SUb1'utItore W0n116 .11I so reduce' the IeV.' 1

01 musehrai antitgen(s) to ain insi gnifLicant leve i . Thus , suchii sg
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would satisfy PHS regulations which demand that foreign proteins musc not
exceed a concentration of 1:1,000,000 in the final product.

TABLE V. GROWTH OF FOUR VIRUSES IN VARIOUS CELL CULTURES

VIRUS a /  PASSAGE LOG10 SMICLDso/ml BY CELL 24 HR POSTINOCULATION:
(Strain) NUMBER

Kidney Embryo WI-38
Canine Rabbit Hamster MK(AG Chick Duck

1 <6.0 <6.0 7.0 9.2 ,6.2 6.7 b/

2 6.9 8.7 8.2 7.5

3 <6.0 8.2 7.8 7.1

O'nyong- 1 <6.0 <6.0 7.0 <6.0 <6.0 <6.0 7_6.3
nyong
(osege) 2 <6.0 7.0 <6.0 <6.0

3 <6.0 <6.0 <4.0 <4.0

C 1 <6.0 6.0 <6.0 6.3 <6.0 <6.0

(Bfs-283)
2 <6.0 <6.0 <6.0 <6.0

3 <6.0 <6.0 <4.7 5.0

SLE 1 <6.0 <6.0 <6.0 <6.0 6.3 <6.0 <6.0

(Hubbard) 2 <6.0 <6.0 <6.0 <6.0

3 <6.0 <6.0 <4.0 <4.0

a. 10- 3 input usually represented an MOI of 0.001 - 0.0001.

b. Blank - not tested.

All viruses (Table V) were inoculated at an empirical dilution of 10 -

into the indicated cell cultures, all of which are of the primary type,
with the exception of the human diploid cell, W'I-38. After inoculation,
maintenance medium (199 + HSA and antibiotics) was added and the cultures
incubated at 37 C for 24 hr. Replicate samples of culture fluid were removed
at 18 and 24 hr. These samples were frozen and subsequently used as inoculum
for the next passage and were also titrated insuckling mice via the IC route.
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Thc results shown in Table V are for 24-hr samples only, but are
representative. Little or no viral growth occurred in canine or
rabbit kidney or WI-38. For Mayaro monkey kidney (MX, AG) appeared
to be the cell of choice. For ONY virus minimal titers were obtained
in hamster kidney through the 2nd passage only. CE and SLE viruses
were the most difficult to propagate, with only minimal titers being
achieved in CEC culture.

Since no other acceptable cell lines were available, these
studies were repeated, using a higher MOI, as well as incubation periods
up to 96 hr. M, AC and CEC cultures were selected for these studies,
principally on the basis of the data in Table V.

TABLE VI. EFFECT OF VIRUS INPUT AND INCUBATION PERIOD ON YIELD ON
MAYARQ!/ VIRUS DURING 3 PASSAGES IN CELL CULTURE

PASSAGE HR LOG1 0 SMICLDso ml BY CELL CULTURE AND VIRUS
NUMBER POST INPUT:

INOC. MIX, AG CEC
10-1 10 - 3 10-1 10"3

1 24 >8.0 >6.0 6.9 -,6.0

48 8.7 >8.0 6.1 6.3

72 8.3 8.3 <6.0 <6.0

96 7.8 8.1 <6.0 .'6.0

2 24 >8.0 5.7 5.7 5.3

48 >9.0 >8.0 <5.0 7.1

72 8.3 9.1 <6.0 7.1

96 8.5 9 0 <6.0 -6.0

3 24 >8.0 5.9 6.o 6.0

48 "-9,0 -8.0 6.7 7.7

72 9.7 9.3 '-6.0 7.9

96 9.0 9.1 .a650 7.3
a. TRVL 15537, strain
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Table VI is a summary of the results with a different strain of MAY,
Thevs data suggest that this strain can be grown in M, AG with a 72-96-hr
incubation period to titers approaching those seen with other group A
arboviruses used for vaccine production. As shown these titers persisted
after 3 cell culture passages using as virus input either a i0'1 or i0 3

dilution of seed virus. Titers in CEC cultures were not satisfactory even
after 3 passages. Based on these data small lots of MAY vaccine have been
produced in commercially obtained MK, AG cell cultures. Static MK, AG
cultures were inoculated with the TRVL 15537 strain of MAY virus. Culture
fluidj wure harvested 40 hr postinoculation, a time at which 75% cell
destruction was observed. After clarification by centrifugation and membrane
(6.45 u) filtration, formalin was added to final concentrations of 0.05 or
0.ly. Inactivation was at 37 C for 30 or 48 hr. Four laboratory -scale lots
were made in this manner. Preinactivation titers ranged from 108.8 to 109.3

LD50 /ml as tested in SM. Potency tests on these lots of vaccine will be
conducted in the near future.

Results with ONY virus (Table VII) were somewhat encouraging. By the

3rd passage in MK, AG culture titers were obtained after 72-96 hr incubation
that approach those desirable for vaccine production. Virus yield in CEC
culture was unsatisfactory.

With CE virus (Table VIII) virtually no growth occurred in MK, AG. In
CEC culture the titers were marginal at the 1st and 2nd passage and were
certainly not acceptable at the 3rd passage, regardless of virus input.

SLE virus (Table IX) exhibited inadequate growth in MX, AG cells,
regardless of virus input or period of incubation. Further, with the possible
exception of the ist passage in CEC culture, virus growth in this host cell
must also be considered inadequate for vaccine production.

Since the strains of CE and SLE viruses employed in the preceding studies
did not replicate to significantly high titers in the cell systems employed,
new strains were obtained from the Center for Disease Control in December
1971. Master seed preparations (suckling mouse brain) have been made for
the La Cross and Snowshoe Hare strains of CE virus and for the P-I5 strain
of SLF virus. Rapid passage of these 3 strains are being made in primary
CEC culture in an attempt to increase virus yield by adapting the viruses Lo the
cells. At the time of writing 14 passages had been made. Preliminary Litrations
of passages 3, 5, and 8 in SM and by the plaque technique indicate that the
viruses are adapting to the cells, and that additional passages may result in

virus yields sufficiently high for vaccine production. These studies are
continuing.
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TABLE VII. EFFECT OF VIRUS INPUT AND INCUBATION PERIOD ON YIELD OF
O'NYONG-NYONG VIRUS DURING 3 PASSAGES IN CFLL CULTURE

PASSAGE HR LOG10 SMICLD 50/ml BY CELL CULTURE AND VIRUS
NUMBER PAST INPUT:

INOC. MY,,AG C EC

10-1 i0 3  101 10-3

24 6.7 5.9 6.1 ",6.0

48 7.9 7.0 6.1 6.3

72 7.5 7.2 <6.0 <6.0

96 <6.0 <6.0 :6. 0 <6, 0

2 24 5.7 3.8 5.0 3.3

48 6.9 5.5 6.7 6.8

72 7.7 <6.0 <6.0 <6.0

96 <6.0 <6.0 <6.0 <6.0

3 24 4.7 <4.0 5.0 3.7

48 7.0 6.0 6.2 7.2

72 7.9 6.9 <6.0 7.0

96 8.7 8.7 <6.0 7.1



236

TABLE VIII. EFFECT OF VIRUS INPUT AND INCUBATION PERIOD ON YIELD OF

CE VIRUS DURING 3 PASSAGES IN CELL CULTURE

PASSAGE HR LOG SMICLO50/rl BY CELL CULTURE AND VIRUS INPUT:

NUMBER POST

INOC. M, AG , CEC

10" 10- 3  i0o"  10 3

24 o.0 5.0 7.3 >6.0

48 -:5.0 5.7 7.3 -8.0

72 <6.0 <6.0 <6.0 7.3

96 -<-6.0 <6.0 <6.0 7.0

24 <4.0 <4.o 6.8 5.0

48 <4,0 <4.0 7.7 7.9

72 <6.0 <6.0 7.2 7.1

96 <6.0 <6.0 6.9 7.3

3 24 4.0 <4,0 6.7 4.7

48 -4.0 < 4,0 7,0 7.2

72 <6.0 <6.0 7.7 7.5

96 <6.0 <6.0 7.5 7.2

I
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TABLE IX. EFFECT OF VIRUS INPUT AND INCUBATION PE'iOD OP' A:LD O?
SLE VIRUS DURING 3 PASSAGES IN CELL CULTURE

PASSAGE HR LOG SMICLD /nl BY CELL CULTURE AND VIRUS INPUT:
NUBER POST 10 50

I11OC. MR, AG CEC

lc-I 10- -0

24 5,8 5,0 -8.0 .6.0

4 6.1 5,7 7.9 7.3

72 6.0 .. b.0 7.1 7.0

9.,0 .0 7 1 6.6

2 24 -4.0 ,<4.0 6.8 5.2

48 :4.0 4,0 6.1 7.3

72 ,.6.0 .,0 :6.0 7 0

96 <6.0 <6.0 <6.0 :6,0

34 <4.0 .4.o 4.9 2.8

48 :4.0 .4. 6.1 5

72, .<6.0 .. 6.0 ,6.0 . 0

96 <b. .0.0 -' ,0 .. 6.0
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In ancillary studies, attempts have been made to produce a more efficacious
product, due to the poor serological responses of National Drug Co. personnel
to the present Chikungunya (CHIK) vaccine. Three strains of C111K virus (Ross,
CHIK-168, and #15561) were passed 3 times in static cultures of WI-38 cells.
A total of 9 laboratory-scale lots were prepared in rolling bottle cultures
of WI-38 cells using 3rd cell culture passage material as inoculum. Inactivation
was at 37 C for 30 hg using 0.05 and 0.1% formalin, Preinactivation titers
in SM ranged from 100.7 to 109.0 LDS0 /ml. However, potency assays in mice
revealed no significant degree of protection. No reason for this f-ailure is
apparent. These studies were discontinued when it was found that a
(:Q,1Lract or w3 n," antly conducting such studics.

Suneiary, Part I:

Thirty small lots of formalin-inactivated TC-83 strain VEL vaccine were
prepared in roller bottle cultures of chick embryo cells (CEC). ThL following.
paramuters for VEE vaccine production are presented: (1) a multiplicity of
inoculum (NOI) of 0.0004 may be used yielding maximum Liters of virus 18 - 20
hr postinoculationi (2) _<300 ml of maintenanoe medium may be employed without
decreasing inal potency to any substantial degree; (3) inactivation by PiS
standards at 37 C may be carried out with 0.05% formalin for >30 hr or 0.1%
formalin for >24 hr,

Mayaro (FAY) virus (strain TRVL #15537), after adaption by serial passage,
grown in MK, AG cells for 40 hr, elicited 75% cell destruction. Four small
lots of vaccine have been produced and await potency testing.

By the 3rd passage in MK, AG cells O'nyong-nyong virus achieved a substantial
increase in titer, approaching that required for vaccine production.

New strains of California and St. Louis encephalitis viruses have andergor,
14 rapid passages in chick embryo cell cultures, and appear to be adapting i
to these cells. Further passage is in progress in an attempt to further increase.-
the titer of these viruses.

Progress and Summary. Part II:

Hamsters histopathologically examined at this institute after infection
with TC-83 have had a consistent vasculitis, neuronal necrosis, and nonsuppuraiVL
meningoencephalitis in the olfactory bulbs and ventral cerebrum of the brain.
Austin and Scherer examined histopathology of TC-83 in hamsters they saw
no uu.quivocal lesions in tile brain.1 r. cause of this variation in results,
it was decided to serially sacrifice hamsters in significant numbers with a
known dose of virus to clarify the histopathology, and at the same time to
compare it with another strain of VEE with lower virulence (Florida Fe 3-7c).
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Conmercial TC-83 vaccine (National Drug Co,) has been obtained and
titrated. A small number of hamsters have been infected with 500 PFU
of TC-83 and 500 PFU of the small plaque variant of the Florida strain.
Thse animals have been killed, necropsied and are in the histopathological
lab being processed for examination.
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TABLE i. YELLOW FEVER IN THE RHESUS MONEY

HOURS (RANC)
DOSE NO. DEAD/ Incubation Length of Time of
MICLD 0  TOTAL Period Illness Death

1000.0 3/3 60 40 100
(60) (34-42) (94-104)

10.0 9/9 67 44 111
(54-76) (38-50) (94-124)

1.0 4/4 90 40 130
(76-100) (30-45) (120-135)

0.1 4/4 186 43 224
(132-234) (33-66) (198-273)

0.01 2/3 182 39.5 222
(100-264) (33-46) (133-310)

0.001 0/5

as well as the length of illness. The surviving monkey did not show clinical
signs of the disease or any abnormal laboratory findings. We were unable to
demonstrate any circulating virus or specific neutralizing antibody up to 44
days postinoculation. All 5 monkeys inoculated with 0.001 MICLD remained
clinically healthy. There was no evidence of viremia or neutrairzing anti-
body.

From these data, 1 monkey SCLD appears to be approximately equivalent to
0.01 MICLD. The lack of clinical signs or abnormal laboratory findings with
no evidence of virus multiplication suggests that I LD in the rhesus monkey
may be the minimal infective dose as well. Considerin the limited sensitiv-
ity of the mouse inoculation assay of yellow fever virus, we must recognize
the possibility of the absence of virus in the inocula at and below 0.01
MICLDm. Also from these data, the incubation period in menkeys inoculated
with small quantities of virus tends to be longer in duration than that ob-
served in monkeys inoculated with larger doses. However, the disease is
equally as fulminating as that occurring in animals given large infective
doses.

The clinical illness of approximately 48 hr in duration in all infected
monkeys appeared very similar in regard to all parameters measured, regard-
4css of dosage. Since only the length of incubation was dose-dependent, we
combined the data compiled during the clinical illness for the 22 monkeys
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with disease. The resultS were evaluated at a nu.L Or Il hr LrecLding death
rather than po inoculation. The averagc temperature curve Lt all 22 monkeys
showed a rapid and marked elevation from nor-mal, occurring at approximately 48
hr preceding death and reaching a peak fever tempe'rature of about 105 F at 20
hr before death. A precipitous fall in body tumporaturo occurrvd terminally
in all infected monkeys, resulting in coma and death. Viromia was measured in
11 of the monkeys encompassing the entire range of dosages; 10 of 11 of thesc
monkeys were viromic within 24 hr preceding the onset of fLeve.r. 'llius, these
results suggest that a majority of the monkeys wL.re! virmic at or before ofnset

±oLai \vntte blood ell (WBC) and difLjrL'Aciai eounLs were p.rformed; th,5 :
data ;,hewe~ . pt'ogrc.stve fall in total count, oetinning about 24 nr before

. onset of fever, In mild cases reported in ian, the leukopcnia disaipF
rapdlly, rk'utuning co normal; in severe cases, sor. undergo a transition to
leukocytosis, with n.utropnhilia. 1 it is also reported that in the rhLesus Mion-
key, prior to death, some WBC counts rIsC to a iiiigiler level than can be ex-
plained by hemoconcuntration, and show a predominance of neutrophils.2 'lhis
terminal rebound of WBC was observed in 8 of 22 monkeys studied. The absolute
lymphopenia and resultant relative noutrophilia did not become evident until
well into the febrile stage of the disease. A gradual fall in hematocrit due
to serial bloodletting was observed in all aniv.als. An additional marked de-
crease in hematocrit was observed during the febrile stage of the disease;
monkeys not developing disease did not show thi3 marked fall, but continued
the gradual decline in hematocrit, eventually stabilizing within a week post-
inoculation. Although occurring late in the clinical illness, 13-24 hr pre-
ceding death, a rise in lactic dehydrogenase (LDI1) activity was dramatic.

The technique of cellulose acetate zone vlectrophoresis has b'een insti-
tuted in our laboratory recently and samples for LDH isoenzyme assay will b,
run in the near future. It is hoped that this technique will beLter elucidate
sites of tissue damage and the L.ffects on various organ systems. In addi tion
to both serum and urine isot.nzyme patterns, serum glycoprotein, seruii iiid
urine prot:in ciectropaoretic patterns will be studied.

E'fforts are under way to infect rhesus monkeys witn the virule-nt Asibi
strain of the yellow fever virus ac a standard chal!.enge levl of I0.0 '!1CLIq.
and to obtain prospective information concerning serial renal function studiCs
and measurement6 of cardiac outpuL and fluid volume spaces. Due to Ch'1nigs in
experimeiltal de6gn and animal instrumentatioi, little definitive data have
been produced as yet.

SunmrX. Part I:

Current evidence suggests that incubation isi the only dose-depende.nt fen-
ture of ye Ilow lever. The initial outward clinical sign of the discaei in the
rhesus monkey is a irapid and marked elevation in iody temperat1ur. ln gvn-
eral, monklys are viremic 0-24 hr preceding onse:t of fever and dee.lop a sig-
nificant prog:.:ive leukopenia. both the fall in oiemtocrit and elevation in
serum LDl1 activity occur late in the clinical illness. It appears that



253

I monkey IE 50 is approxir&aely equal to 0.01 mous LCILD. urthrmore, our
evidence suggests that I LD $ in the rhesus monkey may b v the minimal Infcec-
tive dose as well.

Progress, Part II:

There have been only a few electron microscopic studies of yellow fever
virus in the literature with numerous conflicting results. In 1953,0' the
first identification of the virus with the electron microscope was dont, in

.. i~d e, .te.Mon fromn 7-D vaccine strain-infuctd mou e brains and spinal
,r. .crai particles 50-55 mfz in diameter, without internal structure,

VCe repor:tud, In 1960, 4 , O extensive studies were carried out on the hiso-
, atihology and ultrastructural changes in Asibi strain-infected monkey hepato-
cytes. Spherical particles 55-61 mi in diameter, without internal structure,
were described with concomitant ultrastructural chang;es in liver cells. In
another study,8 l KB tissue culture cells, infected with Asibi strain yellow
fever, contained spherical particles, without internal structure, 25-27 i"6 in
diameter. In studies done on 17-D-infected mouse brains7' and spinal cords,-,
38-nvi spherical particles with dense cores surrounded by a membrane wore de-
scribed. The particles were found only in astrocytes in brain tissue, and in
neurons and microglial cells in spinal cord. In a Fort Detrick study,) im-
munofluorescence and electron microscopy were used to study tissue culture
cells and cynmologous monkey liver cells infected with the Asibi strain. No
viral particles or ultrastructural changes could be visualized in monk'y hop-
atocytes; however, some viral antigen was present in low titer. Spherical
particles 42 mg in diameter, with dense cores and limiting membranes, were
noted within endoplasmic reticulum of tissue culture cells.

At USAMRIID, Swiss white mice and 17-D vaccine strain yellow fever virus
were used as the experimental animal and agent respectively. Groups of mice
at varying ages were inoculated by several different routes; it was determined
that 18-21-day-old suckling mice had the most consistent mortality, maximum
virus titers, and consistent pathological lesions. The IC route of inoc.ula-
tion was the only one resulting in consistent mortality.

Simple, useful techniques for collecting samples and substequentLy pro-
cessing them wcre developed. A rapid, relatively aruifact-freC procedure for
removal of mouse brain and spinal cord was perfected. Scveral differont fix-
atives and buffer systems were tested, and it was found that 3 glutaraidv-
hyde and phosphate buffer resulted in the bost fixation for vectron micros-
copy. Standard epoxy resin embedding and s'ctioning we.re done' !o electron
microscope specimenm. Immunofluorescencv studies %1'< .cc onductvd accordn to
standard procedures. Yellow fever antiserum was produced and conjugated by
usual techniques in conjunction with the. Virology Division USAgICLID.

Drain, spinal cord and adrenal glands were eQ c 2ed C r--L rOprtontatMv
nf.t and controi mice'. The samples were' fiXt'( kC' t roes:,e .or histo-

name uO~y, electron and fluorescence microscopy, aru virus uitreL. n. VIrus
.Zaion was pcrforme d by animal inoculaLtion and . f .)-iy we're.

.ouad in brain and cord tissue, there bia,. r. :ignliieaz diiffernet K .twL en
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thm. No virus was found in adrenal glands; they were subsequently cli.i-
nated from the study.

Several important histological alterations hav. been observed consistnt-
ly in infected mice. The most prominent is a diffuse to multifocal neuronal
and glial cell necrosis in all layers of the cerebrum, but especially in deep
laminar areas of cerebral cortex. Accompanying this is a diffuse to multi-
focal vasculitis of th, cerebrum and leptomeninges. Vasculitis is nearly al-
ways noted in areas of necrosis. In hippocampal neurons, so-called "classi-
cal segiental necrosis" is often oeen, suggestive of isehemic necrosis of
vasculJar origin. Twunty per cent of spinal cords showed vasculitis and nc-
crosis. No inclusion bodies were seen.

Immunofluorescont studies were conducted on central nervous tissuL of in-
fected and control mice. Monkey yellow Lever antisora were conjugated wjth
fluorescein and tested for specificity on yellow fever-infected riss. cul-
ture cells. Positive staining of frozen brain and cord tissue was most prev-
alent in the areas of pathological change. Hippocampal neurons and deep ce.-
rebral gray matter were consistently positive for yellow fever antigen. Ves-
sels were occasionally stained, especially in deep cerebral laminae. Spinal
cord occasionally stained in neurons and small vessels. Cerebellum and white
matter very rarely stained.

Despite extensive examination of brain and cord tissue, yellow fever vi-
rus has not been visualized with the electron microscope. The above retro-
spective immunofluorescent studies have shown that this was probably due to
errors in sampling of tissue. With the knowledge of actual lucation of viral
antigen, studies are now in progress attempting to visualize yellow fever vi-
rus. Ultrastructural changes in infected mice have been observed, but re-
sults are preliminary thus far.

Sunmmry, Part iI:

Various techniques for sample collection, histopathology, fluorosce1jce
and electron microscopy were investigated and ,employed in studies of yellow
fever infection of mouse central nervous systm. Ilistopathological ie sio.:;
were prominent and consistent in cerebral gray matter, hippocampal neurons,
and their accompanying vessells. Immunofluoresct'ncc staining was positive
for yellow fever antigen in hippocampal neurons, cerebral g ay matter, and
occasional vessels. Electron microscopic studies are continuing, but thus
far are inconclusive.

Publications:

Cbapple, F. f"., II, J. M. Crosbie, and B. I. RLeisburg. 1971. Surgical
technic for cross-circulation of rhesus monkeys. Lab. Anim. ci. 2' :610-bi2.



252

LITERATURE CITED

1. Elton, N. W., A. Romero, and A. Trejos. 1955. Clinical patitulogy of
yellow fever. Am. J. Clin. Path. 25:135-146.

2. Tigertt, W. D., T. 0. Berge, W. S. Gochenour, C. A. Gleiser, W. C.
Eveland, C. Vorder Bruegge, and H. F. Smetana. 1960. Experimental yellow
fever. N. Y. Acad. Sci. 22:323-333.

3. Reagan. R. L., and A. L. Brueckner. 1953. 2lectron microscopy of
.) N vur virus (17-D strain). Am .. Path. 29:1157-1159.

4. bearcroft, W. G. C. 1960. Electron-microscope studies on the liver
culls of yellow-fever-infected rhesus monkeys. J. Path. Bact. 80:421-426.

5. Bearcroft, W. G. C. 1962. Electron-microscope studies on the livurs
of yullow-fever-infected African monkeys. J. Path. 3act. 83:59-64.

6. Bayer, M. E., and G. Nielsen. 1961. Zur morphologic des gelbfieber

virus. Arch. ges. Virusforsch, 11:303-306.

7. Bergold, G. H., and J. Weibel. 1962. Demonstration of yellow fever
virus with the electron microscope. Virology 17:554-562.

8. Baruch, E. 1963. Electron microscopic study of spinal cord of mice
infected with yellow fever virus. J. Ultrastruct. Res. 9:209-224.

9. Mccavran, M. H. and J. D. White. 1964. Electron microscopic and
immunofluorescent observations on monkey liver and tissue culture cells in-
fected with the Asibi strain of yellow fever virus. Am. J. Path. 45:501-517.

,I



253

ANNUAL REPORT

Project No. lW662711A096: Medical Defense Aspects of Biological Agents (U)

Task No. IW662711A096 02: Prevention and Treatment of Biological Agent
Casualties

Work Unit No. 096 02 411: Evaluation of Promising Compounds for Antiviral
Use Against Diseases of Medical Importanco to
the Military

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

Division: Animal Assessment

Period Covered by Report: 1 July 1971 to 30 *une 1972

Professional Authors: Richard 0. Spertzel, Lt Colonel, VC
Gerald L. Ruch, Captain, VC

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

Security Classification: UNCLASSIFIED



254

1. 11111111 AcedBOW 8 bl 0 IN Aft R POPP 94141110,111 #1011A1111.

RESEARCH AND TECHNOLOGY WORK UNIT SUHAARY DA 01,090 7 06 30 fd))DfEA)

L DART ooit uW T 1IN O IU MAtY" SUMR ACT WORMD4 BIARIY 1.E okeofq DIG *P~~( AA .LVl9sum

710 0 . ENAAI NL B y . "INugl

IS. NO./cODAWS* PROGRAM Ilutblokw 1 11101c? NUMBER1111 TASKA A149A NUM11411 WORK UNIT NUM06ER

PINMAR 671i 1 I 1671A096 02__41__

62711A1I662 7llA096 I

811'$11 Ing compounds for antiviral use again-at diseases o.1
medical LMportance to the military _____________________

13, SCIENTIIW AD TIC14OL041CAL SNIAL

003500 Clinical medicine; 004900 Defense; 010100 Microblooy; 0011001 Animal nusbandry

70 12 CONT AT-os

A INDOf AWARS, ICUM. A My.72.06

19, 141111POINIIL9 00 OROAIIAION o IFOIG AAI11O

NAMS." USA Medical Research institute of NAMBI; Animal Assessment Division
Infectious Diseasai USAMIID

A16b1Ifil,"Fort Detrick, MD 21701 ADDNAMIt Fort Detrick, MD 21701

RAINCINAI. iNVISIIIGATOR (Pi.Daia lIARIV 11 1. AgCIdl*U 1161l"uileS

SISPONSIBLE INDIVIDUAL IWAM1S4 Spertzel, R. 0.
NAMRA Cram jar, D. fBLIPONMI 301 663- 7244

TILP46od, 301 663-2833 W1L9CRT CON USR

it. 9MIA6 114ASSOCIATE INVISIQATORS

Foreign intelligence considered NAME, Ruch, G. L. DA
" N"'AM AN41

IM 1 ievs (U) Tissue culture; (U) Labors .ory anils,,1
QU Military aicn

11. fic)INICAL. J0 IV, 5 A1OC1 S .O16 DcTII V.I.. IifA AIIIA .f W.I.,AI~ .. IM iIII ,.II.IAIC~

23 (U) Evaluate chemical compounds for treatment: and control of virus diseases
of importance to the military. This work unit is an essentll element in a
comprehensive program for medical defense against BW agent'.

24 (U) Test chemicais in tissue culture and laboratory Animals against selected
viruses,

25 (U) 71 07 - 72 06 - A synthetic poly I-poly C, when inoculated IV into rhesus
monkeys which were later infected with Asibi strain of yellow fever, produced an
effect similar to lowering the infecting dose of the virus. Incubation period was
lengthened, while the clinical illness vomoilned uiichanjed. The MiCrilL1trstori
technique to run serum and plaque neutralization ta~ts is now a useful laboratory
tool to test serial samples, as well as evaluating antivI.tal chemical agents for
thair possible antiarbovirus activities.

Isatiu buts thLoseniicarbazone was shown to be ineffective as a chemothorapeutic
agent for Venezuelan equine encephalomyelitis in the dose tried, using thea plaque- i
neutralization technique. Additional antiviral compounds will be evaluated in the
near future, as well ar, some additional studieu with poly I-poly C.

Terminated since FY 1973 funding will be under The Surgeon General, Army,
New Project No. 3A062110A834; Accession No. DA 036423.
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Project No. 1W662711A096: Medical Defense Aspects of Biological Agents (U)

Task No. IW662711A096 02: Prevention and Treatment of Biological Agent

Casualties

Work Unit No. 096 02 411: Evaluation of Promising Compounds for Antiviral
Use Against Diseases of Medical Importance to
the Military

Description:

Evaluate chemical compounds for treatment and control of virus diseases.

Progres b:

During the past year, limited progress has been made in this area due to
the change-over in investigators. Much time has been devoted to becoming fa-
miliar with the research plan as it exists and the techniques needed to carry
it out.

The ability of a synthetic polyribonucleotide (poly I:) to alte the
course of Simian yellow fever was investigated. Initially, 2 monkeys were
inoculated intravenously (IV) with 0.5 mg/g of poly 1:C; 2 doses, spaced
24 hr apart, were given. Transient hyperthemia followed each administration
of poly I:C although it was more pronounced after the 2nd inoculation.
Within 1 hr of the 2nd dose of poly I:C, the body temperature of one monkey
increased from 101.2 to 104.8 F; the temperature of the 2nd animal rose from
101.5 to 104.0 F. These temperatures were within normal range 6 hr later.

Two monkeys were treated with 0.5 mg/4g poly 1:C, IV, j hr before they
were administered a subcutaneous inoculation of 10 median mouse intracer bral
lethal doses (MICLDQ of Asibi yellow fever virus. A 2nd dose of poly ':C
was given 24 hr following virus inoculation. One of te monkeys (B-115) had
been dosed with poly I:C on days -6 and -5 before virus inoculation. The
other (A-964) had not received poly I:C until the day of virus inoculation.

Two untreated monkeys died between 132 and 144 hr postinoculation with
10 MICLDQ of Asibi virus. [A mean survival t~mc of 138 hr has beon observed
in 8 other monkeys receiving similar doses of virus (Work U'nit 096 02 4.0).1
One of the poly I:C-treated animals (B-iS) died 146 hr after virus inoc'.Ja-
tion. The 2nd (A-964) survived for 216 hr.

Poly I:C administration appears to have the same effect as iowuring thc
virus dose, i.e.o, rolongation of the incubation period of the diseasu. .au
length and severity of the clinical illness arc unaffected.
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Further experimentation seems warranted to ascertain the poly I:C dosage
scheme producing the most beneficial results. Poly I:C and perhaps otlher
synthetic interferon inducers could play a role in antiviral chemotherapy by
prolonging the period of incubation and reducing the number uf virus infecti-
ous units for a period of time so that a chemotherapeutic agent may effec-
tively limit or stop the clinical disease.

Microtitration methods for serum neutralization tests by plaque neutrali-
zation have been standardized. The method employs a cunstant-virus varying-
,.riz. dlution technique. We have been able to obtain consistent plaque for-

. concuztzrations of live, attenuated Venezuelan equine un-
-. L. ". .L) vir.s (TC-83) vaccine strain on VEflG cells. In aL-di-
W, ". . accuratly duect serum antibody levels by the plaque ncu:rali-

Lniniquc .,). This Lest was necessary if seri.sl arntibod, responses
.! Jr:orarory anin-s w to be monitored, it may also be a helpful tool in
:,iLtrc studies ol c- xrapeutic agents to evaluate their direct effe2S

certain viruses by irg any plaque-reducing capabilities of Lhe drug.

Several of the evaluation studies were conducted to determine if Iiatit
P-thiosemicarbazone (IBT) had any effect on TC-83 infection as measured by
PNT. These studies were done primarily to gain familiarity with study tech-
niques. The VERO cell cultures were inoculated with 100 piaque-forming units
(PFU) per well and various dilutions of IBT in different combinations and
tiue sequences. The doses of lBT were taken from Appleyard et al.'s study'
of the effects of 1ilT on pox virus. lBT, in doses of 0.5, 2, 4, and S mg/ml,
dissolved in ac(.tone and diluted in Earle's Medium 199, was inoculated into
VERO cell cultures; 4 groups of wells were used. In Group 1, the IBT dilu-
tions were added, followed, after I hr incubation at 35 F, by TC-83 at 100
PETU/well; in Group 2, IBT dilutions were followed by TC-83 immediately at 100
PFU/well; in Group 3, 100 F F1/well of TC-83 were followed immediately by 13T
dilutions; and in Group 4, 100 P FU/well of TC-83 were followed, after 3 hr o
incubation at 35 F, by ILT dilutions. There was no significant reductioi'n u':
plaques in any of the wells of the 4 groups. Another study using 25 and 16)
mg/ml of IBT was run with no significant reduction ol plaques in any of the
wells.

it appears that IT has no effect on TC-83 virus replication in \U1W
cells, at least at the doses used.

PNT is a useful tocil for in-vitro evaluation of chemical agents for thLir
possible antiviral activity, and additional compounds will be Uested usiig
this method.

Sumary:

A synthetic poly i:C, when inoculated IV into rhesus :honkevs win ch wcrv
later infected with Asibi strain of yellow fever, produced an effctc simelar
to lowering the infccting dose of the virus. The incubation perioL was
.ength ned, while t:n.c! clinical il~aess remained unchanged.
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The microtitration technique to run serum and plaque neutralization is
useful to test serial serum samples for antibody titers, as well as evalu-
ating antiviral chemical agents for their possible antiarbovirus activities.
IBT was shown to be ineffective as a chemotherapeutic agent for VEE in the
doses tried, using the plaque-neutralization technique.

More chemical agents will be tested in the near future, as well as some
additional studies with poly t:C to determine approximately how much virus; can
be eliminated by its use.

Attcmpts -o plaque our Asibi strain of yellow fever virus are now in pro8-

res6 to expand the evaluation of promising antiviral agents.

None.

LITERATURE CITED

1. Appleyard, G., V. B. Hume, and J. C. Westwood. 1965. The effect of
thiosemicarbazones on the growth of rabbit pox virus in tissue culture. An.
N. Y. Acad. Sci. 130:92-104.
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23 (U) Develop a neutralization test in tissue culture which would be more sensitive
and less costly to perform than the current mouse test. This work unit is an
essential elewmnt in a comprehensive program for medical defense against BW agents.

24 (U) After selecting a cell-line, tests will be performed with various viruses
to determine the optiml conditions for each.

25 (U1) 71 07 - 72 06 - Tests were carried out using the VERO cell line to determilne
the optimal conditions for performing plaque reduction (PR) serum ncittralization (SN)
tests. Two PR-SN tests were developed and compared to the mouse SA test, The
PR-SN tests were found to be less costly, less time consuming, and more ,,vns/tive
than the currant mouse SN test. Ilie serum dilution method was found to afford more
advantages than the undiluted serum method. An evaluation of cert.qfn of these
advantages is still in progress.

Terminated since FY 1973 funding will be under The Surgeon Genral , Army.
New Project No. 3AO6211OA834; Acce'ssion No. DA 036424.
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Studios WciritiateL osanadz a p !uO reduction (PR) t SL
for the detction of neutralizing antibodies formed inl res ponse to the
Idmrini6tration of- arbovirus vaccines.

Each of the 6 disheS in .35 nr plascIC dispalso-traLys (Linbro Chemical
Co., New hlaven., Conn., was seeded With 2.0 ml cl a suspension of VERO ceill
(250,000 cells/m"L) made up in medium-, 199-Earle'.; base (1v)9-F ) containing

.5'1, fetal bovine serum and 100 units of penicillin (P>) and 50 iti; of
6truptomycin (S) per i.The monolayera were- confluent try 3 days.

Five di lluets ware compared for the~ir ei.t:C oc il tue milaiyoc s and
on the virus ra tar: (1) phospha ft be fered Silint-, pil ?.4, containing,
17, inactivated(' normlal rabbit sofll ,nd P' anld S (2! )QL'f Itemrt i efu, ion
broth;- (3) medimurn 199 - hank'ti banie (199-11) c onusli nink 1 and S anld 0. 25"",
humnan serum aLI tmi n oISA), (4) meidium 19-1 con V mining P1 and( S and lISA
and (3) hal onec salt .o liti en - lank '., base c eniitining P aniL S) and :ISA
bulffered WiLl. Il01pes (10 rM) , PH 7 .3 (5S.S-itLci 'No. . was cy LuLaxi(.c
whereas the ot1 il~tentU wore, not. P1 rc;u~i uni Celform in :A lY, an
shape for at IX(2) riwn. ecp o. 2.A tluctiuaui inl p1: okecUrrec: USIlj
11)9-1.. and 199-i: wh1ich waIs xet 'IOecied inl it v: riat ion. ini teVirus iLes
ReQsults iweta .1.0-lit war;LI W Ii' wehLot~c: of Ciitec kluentS.

Three -eisteei a i ncekpILiiI Lie, VIAJJvirl- itYU ins were,
selecteda kl t stiii; (1I a 21nouseL btrain-u~i~>.a of flu- Gambridge *

strain used,0 mi_, S01-.111 .' etmnutratizattan01 LeeL inl SULillillg miceO;

(2 (.emc i tseli on ol IL 1-i stai L~ 1 .o E k.e i
predluctme ac,. -Iispo'ns1oil L Ih 1 K- . an 1te 1,di VIK 1 e, L s

Th ~ n, ri!..a~i*.weetLoi we .Of'i Lili Lu on . .r tetd
xe........O~~;L~I t.'tiil seru I'0fl 1sit I~ .sIn. W. *rk 'a 0ii V/Ib e
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varied in titer from test to test with a significant drop over a period of
0 mon, The chick embryo preparation has remained stable over a period of
4 yr and is not cytotoxic.

Established procedures were used for inoculating the monolayers and
adsorbing the virus: 3 replicate dishes were inoculated with 0.2 ml of each
preparation tested, followed by adsorption for 1 hr at 36 C.

Three different volumes of overlay were compared for their effect on the
•nnciavers and on the virus titer. Results of tests using 2.0, 3.0, and 4.0 ml

Lhat maximum virus titer was obtained with 3.0 ml. There
no differaLLc in th etffact on the monolayers. Three separate plaqufl n

... ,iions were tested: (1) 1% agarose in medium 199 containing P and S and
-n a 5% COi aLmospherc; (2) the same medium in a standard incubator utilizin
.... ,d's: and (2') 1 / agarose in L-15 medium conLtining P and S in a sLandara

.. 'ebator. In each of the procedures described, I-nrm plaques formed in 3 days
_:iukr 3.0 milof overlay at a temperature of 36 C and A ph of 7.3.

The counting of plaques was facilitated by staining the viable cells in
the monolayers with a 1:7,800 dilution of neutral red prepared in BSS-ie. This
diluent was more satisfactcry than either Saline A or BSS-Earlo's base because
its pH remained constant. A 1:9,000 dilution of neutral red was found to be
less effective. Two-ml volumes were used as a matter of convenience and placed
in each dish of the trays unich were incubated for several hours at 36 C,
after which Lime the stain was poured off. The trays were then placed in a
4 C refrigerator overnight; plaques were counted the following day. Refrigeration
not only prevented an increase in plaque size but it also allowed maximum
staining to take place providing well defined plaques that could be quickly
and easily counted.

Plaque reduction serum neutralization (PR-SN) tests wre performed using
the test procedures indicated above. The serum samples tt 'ted were obtained
from an EEE-vaccine study project in volunteers (Medical D.vision Protocol

No. 71-5). Sixteen individuals were bled prior to and on days 7, 14, 28, 35,
42, 56, and 90 after vaccination. Serum pools fru i -ach day's bleediag excL'pt
day 90, were prepared using 0.5 ml of serum from each volunteer. The remainder
of each serum sample was stored at -30 C for future testing. Each pool was
tested for its ability to reduce plaque formation in the fresh state. after
freezing and thawing, and following heat-iructivation at 60 C for 30 min.
Serial loglo dilutions of virus were prepared and added to equal volumes of

each serum pool. incubation of the virus-serum mixtures was carried ouL at
37 C for 1 hr followed by inoculation onto the monolayers. The results of
these tests are presented in Table 1. No significant differences in titers
between the fresh and frozen serum pools are seen. However, significant
differences are seen in titers when the heat-inactivated serum pools are
compared to the fresh and frozen serum pools. These difiernces occur beginning
on day 14 postvaccination at the time antibody formation begins to appear.
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The PR tests on the individual serum sampics w,,re done in duplicaL
using the constant serum-varying virus method notvd above and using the
constant virus-varying serum method performed as follows: 12 serial
a-fold dilutions of each serum sample were prepared startin6 with a
1:10 dilution. An equal volume of virus suspension diluted to contain
approximately 100 PFU was added to each serum dilution. The remaining
test procedures performed were the same as for the constant serum method.

Sera were inactivated with heat for the constant serum method since
results using serum that was not so treated were inconsistent. lieat
trzatment was unnecessary for the varying serum method. The titers

, u~;rn these 2 methods were compared to the titers obrained
• 1:.the suckling mouse serum neutralization (SM-SN) test. SM-SN LtmL

wer' performed with heat-inactivated sera using the constant serum-var.in,:
viris routine procedures developed in this laboratory. One of tiese
%Ipoccdures, the incubation of serum-virus mixtures overnight at 4 C in
the presence of complement (C'), is a matter of convenienc.. ResuiLs
do not differ from those obtained with serum-virus mixtures incubti
at 37 C for I hr witnout C'. In the routine performance of PR-SN
tests, the serum-virus mixtures are incubated at 37 C for 1 hr, again,
a matter of convenience. Results obtained with serum-virus mixtures
incubated overnight at 4 C with or without C' were comparable.

The SN indices, expressed as lOglO values, represent the difference.
in titer between the pre- and postvaccination serum samples using the
constant serum method. SN titers, expressed as log values, represent
that dilution of serum causing a 50% reduction in the number of plaque
forming units used in that particular test. The results of these tests
are presented in Table II. The indices and titers differ for each test,
which is to be expected since 3 different SN tests were used. The
highest titers were obtained using the varying serum PR test, indices
0.3 of a log lower were obtained using the mouse test. Indices using
the constant serum PR test were I log lower than the titers obtained
with the varying serum PR test. Nevertheless, these results may bk.
used to compare the mouse test with the 2 PR tests since they wer.
found by stati,;tical analysis to be well correlated. A linear
regression was calculated relating the mouse SN index (X) to the constant
serum PR-SN index (Y) of 128 sera, using the method of least squares a
regression line was also calculated relating the SM-SN index (X) to
the varying serum PR titer (Y) of the same 128 sera. Based on linear
regression, an X value of 1.7 (the accepted lower limit for a "positive"
serum) correlated with a value of 1.0 for Y, using the constant serum
method and a value of 2.0, using the varying serum method. For a value
of 1.7 for X, the 95% confidence limits for Y = 1.0158 were 0.9757 and
1.0559 and for Y = 2.0257 were 1.8984 and 2.1530. The relationship
between the indices and titers for these 3 tests is depicted in Table
IIl. The values shown for the PR-SN tests represent averages; there-
fore, the scale shown should not be used for direct extrapolation.
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TABLE I. COMPARISON OF RESULTS OF PLAQUE REDUCTION TESTS USING FRESH,

FROZEN, AND HEAT-INACTIVATED SERUM POOLS

DAY POST TITER LOG10
VACCINATION

No serum Serum
Fresh Frozen Heat-inactivated

8.6 n.d. 7.0 7.3

7 8.4 7.3 7.3 7.4

14 8.6 6.0 6.0 7.1

28 8.5 4.8 5.1 6.8

33 8.6 4.5 4.4 6.4

42 9.1 4.6 4.5 6.6

56 9.1 4.4 4.4 6.7

n.d. = not done

TABLE ii. COMPARISON OF RESULTS USING TWO METHODS FOR PERFORMING PR-SN

TESTS AND THE SM-SN TEST

DAY INDEX -/  TITERh/

POSTVACCINATION SM-SN Constant Serum Varying Serum
log1 o PR-SN PR-SN

log,0  log 10

0 0.0 0.0 0.5

7 0.3 0.1 0.6

14 0.8 0.7 1.5

* 28 0.9 0.7 1.4

35 1.9 1.2 2.3

42 2.1 1.2 2.5

56 1.9 1.1 2.2

90 1.6 0.9 1.8
11. Difference in titer butween the pre- and postva,-cination serum samples.
b. 50'4 reduction in the number of PFU used in the test.



265

TABLE III. SCALE OF PR-SN INDICES AND TITERS !N Ri-LATION TO SM-SN
INDICES

SCALE LOG10

PR Mouse PR
SN SN SN
Index Illdc'x Titer

A.9 3.5 3.9

-3.5

-- 3.0 -
1.6

3.0

1.4 2.5

-- 2.5
1.2

- 2.0-

1.0 1.7 2.0

-1.5-

0.8

-- 1.5

- 1.0-
0.6-

- 1.0

0.4 0.5 -

0. 0.5
0. 2-

- 0.0--

o.0 - - 0.0
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The SN indices of 1.9 and 3.5 logs, and the SN titer of 3.9 logs,
represent the actual peak values obtained for each of the 3 SN tests. The
0.0 levels for both PR-SN tests were found to be lower than the 0.0 level
for the SM-SN test. This finding was reflected in the fact that low
levels of antibody which were not detected using the SM-SN test were
shown to be present using both of the PR-SN tests.

Summary:

Two PR-SN tests were compared to the SM-SN test. These PR tests were
..:of:d for 1/b Lhu cost and in 1/2 the time of the mouse test. These

uax'.v 2 tests were also found to be more sensitive, in that low levels of
specific antibody were detected with them which were not detected in the
SM-SN test.

Of the 2 PR-SN tests, the varying serum method affords more advantages,
most importantly, sura may be tested individually inmtead of in pairs or
groups. This is possible since the serum titer is determined by the ability
of the dilutions of serum to reduce 50%. of the viral plaques present in the
control monolayers. Other advantages which became apparent in the course
of these are currently being evaluated.

Publications:

None

LITERATURE CITED

1. Stem, T. 1969. Arbovirus plaquing in two simian kidney cell linei.
J. Gen. Virol. 5:329-338.
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23 (U) Develop a polyvalent toxoid which would include Staphylococcus aureus
enterotoxins A, B, C, and D and other exoproteins, This work unit is an essential
element in a comprehensive program for medical defense against BW ager .s.

24 (U) Preparation of a polyvalent toxoid of enterotoxins A, B, C, and D at a
concentration ot 500 micrograms oer millilILter of each toxoid.

25 (U) 71 07 - 72 06 - Gram amounts of enterotoyins A, B, and C (SEA, SEB, and SEC)
have been prepared. Each toxin will be formalin toxoided and mixed only after each
toxoid preparation passes all safety tests. SEA utilized in previous studies was
prepared by Schantz and had an oral median illness dose (ID-50) of 40 micrograms/kg.
This m terial was impure by electrofocusing arid electrophoresis. Modification of
Scantz's procedure has resulted in preparation of a highly purified enterotoxin A
which has an oral ID-50 of 4 micrograms/kg. A D enterotoxin has been prepared and
purified.

Publicatlcn: Biochim. Biophys. Acta 254:183-186, 1972.

Terminated since FY 1973 funding will be under The Surgeon General, Army.
New Project No. 3A06211OA834; Accession No. VA OB6425.

ON veVll1.11# LU0 . tONS1t 1.11 At la A fdE,.E I E ovAD 111 IIIN Y

DD, .R°"1498 A o,o,&D 149I A lOMAHMYukA&tEOBIO1EE a A NO1 Mh A



269

BODY' OFL RPNPORT

Prujc No. 1W662706A096: Mcdil.,l DOE tni Aptct oC Mlogica AgetLsi (U)

Task No. IW6 627 06A0 0.) Prov, iito and Tn 'a tao'.il 01 1 01o coI ra

- i L ' .1 1 Wt 'iI I . L1~_______

pl:CAI Llob Of ,:1h Y jplli, 1*lid tv2o'ol0tiL n
14,211 i c Iit dIL b i I tioLion iii 1 Lh.' j.) I 1 1 U CL i.' 1 hbt i lif LI- o2 i* I

.'CLI~LboLh yii' Id Jlld IuZt .th iI nriin A 1)po.ia I
10 &il c an bi L o)C V j' Id L from aIT *i agi ) 1QL.L' 50-1 1*111 Ll Ij,!ng NAK-.yedai
L.<tracL mv~daiL w.ith 0,27X glco . No GCC> au~ratiofll

A MvLhIML fo oiL i 1: Loll 01' LileOITioxin C . ill lgllom iilhulilt i Y'o s

6K~i oed Co ct innoo ogC 10 I)ons 1'L-ac ivf.ty was dt-mn-r.. t Ld
bvtwcvrn C~ , ,oind ant,,Lii' ol ri v C I Iv i I beP 1,11L [IdI(I- in thL
fI)OI yvo 1011t Le.',,,c

A llLLh , "01 0lt i n I: t,1: (,J-,,L 'I. I I A "S I:\ L);,', ViL 1.0.

130- 100 0,/~i L: .CI L:,!'. C1 I I I I i, 1L 1111 Mi. t'f -l 1! 't'S j 1 L''i i 1. (I

i'Ot2 4t.Li-ri~ cu- la-O L. VO I-. Vii Lr~ :~ ; 0,': , '

-ii ~ 'lt winL . i Ii ii I il (Iu t - L ;i Vti L i I I~i -;~ Iat: i il -i

W! L i ri I ., 1 . L etxi ir-sot t o1 x~iiI J !I W: iiS v

VS.* "4' t "Ig i.E Uf Ii I~~~ I L~ i

01 1 11; 1 >. I I' C kii) si *- 11 1n s I L 's L 1 w 1 L h I Oc

'J I !' ' ! 11i l -1 ,1i1 1 1

:'I)-- - - - - - -- - -.- ,--'-.'--.-- ill ".-.- . . . . ,, L'-L- . . .



Gram amounts of staphylococcal enterotoxins A, B, and C1 have been
I)rvpared. Toxoiding with formalin will be accomplished in the near
future. Definitive identification of enterotoxin D has been accomplished.
A new entorotoxin C3 was found to be produced by thv prototype strai, of
D (ATCC 23235).

AL' .d I- , A. D. Johnson, and W. S. 1oif I .

.... ' . u in.. .ioc im.Biophy! . Ac~a 257 :18 -i86.
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23 (U) investigate interaction of staphylococcal enterotoxin B (SEB) with lymphoid
cells and determine its significance. This work unit is an essential element in
a comprehensive program for medical defense against BW agents.

24 (U) Short term lymphoid cell culture allows the study of the action of SEB on
isolated cell population and a detailed analysis of the int:racellular events
triggered by SEE,

25 (U) 71 07 - 72 06 - The types of cells which can be induced into mnitotic cycles
by SEE have been determined, The initial events of its interaction with the cell
membrane have been studied both by following the uptake of SEE by the cells anid by
studying membrane enzyme changes after exposure of cells to SEE. No direct evidence
exists to show that SEE enters the cell which it then can cause to divide, nor is
there evidence that SEB car, cause changes in membrane enzyme activity as has been
reported to occur with cholera enterotoxin.

The specific mitogenic effects of SEB are probably not related to its toxicity,
but its rspid interaction with cell membranes may be essential to our understanding
of its toxic effects.

Terminated since FY 1973 funding will be under The Surgeon General, Army.
New Project No. 3A062110AB34; Accession No. DA 036426,
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Tihe actions o, the staphylococcal enterotaxins on the wholec animl have

been well establis',h:d. 1 The localization of enterotoxin Is in experimental

animals has been described1 but the localizaLion has not be er, firmly linked

to the mechanism of toxicity.2 The studies th,,t were carric out with the
staphylococcal enterotoxins, in particular entcoxin B (SEL'), wcre
designed to trace the effect of the toxins on isolated cell population using J
in vitro tissue culture techniqtues.

It was found, that a variety of lymphoid cells in vitro, mouse spleen,
thymus and bone marrow cells and human peripheral blood lymphocytes would
be stimulated to undergo division cycles after a brief exposure to SEB.
It appeared frcm the types and numbers of celhi stimulated-bv SED that it
was causing a mitogenic stimulation in some nonspecific fashion. Besides
the mitogenic effect of SEB, it was found that cnterotoxin A and to a
lesser extent enterotoxin C were also mitogenie stimuli. Even very purth d
preparations of these toxins wore able to stimulate the cells. Th. ;itlity
of the toxins to stimulate cells did not depenu on a previous exposure of
the donor animal to the toxin. Tn'nunixation of the cell donor animal did
not result in a charge in in vitro v euccivity of the animals, cells of SEB.
Furthermore, the amount of anti-SEB antibody in the se-rum of 90 humans did
not correlate with the extent o." SE], induceVd in vi Ern stimulation of their
peripheral lood) lymphocytes. [.. several exper'iments it was found that ai
nontoxic toxoid of SF13 which retained antigenic charaic teristics similar to
the toxin could also act as a :cell mitogen.

Besides the ability of the en erocoxins.; to induce1, lynphoid cell
mitosis, it was seen that tho toxins ould in. .c. the c0,1is to produce
various subs-cances which in turn .otuld a oFe c cLe" types oL ,elIs which were

not affeCteCd directLy' by the toxin. For ex-mp.e , cells or mou w flibroadlast s
s'howed no c'to pathCi effec'ts when c,: pOsed to caL' trotox:in i. iowuvur, if

,;. ccll plua S!."! ,rc ia-uv.t"cd with I. c -'' : or fi bro .,sts do" 2 hr7

the L cc *i- an(.d ,firobl,,cs \- estroyed. :'ui[bvtOt i fe tissue
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culture media from lymphoid cell cultures stimulated with SEB was put on the
L cells or fibroblasts, the same pattern of destruction was seen.

The mitogenic effect of the SEB was found to require only a brief
exposure of the lymphocytes to SEB, about 10 min in some experiments. After
10 min the cells could be washed and all traces of SEB removed, but the
cells still entered mitotic cycles. Using radiolabeled SEB and the techniques
of autoradiography, it was impossible to show that the SEB was incorporated
into the lymphoid cells which it affected. Other cell mitogens have been shown
to be incorporated into the affected cells, and that a specific membrane

:)~i' , ,Fstem exists which allows this interaction. Other techniques
'.x!:Lo'ed o investigate this latter observation. Using a sensitive

i Assy system to detect SEB in cell culture supernates, it was found that
after exposure of SEB to lymphoid cells there was a rapid drop in the
detectable SEB in the supernate of the culture; however, after another brief
time period the detectable SEB increased in the tissue culture media; at
the end of 2 hr incubation the original amount of SEB which had been added
to the culture could again be found present in the media and not cull boundl.
Therefore, it appears that SEB acts somewhat like an enzyme, rapidly attaching
to the substrate on the cell surface and after interacting with the surface,
detaching; it can then be found in the media.

A series of experiments were performed in an attempt to elucidate the
connection between the cell surface effect of SEB and the intracellular
events initiated by SEB which result in cell division. These studies, with
Major DeRubertis, centered on the measurement of the adenyl cyclase activity
in a cell population which was exposed to various substances. The assay
system was shown to be sensitive enough to pick up the cyclase activity
changes induced by low levels of prostaglandins. As yet no significant
effect on adenyl cyclase activity or cyclic AMP levels has ocen shown to be
a property of SEB. It may be that the SEB will be shown Lo decrease the
cyclase activity, but the significance of these preliminary results is
unknown at present and is the subject for future investigations.

Sunna rv :

Staphylococcal enterocoxins are potent lymphocyte mitogLns. Thei
other effects on lymphocytes are to induce the release of toxic substnincc :
and allow the lymphocyte to destroy other tissue culture coll lines. jioWevI ',
these effects of enterotoxins on lymphoid tissue are probablv not Lhe. muenzi '
0. toxicity in the whole animal, because (1) the amount of 5'. nee:cd I
efect toe lymphoid tissue is more thatn that need to pi-cuace toX:-c ufl'-c t

v civo , (2) the time needed to product L :ffects on il.ymphoid tisiue is zur 1

tfin that needed to produce toxic effects in vivo, and (3) to;,; id also svcs
c micogenic stimulus but is nontoxic in vivo. £3 exerts its C'feLts ,

K--i phocytes by a rapid interaction wi th the cell membrane, ;nnlo;;ous to ,!n
enzyme effect on a substrate. The intracellular evencs triggered bv Lhis

... ;ice tint are not yet known.
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This study consists of 3 phases, Phase I will establish the effect of
formaldehyde upon the toxicity, in vivo antig-enicity, and physical-chemical
properties of staphyloc)cc al ctnterotoxin. Phase 11 is a study of the

conoratir~l sablity Or thev ente-rotoxis Lowa'rd.s chemical denaturants,

extreme iCi~ Or allkaline ph , AVId keleVated teMpLoc,.raus. Phase III will deal
with the ir.Leraetioa of highly speciftic amnino acid modifying reagents with
en terotox-In.

Efforts in the first phase have concentrated on the! effect of formaliniza-
tion upon the sizc, shape, chairgo, and free amino content of the staphylococcal
enterotoxin h' (8S-.) molecule. Shilo3 as ndde 0 i at a1 conCLurtration of 2 mg/mi to
0.15 M phosplia~e buffer ait pH 5.O or 7.5," or E0 0.05 M bicarbonate buffer at: pH
9.5. Formaldehyde. waxi thendici into each~ enterotoxin-buffc'r solution to
a final coracnttatiofl )L: .9 (v/c') over ::idr period. Each of the solutions
was mainta'ined Cor i3l0 i:. crus in a e lowly -shaking %vat or bath. At frequent
intervals iliquoats ware rcrndv ed a sucstfto cellul1ose ac:etatu eltectro-
phores is to Ascertain chaniges in chargeo, to Seplia-doN G-100 gel filItrat ion to
charac teriz ZE. Sze and /or shn liee .C 1he to ai. ion prodct ts , poivaicryl-arnido gel
electrophoresis in 6odiuim dodoe, " 1 culIfat c For aI precise eS timatu Of 1nolecu ' ar
weignhts and iinhyd r L cive rannat ion of frite amino groups.* With Li 2A -48 hr
of exposure LO fornildehydc' nt cli', pils, SEP,, ;j I) :sje protc-,nrii i ts 11: tivko

state, 1drol cae the tta10dil iw, L)ii LCV at anA acid protein upon cc ilulose
aiceLatec! I~~oow Ls . T:lt'i cru L'JIi O ;rn i the ,bilitLv of formLaldehyde
to react wiit-. cne basic amino ac it. rOf i'Jc; rotenJs. 2 'For the -protc il
rormalinized aL pli S) 1n. mater-i s Wa-S d e U LedU1 ill the: void of Se-phadc!x G-106

gel ti i~i. .: 2-3 of treatment ., a rrogressivor y I .,rger pe,-k then 0ccCUpvin,.
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formaldehyde reaction product at pH 9.5 was mostly reta.rded by Sephadex C-100,
only a very small amount of protein appearing in the void. The column wns
calibrated with 9 separate marker proteins, thus enabling an estimate of the
molecular weight of the different filtration fractions at each pH as follows:
(1) pH 5 derivative consisted mostly of polymeric material of > 150,000 tn.w.,
small amounts of a formaldehyde-denatured monomer (apparent m.w. 38,000 +
2,000) and dimer (84,000 + 4,000); (2) pH 7.5, derivative mostly polymer(s)
> 150,000, some denatured monomer or dimer (55,000 + 9,000) and dimer or
tetramer (100,000); (3) pH 9.5 formalinized enterotoxin almost totally
formaldehyde-denatured monomer or native dimar (55,000 + 6,000) and some
daLtr or tetramer (120,000). The presence of formaldehyde-denatured enLo teo::i,.
_:.enomcr in each of the 3 derivatives and polymers of this monomer with the pki
5 and 7.5 treated protein was confirmed by polyacrylamide gel electrophoresiE
ii.S Cdium dodecyl sulfate, utilizing 4 standard marker proteins for calibrtLion.
Finally, ninhydrin analysis revealed that at pH 9.5, 65' of amino groups of
SEB were blocked by formaldehyde, at pIT 7.5, 60%, and at pil 5.0, 507..

After 30 days, enterotoxin preparations from each pH were dialyzed freo
of formaldehyde and examined for antigenicity and toxicity. The enterotoxin
treated with acid (pH 5) formalin demonstrated a clear reaction of partial
identity with native enterotoxin on Ouchterlony double-diffusion plates. Noprecipitin lines were detected on double-diffusion plates with the protein
formalinized at pH 7.5 or 9.5. Finally, each derivative was injected into a
rhesus monkey at a subcutaneous dose 70 times greater than that lethal fornative protein. No toxic manifestations (emesis, diarrhea, death) occurred
in any of the monkeys. SEB hemagglutinins were then determined at 2-week
intervals in each monkey. Enterotoxin toxoided with acid formalin induced the
highest hemagglutinin titer, 1:1280 at 18 weeks postinjection; with protein
detoxified with neutral formalin inducing a more sluggish response, i.e.,
1:320. The formaldehyde-denatured monomer derived at pH 9.5 caused no
antibody formation following subcutaneous injection.

During the next year, effort in this phase will bo directed towards tnv
following goals: (1) confirmation of in vivo toxicity and antigenicity a
in a larger group of rhesus monkeys; (2) examination of che other aatigeric-
Lypes of staphylococcal enterotoxins, i.e., toxins A and CI; (3) the Le of
specific gel filtration fractions to reduce time nvvced for toxoiding and/or
to eliminate residual toxicity, if observed in futur, studies.

Work has recently been initiated on this phase IT. As uctermincd 10%.
viscometry, enterotoxin B completely unfolds betveen 2 M and 4.5 M aqueous
guanidine hydrochloride. However, it was found by direct spectrosccpy ii;
near ultraviolet spectrum that this unfolding is very s.Low, taking cays ac
the lower concentrations of guanidine hydrochloride. This is m,,ost unusual
behavior, other proteins studied by these techniqueb tnfoldod at a auc;
faster rate. 3 The high degree of conformational stabilitV of s'I-B w C' furtci-
onfirmed by its failure to unfold except at very ac;xd pnI (> 2.2) at

&c~Vn craed by vicco-etr,. If confirmed by further work, such SL,.'LI-.,
.,.iLity woulo aliow interaction of native encerotoxln With )i-r' '2.. a: ccc or situs ever. at the extreme intraluminal pHs of the gastrointestia,,.

.ract.
4



,uring Lhc nuxt year the hI)hvior of Lcjoro ;X'LaL, 6 in .jqUe(ub gWlfidn Ud
hydrochloride and 1rid solution will be uxactly q. ntf tatod by vitcometry,
difference spectrosc:opy, and disulfidc bond acces,,bility studies.,L
Other antigenic typeS of staphylococcal enterotoxinv will also be examined.

Sunnary:

The extent to which SEB is cross-linked into large polymers is determ:ined
by the ph at which formalinizat ion is performed. Native antigenici y appeLs

be partially preserv d during intermolecular croos-linking of this protein.
....t o. ,#i.iX gul ilraion tor tcdious and costly bioassa,
in 'he :.ijilLoring of formaldehyde coxoiding is suggested.

Preliminary du;:a suggest an extreme uonformacional stability of nativc

Public : t i '- n
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2 (Uriamonstrate homogeneity of proteins isolated from microorganisms and

determine their physicochemical parameters for production of toxoids or vaccines.
This work unit is an essential element in a comprehensive program for medical
defense against BW agents.

24 (U) Apply electrofocusing techniques to homogenous components of enterotoxin
(SEB) and perform amino acid analysis, amide determinations and peptide mapping
on such components.

25 (U) 71 08 - 72 06 - SEB was unfolded in 6 M guanidine hydrochloride and dialyzed
against the same solvent. After removal of the guanidine and gel filtration on
Sephadex G-75, the enterotoxin was focused isoelectrically. The pattern was
virtually identical to that obtained befoxe treatment. This provides a clear
demonstration that the differences in isoelectric point&, of the com~ponents of SEB
are not due to bound ligand and suggests that these components are not stable
conformation variants.

Terminated since FY 1973 funding will be under The Surgeon General, Army.
New Project No. 3A062110A834; Accession No. DA 0B6428.
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Project No. IW662711A096: Medical Defense A,li ,.-ts of Biologica l Agt-nts (11)

Tabk No. IW66271IA096 02: Prewertion and Truitm ct of Biiologicl Agent
Casualtics

Wo: i J=i No. 096 02 60J: Physical and Chemical Characteriation of

Prote'ins of Microbiological Origin

Doscrijjtion :

Demonstrate homoglrnity of proteins isolated from microorganisms and
Cetermine their physiochemical parameters for production of toxolds or
vacc ines.

Progress:

The origin of the several components found on isoelectric focusing of
staphylococcal enterotoxins A and B (SFA and SEB) may be attributed to
genetic or nongenetic variants. In the latter group 3 general types may
be distinguished: artifacts, aggregates, and conformers.1 Extensive
experimentation eliminates aggregation as a significant phenomonon with
SEB.2 Conformers are stable conformational variants of the same proteins
which have the same amino acid sequence and molecular weight but different

electrophoretic mobility. They differ structurally only in the way the
polypeptide chains are folded. The folding may be influenced by the
pr 3ence of bound ligands.

It has been demonstrated that SEB may be reversibly denatured.
Exposure to high concentrations of guanidine completely unfolds the
molecule; when the guanidine is removed fully native material is obtained.
Thus if SEB is put through this cycle, some insight should be galine, as to
whether the different isoelectric components are stable conformers.
Accordingly, SEB was dissolved in 6 M guanidine hydrochloride containing
0.05 M Tris buffer at pH 8.5 at a concentration of 5 mg/ml. This solution
was dialyzed overnight against a large ecOss of the same buffer in the
cold. The guanidine was then removed by dialysis against Tris buffer
and the toxin-solution run through a column of Sephadex G-75. A small
amount of material appeared at the void volumo but the remainder emerged
as a symmetrical peak. The SEB peak was concentrated by ultrafiltration,
dialyzed against water, and the isoeloctric focusing pattern dceerminod on
a pH 7-10 gradient. Four components were obtained whose pl values and
relative concentrations were virtually identical to the originail mat rial.
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Vle dialysis against guanidine would hay,, removed any possible' hound
ligand and would appear to eliminate this as a cause of the isoelectric
paucidispersily. Since the refolding occurred at a different concntration
and temperature than originally prevailed in the synthe.sizing organism, it
Is unlikely that the refolding would yield the 4 components in the same ratios.
These results suggest that stable conformers are not involved; however, it
will be necessary to repeat the experiment with homogeneous isolated
components for definitive proof.

£dB wa., unfolded in 6 M guanidine hydrochloride and dialyzed against ,he
5anwe solven.t. After reicoval of the guanidine and gel filtration on Sophade.x
6-75, th nterot:oxin was focused isoelectricallv. The pattern was virtually
ienL'tiCal to that obtained betore treatment. This provides a clear demon.-:tra-
tion chaL the diffurences in isoeL'ectric point; of the components of SEB are
not cue to bound ligand and suggests that these components are not stable
conformation variants.

?ub! ications:

None.
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~ &cidk; (U) Enzymes; (U) Toxoids; (U) Vaccines;

23 (U) Modify proteins of microbial origin that play roles in their biological
effects in order to prepare mare effective immonogens against militarily important
diseases, Tfhis work unit is an essential element in a comprehensive program for
medical defense against BW agents.

24 (U) After determination of optimal enzyme reaction parameters, purified materials
will be testp, fnr their serological and emetic activities.

25 (U) 71 08 - 72 06 - Ontly threonine has been identified as n new amino terminus
in the digestion of staphylococcal enterotoxin B by trypiiin. The cleavage occurs
in the region of the muolecule between the haif-cystines of the disulfide bridge
and the molecular size appears to be unchanged in the ultracentrifuge. Reduction
In the presence of sodium dodecyl sulfate permits the demonstration by disc electro-
phoresis of 2 polypeptides of about 12,000 and i5,000 molecular weight. Reduction
in the absence of denaturant does not bring about separation of these 2 fragments.
The product retains complete emetic and serological actIvities.

Terminated since FY 1973 funding will be under The Surgeon General, Army,
New Project No. 3A062110A834; Accession No. DA 0B6429.
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BODY OF REPORT

Project No. 1W662711A096: Medical Defense Aspects of Biological Agents (I)

Task No. 1W662711A096 02: Prevention and Treatment of Biological Agent
Casualties

Work Unit No, 096 02 804: Controlled Enzymcatic and Chemical Alteration OF
Proteins oL Microbiological Origin

> .Jdify irocins o2 microbial origin that. play roles in their
ioica e ffects in order to prepare more effective imnunogens against

milicarily importa, t diseases.

f'o.ress:

The digestion of staphylococcal enterotoxin B (SEB) by trypsin has been
followed by reaction in a pH stat. Calculation of the extent of the initial
rapid reaction at p1! 8.0, 8.5 and 9.0 assuming a pKa, of the liberated amino
groups of 7.81 gave values of 1.56, 1.83, and 1.87 bonds cleaved per molecule,
respectively. If these values are accurate, it would be expected that the
molecule would be broken into 3 fragments. When the product trypsin-treated
SEB (SEB-T) was examined in tne ultracentrifuge and by Sephadex gel filtration,
only one component was found; it had the same molecular size as untreated SEB.

That a specific reaction actually took place was verified by the Sangr
fluorodinitrobenzene technique.2 Only DNP-threonine was found in significant
amounts in addition to the original N-terminus of DNP-glutamic acid.
Examination of the amino acid sequence of SEB 3 disclosed that there were
only 2 Lys-Thr sequences (no Arg-Thr sequences are present) in the entire
molecule and they both occur within the disulfide loop at positions 97 and
110. This explains wh., no reduction in size was observed by physical
methods.

Confirmation was obtained by polvacrylamide gel electrophorcsis in thk
presence of sodium dodecyl sulfate (,;DS).' SEB-T gave only a siugli line
at the same position as SEB. H1owever, when SEB-T was prein~ubated ,ith
3-mercaptoethanol in order to reduce the disulfide bond, this lin. virtual]IV
disappeared and 2 new lines corresponding to polypeptides with molecular
weight of about 12,000 and 15,000 appeared. Wlen the reduction was
carried out in the absence of SDS and the product w.is r.in through a Lolumn
of Sephadex G-50, only one peak was found. It emerged at the same position
as SEB indicating that the 2 fragrients were held to4ether by noncavalb-nt
forces in the absence of denaturant.

The serological activity of SE -F wT s determined by the qua1nti tatLVe
precipitin test against rabbit ant L-Tli. A curve identical with 8E1 ua
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obtained. Reduced SEB-T also gave a similar curve. Finally Ouchterlony
immunodiffusion gave a reaction of identity between SER and SEB-T.

The emetic activity of SEB-T was measured in rhesus monkeys. Two of 3
monkeys became ill at a dose of 0.1 g/kg, 2 of 3 at 0.3 4g/kg, and all 3 at
1.0 aIg kg. Since the median effective dose of SEB is estimated to be 0.1
4g/kg, SEB-T is fully active.

Stmrarv:

-. ' crgouE a rapi limited digestion by trypsin. Only threonine hab
Qe:.e ian tifieo6 as a new amino terminus. The cleavage occurs in the region

of che molecule between the half-cystines of the disulfide bridge and the
v oocular size appears to be unchanged in the ultracentrifuge. Reduction
.,n the presence of sodium dodecyl sulfate permits the demonstration by disc
electrophoresis of 2 polypeptides of about 12,000 and 15,000 molecular
weigh, Reduction in the absence of denaturant does not bring about separation
of these 2 fragments. The product retains full emetic and serological activity.

Publi cations:

None.
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*S ) Develop and employ in vitro methods of studying lymphocyte activation by
antigens. This work unit is an essential element in a comprehensive program for
medical defense against BW agents.

24 (U) Electron spin resonance spin label probes are used to study lymphocyte
membrane changes that occur with antigen stimulation. Lymphocyte lysates are
prepared and tested for their ability to tran-fer immunity against intracellular
pathogens.

25 (U) 71 07 - 72 06 - Studies of migration inhibition were completed and a report
prepared for publication. Techniques have been developed for incorporating spin
labels into lymphocyte membranes and for detecting surface membrane signals distinct
from internal signals. Factors affecting the stability of cell signal have been
established. The viability and continued biological activity of spin labeled
lymphocytes have been demonstrated. The ability of various spin labels to reflect
membrane changes associated with surface receptor-]igand interaction were studied
and indicated that spin labels specifically located at the sites of interaction
are required.

Publication: Cell. Immunol. 3:245-252, 1972.

Terminated since FY 1973 funding will be under The Surgeon General, Army.
New Project No. 3A062110A834; Accession No. DA OCb4lO.
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Project No. 1W662711A096: Medical Defense Aspects of Biological Agents (U)

Task No. 1W662711A096 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 006: Early Immune Response In Infectious Disease
and Toxemia

. vop &nd employ in vitro methods of studying lymphocyte
activation by antigens.

Progress and Summary, Part I:

Investigations were completed on induction of migration inhibition
factor production by staphylococcal enterotoxin B (SEB). Results were
published in Cellular Immunology 3:245, 1972.

Progress and Summary, Part I:

Studies of the effect of X-irradiation on delayed hypersensitivity were
continued. Methods were developed to separate lymph node and peritoneal
exudate lymphocytes from nacrophages but studies were interrupted by
mechanical breakdown of the radiation source.

Progress, Part III:

Evidence suggests that lymphocyte activation is triggered by a
conformational change in the surface membrane induced by interaction
between antigen and surface receptor. 1 To study this question, we applied
electron spin resonance (ESR) spectroscopy and spin label. techniques.-

Prior to evaluating conformational changes in surface membranes ot
antigen-sensitive lymphocytes, a number of technical capabilities had
to be developed: (1) techniques for labeling membranes, (2) determination
and selection of specific labels for protein-membrane interzcLions,
(3) dirferentiation between surface and intracellularly iiicorporated label,
and (4) definition of conditions required to maintain viability and
biological function in labeled cells.

To gain familiarity with spin labeling techniques, as well as to obtain
information regarding the nature and magnitude of changes that might
occur, intact sheep erythrocytes (RBC) and erythrocyte struma were employed
in initial studies (Table 1). Drastic chemical or physical treatment was
required to affect mobility of incorporated label.

j
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TABLE I: EFFECT OF VARIOUS TREATMENTS ON RATE OF TUMBLING (MOBILITY)
OF SPIN LABELS INCORPORATED INTO MEMBRANES OF SHEEP ERYTHROCYTES
OR STROMA.

AFFINITY TREATMENT MOBILITY OF
LBE OF ERYTOT OF LABELED INCORPORATED

LABEL PREPARATION LABEL

odoacata~aide Protein Whole cells Anti-RBC serum No change
Srroma Anti-RBC serum No change
Stroma 80 C, 10 min Markedly increased

(irreversible)

Androstane Lipid Whole cells Anti-RBC serum No change
Whole cells Lidocane Increased
Stroma Anti-RBC serum No change
Stroma 38% HCHO Decreased

Lipid-soluble spin labels, e.g. stearic acid, were readily incorporated
into viable intact nucleated cells. Subcellular distribution of this spin
label is shown in Table II. Lipid-soluble labels became incorporated into
all membrane-containing subcellular fractions.

TABLE II: DISTRIBUTION OF STEARIC ACID SPIN LABEL (ESR ACTIVITY) IN
LABELED MOUSE L-CELLS AND HUMAN LYMPHOCYTES AFTER FRACTIONATION
BY DIFFERENTIAL CENTRIFUGATION.

CELL FRACTION ESR ACTIVITY

Nuclei and cell membranes Strong
Heavy mitochondriu Strong
Light mitochondria Strong
Microsomes Weak
Cell sap None

The functional competence of nucleated mammalian cells appeared to be
unaffected by incorporation of the androstane spin label. Labeled guinea
pig lymph node lymphocytes cultured for 72 hr with SEB, a nonspecific mitogen,
responded to the same degree as unlabeled lymphocytes as measured by uptake
of tritiated thymidine.

Decay of ESR signal from androstane or stearic acid labeled cells was
observed within 30 min at 37 C and at lower Lemperatures after longer periods
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of i . Exposure of labeled inactivated cells to aeration or the
oxidizing agent K3Fe(CN) 6 rapidly restored original signal strength,
suggesting that decay resulted from reversible reduction of the nitroxide
radical by cellular components. Cell signal disappeared when K3Fe(CN)6
was removed by washing but reappeared immediately after reexposure,
suggesting that ferricyanide-had not entered the cell but had reactivated

the surface membrane signal. To investigate this possibility, stearic acid
labeled L-cells were incubated at 37 C for 30 min to inactivate ESR signal
and then exposed to 0.001 molar K3 Fe(CN)6 , the lowest concentration capable
of reactivating decayed cell signal. Cells were washed repeatedly to
remove any unattached K3Fe(CN)6 , lysed by suspension in distilled water
aad freeze-thawed; lysates were clarified by centrifugation. Ferricyanide
anc lerocyanide in washes and cell lysate were determined by a colorimetrlc
methoa. \Thile bocn cyanides were detected in the initial washings, neither
was detected in the cell lysate, indicating that K3Fe(CN) 6 did not enter
the cell. Should this postulate be true, reactivation of cell signal by

re..(ON) 6 would allow differentiation between cell surface and intracellular
oidnaxs.

As was true with erythrocytes, signals from nucleated cells with lipid
soluble or nonspecific protein spin labels, e.g. icdoacetamide, were
insensitive to structural changes associated with antibody attachment to
cell surface. These findings suggest that conformational cha~iges caused
by surface receptor-ligand interaction are local rather than general
membrane events and only spin labels specifically incorporated at these
local sites will reflect such changes. It is anticipated that use of
spin-labeled haptens as specific probes of surface-antibody combining siteS
will provide a tool for detecting alterations at the sites.

Summary, Part III:

ESR spectroscopy was applied to study early membrane changes during
lymphocyte activation by foreign antigens. Techniques were developed for
spin labeling intact lymphocytes and detecting surface membrane siignals
distinct from internal signals. Factors affecting the stability of cell
signal were established. Viability and biological activity of spin
labeled lymphocytes was demonstrated. The ability of various spin labels
to reflect membrane changes associated with surface receptor-ligand
interaction was examined and indicated that spin labels located at speciftc
sites of interaction are required.

Progress and Summary, Part IV:

An important mechanism of resistance to intrace.l >lar infection is
cell-mediated immunity (CMI) involving the interaction of lymphocytes and
macrophages. The same thymus-dependent. lymphocytos responsible for C IT
are involved In delayed hypersensitivity responsies. Tr njisfer f;,ctcr (TF),
a dialyzable substance obtained from white blood cell Iysates, transfers
delayed hypersensitivity from a sensitive individual to a nonsen.sitive
individual. 3 From clinical studies with human transfer factor It appears,
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but has not been proven, that cell-mediated immunity can also be
transferred with TF. Studies have been initiated in rhesus monkeys to
determine whether TF can transfer immunity against tularemia from one
monkey to another. Monkeys were vaccinated with tularemia (LVS) and also
given ovalbumin in complete Freund's adjuvant. Unequivocal delayed
hypersensicivity to ovalbumin was induced but only weak delayed skin
reactions to Foshay tularemia antigen were demonstrated. Transfer factor
was prepared from peripheral leucocytes of these monkeys and given
subcutaneously to a group of normal monkeys. Transfer of sensitivity to
oither ovalbumin or tularemia could not be demonstrated. Further work is
'n progress.

. upan, J. 972. Scaphylococcal enterotoxin B induced releaoe
of macrophagL migration inhibition factor from normal lymphocytes. Cell.
Immunol. 3:245-252.

2. Kaplan, J. 1972. Effect of X-irradiation on induction of delayed
hypersensicivity as measured by in vitro macrophage migration inhibition.
J. Reticuloendothel. Soc. In press.
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Teletypes were connected to S and y scintillation counters and used to
produce paper tape images of the counter data. The tape could then be
processed by a computer with fully automatic corrections for background
and quench. Many subsystems were developed for investigators, to produce
results in final form without data transcription or manual calculation.
For instance, the calculations for simultaneous radloimmunoassay for growth
hormone and insulin are accomplished automatically, including the calculation
and display of the standard curve used for the set of assays.

A high-speed paper tape punch was interfaced with 2 amino acid analyzers
u:.=o h ai p':ogrdammble calculator. The calculator is used to control timing

S :Co:m i ome data reduction before transferring the data onto paper tape.
hA' za&e is ther, read by a computer, which calculates amino acid concen-
-.:aon. The sysctum i3 designed to function unattended for periods of days,

with automatic sample handling. The computerization of the curves will allow
calculation of areas under the curves rather than measurement of peak height
by nanual means.

Data from many projects were transcribed to computer compatible form
and results analyzed. An example is the study of about 90 persons who have
been subjected to immunization with a variety of antigens over a long period
of time. History and clinical and laboratory data from these persons were
entered into a computerized data-bank for &nalysis. Many types of compari-
sons will be performed that could not be done readily by manual techniques.

Summary:

Progress was made in the areas of data acquisition and data reduction,
utilizing both standard and new techniques.

Publications:

None.

. . . . .. . .
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1 3 (U) Establish usefulness of electron spin resonance spectroscopy in solving
problems related to t4nfectious diseases. This work unit is an essential element I
in a comprehensive program for medical defense against BW agents.

24 (U) Search for the effect of infectious agents and toxins on biochemical
reactions involving free radicals. Spin label compounds involved in infecti-jus
or immunologic processes.

25 (U) 71 07 - 72 06 - Initial attempts at spin labeling nucleic acid of tobacco
mosaic virus for ESR spectroscopy were unsuccessful. Other conditions are being
sought so that the fate of viral nucleic acid in an Infected host can be determined.
in other studies carried out with Major Joseph Kaplan on conformational changes

in antigen sensitive lymphocyte membranes. factors affe.cting the stability of
cell signals were established. Spin labels had the ahility to reflect changes

associated with surface-ligand interactions. The labels must be specifically
located at the interaction sites.

Publications: Program, American Chemical Society, Abstracts 26 and 131, 1971.

Terminated because the Accession Number is changed starting FY 1973.
New Accession Number DA OC6412,
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BODY OF REPORT

Project No. 3AO6110IA91C: In-House Laboratory Independent Research (U)
(1W662711A096):

Task No. 3A061101A91C 00: (Laboratory Identification of Biological Agents)
(!W662711A096 03):

Work Unit No. 91C 001132: Application of Electron Spin Resonance
096 05 009): Spectrobcopy to InfecLious Disease Research

Establish the usefulness of electron spin resonance spectroscopy in
6olving problems related to infectious diseases.

?rogress, Part 1:

Conditions for incorporation of spin label into molecules of nucleic
acid were described previously.1 Based upon these findings, it was
postulated that nucleic acids from an infectious virus could be spin
labeled and employed as electronic probes to obtain basic information
regarding replication of viral nucleic acids in cells of infected hosts.

Tobacco mosaic virus (TMV) was selected as a model. Prepatations of
RNA core, free of TMV capsid, were supplied by Dr. Milton Gordon,
University of Washington, Seattle, Washington. Previously described
techniques were employed co label the RNA and record its electron spin
resonance (ESR) spectrum.1 Two special components were detected, a
large mobility spectrum superimpo.ed upon a strongly immobilized spectrum.
Strong binding of label to R.NA was indicated by the absence of label iii
the last wash solution. The seaimentation coefficient of the RNA samplu,
however, indicated that the nucleic acid had been degraded.

In an attempt to mimic the effects of labeled virus, Dr. Gordon
tried to encapsulate labeled polyadenylic acid (Poly A) with TMV
protein capsid. The ESR spectrum of this material was also highly
mobile, again indicating degradation.

As another approach, it was assumed that under appropriate condiLions
the nucleic acid core of intact virus could be labeled. However,
addition of label at pli 5.5 to intact TNV virus (0.01 %! phosphate in 60%
alcohol) also caused RNA denaturation.

Summary, Part I:

ESR spectra of spin labeled preparotlon, indicated thaL ICNA in intact
T'M, the RINA component of TMX' and Poly A encarsulated with TMVIV [rotein
were degraded during treatment or shipment.
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Pr'.,ress and Summary, Part 1I:

Studies on conformational changes in antigen sensitive lymptocyte

membranes are reported under Work Unit No. 096 03 006.

Presentations:

1. Caspary, W. J. The in vitro reaction of 6-hydroxylbenzo(a)pyrene
wiLh DNA. Presented at American Chemical Society Meeting, Washington,
.. C., 12-17 Sepzember 1971.

*i.* . chanisr.; for the covalent linkage of
.7.U'O c i/cvc1 hydrocarbons (HC) to DNA. Presented at American
,. o y "oetlWg, Washington, D. C., 12-17 September 1971.

Lorcntzen, A., V. Caspary, and P. 0. P. Ts'o. 1971. In vitro
;a reaction of 6-hydroxylbenzo(a)pyrene with DNA. In Program,

American Chemical Society. Abstract 26.

2. Cohen, B. I., W. J. Caspary, S. A. Lesko, and P. 0. P. Ts'o.
1971 Mechanism for the covalent linkage of carcinogenic polycyclic
hydrocarbons (HC) to DNA. In Program, American Chemical Society.
AbstracL 131.
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i"YAU~ trae talchanges during infectious illness as a possible aid in

early identification of disease etiology, This work unit is an essential element
in a comprehensive program for medical defense against BW agents.
24 (U) measure serum and tissue trace metals during infectious illness of laboratory
animals and man and determine the mechanisms responsible for the observed changes.
25 (U) 71 07 - 72 06 - Loeukocytic endogenous mediator (LEM), a depressant of serum Zn
and Fe, was shova to be present in sera of patients with infectious bacterial disease.
Considerable effort hag been made to characterize, isolate and purify LEM. it was

* found to be heat labile, nondialyzable, low molecular weight protein and soluble to
* some extent In organic solvents. Some difficulties have been encountered in obtaining

sufficient PMN leukocytes to produce the amount of LEM necessary for purification
procedures.

In other work on trace metals a graphite furnace for atomic absorption spectro-
photometry was purchased, with which it is possible to measure other metals, namely
nickel, chromium, aluminum, cobalt and cadmium. Initial work has been done on the
first two of these trace metals using serum samples of only 50 microliters.
PublicationE: Program, Western Hemisphere Nutrition Congress 111, p. 43, 1971; Proc.

Soc Exp. Biol. Med. 138:728-732, 1971, 139-128-132, 1972, 140:685-688,
1972; 1,ppl. Microbiol. 22:1096-1099, 1971; Metabolism 21:67-76, 1972;
Amer. J. Clin. Path. 57:506-510, 1972; Amer. J. Clin. Nutr. 25:461,
1972 (abstract); Fed, Proc. 31:667, 700, 1972 (abstracts).

Terminated since Fy 1973 funding will be under The Surgeon General, Army.
New Project No. .3A062110A834; Accession No. DA 0C6413.
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Project No: 1W662711A096: Medical Defense Aspects of Biological Agents (U)

Task Noi 1W662711A096 03: Laboratory Idcntification of Biological Agents

Work Lni: No. 096 03 1.0: Trace Metal .Metabolism During infectious Disease
oI Miitary Medical importance

A.isiss trace metal changes during infectious illness as a possible
in early identification of disease etiology.

Progvrts, Part i:

Significant alterations in Fe, Zn and Cu metabolism have been
demonstrated in man by this laboratory following either acute bacterial
(?rancisulla Lularensis - Medical Division Project 1Y 68-4 and Salm.lella
_yphi - Contract No. DA-49-193-MNJ-2867) or viral (attenuated Venezuelan
equine encephalomyelitis vaccine - Medical Division Protocol FY 69-1
and uandfly fever virus, Sicilian type, Medical Division Protocol
FY 70-1) infections.1- 5

Similar alterations in trace metal metabolism were observed in a
variety of laboratory animals following experimentally induced infections
or the administration of endotoxin or synthetic double-stranded RNA
comp-ounds. 6- 9 Recent studies in animal models have shown that the infec-
tion and stress-induced alterations in Fe, Zn and Cu metabolism were
mediated by an endogenous hormone-like substance released in part bv PYN
leukocytes.1 0 " 12 Leukocytic endogenous mediator (LEM) obtained from
peritoneal leukocytes of various laboratory animals were shown to produce
significant dose-related depressions in serum Fe and Zn in ,ormal, endo-
toxin tolerant, hypophysectomized, or adrenalvctomized animals. , '

Recently, we have reported that this endogenous Zn-dcpressing
factor was present ini the serum of febrilo individuals (volunteers)
with experimentally-induced typhoid fever. '( To further substantiate
this finding, acute serum obtained from Dr. Klainer, (Contract No.
DADA 17-68-C-8080) from febrile patients with documented Diplococcus
pneumoniae infections and patients with eithur Stahiococcus aureus
abscesses, cellulitis, or mixed bacterial infections was milliporud
filtered and injected intraperitoneally (IP) into respective groups of
normal recipient rats. These sera also induced significant serum Zn
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depressions in the animals when compared to rats given normal human serum.

Wlen the infected (filtered) serum was heated at 90 C for 30 rain the serum
Zn-depressing factor was Inactivated; thus, it was shown that a heat
labile endogenous factor was present in these acute serums. The fact
that the effect of the endogenous mediator from man can be transferred
to a laboratory animal may prove to have pqtential diagnostic value.

Summary, Part I:

Significant alterations in Fe, Zn and Cu metabolism have been shown
;; ocaur in man during a variety of acute bacterial and viral infections.
£tuaca in various laboratory animals have demonstrated that these infection-

s:ress-.nduced alteraclons in trace metal metabolism are mediated by
u h, abiloe endogenous factor released, in part, by PN leukocytes.
Y.'arthuor this endogenous mediator of altered trace metal metabolism has
been snown to be present in human serum during febrile illnesses caused
by a variety of bacterial infections.

Progress, Part II:

Studies from our laboratory have initially characterized partially

purified leukocytic endogenous mediator (LEM) to be a heat labile, non-
dialyzable, low mw. protein, which is soluble to some extent in organic
solvents, 5 " 2 Experiments have been in progress to isolate and purify
the LEM of serum Zn and Fe depression. Recently, crude preparations of
LEM obtained from PIMN leukocytes were pooled from rabbit peritoneal
exudates. This pooled material was concentrated and fractionated on a
G-200 Sephadex column, with the absorbance of the effluent being measured
at 280 ni with an ultraviolet analyzer and recorder. The various fractions
were compared to standards of known molecular weights. Each major frac-
tion was concentrated and tested for its Zn and Fe depressing effects as
well as for other biochemical parameters in the rat. The fraction having
the highest specific activity for depression of these 2 serum metals was
in the molecular weight range of between 10,000 and 20,000. however,
activity was also found in a high m.w. fraction, >200,000. Studies em-
ploying Cm and DEAE ion exchange resins on both crude LEN preparations
and fractions from Sephadex columns indicate that the activity seen in
the high molecular weight fraction represents aggregates of the lower
molecular weight material.

The effect of the proteolytic enzymes, pronase and tryplsin, on LEM
have been tested, as well as the effect of varying pH on LEN acLivity.
These studies indicate LEM to be a protein which is active in a pi range
between 4.5-8.0.

Since the endogenous mediator represents only a small percentage
tle proteins released by the P7vq leukocyte, attempts were mide to find

a suitable animal species for obtaining large quantities of I>M' leukocytes
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from peritoneal exudates in order to have sufficiLenL matrial for purifi-
cation of the mediator. Therefore, leukocytic extracts were obtained
from peritoneal exudates of goat, burro and dog, When the crude extracts
were tested for serum Zn and Fe depressing activity in the rat assay
model, only the dog leukocytic extract had activity, However, these
preparations have proven to be inadequate in quantity for supplying enough
starting material for purification at the present. Studies are now in
progress to increase both cell yield and LEM secretion. Furthermore, since

monocytic cells have been shown to produce in vitro endogenous pyrogen
(a protein closely related to LEM), an attempt is now in progress to design
a cell culture system for the production of enough material needed for
the purification of the mediator.

Summary, Part I;

Initial studies on the purification of the mediator of altered trace
metal metabolism characterize LEM to be a heat labile, low molecular wuighL
(10,000-20,000 m.w.) protein that can result in higher molecular weight

aggregates. Since LEM represents only a small percentage of the proteins
released by PMN leukocytes, attempts have been made to find a suitable
method and animal species for obtaining enough starting material for its
purification.

Progress, Part III:

Stucies from our laboratory, as well as those reported in the
literature, indicated that the very early infection-induced decreases
in serum Zn and Fe concentrations were not the result of decreased
gastro-intestinal absorption or increased excretion, but were due to a
rapid redistribution of the 2 metals within the host. To support this
hypothesis, rats were pulse labeled with 6 5Zn (5 aCi/l00 gm body weight,
IP) and then infected with virulent D. pneumoniae organisms. After 8 hr
both infected and NaCl sham-inoculated controls were killed and the coni-
centration of the isotope in the plasma and various tissues was determined
and compared. Infected animals demonstrated significant decreases of 5Zn
in the plasma with significant increase in the liver when compared to
controls.

Furthermore, if LEM is truly an intermediate released during the
infectious or inflammatory process, then it too should stimulate a
redistribution of the metals when administered to a normal rat. Rats
were then pulse labeled in the same manner with either "SZn or Fe and
administered LEM (150 ug protein IP). As predicted LEN produced signifi-
cant decreases in the plasma levels of 5 Zn and 9 Fe with significant
liver uptake of the 2 isotopes when compared to controls. These data
suggest that infection induces a rapid redistribution of Zr and Fe within
the host, and this redistribution is mediated by an endogenous factor (LE).
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Sumary, Part III:

Isotopic studies have demonstrated that infection produces a rapid
redistribution of Zn and Fe in the tissues of the hust. The same re-
distribution can be demonstrated when LEM is administered to the normal
host, which adds further support to the role of LEM as an early inter-
mediate in altered host metabolism during the inflammatory process.

Progress, Part IV:

;wo ieau of recknL biological interest arc Cr and Ni. Cr has

C ol. shown Lo 0t an essential vicronutrient with iLs deficiency being
c..araccerizod by impired growth and disturbances in glucose, lipid and
'roC.:in Itbolisw. ecently, increased serum Ni concentrations have
~onO reported in pazients following acute myocardial infarction.2 "
howver, in order to study the effect of acute infection and other
infiIV.mucory stresses on Cr and Ni metabolism, large numbers of samples
frL.. various fluids and tissues have to be examined. Although Cr and Ni
.iave been measured in biological materials by a variety of analytical
methods, tie techniques required tedious extraction and ashing procedures,
were time consuming, and offered considerable opportunities for sample
contamination from exogenous sources.

What was needed was a method, whereby Cr and Ni in biological samples
could be measured directly in a rapid, accurate and reproducible manner.
Recently, a new Perkin-Elmer Model 403 spectrophotometer with a heated
graphite atomizer was obtained and installed. This new equipment has
allowed for the development and employment of newer techniques to measure
and analyze such trace metals as Ni, Cr, Al, Co, and Cd in biological
samples.

By the use of the new heated graphite furnace serum Cr and Ni
concentrations can now be neasured directly by atomic absorption
spectrophotometry in 50-jil serum samples. Pretreatment or tedious ex-
traction procedures on large serum samples can be avoided by this simple,
rapid and reproducible method. A 50-il serum sample is inserted in1o
the graphite cell where it is dried, ashud and atomized in less than 15
min. Interference by other trace metals or electrolytes is eliminated
by proper program selection. When serum Cr and Ni conccntrations were
measured in a group of 20 healthy young adults (Medical Division Protocol
FY 72-2) met serum concentrations of 0.17 pg/lO0 ml (SO - ± 0.06) and
1.5 pg/l00 mi (SD - ± 0.5) were obtained for Cr and Ni respectively.
The coefficients of variability for 15 determinations on a single pooled
serum sample were 6% for Cr and 5% for Ni. The human serum Si concen-
trations in this stud,, either correspond to or are slightly lowur than
taose reported in the literature. The serum Cr concentrations reported
nerein are at least one log lower than those previously reported. These
lower results can be attributed to both the sensitivity of the system
and the reduction of possible sources of exogcnous contamination.
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Summary, Part IV:

By use of a heated graphite atomizer, serum Cr and Ni can now be
measured directly by an atomic absorption spectrophotometric technique
in samples as small as 50 pi of serum. Pretreatment or tedious extraction
procedures on large serum samples can be avoided by this simple, rapid,
and reproducible method.

Presentations:

1. Pekarek, R. S., and W. R. Beisel. Metabolic losses of zinc
and othar tace elements during acute infection. Presented at, Western
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2 Se~c 1971.

2. Pekarek, R. S., and E. C. flauer. Direct determination of serum
Cr rnud Ni by an atomic absorption spectrophotometer with a heated graphiL,
furnace. Presented at Federation of American Societies for Experimental
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3. Beisel, W. R., R. S. Pekarek, and R. W. Wannemacher, Jr. Effects
of leukocytic endogenous mediator (LEM) on the distribution in tissues
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23 (U) Purify and characterize several chemical mediators of Infection. This
work unit is an essential element in a comprehensive program for medical defense
against BW agents.

24 (U) Polyacrylamide gel electrophoresis is applied to various specimens;
resulting fractions are characterized by various applicable methods.

25 (U) 71 07 - 72 06 - The major problem in purification of endogenous pyrogen
hag proven to be the small amounts of material available after purification
procedures, due to both the high specific activity of the material and procedural
losses. Membrane ultrafiltration has been resorted to in order to overcome these
difficulties. Preliminary results suggest this to be a satisfactory pro-purification
procedure.
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1scription:

Purify ani characterize several chemical mediators of infection.

Work on the purification of the endogenous mediator of fever,
endogenous pyrogen (EP) was continued. The use of preparative acrylamide
gel electrophoresis appeared promising; due to the small quantity of starting
material that can be used with this technique, very little or no material
was available for further characterization after necessary assays and controls
to establish the presence of EP had been performed. These preliminary
studies suggested a molecular weight considerably higher than that obtained
by other methods, which may suggest that EP is capable of polymer formation.

In order to obtain sufficient amounts of unpurified EP material for more
definitive study, it thus became necessary to utilize a preliminary
purification technique. The requirements for this technique were: (1) Minimal

loss of activity due to degradatior or non-specific adsorption, (2) Ability
to handle large volumes of starting material, (3) Removal of significant

amounts of non-active material, and (4) Potential for concentration and/or
desalting. A survey of large volume preliminary purification techniques
including zonal centrifugation, zone electrophoresis, preparative
precipitation, ion exchange and molecular seive chromatography, and membrate
ultrafiltration suggested that the last best satisfied the above
requirements. Accordingly preliminary studies were undertaken using the
Amicon stirred pressure cell apparatus already available. It was found thit
the apparatus could be rendered pyrogen-free by extensive washing, and that
large amounts of EP activity could be obtained without apparent degradatiO:'.
although with some losses presumably due to non-specific adsorption.
Therefore, an improved version of this apparatus permitting more rapid
processing with less possibility of non-specific adsorption was ordered
and is presently being evaluated.
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Receuntly, a report In the literature of significant purification of EP
haI app2Oared. The authors used membrane ultrafiltration as the starting
stop, followed by 2 column steps and finally electrofocustng and report
final specific activity in the nanogram range, hut unfortunateiy also have
insufficient material .or further definitive characterization. The major
losses of activity seem to be in the 2 column steps.

Sumary:

Thu major pro.lem ia purification of endogenous pyrogen has proven to
au t~iu snall amounts of material available after purification procedures, due
to zt. rht: high specific activity of the material and procedural losses.
Xumz ane ultrafiltration has been used to overcome these difficulties. Pre-
liminary results suggest this to be a satisfactory pre-purificatron procedure.

Publications:

Sone.
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23 (U) Evaluatea biological activity, rule and significance of serum glycoproteins

in the early diagnosis of infectious diseases. This work unit is an essential
element in a comprehensive program for medical defense against BW agents.

24 (U) Determine serum glycoprotein and protein electrophor'Lic patterns in normal
and infected states using improved techniques, in order to understand their
significance.

25 (U) 71 07 - 72 06 - Methodology has been sLandardiz.d for a more complete and
accurate characterization of serum proteins and glycoproteins. Normal baseline
values have been collected for man. rhesus monkey and rat. Changes which occur
in these substances in disease conditions appear (1) to be nonspecific with
regard to inciting agent, (2) have a high priority in the iost response, and (3)
may be triggered by the release ,f host endogenous mediator(s).
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BODY OF REPORT

Project No. 1W662711AO96: Medical Defense Aspects of Biological Agents (P)
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Work Unit No. 096 ' 012: Evaluation of Ser "'- 'Avcoprutein Changes in
Early Diagnosis fectious lllnesc of
Medical Importai.

Desc r i) n:

Lvaluate biological activity, role and significance of serum glyco-

)roteinb in the early diagnosis of infectious diseases.

jrej'ress:

During the year we have been able to standardize techniques and
procedures for a more complete and accurate characterization of serum
glycoproteins.

To measure total glycoprotein concentration we have standardized

procedures for analyzing 4 major carbohydrate moieties contributing to the

sugar portion of serum glycoprotein concentration. These sugar mo.eties
are hexose, hexosamine, sialic acid and tethylpentose; the sum of their
concentrations in serum represents total serum protein-bound carbohydrate
and is thus an index of total glycoprotein concentration. This value, when
combined with cellulose polyacetate electrophoresis of serum and <'maining
for glycoprotein with periodic acid-Schiff reagent, can then be used to
compute absolute and relative amounts of glycoprotein In each of the electra-
phoretic ftactions. Likewise, using total serum nrotcin determined by a
biuret method and electrophoresis followed by staining for protein, s;imilar
parameters can be quantitated for serum proteins. Computer programs 1-ave
been written to derive all the above mentioned values from raw laboratory
data.

The Farrand Chromatogram Analyzer has been adapted for scanning
cellulose acetate electrophoretogrrns stained for protein and glycoproteons.
This machine provides a more accurate and less laborious method of scanning,
our electrophoretograms than the Beckman Analytrul. Compared to the Farrand

Chromatogram Analyzer the Beckman Analytrol gives an erroneously high
percentage of albumin and low percentages of all g!Lobuiin fractions.
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Employing the above described techniques and procedures we first
established baseline values. At this time we have collected normal values
for man (Medical Division Protocol FY72-2), rhesus monkey, and rat. The
values for the first two are relatively similar but significant differences
are found when these 2 species are compared to the rat. For example, man
has a total protein-bound carbohydrate concentration of 220.07 + 4.88 mg/lO0 ml
(mean + SEM) compared to 392.16 + 16.20 mg/100 ml for the rat. In man 14.7
+ 0.8% of this total glycoprotein falls In the LI glycoglobulin fraction and
28.1 + 0.7% in the A2 fraction. Whereas in the rat the percentage disLrlbutioa

frc n 53.4 1.6 and 15.7 0.9 respectively. Differoenc.-r ..:.. ,;,a .'. .m be Cila,!, into Cona.,id 'r'a~ion when interpreting

.;XpU: -. iCZW&U rU _ ." .vm Zif rr, AL species.

we mea:ut-. cnaLgs in protein and gbycoprotein patterns of
i .w= a :ybtcimc furilu disease induced by Dip locccus pie uoniJe,

I -a rf riAe inifiaratorv rc!lotion elicited by the subcutaneous
c : 1 1 nC sterile turpentine.. In both instances , changes in patterns of

Ta dsnn proteins and givcoproteins were similar and characterized by: an
az o-acc decrease in albumin, increased ,2 and . globulins, an even more
dramatic absolute increase in il cA2 and S glycoglobulins and total plasma
protein-bound carbohydrate including elevations in each of the 4 individual
carbohydrate moieties measured. Furthermore, these same patterns of changewere seen in rats which were starved to a 25% body-weight loss prior to being
stressed with either pneumococci or turpentine. It was concluded therefore:
(1) the changes noted in plasma proteins and glycoproteins were nonspecific
with respect to inciting agent; and (2) these changes occupy a high priority
in the host response, in that they occur despite drastic reductions in
nutritionally derived plasma precursor pools.

Lastly, we began an investigation to determine if leukocytic
endogenous meliator (LEM), similar to that described by Pekarek,; may he
responsible for these changes. Amino acid, Zn and Fe movement into liver
found to occur following LEM administration to normal rats," has been also
found to occur in pneumococcal infected rats.' Preliminary data in this
Uaboratory also document such a flux in turpentine-stressed rats. Injection
of LEM into normal rats produces an absolute decrease in albumin, increases
Il 1 2 globulin and 3 glycoglobulin fractions and total protein-bound carb,-
hydrates. These data are within the pattern of change seen with pneumoCOLcal
infected or turpentine inflamed rats, therefore suggesting that some such
mediator(s) may be involved in triggering these changes.

Methodology has been standardized for a more complete and accurate
characterization of serum proteins and glycoproteins. Normal baselino values
have been collected for man, rhesus monkey and rat. Changes which occur In
:acse sabstances in disease conditions appear (1) to be nonspecific with
zegard to inciting agent, (2) have a high priority in the host-response, and,
(3) may hu triggered by the release of host endogenous mediator(s).
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Presentation:

Cockerell, G. L. Plasma protein and glycoprotein changes in
inflammation, infection and/or starvation. Presented at Annual Meeting
of Federation of American Societies for Experimental Biology, Atlantic
City, New Jersey, 9-14 April 1972.

Publications:

1. a A. S., E. Dixon, and W. R. beisel. 1971. Serum glyco-
?rotwins in acute infection, Cin. Res. 19:675 (abstract).

2. Roitns, J. B., T. D. Shultz, and R. H. Fiser. 1972. Serial
,easurements of serum protein, glycoprotein, and lipoprotein fractions in
normal and Venezuelan equine encephalomyelitis-vaccinated ponies and
burros. Amer. J. VeL. Re-. 33:323-327.

3. Cockerell, G. L. 197?, Plasma protein and glycoprotein chaiges
in inflammation, infecticn and/or starvation. Fed. Proc. 31:710 (abstract).
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Project No. 1W662711A096: Medical Defense Aspects of Biological Agents (El)

Task No. IW662711AO96 03: Laboratory Identificntion of Biological Agents

Work Unit No. 096 03 013: Serum Protein and Enzyme Changes for Diagnosis
of Militarily Important Infuctions

Descript ion:

Evaluate changes in serum proteins and isoenzymes occurring during
infectious disease and elucidate the kinetics of such changes as an aid
to early diagnosis.

Progress:

In a cooperative study with a contractor (University of Maryland,
DA49-193-MD-2867), sera of typhoid fever patients were examined for
lactate dehydrogenase (LDH) activity. Eleven volunteers with experimentally-
induced typhoid fever had significant rises in LDH levels day I post-
infection. Analysis of these sera by polyacrylamide gel electrophoresis
indicated that LDH isoenzymes 1, 2 and 3 were noticeably increased during
the incubation period, in some instances as much as a week before clinical
evidence of illness I was seen. A possible source of the increased
concentration of these isoenzymes may be thL leukocytes which contain
primarily these LDH forms 2 and release them during phagocytosis,

Experimentation regarding staining techniques for glycoproteins and
ceruloplasmin was carried out during this period. Marked qualitative
changes in serum glycoprotein patterns in rats either infected with
Diplococcus pneumoniae or subjected to turpentine abscess were seen (see
Work Unit 096 03 012).

The Ortec slab acrylamide gel electrophoresis system has also been
used to monitor progress in the purification of the endogenous mediator(s)
of the alterations in serum trace metal concentration, In amino acid movemcnL
and in serum protein synthesis (see also Work Units 096 01 009 and 096 03 010).

Summary:

Qualitative increases in LDH isoenzymes forms 1, 2 and 3 were shown
to occur in the sera of volunteers exposed to typhoid fever during the
incubation period, long before clinical signs of illness,

Stains for other enzymes possessing multiple active forms as well, as
for glycoproteins are being evaluated.

... ...... ...
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Publications:

Wannemacher, R. W., Jr., H. L. DuPont, R. S. Pekarek, M. C. Powanda,
A. Schwartz, R. B. Hornick, and W. R. Beisel. 1972. Evidence for an
endngenous mediator of serum amino acid and trace metal depression following
experimentally-induced typhoid fever in man. J. Infect. Dis. In press.

LITERATURE CITED

1. Wannemacher, R. W., Jr., H. L. DuPont, R. S. Pekarek, M. C. Powanda,
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tn ;ogenous mediator of serum amino acid and trace metal depression following
experimentally-induced typhoid fever in man. J. Infect. Dis. In press.
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Infec. Imcun. 3:468-472.
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23 (U) Develop tests for use in rapid diagnosis of viral diseases. This work unit

is an essential element in a comprehensive program for medical defense against BW
agents.

24 (U) An interferon of tissue culture origin will be produced and characterized.
Standard methods for bioassay will be applied. Interferon is to be produced in
quantity and partially purified. Antisera to partially purified interferon are to
be tested for possible use in an immunological assay for inturferon.
25 (U) 71 07 - 72 06 - 1. A human interferon preparation from human embryo cell
cultures convenient for use as an internal laboratory standard has been produced.
Interferons from a human foreskin, W1-38, and MA-Ib0 i11 ciilturn have been
produced in serums-frtte media, are suLtable for study of their chemical and physical
characteristics and are convenient for use for imnimunizaticn of experimental aninials.

11. Antisera which are active in neutralizing the biologic activity of mouse
interferon have been produced. Tie application of an immunological technique for
the assay of interferon must await further developnments in the labeling and purifi-

cation of the interferons. A study of virulent and attenunated strainq of VEE virus
indicate!; that the interferon system is important n determining the yield of virus
from tis :ue culture. Interferon sensitivity ma, be one of the factors one should
examine whon atLenuating a virus strain for vaccine production.

Publications: Abst. Annual Meeting AsM 1972, p. IQ(,.
J. Gen Virol. 14:49-61. 1972.
Viro!, gy '!S:625-432, 1972.

lormini teld inc,. FY 197" ftu di in g will le under "le eur oteon General, Army.

New Project No. 3A06211OA834; Accession No. DA XC6417.

DD '.j498 .. 14 9.
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BODY OF RIYORT

Project No. 1W662711A096: Medical Defense Aspects o! Biological Agents (U)

Task No. 1W66271LAO96 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 402: Development of Methods for Detection and Assay
of Interferon for Rapid Identification of
Illnesses of Military Importance

Develop methods for thQ detection and bioassay of interteron.

Projress, Part I:

Interferon (IF) from several human cell cultures were prepared andassayed. The IF preparations were processed by aseptic dialysis against

buffers of pH 2 and 7.4. Their characterization included the following
criteria: (1) noninfective for embryonated eggs, (2) not antiviral in
chick embryo cell cultures, (3) unable to neutralize the challenge
viruses, and (4) retained antiviral activity after centrifugation at
100,000 X g for 3 hr.

One source from human embryo cell cultures was produced by exposure
of these cells to live Newcastle disease virus, strain Bl (NDV Bl), and
collecting the interferon in medium 199 containing 2% fetal bovine serumi.
The methods of induejion were suggested in literature references using
the CG strain of NDV and a UV-irradiated strain of NDV 2. These 3anti-
viral fluids were assayed on human foreskin (CCL54, Detroit 532) and
Heta cells using Venezuelan equine encephalomyelitis (VEE) virus for
challenge, with the results shown in Table I.

TABLE I. RESPONSE OF HUMAN FORESKIN (CCL54) AND 11EA CELLS TO
INTERFERON PREPARED FROM PRIMARY HUMAN EMBRYO (WHOLE)
CELL CULTURES WITH NDV Bl

BIOASSAY IF TITERa/
CELL TYPE PR50 /3 ml

Human foreskin 5000-8000

FeLa 126

a. Plaque-reduction titer, 50, reduction.
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The results indicate that the interferon serves conveniently as an internal
standard for the bioassay of interferons of human origin.

An interferon was produced from human forckin cells (ATCC, CCL54) in
response to infection with live NDV B1, The interferon was produced in serum-
free medium 199, and assayed in homologous cells by a yield reduction method4 .
The antiviral spectrum spectrum of this interferon can be seen in Table II.
These levels of interferon sup rcede Lhose plaque reduction values presented
previously for this interferon).

TAaLB I1. LEVELS OF A HOMOLOGOUS HUMAN FORESKIN (CCL54) INTERFERON AS
ASSAYZS :Y A Y:"LD-iIBITION XarkhOD AGAINST 5 VIRUSES

LEN&Z V:RUSES INTERFERON LEVELS
UNITS/3 ml

Sin~r~d~ 1000

Encehalomyocarditis 320-800

Vesicular stomatitis 320-500
Western equine encephalitis 320

VEE 160-200

Evidence was obtained that the addition of 2% fetal bovine serum to the
human foreskin interferon amplifies its antiviral activity in a yield-reduction
assay against the virus of Western equine encephalitis.

Interferons of human cell culture origins wera also produced in 2 additional
cell strains as shown in Table III.

TABLE Ill. ANTIVIRAL TITERS OF WI-38 AND MA-160 CELL INTERFERONS BY
PLAQUE REDUCTION OF VEE IN HUMAN AMNION CELLS (AV3 )

INTERFERON SOURCE INDUCING VIRUS IF TITER
CELLS PR 50/3 ml

Sendai 8
WI-38, human NDV B1 6
embryonic lung

NDV (Herts) 2.5

NDV B1 LAI-irradiated 6.3

'A-160, human Sendai 16
prostatic adenoma

Sendai (37 C, 18 hr)
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These titers are not elevated, and higher IF titers were found when
the interferon produced in WI-38 cell5 in response to Sendai virus was
assayed in homologous and HeLa cells. Thus, Sendai vir s was shown to
induce intirferon ig WI-38 cells, and joins Chikungunya, respiratory
syncytial, and NDV as known interferon inducers in this cell strain.

Previous procedures had indicated that when guines pigs were in-
jected with attenuated VEE vaccine, strain TC-83, and a L-cell inter-
feron, a neutralizing antibody of about 1/8 for the mouse interferon
was damonstrable. :mmunization schedules are being planned for inocula-

u~ .41aMan:m"1z with vlvctuad hui iarforo6 'hawest..

A huz.an interferon preparation from human embryo cell cultures
convenient for usz as an internal laboratory standard has been produced.
Interferons from human foreskin, WI-38, and MA-160 cell cultures have been
produced in serum-free media are suitable for study of their chemical and
physical characteristics, and are convenient for use for immunization of
lower animals.

Progress. Part I:

Sera obtained from rabbits and guinea pigs immunized with chick and
mouse interferons were tested for anti-interferon activity. None was
found in sera from animals immunized with chick interferon. Serum from
guinea pigs immunized with mouse interferon has been shown to contain
anti-interferon activity. In order to obtain isotopically labeled inter-
feron for use as a test antigen, the induction of L-cell interferon by
NDV (Bl strain) was carried out in the presence of tritium labeled amino

acids. Partial purification of the interferon was attempted by the use
of gel chromatography. The yield of interferon from the labeling experi-
ment was low and biological activity was not recovered from the column.

A study of the effect of attenuation of a virus on the sensitivity
to and production of interferon was carried out with several strains of
VEE and Western equine encephalomyelitis (WEE) viruses. The results
show that at high multiplicities of infection (M01) more interferon and
less virus are produced by chick embryo cells (CEC). Furthermore when
the virus inoculum is grown in CEC, more chick interferon and less virus
are produced by CEC when compared to mouse brain inoculum at the same
MOI. Chick interferon was demonstrated in the CEC grown inoculum and
the results above are probably due to the "priming" phenomenon.1 0 The
Trinidad and TC-83 strains of VEE were found to induce approximately the
same amount of interferon; the attenuated cl-15 strain of WEE induced
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more interferon that the parent B628 strain. A large and small plaque variant
were selected from the seed stock of Trinidad VEE virus. The virulent strains
wor t found to be less sensitive to both chick and mouse interferon when com-
pared with the TC-83 attenuated .train. Those results suggest that interferon
sensitivity may be one of the factors that should be selected for in the
attenuation of a virus strain. The virulent and attenuated VEE virus strains
may be useful in investigating the role of interferon as a specific host
defense mechanism.

Sunnary. Part Il:

Antisera which are active in neutralizing the biologic activity of mouse
interferon were produced. The application of an irvunological technique for
the assay of interferon must await further developments in the labeling and
purification of the interferons. A study of virulent and attenuated strains
of VEE virus indicates that the interferon system is important in determining
the yield of virus from tissue culture and suggests that interferon sensitivity
may be one of the factors selected for in the attenuation of a virus strain.

Presentation:

Luscri, B. 3. Several observations on the induction and bioassay of
interferon from human cell cultures. Presented at Annual Meeting of American
Society for Microbiology, Philadelphia, Pa. 23-28 April 1972.

Publications:

1. Luscri, B. J. Several observations on the induction and bioassay
of interferon from human cell cultures. Abst. Annual Meeting ASM, 1972.

2. Jordan, G. W. 1972. Basis for the probit analysis of an interferon
plaque reduction assay. J. Gen. Virol. 14:49-61.

3. Jordan, G. W. 1972. Quantitative aspects of interferon induced
plaque reduction: Kinetics of interferon action. Virology. 48:425-432.

4. Jordan, G. W. 1972. Effect of interferon on the production of
hemagglutivins and infectivity of GDVII virus. Arch. ges.Virusforsch. in
press.
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23 (U) Develop an in vitro diagnostic test for rapid detection of antibdy to viue
c.iusing militarily significant disease. Detect antigenic and biochemical variation
among closely related viruses. This work unit is an essential element in a compre-
hensive program for medical defense against BW agents.
24 (U) Virus-antibody complexes are separated and detected by cellulose acetate
electrophoresis and column chromatography.
25 (U) 71 07 - 72 06 - An identification procedure was developed to determine the
strain grouping of unknown VEE field specimens using the microprecipitation test
(MEPr) to detect minor antigenic differences among the virus strains. Six field
specimens, previously classified by subgroup by the kinetic hemagglutination-inhihition
technique, were similarly identified by this laboratory using HPT. Methods are being
studied to increase the sensitivity of the NPT using 125-1-labeled globulin. Clinical
specimens from rhesus monkeys experimentally infected with rubella virus were examined
for detection of specific antigen using the MPT.

Column chromatography of selected VEE viruses on calcium phosphate gel offered a
simple and reproducible method for examination of biochemical characteristics and
related~ness of strains within the VEE complex.

Isolation of VEE virus from mosquitoes captured in Louisiana during the Texas
epizootic will be reported in Applied Microbiology soon to be published.

Publications: Appi. Microbiol. 22:143-144, 1971;

Terminated since FY 1973 funding will be under The Surgeon General, Army.
New Project No. 3A062110A834; Accession No. DA 0C6418.
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Project No. lW662711A096: Medical Defense Aspects of Biological Agents (U)

Task No. IW662711AO96 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 403: Separation, PurificaLion and Concentration of
Arbovirus Agents and Antigen-antibody complexus
for Military Medicine

Doscriptcn:

Develop an in vitro diagnostic test for the rapid identification
of viruses causing militarily significant disease. Detect antigenic
variation among closely related viruses,

Progress, Part I:

The microprecipitation test (MPT) was employed to detect antigenic
differences among strains of Venezuelan encephalomyelitis virus (VEE1
representing each of the 8 groups characterized by Young and Johnsoni
using kinetic hemagglutination inhibition (Kil) technique. Tissue culture
virus materials of these 8 strains of VEE were produced from the supernatant
fluid harvests of infected duck embryo cell monolayers. These materials
were concentrated by DL\E - cellulose chromatography and ultracentrifugation
in order to prepare high titered antigens for use in the MPT. Table 1
shows PFU and hentagglutinin (HA) titers 2 of the antigens,

TABLE I. TITRATION OF VEE ANTIGENS

ANTIGEN PFU/mlA' RECIPROCAL

Name Group HA TITER

Trinidad la 10.9 3200

TC-83 unclassified 11.6 3200

lea lb 10.6 3200

P676 Ic 11.0 3200

3880 Id D . i 5200

Mena Ic LU., 800

Fe 3-7c 11 10.5 1000

Mucambo (MUC) 1II 11.3 6400
Pixuna (PIX) IV 10.1 400

a. Assayed on chick embryo cell monolaycrs.

----------------------------------------------------------..-,w--------- -
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TAIILE 11, iIEMAGGLUTINAT1ON-INHIBITION TITERS OF RABBIT ANTiSERA

ANT I S ERUM RE|C I PROCAL
HI TITERA/

Trinidad .-5120

T,..o3 5120

' 120

3120

.u na '. 640

Fe 3-7c 2560

Mb C 320

PIX 320

a. All sera tested for Hi activity against 8 units of Trinidad VEE
antigen.

Antisera for the MPT were produced in 2-2.5 kg New ZealaRd albino rabbits
inoculated with formalin-inactivated suckling mouse brain preparations of the
strains. Table II shows the hemagglutination-inhibition (111) titers of the
antisera. An antigen-antibody reaction pattern was established for each
antigen using the MPT. Dilutions of (1:4 - L:64) of each antigen wure
reacted in the MPT with dilutions of 1:10 - 1:i60, respectively, of the
different antisera. Such block testing revealed that each antigUn pobsesscd
a unique pattern of reactivity differing from other antigen prototypes.
Table III shows the scoring of the antigen-antisera reactions. From this
tabulation a standard test pattern, as shown in Table IV was devlopVd to
iduntify the strain prototypes of unknown specimens.
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Blind experiments wore conducted using the 8 antigens coded, but
not strain labeled. Correct identification of these antigens proved
possible using the test standard. To prove the validity of the
established standard for identifying strains of unknown field specimens,
VEE virus strains obtained from Drs, Sheror and Shape were suhjected
to these identification procedures. The virus materials were grown
in duck embryo cell monolayers and the supernatant harvest fluids
concentrated by cellulose chromatography and ultracentrlfugation to
prepare antigens. Using the antisera to the 8 original strain prototypes,
in dilutions seluc d for the standard pattern, the antigens were

. o. ....e MT, Tene resulting values obtained in the standard
SWv':'U used co classify :he antigens into VEE strain groups

.v , , antig&nic reactivity. Six antipen= have currently been
¢ % I w -sn ris rauntification procedure. This laboratory, was
V -o #ICu 6 "ntigens into the identical strain groups Young and

jonnbor. dusLgnaced using the KHI technique.

Modification of the MPT utilizing 12I1 labeled globulin is
currently under investigation. Successful detection of small amounts
of antigen in field or clinical specimens is not possible with the
present MPT, Currently, antigen must have a titer of >10 logs of virus
material before the antigen-antibody mixture will result in a visible
precipitate in the MPT, Feasibility is being studied for using I-51.
globulin complexed directly with an antigen or complexed with an
antigen-antibody reaction mixture in the MPT. Such successful
modification of the MPT should allow the detection of small amounts
of viral material as might be found in clinical or field specimens.

Currently experiments are being conducted to detect rubella virus
in clinical specimens from rubella-infected rhesus monkeys. Tissue
culture methods revealed virus in throat specimens however, conventional
MPT on replicate specimens failed to detect the antigen. Studies are
continuing tc use the MPT 1251 modification for detection of rubella
antigen.

Summary, Part 1:

An identification procedure was developed to determine the strain
grouping of unknown VEE field specimens using the MPT to detect minor
antigenic differences among the virus strains, Six field specimens,
previousl," classified into subgroups by the KHI technique, have been
similarly identified by this laboratory using the MPT. Methods are
being studied to increase the sensitivity of the MPT using 1251-labeled
globulin, Clinical specimens from rhesus monkeys experimentally
infected with rubella virus are being tested with MP'[ for detection of
the antigen.



342

90c o Q I I . I I 1 .4 jc I I co 00 I I

o 0 o I I I o t tI I o 00

0 )

00 Cz,

0 P

-4I ~ .- 4 i

u

> ~ u

N- N~O 4 C4C I CN

I 4

0

-44

00

'-4 E-4 O 1 O-4 O ~ o o ~



343

x
I-4~ 4 00 00 1 1 1.j 00 00 60 60 1

00

ell

C? ID CN I N

-4 M-* fn %Orcn F I.1

CIt 00~ c N co %Dl Nt CO 'D - tX TG



344

TABLE IV. STANDARD TEST PATTERN FOR VEE STRAIN IDENTIFICATION

ANTISERUM ANTIGEN
Reciprocal at highest dilution showing + reaction

Name Dilution Trin. TC-83 lea P676 3880 Mena Fe3-7c WC PiX

Trinidad 1:40 641 I  32 32 32 8 8 8 32 8
a/

TC-83 1:20 32 32 32 32 16 2 4 32 --

Ica 1:40 32 32 32 64 16 4 8 -

P676 1:40 64 32 64 64 8 8 8 -

3680 1:20 8 64 32 16 8 8 2 L6

Mena I 1:20 32 32 32 64 4 8 8 16

Fe 3-7c 1:10 8 8 16 64 2 8 8 -

MUC 1:40 8 - 16 - 4 8 - 32

PIX 1:40 8 4 - 4 - - 32 4

a. No reaction with undiluted antigen, when retested below 1:4.

~a
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TABLE V, PHOSPHATE MOLARITY OF PEAK VIRUS INFECTIVITY

ANTIGENIC VIRUS FRACTION PHOSPHATE
GROUP1  STRAIN NUMBER MOLARITY

Ia Trinidad 20 0.25

- -TC-3 18 0.23

lb Ica 20 0.25

- - 9859 20 0.25

Ic P-676 19 0.24

Id 3880 17 0.22

le Mena II 18 0.23

Ia/ Fe 3-7c 14 0.19
25 0.30

III Mucambo 31 0.36

IV Pixuna 27 0.32

a. Two peaks of virus infectivity have been observed.
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TABLE VI VIRUS ISOLATIONS BY AREA

MOSQUITO SPECIES POOL SIZE VIRUS COLLECTION REF. NO.
AND DATE

Cuiseta rmolanura 28 EEE BRI1 -18-214/11-2 Aug

2/
, _._____1_ .00 VEE AL- -26-222/17-10 Aug

Cult:.. cars~is 104 WEE 0D3/-14-212/06-31 Jul

C. uar s A1 71 WEE OD-14-219/08-7 Aug

C. zarsalis 30 WEE OD-24-221/05 - 9 Aug

C. tarsalis 39 WEE OD-25-221/08 - 9 Aug

C. tarsalis 100 WEE OD-14-226/06- 14 Aug

A.-des thelcter 18 WEE OD-25-228/02 - 16 Aug

C, tarsalis 67 WEE OD-25-228/09- 16 Aug

Psor2phora discolor 96 WEE OD-25-228/14 - 16 Aug

C. tarsalis 15 WEE OD-01-229/07 - 17 Aug

P. confinnis 106 VEE OD-28-230/17 - 18 Aug

C. tarsalis 100 WEE OD-24-235/01 - 23 Aug

C. tarsalis i0o WEE 0D-25-235/23 - 23 Aug

C. Larsalis 100 WEE AM 4/-31-217/12 - 5 Aug

C. tarsalis 100 WEE AM-31-217/13 - 5 Aug

Aedos nigromaculis 100 WE*E AM-32-217/03 - 5 Aug

C. tarsalis 23 WEE A-m-2( -226/02 - le Aug,

C. tarsalis 100 WEE AM-05-231/01 - 19 Aug

C. tarsalis 100 WfE AM-05-231/03 - 19 Aug

C. tarsalis 100 WEE AM-05-231/04 - 19 Aug
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TABLE V]. VIRUS ISOLATION BY AREA (Continued)

MOSQUITO SPECIES POOL SIZE VIRUS COLLECTION REF. NO.
AND DATE

C. tarsalis 104 WEE Am-32-231/05 - 19 Aug

'. La CSIL.b 100 WIE AM-17-235/03 - 23 Aug

' .. 100 WEE AM-18-235/01 23 Aug

• ,:" .,,,C, Cot) WEE AM-1l- 235/(U3 23 Aug

________l WE161-25C 23 Aug

C. tara;J, 100 WEE AM -21-235/12 - 23 Aug

C, ta.rsalis 100 WEE AX-21-23 5/10 - 23 Aug

Culex SPP. 1 WEE AM-01-237/15 - 25 Aug

1. Collecting team based at Baton Rouge, Louisiana.

2. Collect~ng team based at Alexandria, Louisiana.

3. Collecting team based at Odessa, Texas.

4. Collecting team based at Amarillo, Texas.

Progr'ss. 
Part I:

In an attempt to differentiate virus strains within t1 VEE C'omplX
I 13

wu have used the brushito form of calcium phospha te, is d"crihbid by
surness 4 for column chromatography. Adsorption to, dnd subsUquont ,lution
of virus populations from brushite, probably involves properties unique
to each prototypc virus, which may be a reflection of tho ci.hargc on the,

viral membrane.
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Column chromatography utilizing calcium phosphate provided reproducible
chromatographic separation, good flow rates, and routine recovery of at
least 90% of applied viruses. The results of chromatography with the
TC-83 vaccine strain of VEE virus gave a pattern which was representative
of the antigenic subgroup I VEE viruses examined. Both virus and HA
activity eluted in a sharp peak which was associated with a minor peak
of optical density. The phosphate molarity which corresponded with
maximal infectivity of VEE viruses is shown in Table V. We found that
antigenic subgroup I varieties elicited virus peaks in a very narrow
rangc suggLsting an intimate biochemical relationship.

M:eabers of antigenic subgroups II, ill and IV exhibited unique
pro'iies. Lxamination of Fe 3-7c (subgroup II) exhibited 2 peaks of virus
in1ectLvity which suggested a differentiation of plaque size variants.
1hLu L-uion profiles of Mucambo, Pixuna and Mena 11 viruses indicated
df.,vrent su'face properties -rmong these strains, Mena II is a member
o. 6ubgroup le, whilu Mucambo and Pixuna belong to subgroups Ill and IV
respc tively.

Summary, Part 11:

Column chromatography of selected VEE viruses on calcium phosphate
gel offered a simple and reproducible method for examination of biochemical
characteristics and relatedness of strains within the VEE complex. Members

of antigenic subgroup 1 demonstrated a series of elution profiles within
a narrow range of 0.22 to 0.25 M phosphate buffer. Members of antigenic
subgroups II, 111, and IV differed substantially among themselves and viruses
of antigenic subgroup 1.

Progress, Part 111

Between 28 July and 26 August 1971, 13,193 pools of mosquitoes (501,992
mosquitoes comprising 52 species) were collected by U.S. Army Field Collection
and Sorting Teams, Fifth U.S. Army Medical Laboratory, Fort Sam Houston,
Tvxas. These pools were processed for the isolation of Group A arboviruses
as recormmended by the Center for Disease Control (Sudia, personal communication)
by inoculation of primary duck embryo cell cultures followed by an agar-
medium overlay to contain the toxicity of the mosquito pools. The supernatant
fluid, obtained by freezing and thawing, from those cells producing plaques
was inoculated into suckling mice and the brains of the mice which died were
.,xamined for viral antigen using monospecific sera with the complement
fixing (CF) technique.

Table VI lists the isolations by area of collection. There were 2b
isolations of western equine encephalitis (WEE) from pools collected in
areas of West Texis known to be endemic for the virus. There was a single
isolation of eastern equine encephalitis (EE) from a pool of mosquitoes
collected on 2 August near Madisonville, St. Tammanv Parish, Louisiana.
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'Two strains of VEE were recovered: (1) in avirulnt strain from
a pool at 100 Psorophora conftnnis vollected in I:vangieline Parish,
Louisia, on 10 August and (2) a viruilent strain from a pool of
100 P. confinnis collected west of Del Rio, Valverde County. Txas
on 18 August, The avirulent strain has hi,'1 extensivelVy studied at th'

Center for Disease Control, Atlanta, (eorgia, the Ni ddle Amer can Reasereh

Unit, Panama, as well its in this laboratory, It is type IA virus, its
In vivo virulence pattern Inditates that it is the, vaccine strain.

Mechanical transmission did not seem to be import ant since all vi.sil'lIV
i ngoj'cd mosuljiLocs were excluded from pools; tihe Liter of tit, pool
kj:6 X t0 3 

iVb/ml) indicated that this was a true infection with a
ubsCquent extrinsic incubation pe, rod. Reisolations from t he oriinal

pool were compleced at the CDC as well as here at USAMRIIt). Horses

nad been vaccinated in tihe area of Louisiana whet' this particular pool

WAS el% cCLetod during July and perhaps its last as 10 August. Tlc
P. confinnis mosquito tias been the most highly infected species of lhost,
collected in the epidemic areas of Mexico aid tlk' i. S. (SlIdia, I10erSOll,il
commnunicaLionl); the single isolation during a project lasting I) wteeks

indicates that the occurrence of the vaccine strain in mosquitoes whi It,
a true finding is extremely rare.

The initial pools wore received on 3 August, tilt' final pools onl 20
September and the final report was forwarded to tile coordinator, I.TC
Bruce Eldridge at Walter Reed Army Institute of Research on 12 Oct ohtr N-/ I

Summary, Piart I I :

A total of 1.3,193 pools of mosquitoes collected in areas poripllral
to the VEE epidemic which occurred in South rTvxas from ,lune to At:1 ',ust

1971. were examined for tihe prt'sonec of Group A a rbovintises . A sil, It,
isolation of EE, 26 isolations of WEE. and 2 isolations of Vl.El.F wefre made.
One of tile VEE i solates was tilt, vaccin st rain.

IPublieat iotns:

1. Levitt, N It. , K. R. Amsl r and R. 14. Mtc innt, v. 1 lU71. Rap id
detection of vi ral ant ibody- by' cel, 111ose, act t, t vc tl-ophlore- s,. Alp I.

Microbiol. 22:143-144.

2, Pcdt'rsven, C . I'. ,Jr. , 1). M. Robi nSOn , iiid F. 1'. (ole. ,It'. I o .1
Tsolations of the vaccine straill of Votll';&t I an Ik qll o(ln e'lc ht' lhI omllvcI I ( i:;

virus from mosqul toes in Louisiana. Anwr. 1. EIpidemiol . Iii prtss.

3. Pdersen, C. F. Jr., D. R. Slocum, and N. II. levitt .

Chromatography of Voiletne:llan LL(tllilk ' tW ent'phl I onivI' I, is viru strais onl
calcium phosphate. AppI . Microbiol . ln press

S-~ - .... _.._.



350

LITERATURE CITED

1. Young, N. A., and K. M. Johnson. 1969, Antigenic variants of
Venezuelan equine encephalitis virus: Their geographic distribution and
epidemiologic significance. Amer. J. Epidemiol. 89:286-307.

2. Clarke, D. H., and J, Casals. 1958. Techniques for hemagglutination
and hemagglutination-inhibition with arthropod-borne viruses. Amer. J.
Trop. Med. Hyg. 7:561-573.

3. Young, N. A., and K. M. Johnson. 1969. Viruses of the Venezuelan
equine encephalomyelitis complex. Infection and cross-challenge of rodents
with VEE, Mtcambo, and Pixuna viruses. Amer. J. Trop. Med. Hyg. 18:280-289,

4. Burness, A. T. H. 1967. Separation of plaque-type variants of
encephalomyocarditis virus by chromatography on calcium phosphate. J. Virol.
1:308-316.

i



351

ANNUAL PROGRESS REPORT

Project No. IW662711A096: Medical Defense Aspects of Biological Agents (U)

Task No. 1W662711A096 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 404: Use of Antiglobulin for Early Detection of
Arbovirus Antibody of Diseases of Military
Importance

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

Division: Virology

Period Covered by Report: 1 July 1971 to 30 June 1972

Professional Author: Albert T. McManus, Captain, MSC

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

Security Classification: UNCLASSIFIED



352

1. .N06 I I *AVIF of sNoMS *aPORT WPUN N
RESEARCH AND TCHNOLOGY WORK UNIT SUAMARY DA OL0904 72 06 30 OD.DA&IH*

71 07 01 H. TERMINAT NU U NA NL l nO rS

I0 NO .LOt s PROGRAM Lb ANllt 8oN? PROJIC ? NSNOOO TAM ARIA NNMiNI WERE UI06-" NUEse"

S62 7A r IW662711A096 03O
1B662MA096

(U) Use of antiglobulin for early detection of arbovirus
iantibody of diseases ot military importance18, SCI#NTIFIC ANO fICHMOLOCICAL ARIAS"

003500 Clinical medicine; 004900 Defense; 010100 Microbiology
1 ?3L OSA N' CiATi@:IO CO PLIION 8476 - 6 _UIII _ Gooey, FIF RI| 0

70 12 CONT DA C. In-house
tO NIM MIIOV I MII6E0 & MPI1NaMAL MAN VMS IN FUNN I t AAIA )

0 AVKS/1 IPLCIIVS, g110INATIOM

PISAL 711.0 8
L 1l'lA SA*U?. VRAM

INO, , . .cu0 1. 72 1.0 78

A'AIOUANAA. SCUM- AM?.72.08

AAN" USA Medical Research Institute of NAME.. Virology Division
Infectious Diseases USAMRIID

Fort Detrick, MD 21701 A "I"Fort Detrick, MD 21701

PRI¢*l.INCIL AO (~un MAN 'IV 2, Ald-lllil I'.-INUSAYASPOAAIAL INIIVIVWAI NMN McManus , A. T.

N NILCrozier, D. TILNUMUN. 301 663-7241
,ELI.NoNU 301 663-2833 SOCIAL SICUMIV ACCOUNT NIUM9.

It. AINEIAL USE AUOCIATI 1MVUSSOIiONS

Foreign intelligence considered MAN_

"M!DA;

Arboviruses; tngeantibody reactions; Serology;
U) Military medicine ; (U Encephalitis, equine

II VICAIC AL OL J t1V1 
4  

IS. t A NOAPPWACH, IN PROGIEM ( IA.0-$ lA I jdANIJUEV 1 .I , . lsh AI AtNl CIMUS* -40. #NH*^ C-.)

23 (U) Identify diseases by detection of early specific antibody production
utilizing an arbovirus model system. This work unit is an essential element
in a comprehensive program for medical defense against BW agents.

24 (U) Investigations will involve the use of antiglobulin neutralization in a
plaque reduction test.

25 (U) 71 07 - 72 06 - A rhesus monkey Trinidad-VEE infectious system has been
developed in coordination with the Animat Assessment Division of this Institute.
An infectious dose of less than 500 PFU produced viremia within 48 hr and levels
as high as one million PFU/ml. Antibody titers as high as 1:4096 were observed
in 28-day convalescent serum. This system will be used to evaluate the proposed
antiglobulin technique.

Publication: AppI. Microbiol. 23:654-655, 1972.
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BODY OF REPORT

Project No. 1Wb62711AO96: Medical Defense Aspects of Biological Agents (U)

Task No. lW662711A09b 03: Laboratory Idntification of Biological Agents

Work Unit No. 096 03 404: Use of Antiglobulin for Early Detection of
Arbovirus Antibody of Diseases of Military
Importance

identify diseases by detection of early specific antibody production
utilizing an arbovirus model system.

Progre,,s:

Efforts to quantitate the viremia in humans infected with the strains
of 17-D yellow fever virus have not been consistent. The 17-D strain
has also been shown to be a poor model for plaque reduction serology due
to the 4-6-day time requirement for the development of plaques.

Antiglobulin reagents to rhesus monkey serum became available during
the 2nd quarter of this year, A cooperative studies with CPT Kastello
of the Animal Assessment Division has been initiated. A pilot study
showed that an infectious dose of <500 PFU (chick cell assay) of Trinidad
strain Venezuelan equine encephalomyelitis (VEE) produces viremia within
48 hr. Titration of daily bleedings showed titers <106 PFU/ml. Plaque
reducing antibody titers <_1:4096 have been assayed in 28-day convalescent
serum by the plaque reduction method,

These results coupled with the ease and speed (..30 hr) of the Trinidad
VEE plaque assay has directed major development efforts to this system.
Evaluation of the antiglobulin system with the specimens which have been
collected from thl, monkey projcict is expectd in the near future.

Summary:

A rhesus monkey 'Trinidd-VEE infectious system has hcl developed
in coordination with the Aninial Assessment Division of Lhis lnstitutte,
An infectious dose of -.500 PFU produced viremia within 48 hr with tiLers
<,106 PFU/mI. Antibodv Liters -:1:4096 have been observed in 28-day
convailescent serum. This system will be used to evaluate the proposd
antiglobuliii technique.

Pub Ii cation:

1. McManus, A. '. and D. 11. RolinSon. [Q72. StahiliLy of live
attenuated Vonezuelan equine encephalitis vaccine. Appl. icrobiol. 23:654-655.
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23 (U) isolate and characterize the agent responsible for 6 cases of hemorrhagic
fever which resulted in 5 deaths in Bolivia. This is a cooperative study with
USA Middle America Research Unit and the National Institute of Allergy and
Infectious Disease.

24 (U) A known, avirulent form of the Tacaribe virus' complex will be examined in
a nanner identical with that planned for the virulent virus. This will iniclude
animal and tissue culture inoculation. Once an isolate is established it will be
identified and characterized in terms of host range and pathogenicity. The isolate
will be compared to Machupo virus which causes an endemic disease in the area.

25 (u) 71 07 - 72 06 - The causative agent of the 1971 Cochabamba, Bolivia,
outbreak of hemorrhagic fever has been isolated and has been shown to be a member
of the Tacaribe complex of the Arenovirus group. It appears to be a variant of
Machupo virus, closely related serologically, but differing in its epidemiology,
clinical diseas~e in man, and histopathology and virulence for laboratory animals.
Further studies are in progress to determine if other differences exist.

Terminated since FY 1973 funding will be under The Surgeon Genoral, Armyv.
Now Project No. 3AO621I0A834.; Accesston No. DA (OC0420.
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BODi OF REPORT

Project No. IW662711A096: Medical Defense Aspicts of Biological Agents (U)

Task No. W66".711A096 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 405: Investigate Etiology of 1971 Hemorrhagic Fver
Outbreak in Cochabamba, Bolivia

.. olate and characttrize the agent responsible for 6 cases of hemorrhagic
f.,.vor in Cochabamba, Bolivia.

Progross :

Details of the history and background of this outbreak of hemorrhagic
fever were reported previously.

1

As a preliminary to the isolation of the Cochabamba agent, a 4-week puri-
od was spent utilizing a prototype scrain of Tacaribe virus (nonpathogenic
for man) to test the procedures, teamwork, and equipment needed to work with
the virulent virus. Tacaribe virus was inoculated by the intraperitoneal
(IP) route into adult mice, adult hamsters and adult guinea pigs, and by the
IP and intracerebral (IC) routes into suckling nice (SM) and suckling ham-
stars (SH). Characteristic deaths occurred in SM and SH. Brain suspension
from SM was successfully passed to Si1 and VERO cell cultures. The original
suspension was also inoculated into various cell cultureo: VERO, WI-38, hu-
man embryo kidney, primary green monkey kidney, B1IK-21, primary duck embryo,
and primary chick embryo. Cytopathic effect was stUn in the VERO sy.%stem on-
ly. Leighton coverslips were prepared from all linvs except primary monkey
kidney and were stained by fluorescent antibody techuiquL-s. The com, h,mnt-
fixation (CF) test was shown to be functional using sera and antigns pre-
pared at Middle America Research Unit (MA1RU).

Isolation of the Cochabamba agent was att Ilpted from 5 tissue, spvcinl(':.e:
liver from Case No. 4; an unlabeled blood sample from either Case No. .3 or 4;
and blood, spleen and throat swab from Case No. 6, the pathologist. These,
specimens were inoculated into a wide variety f anirial hosts and tis-.uc ccL I
cultures. Machupo antisera were, used in CF and indt(iLtcCt fluorescent ( [A')
antibody tests to attempt to demonstrate Tacaril>, group antigen. Sh1 brain
material, obtained at MARU from Case No. 3 1UveO:, 41nd the unlabe led b10Cd
sample were passaged in Sit. in hoth cases, the 01i0 r passage from MRL' was
positive by CF test, as was the SIIBr., passage madi at USAMRIID. ('hL' Ir 1
pools were both bacterially contamintvd, Hut this was not OVident ini tLh i
pools.) 'T7he blood from Case No. 6 was positive in Sit and SM, but no viruti
could be detected in the throat swab (some animals did show signs of illnss,
but CF antigen was not d0tectable).

-.. . . -..
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Because of previous experivnce with Machupo virus, thu spleen of Case No.
6 was chosen for major emphasis. The results are shown in Table I.

A. LE 1. INOCULATION O' SPLEEN CASE NO. 6

DILUTION

HOST INOCULATED RE'SULTS

Death; CF brain antigen < 2.
10 " 4 Death; CF brain antigen 1:6; ;c-rum

CF on survivors 1:32.

r.g :ousc 10 -  Death.. CF brain antigen <" 2.
10- 2 Death; strum CF survivors 1;.

Adult hamster i0-I No illness; serum CF 1:64.

Adult mouse lO"  No illness; serum CF 1:4.

Adult guinea pig 10-I No illness; ,;urum CF 1:32.

VERO tube I0-1 No CPE, virus present on passage.
10- 2 No CPE.

WI-38 tube W -1 CPE; virus present on passage.
i0 - 2 Cpl.

Primary monkey kidney cube I0-l No CPE.
lO- 2 No CPE.

human embryo kidney cube 10- 1 No CP'.
10- 2 No CPE.

MA -i Itube 10-1 CPE.
1 ()- CPE.

BdK-21 tube 1(r No CPE.
10- a No CP:s.

VERO leighton tube 10-1 Viral antigen on coverslip.

lHuman: embryo kidney Leighton I0"1 No viral ant i :,n dtect, d.
tube 10- 3 No viral antigcn detectd.

There arv, 4 notable features: (1) CF antigen titor in SM and S11 brains
;re low. (2) SH and 2M provide good animal hosts for isolation. (3) (f



259

Lte cell lines, only NA-ill (rabbit''mhryo kidney) and WI -38 (huxman emibryonic
lung) showed cytopathogonic effects, (4) VE~RO Icighiton tubes' proved to be
adequate to dotect virus, and harvest on day 6) TA;wed aboindant viral "ntitoun.
In anticipation of finding virus in tIL' sp teen oL Case;t No. tb ,extra 51! Wetu,
inoculate'd at 10-1. Brains were harveste-d and used to prepare a tart, virt;.4
pool and an immunizing antigen. ie pool was titrated in SNM, 511, and tiss.zt
cell cultures. The titer was very low, about iiY' infective doses/mi. u

antigen had a CF titer of <", 1:2 and failed to immunize adult hiamsters. A n i-
mals inoculated with ()-a -And harvested had a uglj~er p taque- tite.r, about :

25 rl, i -.d szr o- 1:6. .'xrvazon for the low titers in ;vn,-rai and
.:a tW 1 Lle.r notLC clar .

~ s.±~r51 t'tI mter a.- Wd tstd to prepar' another 1L o ino/c ted
-aceifl 2o .6anddfliftS Wre repredfrom brain, live-r and kidney.I

'Z~ b~xm O~tiada ~te ofjgBPFUml ndthe brain ant igen Lhad a Cf: titer

OI' :, but Doti- livcut and kir v were. 1:2. lilt pool Iwas u5s,- in a e!u

02: tests.3 the anti gutn Was used to iMtfUn1iL' adult llametu.rs and auitL guin~a
pigs. The pool has been passed in SH- brain 2 mort. times; harve-sts were madev

4 ~at varying times, in order to prepare. a larger, higher tit(-red pool and a
better CF and immunizing antigen. We now have a large- virus pool titeringI
about b \ l0r' PPU/ml and 5 x 108 median lethal doses (LD 5 /ml when inoculatWt
into SH by a combina ti4on of the IP and IC route-s. A lresupply. of antiser-

urn has been prepared in adult hamsters.

Machupo virus seed from MARU was inoculated into the sane host systems
using another isolated Class III system for direct comparison, keeping the 2"I viruses separated. It was passed IC in S11 to pre-pare a pool and an antigen.
We have produced a large pool titering l0f PFU/ml and IV' LD Jml fur 311. An-
tiserum to Machupo has * co prepared in adult hamsters and Auit g~n~ pigs.

Aichough CF aind PEAT antibody- staining indicated that our isolate. w-as a
member of the. Tacar.ibe complex, a neucralization tes.,t wsruquircd to shiow
type-specificity. Both viruses gave somewhat ragged titration ri-.suits in S11;
many sick animals were eat,2n by the mother, mnaking exact end-point d, terrA na-
tions impossible-, there.fore, plaque-reducti"on on VERO ciii m~onola\--,rs was at-
tempt A with varyinq degree's Of success. B~oth viruses' produce'd Similar typus

of plaque.s in VERO cell cltures whicli developeLd alt the' Suns rIt- . iowev'r,
approximatelIy 80-9074 experimental failure necurred due to degeneration of
overlaid menolayers before. crnplete developmnt of virus plaques (5 ia ,vs ).

Changes of miedia, p11, serum coneenItrat ten, volumes and phsolgclag' l1,1%'t

not 1 eSo 1ted ini any cons ist..nit improve~ment. Other inVLst igator> liavo rx-
porte'd p laqufng on Rilcltl cultures, :1 but tlis , too, pro - d unsucci'ss-
ful . Neverthe le.ss, some succe.sflit te'sts were, icotap 1i shed using% VEROee
Seve'rn I constant-serum, varying-virus plaqut -octet tion tes:ts shOWe'd type-
speL.ci ic re'Ciprocal cross-neutralization bet-wi-n Maclhupo- and (;oellauhab 7i -

rusus , t-vcnthou 0O1 hIome logous titers in gene~rat i pp eared greater thul a ht t tt -

olo ;ous tlt~L $, A cons tant -v irus, vavn sru i I tLion tCst was att-mptedt
usi ;llLazn serum. Tlit ce I I shee-t ill tit cenlte'r of Lilt *:Rk- Ct I Itoio \t

did .1ot Survive', bus: ;oedp L! - Wt ix ZMLen 1 LTC ildte Pt ),ilttV. .1Llougi!.

quantitatIve interpretat. i0 IWaIs tr1ip 511 It, t!he tess Its IAIVV livL11 L SSt
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con:;idered significant. The test virus ts ,d was 102 I'FL of Cochabamba SI[Rr.,.
A 1:16 dilution of a Machtipo antiserum pool, and a 1:64 dilution of srum
from a known Hachupo infection survivor, resulted in ab:-;,nce' of plaque ferma-
tion. (All higher dilutions showed plaques.) Normal human serum and serum
from Case No. 5, the only survivor of the Cochabamba outbreak, showed plaques
at the 1:4 dilution. It appears that the surum from this person had low neu-
tralizing antibody, not only to Machupo virus, as determined earlier at :,\Ru,
but also to the causative agent of the Cochabamba outbrwak. From these, r.-
sults, it is concluded that a very close serological relationship uxists be.-
UwuQ" the 2 v.'use-. Thu result6 of tihis test were r.ce ntly confirmed by
o0Zur5 at ±ARC.

CvLn thoough the Cochabamba isolate iS; relatud sCrologicallv to Machupo,
other differences might exist which could de.fine a distinct biological vari-
ant. Several laboratory differences have beecn observed, notably virulence
and histopathology in laboratory aniraiis. Small difikr-nces were noted in
Si. SH inoculated with Machupo virus become ill on days 6-i0; sick animals
rarely recover, resulting in a clean titration. With Cochabamba virus, ill-
ness occurs on days 8-11; some hamsters recover, resulting in a more ragged
titration. Machupo virus also seems to be some-what more virulent for Ski
when the same number of PFU are inoculated.

With SM, inoculation with either virus does not always terminate in death
of the animals. Many become ill, but recover, resulting in ill-defined end-
points. This observation was reported earlier by Johnson, ut al.4 with Ma-
chupo virus.

Greater differences in virulence have been noted in adult and suckling
guinea pigs, Table II. When adult guinea pigs were tirst inoculated for an-
tiserum production, 1 of 2 Machupo animals died while none of the Cochabamba-
infected animals died. When aeults were inoculated with a similar number of
P'J of each virus, 3 of 4 Machupo and 0 of 4 Cochabamba animals died. Since.
investigators at MARU have been using the loss of virulenc, for adult guine-a
pigs as a marker for Machupo virus passage attenuation, it could be signifi-
cant that a Machupo variant can exist which is not lethal for adult guinea
pigs, but is still highly pthogenic for man. When suckling guinva pigs arL
inoculated by the IP and IC routes with each virus, significantly greatur
mortality occurs with M.achupo virus than with Cochabamba.

Although a search of the literature fail.,d to revc,al any use of suckling

guinea pigs with Machupo virus, they proved to be Very se.nsitiv, anitias and
allowed the development ot an in-vivo neutralization tes,,,t which served as an
alternative to the sporadic plaque neutralization test. A constant-srum
varying-virus test was conducted using guinea pig serum, and Machupo virus,
Table III. The serum-virus mixtures were inoculatCd hy the' IC rout, and a
Log-neutralization index of 3.0 was attained with both :Iachufo and Coehabamba
antisera.

Ski were infected by IC route wth the z'Lrain.s, ,.rially sacrificd at
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TABLE 1 [. GUINEA PIG MORTALITY OF MACHUPO AND COCiABAMBA VIRUSES

MORTALITY
VIRUS (ROUTE) DOSE Dead/Total 7

ADULTS

Msach~po (iP) 20 SHU)iLO 1/2 50
Cocha (I?) 60 S}HLD , 0/2 0
YVachupo (1P) 44,000 PJ'U 3/4 75

C - (UP) 9.6, ( 00_ PFU 0/4 0

SUCKLINGS

Machupo (IF) 1000-3000 PFU 14/18 78
1-3 PFU 6/18 33

,Cocha (IP) 6000-12000 PFU 4/14 29
6-12 FUl 1/15 7

Machupo (IC) 1000-3000 PFU 15/15 100
1-3 PFU 15/19 79

Cocha (IC) 6000-12000 PFU 3/8 38
6-12 PFU 0/13 0

2-day intervals, and examined for comparative histopathology. Both groups
developed lesions which indicated the presence of virus in the inoculum.
Certain similarities and differences were observed: liver, lymphoid tissuL,
and central nervous system were the organ systems most affected by both virus
isolates. Hepatic necrosis and fatty n:etamorphosis were observed earlier
(days 4-7) with Cochabamba than with Machupo (days 7-11). A nonsuppurativ.'
encephalitis with vasculitis was commonly seen in the Cochabamba-infEctcd
animals (days 9-17). It was also present in 2 of 17 Machupo-infected ham-
sters. (It is interesting to note that 2 adult guinea pigs inoculated with
Machupo virus developed a nonsuppurative encephalitis and vasculitis similar
to the Cochabamba-infected SH.) Lymphoid depletion and necrosis were sctn
earlier (days 7-11) in the Machupo group than in the Cochabamba group (days
11-13). Despite these differences, it is possible that the 2 viruses arL
different strains of the same virus. The histopathological findings we'rv
somewhat inconclusive; further investigation is recormmended.

Otl'er properties of the Cochahamba isolate are currently being explored,
including electron microscope structure and interferon sensitivity.
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TAII.I"; III. SUCKLING GUINA PIG NEUTRALIZATION TEST

VIRUS
ANTISERUM DILUTION DEAD/TOTAL LD LNI

(Machupo)

IO': 5/5

i0 " 2 2/3

3/4 10-4.0

iO-4 3/4

10 "* 0/3

Machupo 10-' 2/4

10-' 1/5

1O-3 0/3 i0 .o 3.0

10-4  0/3

O-  0/4

10"e 0/3

Cochabamba 10-1 2/4

Ic-' 1/3

0/3 10-1.o ' ,0

10- 0/4

i0"5  0/4

IOre 0/3
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Summary:

, V~w causative' agent of thke 1971 Cochabamnba, Biolivia, outbreak of humor-
rhagic fe-ver has boon isolated and has been shown to be a member of the Taca-
ribe complex of the Arenovirus group. It appears to be a variant of Machupo
virus, closely related serologically, but differing in its epidemiology,
clinical disease in man, and histopathology and virulence for laboratory ani-
mnals. Further studies are in progress to determine if other diffc: ronees Q>\-

A... u-ifL and charactjrization of tliw Cochabanba virus.
"C .%.1 c-..: Meet!ing,, Xaryland - 'oashington BranchL'S oL the'

A.'-,., IO-cty Ar M;robicoiogy, Ili. S. Army Medical Research lnstitute of
~.~~au D i~oFort Detrick, Md. 6 4Nay 72.

Pub l~ications,

None.
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BODY OF REPORT

Project No. IW662711A096: Medical Defense Aspects of Biological Agents (0)

Task No. 1W662711A096 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 800: Immunological Studies with Microbial Toxins

DescrAption:

lnvestigate immunologic response of a susceptible host following
intragostric exposure to microbial toxin.

4roress:

A study designed to investigate resistance of monkeys to intragastric
(I) exposure to staphylococcal enterotoxin B (SEB) was completed.
Consideration was given to various factors that might modify development
of resistance, humoral antibody exposure and cutaneous sensitivity, such
as naturally-acquired antibody, SEB dosage and frequency of exposure.

Antibody-negative monkeys challenged at 2-week intervals with 1-10 IG
median illness doses (ID50) developed resistance prior to development of
antibody. Following the 3rd challenge, only 3 of 12 monkeys had detectable
humoral antibody but 10 resisted subsequent challenge. All monkeys were
resistant after the 4th exposure, but only 1 of 6 in the low dose (1 ID50 )
group and 3 of 6 in the high dose (10 ID5 0) had antibody. Incidence of
humoral response increased after additional exposures, but 2 monkeys in the
low dose group remained refractory even after 7 challenges. Magnitude,
as well as incidence, of hemagglutinin (HA) titers was dose-related; only
1 monkey developed precipitating antibodies. Although antibody titers
generally disappeared within 3 mon after exposure, resistance to IG
challenge remained unimpaired.

In groups of 1ronkeys exposed at 4-mon intervals, a challenge dose of
10 ID50 was more effective than 1 or 100 ID50 doses for inducing
development of resistance (Table I). Resistance developed more readily in
groups with naturally-acquired antibody, but illness response of indivlduu1i
monkeys was not correlated with prechallenge antibody titer or with type
of antibody, e.g. a monkey with an HA titer of 1:160 and precipitating
antibody became ill after every challenge, while another with apparently
the same antibody titers responded only to the 1st exposure. Similar
patterns of response were observed with antibody-negative monkeys. Overall,
approximately 30% of the monkeys consistently resisted challenge after 1
exposure, 10% after 2 and 14% after 3; essentially equal numbers of the
remaining monkeys eit:er never developed resistance or responded sporadically.
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TABLE I. EFFECT OF SEQUENTIAL EXPOSURES AT 4-MON INTERVALS ON
RESISTANCE OF ANTIBODY-NEGATIVE AND ANTIBODY-POSITIVE
MONKEYS TO SEB ADNINISTERED BY GAVACE.

EXPERIMtONAL MONKEYS CONTROL
CHALLENGE CHALLENGE MONKEYS

DOSE NUMBER Antibody-Negative Antibody-Positive
(ID5 0 ) R/T-/  MT/ R/T MTO R/T MTO

7/8 3.8 8/16 3.2 12/23 3.1+0.2

2 4/6 3.0

3 3/6 4.0

4 2/5 2.9

1 17/18 3.2 10/13 4.7 16/18 3.3+0.2

20 2 13/16 2.7 5/134/  3.6

3 8/16p/  2.6 2113- 4.9

4 5/16A /  2.7 4/13S /  5.5

. 9/9 2.8 10/10 3.7 8/8 2.5+0.2

2 9/9 2.0 6/10S/ 3.1

3 5/9,-  2.6 5/9.E/ 3.8

4 6/8 4.2 4/94/ 2.8

a. R/T: Number ill/Number tested.

b. MTO: Mean time onset of illness (hr); difference between means not
statistically significant.

c. Chi square analysis, with corresponding dose control, P <0.05.

In general, with groups of monkeys that lacked naturally-acquired humoral
antibody, incidence and magnitude of ILA response were dose related and
corresponded to findings observed following challenge at 2-week intervals
(Table II). At each challenge dose, however, incidence of antibody response
was significantly higher (P <0.005) for monkeys that developed signs of
enterotoxemia. Maximum HA titers appeared within 2 weeks postchallenge;
thereafter titers decreased rapidly and were almost invariably negative
within 4 mon. Precipitating antibodies appeared only in monkeys that had
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naturally-acquired HA titers; maximum precipitin responses occurred
after the first IG challenge and titers persisted at approximately the
same levels throughout the study.

TABLE II. HEMAGGLUTININ RESPONSE OF ANTIBODY-NEGATIVE MONKEYS TO
SEQUENTIAL CHALLENGE WITH SEB ADMINISTERED BY GAVAGE.

POSICHALLENGE HEMAGGLUTININ RESPONSE
INTRAGASTRIC NUMBER 2 Weeks 6 Weeks 4 Months
CHALLENGE OF

Dose Mon MONKEYS Number GMTA/ Number GiT Number GMT
50) Positive Positive Positive

0 8 2 20 2 28 2- 28

1 4 6 1 10 1 10 1 20

8 6 1 20 0 0

12 5 0 0 ND/S

0 18 3 127 2 453 2b/ 453

10 4 16 3 20 1 20 1 10I:0
8 16 6 36 3 20 0

12 16 7 22 5 45 ND

0 9 2 20 1 20 0

100 4 9 4 24 2 20 0

8 9 7 66 1 80 1 80

12 8 6 90 5 40 NO

a. GMT: Reciprocal geometric mean titer of responders.

b. Monkeys not included in later challenges because of secondary
type response.

c. MD: Not done, intravenous challenge administered at 6 weeks.

Monkeys subjected to sequential IG exposures developed hypersensitivity
to parenterally administered SEB. Two mon after the last IG challenge,
typical Arthus-like reactions were observed in 7 of 8 monkeys that were
inoculated intracutaneously with 0.001 - 0.1 ug SEB. As in previous studieu;
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of cutaneous sensitivity, the nonreactor had precipitating antibody far in
exoess of the intracutaneous challenge dose. No evidence of reagin-type
or delayed hypersensitivity was observed. When administered 300 Ug SEB/kg
body weight intravenously (IV) 6-8 weeks after the last IG exposure, 20 of
31 monkeys demonstrated immediate acute signs of systemic hypersensitivity,
i.e. emesis, respiratory distress and facial flush with I min,
occasionally semicoma, and 3 monkeys died within 3-5 hr (Table III).

TABLE III. TOXIC AND HYPERSENSITIVE RESPONSES FOLLOWING INTRAVENOUS
ADMINISTrATION OF ENTEROTOXIN b TO NONI&!UNE CONTROL MONKEYS

AND TO M0KEYS WITH A HISTORY OF INTRAGASTRIC EXPOSURE.

INTRAVENOUS CHALLENGE PRECHALLENGE NUMBER RESPONSE GROUP
DOSE DOSE ANTIBODYa-/ OF Typira-

(ug/kg) MONKEYS Resistant Hyper- Entero-
sensitive toxemia

10 Control 0 10 2 0 8

Previous 0 11 6 0 5
IG <i0b./ 2 0 1 1

experience
100 10 8 1 1

300 Control 0 10 2 0 8

Previous 0 7 0 6 4(3)L /

IG <ll 10 2 7 2(l)
experience

10-90 12 4 7 1

100 4 4 0 0

a. Estimate of % challenge dose inactivated by antibody in vivo based on
in vitro combining activity of piechallenge serum; 0, no detectable
antibody activity; 100, sufficient combining activitv.

b. Sera had heragglutinins but no measurable cobining activity.

c. Parentheses indicate nutiber in group that died 2-3 days after recovery
from hypersensitivity reaction.
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As in previous studies with parenteral sensitization, monkeys with
humoral antibody in excess, or at equivalence, for the challenge dose
resisted IV challenge, while those with levels legs than equivalence
generally were hypersensitive. Unlike our previous findings, however,
6 of 7 monkeys that had no detectable antibodies developed immediate
systemic reactions. Sensitized monkeys that had antibody and survived
the immediate reaction were significantly better protected than nonimmune
monkeys against toxic effects of parenteral SEB; resistance against
lethality was high even in monkeys with no prechallenge precipitins. All
monkeys that survived parenteral challenge had typical secondary antibody
responses, with a 40% conversion rate to precipitating antibody within
2 weeks.

Until information becomes available regarding local immune responses
to SEB in the gastrointestinal tract, it is impossible to evaluate the
relative contribution of cellular and humoral factors in enteric
resistance. It Ls obvious that vascular antibodies are not effective in
protection against alimentary challenge, and although indicating the
general immunoresponsive state of an individual, they do not reflect
immutuocompetence of secretory-antibody cells in the gastrointestinal tract.
Alimentary exposure to SEB, however, is capable of priming humoral
antibody-forming cells; this is indicated by the dose-related antibody
response following IG challenge, the secondary antibody response to
subsequent parenteral challenge, and the Arthus-like reaction to
cutaneous inoculations. Demonstration of the latter responses by antibody-
negative monkeys suggests extravascular localization of antibody, as well
as the presence of significant numbers of primed cells. It is probable
that local antigenic stimulation occurs earlier and is relatively greater
for secretory immunocytes in the gastrointestinal tract. In consideration
of the relatively short latent period between exposure and expression of
enterotoxemia, effective protection probably would require the presence of
fully competent, antibody-producing cells at or near sites of toxic action.

Summary:

Humoral antibody per se does not participate in protection against
alimentary intoxication with SEB but indicates a potential for rapid
development of resistance. The number of IG exposures required to induce
resistance to enterotoxemia is unpredi:table but the time interval between
exposures is not highly critical. Resistance develops before humoral
antibody response can be detected and persists after antibody disappears.
Intragastric administration of SEB, however, can be an effective mean. of
priming humoral antibody-forming cells, as indicated by induction of
Arthus-like reactions, development of systemic hypersensitivity and
resistance to lethal effects of intravenous toxin, and by development o:
a secondary antibody response in antibody-negative monkeys follot.Ing
intravenous exposure. It is postulated that TG administration of S1KB is
even more effective as a stimulant to antibody-forming cells in the
gastrointestinal tract for production of protective secretory antibody.
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BODY OF RPF,:ORT

Project No. IW662711A096: Medical Defense Aspects of Biological Agents (U)

Task No. IW662711AO96 03: Laboratory Identification of Biological Agents

Work Unit No. 096 03 801: Radioizmmunological Assay of Physiologically
Active Substances

D!vtiop radioimmunological assay procedures for physiologically active
subs Lances.

Progress:

A sensitive, accurate and easy method has been developed to assay
staphylococcal enterotoxins, types A and B (SEA and SEB). A report on
the SEB portion was published in the Journal of Immunology. Further work
is in progress on types C and D (SEC and SED).

The assay of other physiologically active substances is being inves-
tigated in cooperation with other divisions within the Institute. Assay
systems are under development for ACTH, bradykinin, prostaglandins, and
thyrotropic releasing hormone (TS11).

Production of anti-ACTH and -bradykinin was begun, in goats using a
unique hapten system whereby the ACTH or bradykinin is chemically coupled
to cellulose parLicles and used as an immunogenic agent. This system
elicited precipitating antibody tc ACTH after only 4 weeks after immuniza-
Lion.

Assay of antibody using a reverse inhibition competition system with
2 antibodies and 1 antigen in the system has been studied in some detail.
It compares favorably with conventional hemagglutinin systems but has proved
difficult to standardize.

Intensive investigation into the detection and assay of antibody is in
progress since the inherent sensitivity of these procedures could lead to
an important diagnostic tool.

S u.marv:

A solid phase radioimmunological assay method has been developed for
the measure of SEA and SEB. Antisera to ACTH has been produced; and an
assay system is being developed. iRmnization Lo bradykinin is in progress.
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Further work is in progress on SEC, SED and other physiologically active
proteins.

RadioinmiunoassaY of antibody to specific .ntigens is under extensive

study as this appears to be an extraordinarily sensitive system.

Publication:

Coli"tn , kI, '. S., J. F. Mct.:er, nd A. 1. Johnbon. 1972. A rapi
S It;.2. , :.ci.trtuno ,ssay of staphylococcal i cntvroto.iA. J. Imnunul.

1,
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Preceding page blank
TECHNOLOGY SUPPORT PLAN

TSP-O1

AUTOMATED BIOCHEMICAL TECHNTQUES

Karen A. Bostian, B.S.

Objective:

Develop fast reliable methods to quantitate concentrations of various
metabolites in biological fluids including blood, urine, and tissue extracts
from both man and laboratory animals using the AutoAnalyzer (Technicon).

Progress and Sup=ma

New automated tests used this year have been:

1. Hexose: Automation of a manual methodl, 2.

2. Tyrosine 3: Application of a fluorometric analysis for tyrosine
to serum stored frozen, Results were compared with those found with the
TSM amino acid analyzer. Our tyrosine values were higher than those found
by column analysis. We are probably detecting small peptides as well as the
single amino acid. The two results seem to parallel each other, so this
method may be useful for screening purposes.

3. Phenylalanine:4 Approach and results were the same as for tyrosine.

4. rx-Amino Nitrogen (Total amino acids): 5 This method showed results
much more compatible with column analysis for total amino acids in serum
than the ninhvdrin method3 used previously. Because this method is more
pH sensitive, the ninhydrin method is still the best for measuring total
amino acids in urine.

5. Glucose by o-Toluidine: This method permicted making glucose
determinations on whole serum rather than the Somogyi filtrates necessary
for the glucose-oxidase method.9 The disadvantages of thts method are
(1) strong acid reagent is necessary; (2) larger sample; and (3) stored
samples clotted which often plugged the sample line. Results, however,
were the same for both methods, The disadvantages of the o-toluidine
method outweigh the inconvenience of preparing Somogyi filtrates for the
glucose-oxidase method.
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6. Alkaline phosphatase:" This method was set up to run serum samples
from volunteer projects,

7. Bilirubin (Total & Direct): 10 This method was set up to run serum
samples from volunteer projects. It has also been used for animal work.

8. Glycerol: 11 This method showed good results for plasma glycerol.
The plasma glycerol is stabilized by addition of triethylamine when fresh;
the samples will keep at -20C for at least 3 mon.

9. Automated im.munoprecipitin system:12 Standard curves were obtained
for the protein3 IgA, IgG, 1gM, C3, albumin, transferrin, aI-antitrypsin, and
haptoglobin. We are waiting for antisera for al-acid glycoprotein,
3-lipoprotein, and a2-macroglobulin. We are currently checking for stability
of these proteins in stored serum, reproducibility of results, comparison
of results from different sources of antiserum, and comparison of results
from this method with standard immunoprecipitin techniques done by
Dr. McGann's group in Bacteriology Division.

An estimate of the tests we have run during the past year are shown
in Table I.

I;
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TABLE I. TESTS RUN DURING FY 1971

TEST NO. SAMPLES INVESTIGATOR

Cholesterol,13 Triglycerides, 1 4 1,000 R. H. Fiser
FFA1  Phospholipids 6,GlucoseH'

I aU 1in) ?Av! Ureao 9  700 C. H. ilbrey
Croatinino,2v Chlorides2-

Lowry Pcotuiz&2  6,000 M. C. Powanda

Surunm hcxoseli 500 C. L, Gockereli

1.actate, 2 3 Pyruvate 200 J. B. Walford

Kjeldahl N,2" Ammnonia N2 5  100 rat urine R. W. Wannemacher, Jr.

N (Kjeldahl) 2" 32 rat feces R.W.Wannenacher, Jr.

Lowry Protein 22  1,000 R.W.Wannemacher, Jr.

Kjeldahl N2  and Lowry Protein2  84 vaccines F, E. Cole, Jr.

Na,-6Cl,2 7 BUN,19 p,28 Creatinine,2 0  103 sera C. S. While
Uric acid,OCJ Alk. Phosphatase,9
Bilirubin, 10 Cholesterol, 13
Triglycerides,1"+ FFA,15 Biuret Protein31

Creatinine,20 Protein3 l'32  101 urines C. S. Wh1itu

Alkaline phosphatase ,' 126 sera Med. Div. Protocol
BlrbniLatt,'Pyruvate,' FY 72-2

Glycerol,"~ Cholesterol, 13 FFA, 15
Triglycerides, 14 Phospholipids, 16
Hexose,

Glucose,' FFPA1 5~ 189 plasma Med. Div. Protocol
FY 72-2

~ . - - - -
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Also we checked blood samples from 20 men for normal range as well as
stability during storage of various metabolites. We found that samples
kept at -20 C were stable for at least a month when run for cholesterol, 1 1
triglycerides,14 glycerol, 11 SGOT, 30 CPK, 33 LDH,' glucose,8 lactate,2 3

and pyruvate.2 3 Samples for SGPT 30 were stable only for 24 hours.

Using the Technicon Autoanalyzer basic modules including the digestor,
fluorometer, and fluoronephelometer we maintain systems, reagents, and
standards for running analyses for 33 metabolites and 11 specific proteins
Also we try to set up, modify, or devclop automated techniques as
investigators recuire them. Our space and equipment permits a maximum of
6 analyses at onu time.

None.
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TECHNOLOGY SUPPORT PLAN

TSP-02

AUTOMATED AMINO ACID DETERMINATIONS

Richard E. Dinterman, BS.

Objective;

Develop and use fast, reliable methods for quantitation of

amino acids using the Technicon TSM Amino Acid Analyzer.

Progress and Summary:

Using an amino acid analyzer, 171 serial blood samples from
the adenovirus project (Medical Division Protocol FY 71-2) and 168
samples from the yellow fever vaccine study (Medical Division Protocol
FY 71-3) were analyzed and amino acid levels quantitated. The data from
these 2 projects have been statistically analyzed for significant
differences between control and infected subjects as well as differences
between individual pre- and postinfection levels. Fifty-seven samples
from an experiment to study the incorporation of various amino acids into
free and bound pools of liver, serum, and muscle in the rat during infection
were quantitated. The results are now being tested by the Computer Section
to show any differences between normal and pneumococcus infected rats.
In addition, amino acid measurement and quantitation of 144 serial urine
samples taken f? m 2 sandfly fever volunteer studies (Medical Division
Protocols FY 70-1 and 70-3) have been completed. These data also are being
evaluated by the Computer Section.

A second Technicon TSM amino acid analyzer was placed in operation.
Using modified columns which are smaller in diameter and slightly differunt
buffers this system now provides for a more accurate measurement of amino
acids then previously possible. Having also adapted the older TSM with
this modification, it is now possible to obtain 11 complete pliyslologic
aminro acid chromatograms of > 30 amino acids each.

In order to prevent the loss of heat-labile amino acids a largcr
coolant reservoir has been added to the analyzer systems. This 'oolvr with
its self-containing circulating system provides for a colder and moir
uniform temperature to the sample tray. However, wilth the more offtciont
air-circulating system in the new bulilidng our present overlay cooling
system is not adequate. A work order has been placed for the inanufacture
of an aluminum sample tray with a cooling coil embedded through its Center.
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A Data Acquisition System has been purchased. A program is now being,
tritten by the Computor Section so that a computer-compatible punch tape will
automatically be taken from the 2 analyzers, thus, eliminating the tedious
and time consuming task of normal quantitation of chromatogcams.

A new fast method by Eastman Kodak for testing amino acid concentrations
has been evaluated. Because of poor resolution, this kit will not suffice
as a fast screening tool.

11

fI
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APPENDIX B
VOLUNTEER STUDIES

PROTOCOL TITLE & NO.
(No. Volunteers) PURPOSE COMENTS & RESULTS

Infectivity of Human To determine the infec- Volunteer developed
Plasma Presumed to tivity of a unit of typical sandfly
Contain Sandfly plasma presumed to fever.
Fever Virus. FY 72-1 contain sandfly fever

virus, when adminis-
(i) rered intravenously to

a single volunteer.

uiicjntcw. Analysis of To obtain additional Sce work un1iL
i)ooa and Urine data on diurnal 096 03 010 & 03 012
Collected Under Standard periodicity of amino
Conditions. FY 72-2 acids and determine Collaborative study

periodicity of various with Walter Reed
(21) lipid protein bound Army Institute of

carbohydrates and trace Research.
metals obtained from
venous blood of volunteers
and establish normal
values of growth hormone,
insulin, free fatty acids,
alanine and Cr following
administration of oral
or intravenous glucose.

Nedian Infective Titer To determine the The median iilness
of Sandfly Fever Vicus infectivity of a single dose (1D50) of t:ls
in a Lot of Human lot of human plasma plasma was approx-
Plasma. FY 72-3 known to contain sandfly imately 0.0005 nil.

fever virus (see FY 72-i)
(20) when administered intra-

venously in various doses
to healthy volunteers.

Associated Adminis- To compare singlu, See work unit
tration to Volunteers simultaneous and closely 096 02 008.
of Venezuelan equine spaced administration
enrephalomyelitis of YF and VEE vaccines
vaccine, Live, on the basis of neutra-
Attenuated and Yello lizing and humaggluti-
Fever Vaccine, 17D nation inhibition
Strain. FY 72-4 antibodies to both

alLigens ir, volunteers.
(32)
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Preceding page blank
APPENDIX C

U.S. ARMY MEDICAL RESEARCH INSTI"UTE OF INFECTIOUS DISEASES
GUEST LECTURE SERIES

DATE GUEST LECTURER TITLE OF PRESENTATION

30 Sep 71 Dr. Charles L. Wisseman, Jr. Some Problems of Epidemic
Professor and Head Typhus.
Department of Microbiology
University of Maryland School
of Medicine
Baltimore, Maryland

21 OcL 71 Colonel Harry C. Holloway, Jr., MC Drug Problems in Southeast
Director, Division of Asia.
Neuropsychiatry
Walter Reed Army Institute of Res
Washington, D.C.

2 Dec 71 Dr. John B. Robbins Production of Hemophilus
Clinical Director of National Influenza Vaccine.
Institute of Child Health and
Development, NIH
Bethesda, Maryland

27 Jan 72 Lt Colonel Carter L. Diggs, MC Current Trends in Malaria
Deputy Director of Division of Research.
Communicable Disease and Immunology
Walter Reed Army Institute of Res
Washington, D.C.

17 Feb 72 Lt Colonel Paul K. Hildebrandt, VC Tropical Canine Pancytopenia.
Director, Division of Pathology
Walter Reed Army Institute of Res

and
Major David L. Huxsoll, VC
Chief, Department of Diagnostic Svcs
Division of Veterinary Medicine
Walter Reed Army Institute of Res
Washington, D.C.

22 Mar 72 Dr Jay P. Sanford Role of Immunity in
Professor of Internal Medicine Experimental Pyelonephritis.
University of Texas Southwestern
Medical School at Dallas
Dallas, Texas
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DATE GUEST LECIVRER TITLE OF PRESENTATION

20 Apr 72 Dr. Bennett L. Elisberg New World Tick Typhus - Fact
Chief, Department of Rickettsial or Fantasy.
Diseases

Walter Reed Army Institute of Res
Washington, D.C.
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APPENDIX D

U.S. ARMY MEDICAL RESEARCH INSTITUTE OF INFECTIOUS DISEASES
PROFESSIONAL STAFF MEETINGS

DATE LECTURER TITLE OF PRESENTATION

10 Sep 71 Major Jean B. DuBuy, MC Endogenous Pyrogen.
Physical Sciences Division

Or. Rebuc: S. Pekark Endogenous Mediators of Trace
Physical Sciences Division Metal Changes during the

Inflammatory Process.

Major Frederick R. DeRubertis,MC Effect of Salmonella vphi-
Physical Sciences Division murium Bacteremia on Host

Thyroid Hormone Economy.

Dr. Robert W. Wannemacher, Jr. Endogenous Mediators of Amino
Actg Chief, Physical Sciences Div Acid Transport.

15 Oct 71 Major Stanley H. Rabinowitz, MC Host Defenses during Primary
Bacteriology Division Venezuelan Equine Encephalomy-

elitis Virus Infection in Mice.

Major Joseph Kaplan, MC Electron Spin Resonance Studies
Bacteriology Division of Cell Membrane Interactions.

Mrs. Mary H. Wilkie Analysis of Responses to
Bacteriology Division Immunization.

Captain Peter G. Canonico, MSC Fractionation and Analysis of
Bacteriology Division Killed Q Fever Vaccine.

19 Nov 71 Dr. Francis E. Cole, Jr. Current Status of Arhovirus
Virology Division Vaccine Program.

Major David M. Robinson, VC Live Q Fever Vaccine.
Chief, Virology Division

Dr. Richard H. Renvon Development of an improved
Virology Division Rocky Mountain Spotted levr

Vaccine.

LT Daniel R. Woodman. MSC, USN The Application of indicators
U.S. Nava)l Unit, Fort Detrick of Delayed ilypersens;itivi ty in

the Rapid Idntification ol
Viruses.
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DATV LECIKJRER TITLE OF PRESENTATION

21 Jan 72 Lt Colonel Peter J. Bnrtelloni, MC Clinical Evaluation of Eastern
Chief, Medical Division Equine Encephalitis Vaccine,

Inactivated, Tissue Culture
Origin, NDBR 104.

Major William A. Christmas, MC The Efficacy of a Pentavalent
B3acteriology Division Vaccine in Animals.

Captain Charles S. White, III, MC Clinical and Laboratory
Medical Division Studies in n Group of Selected

Subjects Receiving Special
ImmunLization3.

Major William H. Adler, III, MC Evaluation of Lymphocyte Func-
Pathology Division tion in a Group of Selected

Subjects Receiving Special
Immunizations.

25 Feb 72 Captain Philip C. Kosch, VC Dose-response Relationship of
Animal Assessment Division the Yellow Fever-infected

Rhesus Monkey.

Captain Thomas W. Davis, VC The physiological and Patholoi:-
Animal Assesement Division ical Responses of Macaca

mulatta to Staphylococcal
Alpha and Delta Toxins.

Mr. Ralph W. Kuehne Hemorrhagic Fever in
Animal Assessment Division Cochabambn--Virus Isolation

and Identification.

Captain Michael D. Kastello, VC Indications of Altered Immune

Animal Assessment Division Function in Hlyperchol stero-
lomic Monkeys.

Lt Colonel Richard 0. Spertzel, VC Venezuelan Equine Encephalomy-
Chief, Animal Assessment Division elitis: Texas, 1971.

17 Mar 72 Dr. Leonard Spero The Limited Digestion of
Pathology Division Staphylococcal Enterotoxin B

by Trypsin.

Major John R. Warren, MC Chemical Alteration of SEB.
Pathology Division
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DATE LECTU1RER TITLE OF PRESENTATION

17 Nar 72 Major William I. Adler, III, MC Eetablished Lymphoblast Coll
Pathology Division Lines from Selected Individual,.

Captain Thomas H. Hudson, MSC The Ultrastructure of Soluble
Pathology Division Protein Uptake by Liver Using

Peroxidase as a Tracer.

Captain Joe D. Burek, VC Cytoplasmic Inclusions in
Pathology Division Urinary Bladder Epithelium of

Macaca mulatta. A Histochemical,
Light and Electron Microscopic
Study.

Lt Colonel James L. Stookey, VC Anatomy of a Case.
Pathology Division

28 Apr 72 Mr. Daniel N. Harrison The Use of the Indirect Hemaggla-
Microbiology Division tination Inhibition Test for the

Detection of Pastourella Destic
Fraction I.

Colonel Dan C. Cavanaugh, MSC Indirect Evidence of the Efficacy
Department of Bacterial Diseases of Plague Vaccine USP in Prevent-
Walter Reed Army Institute of Res ing Bubonic Plague in Troops
Washington, D.C. Exposed to Infection under Field

Conditions in Republic of Vietnam.

Captain James E. Williams, MSC Maternal Antibody to Pasteurella
Department of Bacterial Diseases Pestis in New Born Rats.
Walter Reed Army Institute of Res
Washington, D.C.

Colonel John D. Marshall, Jr., MSC Clinical and Serological Res-pons'
Chief, Microbiology Division to Multiple Plague Immunizations.

19 May 72 Captain Alan H. Rowberg, MC Use of Data Processing Technique::
Administrative Division for the Laboratory Diagnosis of

Infection.
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APPENDIX F

PUBLICATIONS OF U. S. ARMY MEDICAL RESEARCH INSTITUTE OF INFECTIOUS DISEASES

FISCAL YEAR 1972

1. Beisel, W. R. 1972. Food Poisoning, pp. 15-18, In Current Therapy
1972. H. F. Conn, ed., W. B. Saunders, Philadelphia.

2. 5eiel, W. R., R. S. Pekarek, and R. W. Wannemacher, Jr. 1972.
iffectb of hlukocyLic endogenous mediator (LEM) on the distribution in

tissueb of zinc and iron. Fed. Proc. 31:667 (abstract).

3, iellanti, J. A., R. I. Krasner, P. J. Barte1lon, M. C. Yang, and
W. R. Be.sel. 1972. Sandfly fever: Sequential changes in neutrophil
biochemiLcal and bactericidal functions. J. Imimunol. 108:142-151.

4. Brown, J. A. W. L. West, T, A. Balourdas, W. M. Banks, and
J. D. Marshall. 1971. Some possible mechauiisms of action of a heat
labile toxin from Pasteurella Pseudotuberculosis. Cytobios 3:25-32.

5. Canonico, P. G., and M. J. Van Zwieten. 1971. Swelling of

mitochondria from rabbit liver induced by staphylococcal enterotf,!in B.
J. Infect. Dis. 124:372-378.

6. Canonico, P. G., M. J. Van Zwieten, and W. A. Christmas. 1972.
Purification of large quantities of Coxiella burneti rickettsia by
density gradient zonal centrifugation. Appl. Microbiol. 23, In pres4.

7. Cavanaugh, D. C., and J. D. Marshall, Jr. 1972. The influence
of climate on the seasonal prevalence of plague in the Republic of
Vietnam. J. Wildlife Dis. 8:85-94.

8. Cavanaugh, D. C., H. E. Stark, J. D. Marshall, Jr., and J. H.
Rust, Jr. 1972. A simple method for rearing fleas for insectiLide
testing in the field. J. Med. Entomol. 9:113-114.

9. Chapple, III, F. E., J. M. Crosbie, and B. E. Reisberg. 1971.
Surgical technic for cross-circulation of rhesus monkeys. Lab. Anim.
Sci. 21:610-612.

10, Cockerell, G. L. 1972. Plasma protein and glycoprotein changes
in inflammation, infection, and/or starvation. Fed. Proc. 31:710
(abstract).

11. Cohen, B. I., W. d. Caspary, S. A. Lesko, anld P.O.P. Ts'o. 1971.
Mechanism for the covalent linkage of carcinogenic polycyclic hydrocarbon-,
(HC) to DNA. Program, American Chemical Society, Washington, D. C., 12-
17 September 1971 (abstract 131).
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12. Cole, Jr., 1.. E. 1971. lnIVtiWitPd P'aiteir IIILinO encephaloImye-
lit.s vaccitn propagated in rolling-hottlv cUIturV.. of Lchick embryo cll..l.
AppI. Microblol. 22:842-845.

13. Colo, Jr., F, E., and R. W. McKinney. 1971. Crosti-protection in
hamsters imnunized with group A arbovirt: vaccines. Irnfec..Immun. 4:37-43,

14. Collins, 11, W. S., J. F. Metzger, and A. D. Johnson. 1972. A
rapid solid phase radioimmtunoassay for s;taphylococcal B. onterotoxin. .1.
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