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Project 3A762760A806 MILITARY PREVENTIVE MEDICINE
: Task 00 Military Preventive Medicine
ﬁ Work Unit 034 Epidemiologic studies of military diseases
Investigators:
Principal: LTC Kerbert E. Segal, MC
Associate: Major Joel C. Gaydos, MC; Dr. Alan S. Morrison; SSG
Michael C. Callahan; L. Cnarlene Evans

1. Seroiogic Tests for Human Tuberculosis

1 A two year serum collection for use in evalrating the soluble antigen
i fluorescent antibody (SAFA) test for tuberculosis diagnosis was completed
at Fitzsimons Army Medical Center. Serum specimens were collected from all
tuberculosis admissions, both newly diagnosed and ola, from patients with
diseases of the chest other than tuberculosis, from tuberculin skin test
converters, and from normal persons skin tested as a result of case finding
efforts. 2,384 clinical histories and serum specimens were collected and
resulting information coded and keypunched. :

3
¥ A1l sera have been studied by the SAFA test and results coded and key-
punched. Analysis of the sensitivity and specificity of the test antigens
and of the associations between test results and clinical variables has
been deferred. Separate evaluation of a passive hemagglutination test
employing serologically active glycolipids in collaboration with University
of Maryland investigators was terminated.
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2. Laboratory Test Values Relating to a Cdpy!ng,Process

3
iy

i While undergoing a routine physical examination on 1 September 1972
| a 37 year old asymptomatic officer was noted to have dark urine which was
§ positive for bilirubin. Four days later a 20 year 0ld enlisted man re-

E ported anorexia and dark urine which he had noticed initially about 28

- August. Between 6 and 28 September, urine snecimens were collected from
62 and blood specimens were collected from 64 of the remaining 65 AFEES em-
ployees. Tests were done for qualitative urine bilirubin (UB?, serum glu-
tamic-oxalactic transaminase (SGOT), serum glutamic pyruvic transaminase

; (SGPT), and serum alkaline phosphatase (SAP?. According to 1imits estab-
¢ lished by the laboratories performing the tests, seven men, ranging in age
2 from 20 to 39 years, had one or more abnormal results. None of the seven
3 was symptomatic. Of the total of nine men with abnormalities SAP was ele-
vated in all, SGOT in four, SGPT in five, and bilirubinuria was present in
b seven. Only three had SGPT levels over 100 units.




During October, 1972, elevated serum bilirubin was detected in seven,
as was relative eosinophilia. Of those having relative eosinophilia, total
j easirophil counts (TOT EOS) were available for five. Four of these had
b counts greater than 300 cosinophils/cu.mm. A1l had normal values for blood
5 urea nitrogen and serum creatinine, and negative spot tests for infectious
E mononucleosis. None was positive for hepatitis B antigen by counter-elec-
3 tropheresis, and urine specimens from all nine were negative for narcotic
drugz by thin layer chromotography.

Four of the nine men were hospitalized for the purpose of diagnosis.
Included were the two men with the most striking test abnormalities. Needle
3 biopsies of the 1liver were performed on all four. The specimens from two
- men showed mild necroinflammatory disease consistent with subsiding viral
a hepatitis. In addition, fat vacuoles were observed in one specimen. The
specimens from the other two men showed mild hepatocellular unrest and
: mild fatty change.

The nine were questioned on place of residence, social events, acquain-
, tances, travel, meals, alcohol -consumption, medical and dental care, and
- specific duties at work. The only common exposure was working in a poorly
K ventilated room where records were kept and documents were copied (files/
i reproduction room). All had worked in this room on a full or part time
L basis in August 1972. Of the remaining £3 employees interviewed, 36 (68%)
4 had been in the files/reproduction room during the same time period.

, No accidents involving chemicals had been reported. However, one of
4 the nine men, the second individual to come to medical attention, had
started working n the files/reproduction room in July and had difficulty
mixing a diazo developer powder with water. He reported that the powder
dispersed in the air and caused choking and nausea. Only two affected men
A reported mixing the developing powder after 1 July. Six of the 53 remain-
ing employees interviewed reported mixing the powder during the same time
period.

During a working day atmospheric samples were cbtiained from various
sites in the room and analyzed. Levels of petroleum hydrocarbons and
methylen2 chloride were extremely low, ard no other organic contaminants
were found.

Three copying machines were used in the files/reproduction room. The
constituents of the substances used in two of the machines, an offset di-
rect image reproducing machine and an electrostatic copier, were determined
by chemical analysis. These contained no benzene, toluene, xylene, chlori-
nated hydrocarbons, alcohols, or ketones. The laboratory supporting this
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investigation did not have. the: capability to analyze the diazo developer
powder used in the third machine.

1 One brand of diazo developer which had been in use was expended just
;. prior to this investigation, and the batch number could not be identified.
A The same brand of developer powder as that which had been expended, but

5 possibly a different batch, was studied toxicologically. Parenteral ad-

E ministration in dogs, rabbits, rats, monkeys, and guinea pigs did not pro-
duce detectable chemical hematological, or histopathological changes con-
sistent with hepatic damage. The results of the guinea pig sensitization
test showed the powder to be a potential skin sensitizing agent.

These initial studies suggested that some of the abnormal results
3 might have been related to exposure to the developer powder used in the
2 diazo copying machine. Since this machine is used widely in the military
: further epidemiologic investigation was undertaken. At four additional
midwestern AFEESs which used the same diazo copying process employees
1 were asked whether, during the month preceding the interview, they had
3 mixed the diazo developer powder, had used the diazo copying machine, had
1 worked in the room where the diazo machine was used or the developer was
mixed, or had used other copying processes. Blood samples were obtained
and tested for total serum bilirubin (TSB), SAP, SGPT, and percentage of
eosinophils on differential &ount (EOS). Urine samples were examined for
bilirubin using the Ictotest™ method.

3 "
T

——
A

Interviews were completed for 267 (91%) of 294 employees. Of the 267
with completed interviews, blood chemistry results were obtained for 219
(82%), EOS for 236 (88%), and UB results for 246 (92%).

- A1l urine tests were negative. Too few individuals were found to have
A elevated SGPT (>35 Sigma-Frankel Units) or TSB (>1.2 mg/100 ml)---five and

. | six, respectively---to draw any conclusions concerning the relationship of

£ these blood chemistry values to the measures of exposure which were obtained.
2 Elevated EOS was 2.2 times as frequent in those who mixed the diazo devel-

: | oper powder as in the remaining employees. However, this association was

4 not statisticaily significant (xé=2.s, p>.10). Other differences between

A exposed and non-exposed perrsons were quite small.

g | In the fall of 1973 follow-up was initiated on all nine men who had
abnormal results during the initial investigation. At that time one was
known to have chronic liver disease but the specific diagnosis was uncer-

s tain. In December 1973, a needle biopsy specimen of his liver was inter-

o preted as showing changes consistent with sclerosing cholangitis. On the

; basis of the biopsy report and other diagnostic studies, including endo-
scopic retrograde cholangiopancreatography, his condition was considered
to be primary sclerosing cholangitis.

. 840
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Table 1 - Percentages of personnel with elevated SAP and EOS according to
four measures of exposure to the diazo copying process (survey of four
AFEES stations).

Percentage with Percentage with
Measure of Elevated SAP Elevated EOS

Exposure (>35 Internat'l Units) N {(>3 percent) N

Use other copying
machine but not Yes 23.0 74 | 13.5 74
diazo machine No 28.0 82 | 13.8 94
Work in diazo copying Yes 26.9 167 | 15.6 180
or mixing room No 26.9 52 | 14.3 56
Use diazo copying ma- Yes 31.2 64 | 18.8 69
chine No 25.2 155 | 13.8 167
Mix diazo developer Yes 31.6 19 | 30.0 20
powder No 26.5 200 | 13.9 216

The other eight men agreed to provide blood and urine specimens. Be-
cause of marked abnormalities in liver function tests one of the eight was
hospitalized. A bromsulphalein test revealed 10% at forty-five minutes.
His liver biopsy showed mild fatty metamorphosis. Medical observation of
these men will continue, as a responsibility of the Health and Environment
Division, Office of The Surgeon General.

3. Cryptorchidism, Hernia,. and Cancer of the Testes

A1l patients included in this study had been hospitalized for the first
time with primary testicular cancer while in the U.S. Army between 1950 and
1970. An initial roster of 1,034 names was assembled from lists provided
by the Armed Forces Institute of Pathology and the tumor registries of the
seven Army teaching hospitals. The military records of each patient were
requested once through an office of the Army Surgeon General. Records
were obtained from facilities located at Fort Benjamin Harrison, Indiana,
Alexandria, Virginia, and St. Louis, Missouri. Information not available
in the records of patients discharged from active service was requested
from the Veterans Administration when it was possible to identify the spe-
cific facility in which the necessary records were located.

During the abstracting of records 98 patients wcre excluded either
because it was found that there was no diagnosis of a primary testicular
malignancy, or because this diagnosis was not first made during active
Army service in the period 1950-1970. Records were obtained for 702 eli-
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gibile patients. Four patients were excluded because year of discharge
or age at diagnosis was unknown. Indication of histologic confirmation
of a primary testicular malignancy was found in the records of 95.8 per-
cent of the remaining eligible patients.

The sampling frame for controls was a list of one-tenth of one per-
cent of persons on active service during the study period. This list was
assembled by selection on the terminal digits of the Army Service Number
or Social Security Account Number, and was furnished by the Follow-Up
Agency, Division of Medical Sciences, National Academy of Science-National
Research Council. A roster of 1,325 names was constructed from all the
listed names of men on active duty from 1960 through 1970 at an age of 30
or greater, and, by further terminal digit selection, one tenth of the re-
maining names in the sampling frame. Four individuals whose names had been
included incorrectly in the initial roster were excluded from the control
series; the service records of 624 eligible controls were retrieved. An
additional 102 patients and 22 .controls were excluded from the present
analysis because information on genital tract defects was not available.

If subje~ts found to be ineligible for the study are excluded from
the denominato.', the rate of record retrieval was 75.0 percent for patients
but only 47.2 percent for controls. The discrepancy was due principally to
a major fire at the St. Louis record facility which destroyed a large num-
ber of records of servicemen discharged before 1960. Requests for the
records of most patients had been acted upon before this fire, but retrieval
of control records was in progress. However, it seems unlikely that loss
of records in this fire could have led tc serious bias.

This study was designed to use information on "exposure" characteristics
which was recorded before the development of malignancy. Status with re-
spect to a specific characteristic was considered to be that which existed
at or before entry on active duty as indicated in the earliest available
military personnel, medical history or physical examination form which con-
tained the necessary information. Data from physical examination were
accepted only if this took place before diagnosis of testicular cancer.

Subjects were considered to have an undescended testis if this was
noted at physical examination or if this condition had been treated sur-
gically. A hernia was considered to have been present only if it had been
surgically treated before age 15. No subje¢t began active rervice with an
existing hernia.

Risk ratios were estimated by the odds ratio. Estimates were similar
with and withoutadjutment for age, year of discharge and ethnic group.
Therefore crude risk ratio estimates are presented here. Ninety-five per-
cent confidence intervals (C.I.) and two-tailed p-values were computed by
a modified exact-procedure.
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Undescended testis was noted in 17 patients and in 2 controls
(Table 1). The risk ratio estimate was 8.8 (2.3-56.3, 95% C.I.). In
12 patients this condition was present at physical examination. In the
remaining five patients and the two control subjects, the condition had
been treated surgically. The side of occurrence of undescended testis
and of testicular tumor were closely related. Information on both the
side of tumor and the side of undescended testis was available for 14
patients with the unilateral defect. In 12 the tumor occurred in the
testis which had been undescendad. In seven patients this occurred on
the lef and in five, on the right (p=.02).

Table 1. Numbers of patients and controls, and risk ratio, according to
history of undescended testis.

Undescended testis Patients Controls Risk ratio
Yes 17 | 2 8.8* 4
No 579 600 1.0 o
Total 596 602 A

*2.3-56.3, 95% C.I.

Undescended testis also was associated with histologic type. Of
tumors developing in patients with undescended testis 65 percent (11/
17) were seminomas. Thirty-eight percent (212/552) of the remaining
tumors for which information was available were seminomas (p=.04).

Four patients who had had a hernia also had an undescended testis.
After exclusion of all subjects with undescended testis it was estimated
that testicular malignancy was 2.9 (1.3-7.0) times more likely to occur
in a person who had reported an operation for hernia (Table 2).

Table 2. Numbers of patients and controls, and risk ratio, according to 'f
hissory of hernia operation before age 15. E

Hernia operation Patients Controls Risk ratio 3
Yes 22 8 2.9% 3

No 557 592 1.0 3

Total 579 600 ]

*1.3-7.0, 95% C.I.

Unlike undescended testis, the side of the hernia was unrelated to
the side of the tumor which followed, and a hernia was not associated with
tumors of a specific histologic type. There were 10 patients for whom in-
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formation was available on both the side of a unilateral hernia and the
side of the tumor. Of six left-sided tumors, three followed a left-sided
hernia and three followed a right-sided hernia. Of four right-sided tu-
mors, two followed each type of hernia. Histologic type was not known
for one patient who had had a hernia. Thrity-three percent (7/21) of the
patients for whom the histologic type was known had seminomas.

4. Studies in Yaviza Village, Republic of Panama

Census and other demographic data were obtained for the population
(1,466 persons) of the eastern Panamanian village of Yaviza. A random
sample comprising the occupants of 56% of the dwellings in the town was
selected for venapuncture. Four hundred and sixty-six people (31.8% of
the total population) provided venous biood specimens. Hemoglobin, hemato-
crit, hemoglobin electrophoresis, glucose-6-phosphate dehydrogenase, and
Hepatitis B antigen and antibody studies were completed and results re-
ported (WRAIR Annual Progress Report 1 July 1973-30 June 1974, pp 824-5).
Further serologic testing, analysis of data, and correlation with demo-
graphic variables has been deferred.

5. Personnel Identified as Drug Users During Basic Combat Training-Per-
formance During First Military Tour

A prospective study is in progress in collaboration with Division of
Neuropsychiatry investigators; results and discussion of this-study are
reported under DA Project: A762758A823, Work Unit 030, Military psychia-

try (NP).
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Project 3A162110A821 COMBAT SURGERY

Task 00 Combat Surgery

Work Unit 121 Gastrointestinal responses to shock and trauma

Investigators
Principal: LTC David G. Reynolds, MSC
Associate: MAJ Nelson J. Gurll, MC; MAJ Michael J. Zinner, MC;

L and John C. Kerr, B.A.

I. Adrenergic Mechanisms in the Primate Gastric Circulation

‘ A. Background and Statement of the Problem. The direct, selective
4 catheterization of major arterial branches of the splanchnic viscera and

1 the prolonged infusion of various vasoconstrictor agents have gained
popularity for the control of upper gastrointestinal hemorrhage. Vaso-
pressin and epinephrine havg become the most popularly used vasocomstrictor
agents in this respect.l’z’ Previous reports from this laboratory
1. demonstrated autoregulatory escape and active vasodilation when epine-
. phrine was infused into the canine gastric circulation. The phenomenon
i demonstrated in the dog would caution against the use of such agents if
’ they acted in this manner in man. In other studies from this labora-

. tory, species differences between dogs and primates have demonstrated
that autoregulatory escape may not exist in the primate splanchnic cir-
7 culation. Therefore, a study was conducted to evaluate the effects of
adrenergic amines on gastric blood flow in baboons.

‘ B. Experimental Approach. Following splenectomy, the baboon's
o celiac artery was isolated and blood flow measured electromagnetically.

The hepatic artery was cannulated for intra-arterial injections and in-
fusions of the adrenergic amines, epinephrine, norepinephrine, and iso-
proterenol. Arterial and portal pressures were monitored and vascular
resistance calculated. The effects of these catecholamines were measured
before and after alpha or beta adrenergic blockade.

|

b | C. Results and Discussion.
{
{

1. Epinephrine. The intra-arterial injection of epinephrine
in doses from 10-3 to 100 ng (base)/kg produced a dose dependent vaso-
constrictor response. There was no evidence of the biphasic (comstrictor ,
_and dilator) response seen in the canine model. When this drug was j
infused intra-arterially into the celiac artery for 10 minutes at a dose
(.05 pg/kg-min) there was a sustained decrease in total gastric blood i
flow without evidence of autoregulatory escape. Alpha adrenergic blockade
with phenoxybenzamine attenuated the constrictor response and beta
adrenergic blockade with propranolol did not influence the responses at
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2. Norepinephrine injections over the same dose range produced
similar vasoconstrictor responses. However, these responses were of a
lesser magnitude than those seen with the epinephrine at comparable doses.
When norepinephrine was infused at the same dose, there also was a sus-
tained decrease in gastric blood flow with no evidence of autoregulatory
escape. Alphe adrenergic blockade attenuated the constrictor response
while beta adrenergic blockade did not influence the responses.

3. 1Isonroterenol. Isoproterenol caused vasodilation whether
injected or infused into the gastric circulation. The magnitude of these
responses was significantly less than those seen in canine gastric cir-
culations. Alpha adrenergic blockade did not affect the magnitude of
these responses but beta adrenergic blockade significantly attenuated
them.

et i oot
g <

These data suggest that the gastric vasculature in the primate is
significantly different than in the dog. Whereas in the canine gastric
circulation there appears to be abundant beta adrenergic receptors, the
primate gastric circulation seems to have predominantly alpha adrenergic
receptors. In the primate gastric circulation epinephrine and norepine-
phrine produced sustained decreases in total gastric blood flow. 1In
contrast to our previous statements concerning the use of catecholamines
for the control of upper gastrointestinal hemorrhage, we now feel that
epinephrine and norepinephrine may provide an alternative to vasopressin
for the control of hemorrhagic gastritis.

B
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II. Regional Distribution and Arteriovenous (AV) Shunting in the Gastric
Circulation

A. Background and Statement of the Problem. The role of AV anastomosis

and redistribution of regiomal blood flow in the stomach has been indi-
cated as an etiologic factor in the development of stress ulceration.%
The opening of AV shunts in the submucosa of the stomach as a result of
circulating catecholamines may be the reason for gastric muccsal ischemia
during endotoxic shock. Vasopressin infusion is thought to be useful to
controlling the bleeding from hemorrhagic gastritis because it is thought
to open AV shunts in the stomach. A study was conducted on the effect
of long-term intra-arterial infusions of epinephrine and vasopressins

on blood flow, regional distribution, and AV shunting in the gastric
circulation of baboons.

R A

B. Experimental Approach. Total gastric blood flow was measured
electromagnetically by placing a flow transducer on the celiac artery of
animals that had been splenectomized and had commoa hepatic artery liga-
tion. The hepatic artery was used for the intra-arterial delivery of
epinephrine in doses of .05 ,g/kg-min and vasopressin .005 units/kg-min

for 60 minutes. Radioactive microspheres (15 + 5 1) with 3 tags were 9
injected intra-arterially during a control period and 50 minutes after 3
the initiation of each ipfusion to determine regional distribution of g

blood flow and AV shunting in the stomach. Arterial and portal venous
pressures were monitored and vascular resistance calcuiated.
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C. Results and Discussion. At these doses the intra-arterial in-
\ fusions of epinephrine and vasopressin caused a decrease in total
H gastric blood flow of approximately 70 to 80%. Throughout the entire
60 minute period of the infusion there was no evidence of autoregulatory
escape with either agent. Approximately 75% of the total gastric blood
flow goes to the gastric mucosa and approximately 27 of the injected
microspheres appear in the liver through AV anastomoses. There was
i neither a significant increase in the number of microspheres appearing
¢ in the liver nor any redistribution of flow with either vasoconstrictor
agent. Arteriovenous anastomoses play a negligible role in gastric
blood flow and are not influenced by epinephrine or vasopressin.

T T e

ITI. Stress Ulceration - Etiology

A

A. Background and Statement of the Problem. Acute superficial
erosions of the gastric mucosa in the post-traumatic patient continues
to be a serious source, of life threatening hemorrhage. Although the
etiology of this lesion remains unclear, recent attention has been
directed at the role of the gastric mucnsal barrier (GMB) in a patho-
genesis of stress ulcers. Disruption of the normal gastric mucosal
barrier results in increased permeability with greater back diffusion
of hydrogen and increased luminal accumulation of sodium. It has been
reported in critically ill patients that disrugtion of the GMB plays a
role in the pathogenesis of stress ulceration.”? We have investigated
the effects of severe hemorrhagic hypotension on the integrity of the
gastric mucosal barrier in dogs.

B. Experimental Approach. Dogs with internally drained Heidenhain
pouches were prepared that had their blood supply solely on the splenic
artery. The net fluxes of hydrogen, sodium, water, and potassium were
determined in these pouches by instillation and recovery of an acid test
solution containing a nonabsorbable marker. This was done during a
control period, during the 3 hours of hemorrhagic hypotension, and the
hour following reinfusion of shed blood. Total pouch blood flow was
measured electromagnetically and the mucosal blood flow was measured by
an aminopyrine clearance technique. Measurement of the pouch oxygen
consumption was determined by knowing flow and measuring arterial
venous oxygen difference across the pouch. The transmucosal electrical
potential difference was also measured.

C. Results and Discussion

1. Systemic Hemodynamic Changes. Mean arterial pressure and
cardiac output fell significantly during the 3 hour shock period and
then increased following the reinfusion of shed blood. Total body
oxygen consumption, however, did not significantly decrease during the
shock period because of increased total body oxygen extraction. Even
though there was no evidence of decreased oxygen consumption, there was
a significant increase in the level of circulating lactate implying
some areas of regional ischemia.
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2. Gastric Pouch Hemodynamic Changes. There was a significant
decrease in total pouch gastric blood flow as well as a significant de-
crease in mucosal blood flow. Although total pouch blood flow remained
decreased through the 3 hours of hypotension, there was a slight increase
in the mucosal tlood flow during the shock period implying a possible
redistribution of blood flow toward the mucosa during shock. Whereas
there was no significant decrease in total body oxygen consumption, there
was a significant decrease in pouch oxygen consumption during the shock
period.

b R A B R S B e R e ik

3. Potential Difference and Ionic Permeability. There was no
increase in the ionic permeability to hydrogen or sodium during the shock
period or following reinfusion. There was a steady rise in the amount
of potassium appearing in the pouch lumen during the period of hemorrhagic
hypotension and following reinfusion. There was a decrease in the net
\1 positive chloride flux duz"ing. the hemorrhagic period. In concert with

this fall in the chloride flux there was a fall in the transmucosal po-
tential difference during the hemorrhagic period and following reinfusion.

4. Gross and Microscopic Examination. Nine of the 10 animals
1 : that were subjected to hemorrhagic shock with an acid test solution

i developed acute, superficial gastric erosions confirmed by histologic

1 examination. The majority of dogs in this group had evidence of gross

2 bleeding sometime during the shock period or recovery period. In a
parallel group of dogs that underwent the same degree of hemorrhagic
hypotension but had no acid present in their gastric pouch lumen, there
were no gastric erosions or ulceratioms.

Even with a severe anoxic and ischemic insult to the
: gastric mucosa there appears to be no increase in the ionic permeability
4 and no breakdown of the gastric mucosal barrier in the canine model.
However, acid in the lumen of the stomach in the presence of severe
ischemia.is sufficient to cause acute superficial erosions of the gastric
mucosa. This probably results from an inability of the ischemic and
anoxic mucosal cells to buffer the normal amount of acid that is back
i diffusing.

IV. Cardiovascular Effects of Urokinase

i
3 A. Background and Statement of the Problem. Urokinase is a plas-
' minogen activator which has been used successfully to treat arterial and
venous thrombosis. Large intravenous doses of urokinase have produced
systemic hypotension in some patients, and direct intrapulmonary a=zcerial
injection has lowered right heart pressures in patients with pulmonarv
embolism. These clinical observations suggest that urokinase has vaso-
motor effects which have nct been previously described. A variety of
thromboembolic conditions such as acute mesenteric insufficiency have
assoclated vasospasm whicl may be amenable to urokinase infusion.
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B. Experimental Approach. Electromagnetic flowmeters were used to
measure arterial blood flow in the femoral and mesenteric circulations
of the dog. Urokinase isolated from both human urine and tissue cul-
ture was injected and infused intra-arterially and effects on arterial
i blood pressure, arterial blood flow, and venous pressure were recorded.
G The possible role of other well known vasodilator mechanisms (histamine,
- p-adrenergic receptors, kinin formation from fibrinolysis) was assessed
i using specific blocking agents.

al Obstructing thrombi were produced in the femoral and mesenteric
b circulations of the dog. The effects of urokinase infusion relative to
E vasodilation, thrombolysis (arteriogram), and fibrinolysis (fibrin plate
and euglobulin lysis time) were determined.

C. Results and Discussion. Human urine urokinase (3 different
preparations) caused a dose-dependent increase in arterial blood flow in
both the femoral and mesenteric circulations. This increase in flow was
not attenuated by antihistamine treatment or beta adrvenergic blockade.
Irhibition of plasminogen activation by"-aminocaproic acid (EACA)
attenuated the vasodilation somewhat at a dose thet completely inhibited
3 fibrinolysis as measured by euglobulin lysis time and fibrin plate assay.
e However, this attenuation by EACA was nonspecific vasodilation due to
] isoproterenol was also attenuated. Tissue culture urokinase did not
produce vasodilation. Trasylol (an .inhibitor of kallikrein as well as
£ activated Hageman factor) also fai.ed to inhibit the vasodilation.

3 Therefore, urokinase appears to be a direct vasodilator of the canine
femoral and mesenteric circulations.

local intra-arterial infusion of urokinase at a dose that pro-
duced only small increases in blood flow in a control experiment was
] successful in lysing ipsilateral obstructing femoral thrombi but not
£ contralateral obstructing femoral thrombi. The contralateral thrombi
were exposed to the systemic fibrinolysis of the urokinase but arterial
flow was not re-established. .Clots in the superior mesenteric artery
were easily dissolved with urokinase at doses below those producing a

AR
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- vasodilation, and there was no difference between tissue cwvlture uro- !
3 kinase and human urine urokinase in this thrombolysis. %
}i V. Portal Venous and Hepatic Arterial Blood Flow Relatiouship :
e 4 2
}l A. Background and Statement of the Problem. Experiments were con- !
| ducted to test the premise that an inverse relationship exists between %
4 portal venous and hepatic arterial blood flows. The validity of this -
i thesis is important to the management of surgical conditions that in- :

fluence the flow in either circulation.

B. Experimental Approach. Hepatic arterial blood flow was measured
electromagnetically in a group of anesthetized dogs. The effects of
graded constriction of the portal vein, to reduce portal venous blood
flow, were determined on hepatic arterial flow, portal venous pressure,
and systemic arterial pressure.
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Graded constriction of the portal vcin
caused a rise in distal portal pressure and sigrificant declines in both
hepatic arterial blood flow and .ortic pressure. The data suggest 1o
reciprocel relationship between flow in these two circulations.

C. Results and Discussion.

RN o
.
.

‘_ VI. The Proceedings of The Symposium on the Splanchnic Circulzcion in
3 Shock, sponsored by this Institute three yeare &ago, have been completed
1 : and published through the Government Printing Office.
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ﬁf Work Unit 124 Pathophysiology of systemic responses to shock and trauma
3 Investigators.

E: j : Principal: LTC Robert W. Hobson, II, MC

7 Associate: MAJ Joseph M. Giordano, MC

SR

I. Adrenergic Mechanisms in the Cerebral Circulation

A. Statement of the Problem. A study was conducted to evaluate and
contrast the adrenergic mechanisms in the cerebral and cepbalic circula-
tions of baboons,

¥
o

B. Experimental Approach. Carotid arterial blood flow was measured
electromagnetically with both internal and external branches open and
then with the external branch obstructed. The effects of epinephrine (E),
norepinephrine (NE), phenylephrine (P), and isoproterenol (ISO) were
monitored by injecting and infusing the amines directly into the carotid

artery.

C. Results and Discussion. Injections limited to the external : 4
carotid or caphalic circulation resulted in predictable dose dependent 4

vasoconstrictive effects with E, NE, and P and vasodilator responses to
1S0. However, no significant changes were seen with injections of the
amines into the internal carotid or intracranial circulation unless

2 associated with significant alterations in systemic pressure at the

(f highest dosages. These data suggest the presence of reactive adrenergic 1
- . receptor sites in the cephalic circuletion of the baboon; however, these
. sites appear less reactive or possibly not pharmacologically related to
the vasculature in the intracranial circulation of the baboon.

@} II. Scintigraphic Identification of Abscesses

4 A. Statement of the Problem. Identification of abscesses by iso- i
3 topic scanning techniques has been useful to confirm clinical impressions '
4 of deep abscesses and assist in formulating treatment. A study was con-

. ducted to compare the effectiveness of radioactive gallium and indium

_in localizing abdominal abscesses.

B. Experimental Approach. Abscesses were created in the anterior Q
abdominal wall of rabbits 9y fecal contamination and iianned following :
intravenous injection of " 'Gallium (Ga) citrate and Indium (In) chloride.

C. Results and Discussion. The photoscans were clearest with ;
established abscesses, 5-7 days old 24 hours after intravenous injec- 4
tion of the isotopes. Although 7Ga has had widest clinical application,
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11y, appears to be an equally acceptable radiopharmaceutical for scinti-
graphic identification of abscesses. Further clinical evaluation is
indicated,

I1I. Vincristine Induced Intestinal Pathology

A, Statement of the Problem. Vincristine sulfate, a vinca alkaloid,
has been used successfully in the treatment of several malignant neoplasms.
In a clinical report (Am Surg 39: 129, 1973), intestinal complications
possibly caused by vincristine toxicity were described.

B. Experimental Approach. To evaluate the gastrointestinal toxicity
of this chemotherapeutic, guinea pigs were treated with intraperitoneal
and intravenous doses of vincristine sulfate. Changes in small bowel
histopathology and intramural myenteric plexuses were evaluated.

C. Results and Discussion. Vincristine appears to have a two-fold
effect on the small bowel; it interferes with normal nwuucosal renewal
processes, producing mucosal atrophy, and it alters the structural
appearance as well as catecholamine content of the intramural nerve
plexuses., These factors may explain gastrointestinal side-effects of
the drug.

IV. Infectability of Vascular Grafts

A. Statement of the Problem. Infection in vascular reconstructions
is a serious complication frequently resulting in loss of 1limb or life.
Direct or bacteremic contamination of the graft accounts for these in-
fections.

B. Experimental Approach. To evaluate the influence of particular
graft materials in infections of bacteremic origin, the canine infra-
renal aorta wis reconstructed with dacron (10 animals), autogenous vein
(10 animals) and bovine heterograft (9 animals). Following reconstruc-
tion, the animals received 107 colony forming units of Staphylococcus
aureus intravenously over a 2 hour period. Three weeks later, grafts
were removed aseptically and cultured.

C. Results and Discussion. Four of ten dacron, two of ten autogenous
veins, and one of nine bovine heterografts were positive for the bacteria
infused. No significant difference in rate of infection is noted suggest-
ing that the graft material itself is not a major factor in susceptibility
of vascular reconstructions to infection of bacteremic origin in dogs.

V. Determination of Intestinal Viability

A, Statement of the Problem. Easily performed operative tests are
not available to evaluate viability of small bowel after ischemia. The
Doppler ultrasound device is capable of detecting flow in the small
vessels on the serosal surface of the bowel. The feasibility of using

the Doppler flowmeter to determine viability was evaluated.
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B. LExperimental Approach. In isolated loops of canine small bowel
made ischemic by temporary mesenteric vascular occlusion Doppler signals
were absent in intestinal segments subjected to arterial obstruction.

C. Results and Discussion. Following release of the vascular
occlusion, presence or absence of Doppler sounds correlated with ultimate
intestinal viability. Use of the Doppler ultrasound device is suggested
to assist in determining intestinal viability prior to intestinal resec-
tion after trauma or mesenteric vascular accidents.

VI. The Development of a Suitable Graft for Use in the Venous System

A. Statement of the Problem. Previous work in this laboratory has
documented the effectiveness of homografts as venous substitutes in
canine femoral venous reconstruction. However, to make such a graft
clinically useful an appropriate method of preservation must be found.
Frozen, irradiated, homogenous vein was evaluated for suitability as
vein grafts.

B. Experimental Approach. Venous homografts were frozen and sub-
jected to 2 million rads of irradiation. Bilateral femoral cutdowns
were performed in 20 mongrel dogs. A fresh autogenous graft was anas-
tomosed into one femoral vein. On the opposite side a frozen irradiated
homograft was anastomosed. Venograms were taken immediately after
surgery and at 1, 3, and 6 weeks and 6 month intervals.

C. Results and Discussion. The venograms showed that there was no
difference in patency between the autografts and the frozen irradiated
homografts. We conclude from this study that frozen irradiated homo-
grafts may be a suitable substitute to autogenous veins for defects in
the venous system. During the course of the investigation we found
that at 6 months the frozen irradiated homografts recanalized at the
same rate as the autogenous vein grafts. Autogenous vein grafts have
been known to recanalize over a period of time. However, it has not
been previously reported that frozen irradiated homografts or any other
biological grafts can recanalize in the venous system.

VII. The Effects of Microaggregates on Pulmonary Vascular Resistance

A. Background and Statement of the Problem., It has been previously
reported that microaggregates form in stored blood. A number of reports
both experimentally and clinically have suggested that these microaggre-
gates are the etiologic cause of the post-traumatic pulmonary insuffi-
ciency syndrome.

B. Experimental Approach. In a study recently completed we infused
microaggregates into the left pulmonary aitery following a shock period.
If microaggregates had any effect on pulmonary vascular resistance, there
should be a redistribution of blood from the left lung to the right lung.
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Pulmonary blood flow and distribution wem determined by central in-
jections of microspheres.

C. Results and Discussion. The data show that despite massive
amounts of microaggregates infused into the left PA, there was no redis-
tribution of blood flow. We conclude that microaggregates do not affect
pulmonary vascular resistance and may not be an etiologic agent in post-
traumatic pulmonary insufficiency. We will repeat this study in a non-
shocked preparation and in the baboon.

VIII. Renal Cortical Contractility

A, Statement of the Problem. Interstitial fibroblasts in the cortex
of kidneys subjected to complete ureteral obstruction undergo transforma-
tion into cells resembling smooth muscle. Studies were conducted to
assess the contractile capabilities of these cells.

B. Experimental Approach. Strips of cortical tissue were prepared
from kidneys that had been subjected to 8 and 32 days of ureteral ob-
struction as well as from the contralateral, control kidneys. The strips
were mounted in tissue chambers containing & balanced electrolyte solu-
tion and subjected to pharmacologic stimulation to yield isometric con-
traction. .

C. Results and Discussizn. Norepinephrine, angiotensin, and sero-
tonin caused dose related contractions of the tissues. Incubation of
the tissues with phenoxybenzamine attenuated the alpha adrenergic res-
ponses but not those resulting from angiotensin or serotonin. These
transformed cells thus aprzar to be responsive through multiple mecha-
nisms of excitation.
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I. Factors Influencing Tissue Respiration

A. Background and Statement of the Problem. Oxygen utilization by
tissues is influenced by the chemical composition of the perfusing blood

and cardiovascular reflexes. Variation in the chemical composition of
the blood exerts influences both centrally and peripherally. Experi-
ments were performed in isolated canine hindlimbs which were perfused
under highly controlled conditions. The effects of variation in pH, O,
and COy content, lactate, and endotoxin on respiration were determined.

B. Experimental Approach. A membrane lung perfusion system was
devised with which a vascularly isolated but ‘viable extremity could be
perfused with blood of controiled composition. The chemical composi-
tion of the perfusing blood was changed by altering pH, POy, PCO2,
using stored rather than fresh blood, and adding endotoxin and steroid.
The effects of these alterations on tissue respiration were measured.

C. Results and Discussion. Oxygen consumption (Vg, ) was related to
the blood's pH by the equation Vg, = 100.1 pH - 1643 (r' = 0.86); thus a
change in acidity of the perfusing blood by 0.1 pH unit causes a 107%
change in limb V;),. When blood pH was above 7.3, lactic acid was pro-
duced and when ph“was below 7.3, it was consumed. The relationship be-
tween the A-V lactate difference and blood pH 1is expressed by Lactate =
22.5 pH - 162 (r = 0.75). Lactic acid production does not reflect
tissue oxygenation during clinical alkalosis. In seventeen dogs the
addition of 5 mg of endotoxin to the perfusate reduced Vg, significantly.
The eventual addition of 60 mg of methyl-prednisolone returnmed Vg, toward
control. Variation of the hemcglobin -oxygen affinity by perfusing the
legs with 2-4 week old blood revealed reduced V02 when the P5g of the
perfusate was lowered.

These studies demonstrate several relationships between the
chemical composition of blood and tissue respiration that are relevant
to anesthesia, surgery, or blood banking. In addition evidence is
presented in support of steroids being of benefit in shock therapy.
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II. In Vitro Studies of Liver Respiration

A. Background and Statement of the Problem. The relationship be-
tween extracellular fluid oxygen tension and hepatocyte oxygen uptake
was evaluated in 70 rabbits. Normal extracellular fluid (ECF) oxygen
tension is 30 torr. It was expected that hepatocyte oxygen uptake would
decrease at ECF oxygen tensions below 30 torr - presumably due to in-
adequate diffusion of oxygen into cells. Liver cell oxygen uptake at
ECF oxygen tensions above 30 torr was not expected to change.

B. Experimental Approach. Oxygen consumption of slices of rabbit
liver was measured in chambers fitted with oxygen electrodes. The effects
of variation of p0O, in the electrolyte solution and addition of endotoxin
on tissue respiration was determined.

C. Results and Discussion. Oxygen uptake (Voz) was maximal at an
extracellular fluid pOy of 30 torr. At a pO; of 10 torr V,, was signifi-
cantly reduced. However, if p0O, were increased to 90 torr, Vg, was also
reduced. These observations 'indicate that hepatocyte resviration is op-
timal at low pOys within a narrow range.

The action of endotoxin was evaluated on both slices and homo-
genates of liver. 1In both models, endotoxin induced a significant re-
duction of Vp,. It would, therefore, appear that the hepatocyte cell
membrane does not protect the cell from the detrimental effects of endo-
toxin.

ITI. The Clinical Use of a Pulmonary Artery Thermistor Catheter

A. Statement of the Problem, Much enthusiasm has been generated
concerning the clinical value of a pulmonary artery thermistor catheter
for the measurement of pulmonary artery wedge (left atrial) pressure and
cardiac output,

B. Experimental Approach. The use of a pulmonary artery thermistor
catheter for pressure measurement and thermodilution cardiac output de-
termination was evaluated in eleven dogs. A pulmonary catheter was
placed in the wedge position. A left atrial catheter was simultaneously
placed via a superior pulmonary vein.

C. Results and Discussion. Pulmonary artery wedge pressure was a
reliable i-dex of left atrial pressure at end expiratory pressures less
than 10 cm Hp0. Fluctuations' in pulmonary artery temperature occurred
at a frequency equal to the respiratory rate and an amplitude of 0.010° C
to 0.086° C. Changes in amplitude were associated with changes in ven-
tilatory waveform, respiratory rate and level of anesthesia. Intermittent
and continuous positive pressure ventilation generally dampened and re-
versed the pulmonary artery temperature pattern exhibited during spon-
taneous breathing. This suggested that when end expiration is used to
time indicator injection, cardiac output will be underestimated during
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spontaneous breathing and overestimated during continuous or inter-
mittent positive pressure ventilation. When indicator was injected at
the same point in the ventilatory cycle, successive values of cardiac
output deviated from one another by 0.0 - 6.7%. Deviations as large as
147 resulted if sequential injections were out of phase by half a res-
piratory cycle. Deviations in measured cardiac output can be minimized
by injecting indicator at the same point in the respiratory cycle if it
is not feasible to measure cardiac output during apnea. The clinical
utility of a pulmonary artery thermistor catheter can be optimized
through appreciation of its specific strengths and limitationms.

IV. Systemic Oxygen Delivery, Oxygen Uptake, and Surgical Stress

A. Statement of the Problem. Recent advances in respiratory physi-
ology and technology have permitted and promoted endotracheobronchial
maneuvering on a scale not previously considered safe. The ventilatory
and hemodynamic sequelae of these diagnostic and therapeutic interven-
tions are often not fully appreciated by the operating surgeon. Straight
and fiberoptic bronchoscopes at best only partially obstruct large
bronchi with resultant decrease in ventilation: perfusion ratio. Con-
versely, continuous positive pressure ventilation may decrease pulmonary
blood flow with resultant increase in ventilation: perfusion ratio.

The purpose of this study was to evaluate the relationship between
systemic oxygen delivery and tissue oxygen uptake during surgical stress.

B. ..xperimental Approach. Ten, 25 kg, mongrel digs were anesthe-
tized with pentobarbital (25 mg/kg). The dogs were iatubated and ven-
tilated (15 ml/kg) at a rate of 16 brcaths per minute. A femoral artery
catheter was placed. Cardiac output was measured by thermal dilution.
All parameters (cardiac output, arterial and venous blool gases, pul-
monary artery pressure and oxygen consumption) were measured as soon as
all catheters were in place (period #l). Baseline values were again
measured 15 minutes following the initial determination (period #2).

All parameters were subsequently measured under the following conditions:

Period #3. 10 cm H90 pusitive end expiratory pressure

Period #4. Right thoracotomy with equilibration of intra-
pleural and atmospheric pressure

Period #5. Right main stem bronchial occlusion with right
chest up

Period #6. Right main stem bronchial occlusion with right
chest down

Period #7. Right main stem bronchus released following
several deep breaths, right chest up

Period * . 10 cm Hp0 positive end expiratory pressure
(pleural pressure at zero)

Period 10 cm H,0 positive end expiratory pressure and
1007 oxygen (Fi0, = 1.0)

Period #10. Thoracotomy closed, intermittent positive pressure
ventilation
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Following the initial thoracotomy, a monitoring catheter (PE 240) was
placed into the left atrium of each animal.

C. Results and Discussion. Systemic oxygen delivery (SOD) and
oxygen uptake (Vg,) decreased initially in parallel then SOD decreased
more than Vg,. Following closure of the thoracotomy, SOD was down by
60% and Vg, was 80% of control levels. SOD and Vg, did not relate to
each other”in a parallel fashion. Following moderate surgical stress,
Vo2 at the end of the procedure was 807 of control levels.
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Clinical Research ervlce For technicul report see Walter Reed Army Institute of

Reaﬁsrc Annual 1 Jul 74-30 Jun 75
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Project 3A762760A822 MILITARY INTERNAL MEDICINE
Task 01 Military Internal Medicine
Work Unit 120 Metabolic response to disease and injury
Investigators:
Principal: COL Jerry M. ﬁarll, MC

Associates: Marcus Schaaf, M.D.; LTC Leonard Wartofsky, MC;
MAJ Richard C. Dimond, MC; Joseph Bruton, Ph.D.

Description

This work unit i1s concerned with investigations into basic mechanisms
of diseases of military importance and the metabolic responses occur-
ing during stress of disease and injury. To provide rational approaches
to diagnosis and therapy, metabolic balance studies are utilized which
require precise collections of biologic samples from patients during
rigid control of diet, drugs, and activity. In addition, support is
afforded Walter Reed Army Medical Center in training house staff, four
endocrine fellows, diagnosis and treatment of endocrine patients, and
technical laboratory support to other departments. The unit maintains
the capability of mounting field studies.

Progress
1. Polypeptide Hormone Metabolism.

Stressful illnesses such as severe infectfon, trauma, burns and fetal
distress are said to be characterized by a negative nitrogen balance,
an inappropriately low concentration of insulin and a high level of
glucagon relative to glucose availability (R.H. Unger, Alpha and Beta
Cell Interrelationships in Health and Disease, Metabolism, 23:581-592,
1974). Serum insulin, growth hormone, glucagon, glucose, and urinary
C~peptide were measured in four human volunteers who received a stan-
dard dose of malaria parasites while being maintained on a constant
caloric intake. Although all developed malaria, there was no consistent
changje in insulin-glucagon ratios or insulin secretion as reflected by
the urinary C-peptide.

Sixty-one patients with galactorrhea were studied to determine which
tests might differentiate normal from abnormal prolactin (PRL)
secretion and separate patients with pituitary tumors from those with
galactorrhea of other etiologies. Six types of galactorrhea were
studied: (I) fourteen patients with pituitary tumors; (II) ten
patients with galactorrhea associated with oral contraceptives;

(III) ten patients with idiopathﬁfﬂgalactorrhea and amenorrhea;
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(IV) twenty patients with idiopathic galactorrhea and normal menses;
(V) three patients with myxedema; and (VI) four patients with empty
sella syndrome. Basal PRL: the highest values (8-4200 ng/ml) were
found in patients with (I): only three of fourteen had normal PRL
(<30); six of ten patients with (III) also had high PRL values
(3.4-224). None of the patients with (IV), (V), or (VI) had elevated
basal PRL. Tests of PRL secretion included thyrotropin releasing
hormone (TRH) stimulation (normal >350% rise); chlorpromazine
stimulation test (CST) (normal >200% rise); L-dopa suppression (normal
fall to <60%). The number of normal responses in each type of
galactorrhea were:

TRH CST L~DOPA
I 1/10 0/6 5/6
1I 3/3 3/6 9/9
111 4/10 2/8 6/7
Iv 7/10 5/11 13/13
v 3/3 1/2 1/1
VI 2/4 1/4 3/3

The effect of water loading on PRL secretion was evaluated in nineteen
patients; PRL did not suppress in any type of galactorrhea. It is
concluded that L-dopa and water loading are not useful in the
differential diagnosis of galactorrhea. Patients with idiopathic
galactorrhea with normal menses, myxedema, or empty sella syndrome
have normal basal PRL and respond to either TRH or CST. A high basal
PRL and failure to respond to either TRH or CST are associated with
pituitary tumors and idiopathic galactorrhea with amenorrhea.

Radioiodination of human growth hormone (hGH) with chloramine T
yields several iodinated components that differ widely in their
apparent molecular weights (Mwapp). We have identified at least four
such components by gel chromatography on Sephadex G-100, and have
examined each of their activities in homologous radioimmunoassays
(RIA, antiserum GP 2-5-19) and radioreceptor assays (RRA, cultured
lymphocytes, IM9). Two immunochemical grade preparations of hGH
(National Pituitary Agency, #1523D and #1394) were studied. Chloramine
T iodinations (n = 4) were performed with 1251 to theoretically yield
1 mol 1251/mol hGH. Each major iodinated component was examined
individually as a radioligand by RIA and by RRA.

In both iodinated hGH preparations, component IV eluted with MWapp
~20,000 (monomeric 125I-hGH) and displayed 50-60% binding in RIA
(antibody dilution 1/2,000,000) and 8-14% specific binding in RRA.
Component III eluted with MWapp 40,000, was ~90% as active as
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monomeric 125T-hGH in RIA, tut only “207% as active in RRA. Component
IT eluted with MWapp 60,000, and, relative to monomeric 1257-hGH,
displayed "207% activity in RIA and <17 in RRA. Component I eluted In
the void volume, had ~50-70% relative activity in RIA but <17 in RRA.
In addition, there appeared to be another iodinated component Ig, with
activities similar to component I, and eluting between components I
and II with MW, ~80,000. Each component was rechromatographed and
eluted as before. The two unlabeled hGH preparations were examined by
gel chromatography and RIA, and each contained four immunoactive
components corresponding to iodinated components I, IB, 111, and 1IV.

These studies suggest the following: (1) relative to monomeric 1251
hGH, there is marked disparity between immuno~ and receptor activities
among other components of iodinated hGH; (2) 1251-hGH components I,
IB, and III may result from iodination of hGH components intrinsic to
the unlabeled preparation and may not be '"damaged" products;

(3) these components of iodinated hGH may serve as useful 'markers"
in structure-function studies of the multiple forms of pituitary and
circulating hGH demonstrated previously in man.

2. Thyroid Metabolism.

Lithium and iodide have been demonstrated to have similar antithyroid
effects, and both agents appear to inhibit thyroid hormone secretion.
Patients who are rendered euthyroid after therapy for diffuse toxic
goiter have been shown by L. Braverman and S. Ingbar, (New England
Journal of Medicine, 281:816, 1969) to be extremely sensitive to the
effects of iodide with the development of hypothyroidism after 3-6
weeks of therapy with this ion. We have studied a group of such
patients to determine if they would be similarly sensitive to lithium.
Seven patients (3 men, 4 women) who had been euthyroid for an average
of 11 months following radioiodine or antithyroid treatment of diffuse
toxic goiter were studied (mean T4 8.0 ng/100 ml, range 6.0-10.5

ug/100 ml; mean T3 138 ng/100 ml, range 73-189 ng/100 ml). The study
was divided into control, experimental. and post-treatment periods which
lasted 2, 8 and 2 weeks, respectively. Lithium was administered during
the experimental period and TRH tests (500 ug i.v.) were performed

in 5 patients after discontinuation of lithium. Six of 7 patients

had a mean decrease in serum T4 of 3.5 ug/100 ml (p<.02), and a
mean decrease in serum T3 of 57 ng/100 ml (p<.05). The mean nadir

in T4 and T3 concentrations occurred on days 29 and 32 of lithium
administration, respectively, and both T3 and T4 levels returned to
their original values during the post—treatment period. Of the
pat.ents who had decreased T4 concentrations during lithium
administration, TSH increased from 11.8 to >40 uU/ml in one patient
(T4 decreased from 9.0 to 5.1 pg/100 ml), whereas the remaining

5 patients had TSH levels which remained 2.5 uyU/ml. TRH tests were
performed in 3 of these 5 patients; 2 had no TSH response and 1 had
a moderate increase in serum TSH from <1 to 5 pU/ml. These data
suggest: (1) patients rendered euthyroid following treatment of
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diffuse toxic goiter are as sensitive to lithium as they may be to
iodide; (2) such patients may therefore be particularly susceptible to
the development of lithium induced hypothyroidism; (3) the mechanism
of lithium induced hypothyroidism may be the same as that of iodide
since increased thyroidal iodine content is a consequence of lithium
therapy (Journal of Clinical Investigation 49:1357, 1970).

To gain a better understanding of the metabolic pathways of
Triiodothyronine (T3) and Thyroxine (T4) in the fetus we modeled the
known kinetics of iodide (I~), T3 and T4 between mother, fetus and
amniotic fluid in sheep using tle SAAM computer program. The model
for each of the above subsystems required exchange compartments within
mother and fetus, exchanges between maternal and fetal circulations,
and between the fetus and the amniotic fluid. The I~ model was
developed from data using 1311~ and 1251~ tracers given to mother and
fetus or amniotic fluid respectively under KI blocked or unblocked
conditions. In general, the models for I~ in mother and fetus are
comparable to similar models developed for man and dog, except for
a somewhat larger I~ distribution volume in the mother, probably due
to an exchange with rumen. The T4 model was developed from data on
311 and 1251 14 given to KI blocked maternal and fetal sheep. The
model predicted similar concentrations for fetal and maternal serum
and for ammiotic fluid. The T3 model was developed from data on
1317 ang 1251 T3 given to KC105 blocked maternal and fetal sheep.
No fetal plasma T3 utilization and little T3 production, either via
synthesis or T4 to T3 conversion could be accomodated in the
model. The observed low fetal:maternal concentration gradient for T3
was supported by the model, which also predicted a high amniotic fluid:
fetal gradient. The predicted T3 and T4 amniotic fluid levels are
supported by measurements of IT(3.3 ug%) and T4 (2.4 ugZ) in fluid
samples from 12 normal human term pregnancies, and of T3(40 ng%) in
3 sheep samples. Exchange between the fetus and the amniotic fluid
appears to take place via urinary excretion and intestinal and/or
biliary secretion into meconium, with reabsorption from swallowed
amniotic fluid. Thus a comprehensive model integrating the kinetics
of I, T3 and T4 *n mother, fetus and amniotic fluid is presented which
fits published :.inetics and observed concentrations and which
correctly predicts concentration gradients for the ammniotic fluid.

3. Cyclic Nucleotide Laboratory.

Recent studies have suggested that cyclic AMP(CAMP) accumulation in

rat seminiferous tubules may be regulated by several factors including
FSH, phosphodiesterase, and pyostaglandins. Although the Sertoli cell
has been shown to be one site of intratubular CAMP accumulation

(A.R. Means, Life Science, 15:371, 1974) there are no published studies
defining the distribution of this nucleotide throughout the seminiferous
epithelium. Using an indirect immunofluorescent staining technique we
have attempted to localize CAMP in testes from rats 5 to 50 days of age.
Preliminary brief fixation of fresh frozen testis sections with either
acetone or cold formalin consistently maximized the intensity of
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otherwise identical fluorescent. staining patterns observed in unfixed
specimens. Brilliant fluorescence was seen in the interstitial areas
of all developmental stages while intratubular CAMP staining patterns
vere of lower intensity and changed with age. At 5 days CAMP appeared
localized to perinuclear cytoplasm of both early Sertoli cells and
spermatogonia. At 10, 15, and 20 days of age most tubules demonstrated
positive staining around the developing spermatocyte nuclei with
persistent fluorescence in Sertoli and spermatogonial elements. At

25 days a similar pattern persisted but CAMP staining was not seen

in or around the newly appearing spermatids. From 30 to 50 days of age
when developing spermatids accounted for the majority of tubule cells,
positive cytoplasmic fluorescence was limited to the most peripheral
areas occupied by Sertoli cell bodies, spermatogonia, and early
spermatocytes. These observations confirm the presence of CAMP in

the Sertoli :ell. The additional finding of demonstrable CAMP
surrounding the early germ cell nuclei suggests that this nucleotide
may influence the metabolism of these cells. Absence of positive
staining in spermatids suggests either that CAMP does not actively
participate in the regulation of these more mature germ cells or that
the levels of stainable nucleotide are below the detection limits of
the system employed. Investigations are now being conducted to

study the possible hormonal dependence of these staining patterns.

In rats the excretion of urinary cyclic GMP but not cyclic AMP

was lowered by adrenalectomy and restored to normal by hydrocortisone
suggesting a relationship between urinary cyclic GMP excretion and
adrenal steriods (J.G. Hardman, et al, Journal of Biological Chemistry,
244:6354, 1969). 1In a retrospective study of 5 patients with
Cushing's syndrome, we have measured urinary cyclic GMP and cyclic AMP
in pre-treatment 24 hour urine specimens using radioimmuncassays. The
cyclic nucleotide data is expressed both as total micromoles/day and
as the ratio of micromoles/gm .reatinine (means + SE).
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Number of Cyclic GMP Cyclic AMP 3
Specimens Total Ratio Total Ratio 1

Adrenal Carcinoma
female 6 4.1940.31*% 3.40+ .20* 3.49+38 2.8240.23

Adrenal Hyper-
plasia

female 1 2.70 * 2,90 * 3,58 2.76
3 male 4 2.01+0.11% 1.11+0.05% 2.02+0.33 1.11+0.16

Ectopic ACTH
Syndrome (EAS)

female 3 2.9340.62% 4.60+0.61% 6.72+1.29%10.55+1.11%

male 4 5.05+0.69*% 3.56+0.61* 3.16+0.40 2.16+0.12 4
Controls :

female (N=10) 0.7140.08  0.68+0.12 2.81+0.41 2.43+0.31

male (N=10) 0.5740.09  0.33#0.05 2.55+0.39 1.35+0.18

Asterisk (*) indicates value 3 SD's from the mean of sex-matched
controls.

Urinary cyclic GMP was incdreased in all patients whereas cyclic AMP was 4
increased only in ectopic ACTH syndrome. Excretion of both urinary i
cyclic GMP and cyclic AMP was unchanged in adrenal carcinoma after 4 days
of ineffective o,p'DDD therapy and in adrenal hyperplasia after four days
of dexamethasone (2 ng/day x2'and 8 mg/day x2). In the EAS patient 3
with elevated urinary cyclic GMP and cyclic AMP btoth nucleotides
decreased after 4 days of aminoglutethimide. In the EAS patient with
elevated urinary cyclic GMP and normal cyclic AMP only the increased
nucleotide seemed to decrease after 4 days of metyrapone.. These data
do not identify the feature(s) of Cushing's syndrome causing the
increased excretion of urinary cyclic GMP but do suggest a relationship
to the action of adrenal steroids in man.
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Project 3A762760A822 MILITARY INTERNAL MEDICINE
Task 01 Mllitary Internal Mediclne
Work Unlt 121 Pathogenesis of enteric diseases

Investligators.
Princlpal: Samuel B. Formal, Ph.D.
Associate: Peter Gemsk!, Jr., Ph.D.

Description.

The pathogenesis of bacterial Infections of the gastrointestinal
tract, partlicularly those caused by Shigella, Salmoneila and
Escherlchlia coll Is belng studled to establish factors and mechanlsms
by which dlsease Is provoked. Through an elucidation of such elements,
procedures for preventlion and control of diarrheal diseases can be
devised.

By employling an Integrated Immunologlc, cytologic and genetic
approach (see previous annual reports) studles In thls department
are concentrating on further elucidation of (1) virulence factors and
mechanlsms tnvolved In Intestinal penetration and toxIn elaloration
by pathogens, key mechanisms by which enteric diseases are provoked;
(11) the genetic control of O antigen specificity of enteric patho-
gens since such cell envelope components are of importance both in
dlsease and Its prevention through vaccination; (il1l) the application
of genetic techniques for development of Ilve oral vacclines against
shigellosis.

I. A temperate phage, designated Sf6, has been isolated from
Shigella flexneri 3a. Characterization of Sf6 revealed that it
possesses the capacity for converting the S. flexneri 3,4 group anti-
gen complex to group factor.6, Serological studies and chemical analy-
sls of llpopolysaccharide from converted strains suggest thai group
factor 6 !s a reflectlion of an acetylation of the pre-existing 3,4
antigen complex. Evidence Is provided that the 3,4 group antlgen com-
plex functlons, at least In part, as a cell surface receptor site for
Sf6 adsorption.

2. By employing chemical mutagenesis, we have isolated mini-cell
producing mutants of virulent S, flexneri2a, S. dysenterlae |,
E. coll and S. typhimurium. Characterlization of these strains has shown
that they retaln thelr virulence propertles (Invasiveness and/or toxi-
genlclty). Currently, efforts are geared toward preparing "pure"
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suspensions of minf-cells via sucrose gradient fractionation and in-
vestigating such mini-cells for various properties associated with
virulence and as potential oral vaccines.

Progress.

I. Phage conversion of S. flexneri group antigens. Our con-
tinuing investigations on the genefic control of S. flexneri somatic
antigens have recently concerned the genetic determinant of group
antigen 6. Our findings have revealed that group factor 6 can be
under the genetlic control of a temperate phage. Some of the properties
of this newly isolated phage, its role in converting group factor
3,4 to group factor 6, and the chemical alterations in S. flexneri
lipopolysaccharide (LPS) resulting from such antigenic conversion t.ave
now been characterized.

a. lsolation and host range of phage Sf6. In the course of
characterizing a number of S. flexneri 3 strains, it was observed
that S. flexneri 3a strain 3-19 spontanecusly released a temperate
phage. This phage, designated Sf6 was recovered by plating culture
filtrates of strain 3-19 on S. flexneri Y hosts and was found to con-
trol antigenic conversion to group factor 6. After being cloned on a
S. flexneri Y strain, a high-titer phage lysate of 5f6 was prepared by
the confluent lysis method for screening studies to determine the host
range of Sf6. Overnight broth cultures of the known serotypes of S.
flexneri, various rough mutants of S. flexneri and a limited number of
S. sonnel, S. dysenteriae, E. coli, and Saimonella strains were spread
on TrYgficase soy agar plates and spotted with drops of a Sf6 lysate
(~ 10'Y plaque-forming units per ml). After overnight incubation at
37 C and an examination for phage sensitivity, it was evident that the
host range of Sf6 is limited. Only the S. flexneri Y strains were
lysed by Sf6. When S. flexneri Y strains are employed as hosts In soft
agar overlayers, Sf6 produces distinct, turbid plaques (1.5 to 2.0 mm
In diameter) with haloes typical of many temperature phages.

b. S. flexneri group antigen 3,4 as an essential part of the

surface receptor for phage Sf6. The results of the host range study suggest

that S. flexneri group antigen 3,4 functions in the adsorption of phage
Sf6. S. flexneri Y strains, the only serotype lysed by Sf6, represent
a variant class of S. flexneri that produces only group 3,4 somatic
antigen. S. flexneri Y strains are defective in their capacity to
synthesize an additional type-specific determinant.




To establish unequlvocally the that the group antigen 3,4
complex functioned, at least In part, as the receptor site for S5f6
adsorption, we studied the behavior of Sf6 on E. coli K-12 hybrids
which express the S. flexnerl group 3,4 antigen complex. Previous in-
vestigations have demonstrated that the group 3,4 antigen gene(s) is
closely linked to the histlidine operon of the S. flexneri chromosome
and that it is possible to transfer this locus to E. coll recipients
by conjugation. Thus, E. coll hybrid strain ABI133-H96 was prepared
by mating S. flexneri 2a Hfr 256 with E. coli K-12 ABI133 and select-
ing for the Inheritance of the his-group 3,4 antigen chromosomal
segment. Unllke the original parent E. coli ABII33 hybrid derivative
ABI133~H96 produces the 3,4 group antigen complex of S. flexneri.
This strain was fuund to be sensitive to lysis by Sf6, plating it with
an efficiency approximately that of the natural host,S. flexneri Y
(e.o.p. 0.5 to 1.0). The E. coll parent ABII33 was resistant to Sf6.
The results of phage adsorption tests performed with E. coli hybrid
AB|133-H96 and parent ABI133 revealed the following. Unlike the
parent E, coli ABII33, hybrid strain ABI133-H96 efficlently adsorbs
phage Sf6.  The sensitivity of this hybrid to Sf6 is thus considered
to be a direct consequence of its inheritance and expression of the
3,4 group antigen complex.

c. Group antigen conversion by phage Sf6. The resuits of
serological studies revealed that phage Sf6 functions in S. flexneri
group 6 antigen conversion. S. flexneri Y strains FHIO and F3 and

E. coll hybrid ABI133-H96, which agglutinate in group 3,4 antiserum

but not in group 6 antiserum, were lysogenized with Sf6 and tested for
their agglutination propertlies. Lysogenization was achieved by deposit-
Ing drops (0.0l m') of a Sf6 lysate (109 plaque-forming units/ml) on
lawns of host celi. nrepared on Trypticase soy agar and incubating
overnlght at 37 C. Isoiates, prepared from the secondary growth in the
area of lysis, were cloned twice and then scored for their lysogenic
properties. Clones that expressed immunity to lyses by Sf6 and re-
leased 5f6 plaque-forming units were considered to be Sf6 lysogens. Unlike
the parental strains, such lysogens were found to agglutinate strongly In
group factor 6 serum in addition to retaining a weak reactivity in the
group 3,4 antiserum. Slide agglutination tests on over 200 independent
Sf6 lysogens establlished an absolute correlation between Sf6 {ysogeny and
agglutination in group factor 6 serum. The group 6-converiing property
of 516 was confirmed by agglutinin absorption tests (Table 1). Compara-
tive tube agglutination tests with various antisera were performed with
S. flexneri Y strain FHIO, E. coli hybrid ABI133-H96, and Sf6 Iysogens of
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them. Unlike the parental strains, the Sf6 lysogens agglutinated at
significant levels in group 6-specific levels in group-6 specific
serum. In addition agglutination in group 3,4 antiserum was ob-
served with these lysogens, indicating the presence of group antigens
3,4. The expression of both group complex 3,4 and group factor 6 by
Sf6 lysogens was confirmed by preparing antisera against E. coli
hybrid ABI133-H96 (Sf6). This antiserum contained aggluflnins against
group antigens 3,4 (Table 1). Furthermore, after abscrption with the
non-lysogenic parent ABII33-H96 to remove the 3,4 agglutinins, the
antisera behaved as a typical group 6-specific serum. A wild-type

S. flexneri |b strain was also included in these tests. This strain,

2381-0, which produces group factor 6 and group antigen 4, aggluti-
nated as expected in all antisera.

d. Analyses of iPS. Lipopolysaccharides were isolated from

S. flexneri Y strain F3 and a representative lysogenic phage converted

derivative, F3 (Sf6), and analyzed to determine the chemical basis of
antigenic conversion to group factor 6. The results of LPS analysis
of strain F3 and F3 (Sf6) are summarized in Table 2. It can be seen
that both strains yield approximately the same amount of LPS per 100 g
of cells (wet weight). In addition, monosaccharide analyses support
the conclusion that both strains produce a complete LPS core. The
heptose/hexose (glucose plus galactose) ratios for strains F3 and F3
(Sf6) were found to be 1.0:2.2 and 1.0:2.4 respectively. These values
are in close agreement with the expected ratio of 1.0:2.0, based on
the complete core structure of S. flexneri LPS.

Comparison of rhamnose/O-acetyl ratios, on the other hand,
yielded a significant difference between the LPS of strain F3 and its
phage-converted derivative, F3 (Sf6). The rhamnose/O-acetyl ratios of
1.0:0.1 for F3 and 1.0:0.7 for F3 (Sf6) indicate elevated levels of
O-acetyl| groups in the phage-converted strain. In addition the average
length of O side chains of the phage converted strain F3 (Sf6) appears
to be shorter than that of F3 (Table 2).

2. Development of oral living Shigella vaccines. An important
area of our research on the pathogenesis of enteric disease centers on
the development of oral vaccines against shigellosis. Earlier studies
from this department yielded avirulent hybrids and mutants of §

flexneri for possible use as vaccine strains for providing protection to

challenge against virulent S. flexneri. On the basis of human volun-
teer experimentation performed by the university of Maryland Vaccine test-
ing group, some of these strains were shown to be relatively safe

and significantly effective (see previous annual reports). Since it is




impossible to obviate the theoretical possibility that these strains
could revert to a virulent state, the practical use of these strains
Is severely limited.

To eliminate such complications with safety of living
oral vaccines, an alternative approach for genetically constructing
vaccines was attempted (see last year's annuval report). |In principle,
our approach was to prepare by Intergeneric hybridization, avirulent
E. coli strains which express the serological characteristics of the
genus shigella. Since the E. coli parent strain for such hybrids is
naturally avirulent, the problem of reversion to virulence is, a priori,
obviated. As summarized In last year's annual report, limited human
volunteer studies with this new breed of vaccine candidates have
been disaopointing.

As a consequence, we have initiated investigations during
this past year on the possible use of "mini-cells" as an oral vaccine.
Mutants of E. coli K-12 have been described recently which express an
aberrant cel! division cycle that results in the production of anucleate
spherical cells at the polar ends of rod-shaped bacteria. These
entities, termed mini-cells, have been shown to be incapable of cell
division but still possess functional cell wall, membrane, ribosomal and
metabolic systems. Since the uniqueness of the mini-cell system has not
been exploited as a model for the study of mechanisms of pathogenesis
and as potential oral vaccines our efforts have been geared to prepare
and characterize mini-cell producing mutants of enteric species.

a. Isolation of mini-cell producing mutants. By employing
chemical mutagens, we have isolated mini-cell producing mutants of
S. flexneri 2a, S. dysenteriae !, toxigenic E. coll and S. typhimurium.
Prellmlnary characterization of These strains have shown that they re-
tain the Invasive and/or toxigenic properties of their virulent parents.

At the present time, emphasis is being placed on investiga-
ting the mini-cell-producing mutant of S. flexneri, termed MC-I. This
strain has retained its properties of invasiveness and efficiently pro-
duces large yields of mini-cells by cultivation in either minimal or
comnIeTe medium. Pure mini-cell suspensions (less than one bacililus per
108 mini-cells) have been prepared b¥ sucrose gradient fractionation at
concentration levels approaching 10!Z mini-cells per ml. Preliminary
attempts to employ such mini-cel| suspensions as an oral vaccine against
shigellosis have not been successful. Six monkeys receiving a single
oral dose of about 10!2 pure mini-cells exhibited no resistance to
challenge by virulent S. flexneri 2a and failed to show an elevation in
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serum antibody titer against S. flexneri. It Is premature on the basis
of this limited trial to assess the potential usefulness of the "mini-
cells" system as a vaccine. Further studies hopefully will define this.

Summary and Conclusions.

I, Our results support the conclusion that lysogenization with
phage Sf6 results In appearance of group antigen 6. Immunological tests
indicate that the group 6 factor controlled by Sf6 is typical of that
produced by a natlve S. flexneri Ib. Furthermore, it is apparent thet
lysogenlzation of hosTs wiTh Sf6 does not result in a complete con-
version to group antigen 6. Such strains, In addition to expressing
factor 6, retained reactivity in group 3,4 antisera.

Our comparative analyses of LPS from a S. flexneri Y strain
and its Sf6 lysogenic derivative revealed an elevated level of O-acetyl
residues in the phage-converted strain.

On the basis of these o!servations it appears that phage Sf6
functions by converting pre-existent group 3,4 O-repeat units to group
6 specificity. The significant increase in the level of O-acetyl! groups
In the LPS of the group 6-converted strain F3 (Sf6), suggests that this
phage determines a specific acetylase which results in the acetylation
of rhamnose residues In the 3,4 O-repeat unit and the subsequent ex-
pression of the group 6 antigen.

2. Studies on the potential use of "mini-cells" as a vaccine and
as a model for the pathogenesis of enteric Infections have been initiated.
Mini-cell producing mutants of virulent S. flexneri 2a, S. dysenteriae I,
toxigenic E. coll and S. typhimurium have been Isolated and are being
characterized.




*193131 uoTjeurini3se aqny q

‘8utmg pue spaempg jo syooojoid uoridiosqe 03

Sutpirodoe paredaig ,

(0¥9) + (0v9) + (0zg) + (ov9) + (0zg) + 0-18€Z 91 TISWXATF °S
(08z°‘1) + (095°¢2) + (095°2) + (095°2) + (o¥9) + (93S)96H-SSIIHY _
uadosAT pragdy I7o0 ‘3
(0z>) - (082°1) + (oz1°‘s) + (0z>) - (0v9) + 96H-SSIIV
PLIQAY TT0O °J
¥ (08Z°1) + (095°2) + (ov9) -+ (0952} + (0v9) + (938) OTHd _
U930SAT X TISUXATF °S
(0z>) - (0+9) + (095¢2) + (0z>) - q(0v9) + OTHd A TISWX3TF °S
96H-SSTIOY (93s) 96H-SE 1TV g9 JTFTO3ds b OryIdads
yimm 96H-£ETTaV -T3Uy -dnoxg -dnoxg uteis
paqiosqe (93S) -T3uy

_96H-¢E 1TV -TIUY

93S 93eyd Aq 9 ue8t1jue dnoa8 031 Pa3ISAUOD SUTBIIS JO

suor3oeax uoljeurani33y -1 sIqelL

885




*eunjond}s jiun teseded-g e||obiys pesiaad ays o4 Bujpaoooe ¢/z Ag 0)jea asojdeay/ssouweyd
ays BuiAjdig|nw Aq paseinDOjEed ©Q URD 4| “uleyd epis J4ad sjpjun geadeu-Q 40 Jdaqunu abessare oy} S| N o
*poytow suiuwe|AxodpAy ays Ag paAessy p
*asojoe|eb pue asooni|b = asoxay |e40)
‘sqyusjeninbe asoon|b 4o sejowodsojw uy pessasdx3l q
*Sd1 40 Bw Qpj/so|owoud|w u) pajiodaus ade sen|ep o

(94S) ¢4
¢d

ajedpAyogaed s|122 6 Q0| ws juebug
oN v_>+QUM|o asouweyy  ,9SOXSH asoyday au|wesoon|g qle+ol /(B) sd1

ige

¥

eSd1 40 sisAjeuy °z oiqey




P M R e

8

Project 3A762760A822 MILITARY INTERNAL MEDICINE
Task 01 Military Internal Medicine
Work Unit 121 Pathogenesis of enteric diseases

Literature Cited.

Publications.

'« Rout, W.R., Formal, S.B., Dammin, G.J., and Giannella,R.A.:
Pathophysiology of Salmonella dlarrhea in the rhesus monkey: In-
testinal transport, morphological and bacteriological studies.
Gastroenterology 67: 59-70, 1974.

2. Gots, R.E., Formal, S.B., and Giannella, K.A.: Indomethacin
Inhibition of Salmonella typhimurium, Shigella flexneri and cholera
mediated rabbit |leal loop secretion. J. Inf. Dis. légg 280-284,1974.

3. Llevine, M.M., Rice, P.A., Gangarosa, E.J., Morris, G.K.,
Snyder, M.J., Formal, S.B., Wells, J.G., Gemski, P. Jr., andJ.
Hammond. An outbreak of Sonne shigellosis in a population recelving
oral attenuated shigella vaccines. Am. J. Epidemiol. 99:30-36, 1974.

4. DuPont, H.L., Hornick, R.B., Snyder, M.J., Libonati, J.P.,
Formal, S.B., and Gangarosa, E.J. Elaboration De Vacunas De Shigella
Vivas Attenuadas. PAHO 283: 138-141,1974,

5. Pormal, S.B., and Gemski, P. Jr., Atenuacion De Cepas De
Shigella dysenteriae. PAHO 283: 138-141, 1974.

6. Levine, M.M., DuPont, H.L., Formal, S.B., Hornick, R.B.,
Gangarosa, E.J., Snyder, M.J., and Libonati, J.P. Vacuna De Shigella
dysenteriae (Shiga). PAHO 283: 142-145, 1974.

7. Rout, W.R., Formal, S.B., Giannella, R.A., and Dammin, G.J.
Pathophysiology of Shigella diarrhea in the rhesus monkey: |ntestinal
transport, morphological and bacteriological studies. Gastroenterology
68: 270-278, 1975.

8. Gemski, P. Jr., Koeltzow, D.E., and Formal, S.B. Phage
conversion of Shigella flexneri group antigens. Infect. Immun.,
11: 685-691, 1975,




9. Formal, S.B., and Gemskl, P. Jr., Vaccines against baci!lary
dysentery. Soc. Ind. Microbiol. 24: 26 (Abstract), 1974,

10. Klnsey, M.D., Formal, S.B., and Glannella, R.A. Role of
altered permeability In the pathogenesis of Salmonella diarrhea.
Gastroenterology 68: 926, (Abstract), 1975,

ll. Formal, S.B., Gemski, P. Jr., Giannella, R.A. and Rout, W.R,
Studies on Shigellosis and Salmonellosis, p. 16-23 In Gram Negative
Bacterial Infectlions, Ed. by B. Urbaschek, R. Urbaschek and E. Neter.
Spr.nger-Verlag, New York. 1975,

12. Baron, L.S., Gemskl, P. Jr., and Yamamoto, N. Sensitivity
of Salmonella hybrids to phage recombinants between A and P22.
Am. Soc. Microbiclogy, (Abstract). 1975.

I3. Ushljima, N., Yamamoto, N., Gemski, P. Jr., and Baron, L.S.
Genetic map of P22-A hybrids. Am. Soc. Microblology, (Abstract),
S178, 1975.

i i




Pll Redacted

Y ACCESRIONS |3, CATE OF SVNNARY®

DA OA 6LL6

ASPORT CONTROL STWEOL

RESEARCH AND TECHNOLOGY WORK UMIT SUMMARY 75 07 01 DD-DR&B(AR)8I8
1. DATE PREV SUMRY [¢ "KIND OF SUMMARY 5 SUMMARY SCTY? 4. WORK BECUMY . ABBAADING® e ONE'n INSTAR'N [0k spgCITIC BAYA- 9. LEVEL OF UM
TRACTOR ACCESY
‘th 07 01] D, Change t! u NA NL ‘%". = A woRR UMY
10. NO./CODES:® PROGRAM BLEMENY PROJECT NUMBER TASK AREA NUMBDEAR WOAK UNIT NUMBEAR
« PRIMARY LOTOOA IRTOITOOATD 071 123

5. CONTYRIBUTING

. coxpmmiame [CARDG 1LIF

11. YITLE (Precode with gosurily ClossiP . ‘ten Code)®

(V) Histopatlologic Manitestatious of Mil

itary Diseases and Injuries

12. SCIENTIFIC AND TECHNOLOGICAL AngAs!

002600 Biology

T3, STARY DAYE T8 MITWATHD CONPLEVION DATE |1k FUNGING ABBNCY |6 PUAPORMANCE WETHGD _'1
63 04 CONT DA | C. In-House
- CONTRACY/ORAN 9. AEIOURCEY ESTIMATE | & PROPEIsIONAL wAN YRS | b FUNOS On Beeman)
s paTESAPFECTIVE: A SAPIAATION. o
» NUMBER:® ' PIsCAL '{5 '] 220
c Tyee: 4 amoumy: vEAR 5 265
® KIND OF AWARD: f.CUM, AMY. 6
m‘mon T ] 7. PEAPOMMNG ORGANITAT T T

vt Walter Reed Ammy Institute or Kescarch
soomes®  Yaghington, DC 20012
RESFONSIBLE INDIVIDUAL

wamt:  Buescher, COL E. L.
receenons  200-576-3551

wang® Winlter Reed Army Institute of Research
Div of Pathology
rcomu® Waghington, DC 20012

[PRINCIPAL INVESTIGATOR (Pumioh BOAN 11 .5, Atadomie Matitution)

wans® Takeuchi, A. | GINE

SECenvons) 202-576-2677

BOCIAL SECURITY ACCOUNT NUNBER

3. GENERAL VIR

Auocuvljn‘vnv oA

e, J€TV s, R., Hase, T., Colvin, R.
wug, Henley, G.

k’r Foreign intelligence not considered
{

AL Y L R -y
U) 'mmune l:esponses; (U)Entéroviruses: V)

Intestine; (U)Electron Microscopy; (U)Infection

anbor. Procode st of 00oh o Joeurtly Clovsiflisation Code.)

1. TECHNIC AL ORIECTIVE.® 24 AP [

invading amebae results in microulceration an

of experimental viral infections by murine ade

cells. Further studies of delayed hypersensit

mediated immune mechanism.

vailadle to contreciers 1 Jul 74 - 30 Ju

. ol ] L4
23 (U) To define histopathologi(c manifestations of injuries and diseases which have cur-
rent or potential problems in military personnel. The current effort is directer! toward
studies of diseases of the digestive tract and immunologic responses with ir “zctions and
injuries. These studies provide a basis for a comprehension of pa*: hgenes:’, scientific
treatment, and determination of prognosis in diseases and injuries of military personnel.
24 (U) Various morphologic techniques including histolocy, histo- and cytochemistry,
autoradiography, immunofluorescent microscopy, transmission and scanning electron
microscopy are employed. Various immunologic techniques have also been utilized.
25 (U) 74 07 - 75 06 Experimental Entamoeba histolytica infections have further clari-
fied the early responses of the gut mucosa subsequent to epithelial penetration by tropho-
zoites; excessive epithelial cell loss secondary to lysis of granulocytes caused by

increased vascular permeability and occlusive thrombosis by platelets are important

features. EM study by freeze-etching has demonstrated regularly spaced spherical
pores on nuclear membrane and evidence of active secretion mechanisms. EM studies

determined the site of virai replication; the adenovirus grows exclusively in the
nucleus of three types of epithelial cells and the coronavirus in intestinal columnar

fibrin accumulation results from increased vascular permeability caused by cell-

For techn.cal reports see Walter l}eed Arm Ln%itute of Research Annual Report,

d vascular changes characterized by

novirus and canine coronavirus have

ivity have shown that extravascular

DD, w1498

PREVIOUS EDITIONS OF THIS FORM ARE DBIOLETE. DD FORMS t400A, ' NOV o8
AND 1490-1. ) MAR §8 (FOR ARMY USE) ARE OBSOLETK.

589




S e
-

RGN £

3 Project 3A762760A822 MILITARY INTERNAL MEDICINE
Task 01 Military Internal Medicine
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i Associates: MAJ Robert Colvin, MC; Tatsuo Hase, M. D.; Helen R.
- Jervis, Dr. Nat. Sc.; LTC Paul K. Hildebrandt, VC

¢ Description:

To define histopathologic manifestations of injurics experimen-
tally produced and diseases which present current or potential prob-
lems in military personnel. The current effort is directed toward :
studies of diseases of the digestive tract and immunc responses due 3
to infections and injuries. These studies provide a basis for a .
comprchension of pathogenesis, scientific treatment, and determina-
tion of prognosis in diseases and injuries in military personncl.
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Approach to the Problem

"‘d

A multi-dis~iplinary approach including conventional histology,
histo- and cytochemistry, autoradiography, radio-tracer methods,
4 various immunolegic techniques, immunofluorcscent microscopy, trans-
3 mission and scanning electron microscopy is employed.

R T

Progress s
Bl

| In the past, this work unit was primarily concerned with studies 3

| of histopatholngic manifestations of acute diarrhcal disecases of :
4 infectious origin. In the past three years, we have cxpanded this
2 work unit and included studies of diseases of the digestive tract of
;ﬂ non-infectious origin und cxperimental infections and injuries in -
;. the kidneys. 1In addition, this work unit has been conducting various ki
4 interdepartmental collaborative projects on immunopathology at WRAIR 3
3 and WRAI. -

!.  STUDIES OF HOST-INDIGENLEOUS MICROBL RELATIONSHIP IN THE DIGESTIVE
TRACT o

Medical microbiology has becn concerned primarily with the poten- F
tiully pathogenic members of indigencous microflora. Symbiotic species
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are of at least equal importance because they maintain essential
anatomical and physiological function with the host (Dubos 1967).
The lumen of the digestive tract is now acknowledged as the site

of a dynamic ecclogical system composed of extremely large popula-
tions of different microbes maintained in balanced proportions.
Studies have indicated that indigeneous microbes in the gastro-
intestinal flora of mammals predominantly populate within certain
anatomical and histological divisions of the digestive tract (Dubos
et al. 1962). Some of these microbes are preferentially localized
in a close proximity to the surface of gastrointestinal mucosa,
while others are predominantly found in the glandular lumen of the
crypt (Savage, Dubos § Schaedler 1968). A study indicated that the
large concentration of epithelial-associated indigeneous microbes re-
sist access of pathogenic bacteria to the intestinal epithelial sur-
face (Savage 1972). Since the adherence of indigeneous bacteria is
required for colonization of epithelial cells of the buccal mucosa
of man, it has been suggested that the bacterial adherence may be
inhibited by the presence of abundant secretory immunoglobulin
(Williams § Gibbons 1972, 1974).

Little is known about '"gastrointestinal epithelial cell-associated
indigeneous microbes' in mammals including monkey and man (Nelson §&
Mata 1970). For this reason, we have studied spiral-shaped microbes
infested at the surface of the colonic epithelium of the rhesus monkey
and man and also gastric spirilla in the stomach of rhesus monkeys.
(See 73-74 Annual Report, Dept. of Experimental Pathology, WRAIR.)

We have been studying another example of epithelial cell-associated
microbes in the stomach of the mouse, a common laboratory animal.

A. Studies of Adherence of Lactobacilli and Yeasts to the
Murine Gastric Mucosa

In the stomach of the mouse, lactobacilli localized on the surface
of the squamous epithelial portion (Figs. 1 and 2), while yeasts
colonize on the glandular portion. These two microbial layers could
coexist in the stomach of the same animals and were mutually exclusive.
We analyzed this unique microbe-host relationship in conventionally
housed mice of Swiss-Webster strain by conventional light microscopy
(LM) and cytochemical electron microscopy (EM). For the demonstration
of acid mucopolysaccharide, ruthenium red (RR) was used according to
Luft (1965 and 1968).
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Results 1

EM shcwed that the luminal plasmalemma of the surface squamous
epithelial cell was invaginated and consisted of electron opaque
layer in the center sandwiched by the thick inner membrane and thin
outer membrane in the squamous portion fixed in glutaraldehyde-
osmium sequence omitting ruthenium red. Lactobacilli were covered
] by the fine fuzz of the capsule. Parts of the bacilli were contacted
% with the outer leaflet of the luminal cell membrane by the fine ;
3 capsular fuzz. The capsular fuzz was better visualized by the 2
3 ruthenium red containing fixative. In thin sections without counter-

4 staining by lead or uranyl acetate, the reaction product was seen

in keratohyaline granules and also along the discharged granules

on the surface cells. The reactiun was positive all around organisms,

Lactobacilli contacted the surface of discharged keratohyaline

grarules or outer leaflet of the surface with thick capsular fuzz.

In interfaces between bacteria and host cells, bacteria were adhered

to the outer leaflet of the host cell membrane with the capsular fuzz,

while in the host the reaction was mostly absent except for focal :
positive reaction on the outer leaflet of the luminal plasma membrane A

k| (Fig. 3). The capsular fuzz measured up to 150 nanometers in length. :
9 On the other hand, the closest distance between the bacterial cell 3
3 wall and the outer leaflet of the host plasma membrane was approxi- i
¢ mately 130 nanometers, which allowed bacteria to adhere to the luminal L
P plasma membrane with bacterial muco-substance alone.

' In the glandular portion, the tissue, fixed in conventional

glutonaldehyde-os sequence without RR, showed no visible attachment
between yeasts and epithelial cells. In tissues processed through a
ruthenium red containing fixative, strongly positive reaction was
present on the extraneous coat of the luminal membrane, the capsule
of yeasts and also mucus strands in the lumen. The capsular fuzz of
4 this yeast shows a contact with the extraneous coat. Note positive
reaction on the desquamated microvilli in the lumen (Fig. 4). The E:
ruthenium red reaction could be further intensified when thin sections ¢
o were stained by lead citrate; the capsular fuzz and extraneous coating
of the luminal membrane were much more strongly stained. These were
well stained mucus strands. The host cytocomponents such as mito-
chondria and cytoplasmic granules and also those of the yeast were
demonstrated by the counter stain with lead citrate.
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Fig. 1 - A squamous epithelial portion of murine

stomach. Multiple lactobacilli are in the gastric
lumen (GL) and some are adhered to the surface of

the stratified epithelium (SP). LP: Lamina propria.
1 u thick section stained by methylene blue azure II.

X 400
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Fig. 2 - Higher light micrograph showing attachment
of lactobacilli (arrow) to the surface cell of the
squamous epithelium, murine stomach. Gastric lumen:
GL. X 950
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3 Fig. 3 - Luminal lactobacilli attach to surface of kera-
" tinized cell of squamous epithelium, murine stomach.

: The bacteria adhere to the outer leaflet of the luminal
< cell membrane with their fuzzy dense RR positive muco-
L substances (arrow) produced by the bacteria. RR reac- 3
tion is fairly positive on the host cell membrane.
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Fig. 4 - Attachment of (arrow) yeast to surface of the
glandular epithelium of murine stomach. Ruthenium red
reaction product is present on the luminal membrane of
host cell and also on the cell wall of the organism.

X 24,000
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In some instances, yeasts were present away from the host cell
and appeared to adhere to ruthenium red positive mucus strands.
These mucus strands showed projection from the extraneous coating
layer of surface epithelial cells. The capsular fuzz of yeasts
averaged 120 nanometers in length.

Conclusion and Recommendation

Since Luft has introduced the method of ruthenium red, this
chemical compound hac been proven a reliable method of ultrastructural
localization of acidic mucopolysaccharide in many tissues. In con-
trast, the application of ruthenium red on studies of microbes has
been limited to the demonstration of the capsular fuzz of bacteria
in vitro which included Chondrococcus columnaris, Diplococcus and
Klebsiella pneumoniae.

In this study, we have utilized ruthenium red in ultrastructural
localization of the acid mucopolysaccharide in a host-microbe relation-
ship. In the murine stomach, lactobacilli adhered to the stratified
squamous epithelium by their capsular fuzz while yeasts adhered to
the glandular epithelium by connecting their own capsular fuzz with

luminal mucus and also extraneous coat of the surface epithelial cell.

Further studies on other epithelial cell-associated indigeneous
bacterial flora under different conditions by RR and other cytochemical
compounds will provide additional new information on the host-microbe
relationship in the gastrointestinal tract.




1I. STUDIES OF HOST-PATHOGENIC MICROBE RELATIONSHIP IN THE DIGESTIVE
TRACT

A. Studies on Penetration of the Colonic Epithelium by Entamoeba

Histolxtica

Background

In man, acute diarrhea caused by E. histolytica is attributable
to colonic lesions associated with invading amebae. The most common
colonic lesions in human patients are acute ulceration which initially
developed in the cecum. Cecal ulcers often complicate the prognosis
of patients because they develop frequently into perforation of the
bowel wall followed by peritonitis and also because they are an
initial source of extra-enteric amebic lesions. Yet the pathogenesis
of acute amebic ulceration has never been satisfactorily clarified.
Some believe that ulcers deveclop from necrosis of bowel tissue by
"lytic enzyme'" produced by invading amebae, whijle others postulate
that secondary invasion of bacteria is responsible for ulcer forma-
tion in the colon. This discrepancy had been mainly related to as
yet unclarified mechanism of initial penetration of the gut mucosa
by amebae and the subsequent early changes of the mucosal tissue
surrounding invading amebae. Some believe that the ameba penetrated
the epithelium by mechanical means. Others postulate that necrosis
of gut mucosa by cytolytic enzymes produced by the ameba is responsible
for penetration and establishing tissue infections.

By electron microscopy, Griffin (1972) and Pittman et al. (1973)
studied rectal biopsy specimens from human patients with E. histolytica
infections. Although these studies clarified several aspects of amebic-
colonic wmucosa interactions, they did not demonstrate penetration of
colonic epithelium by amebae and their effect on the epithelial cell.
This may be due to the limitations inherent in rectal biopsy material
and the fact that human cases clinically encountered represent a
relatively advanced stage of the disease.

It has been found that young germfree guinea pigs, inoc:.lated
intracecally with cultured E. histolytica and the enteric flora from
a patient with acute amebic colitis, develop lesions similar to those
of human amebiasis and thus provide a good experimental model for
studies on the pathogenesis of amebic disease. Using this model at
an ¢arly stage of infection when trophozoites invade the cecal mucosa,
we have demonstrated for the first time, ultrastructurally, how amebae
penetrate from the gut lumen to the lamina propria through the cecal




epithelium and how cytoplasmic components of epithelial cells respond
to pcnetrating amebae. (See Annual Report, 73-7-, Dept. of Experimen-
tal Pathology, WRAIR.)

We have continued to study the responses of host cells in the gut
mucosa during invasion by trophozoites. We have clarified the inter-
actions between invading amebae and host cells, and the vascular
changes involved early in the development of acute amebic colitis.

Experimental infections and Morphologic Methods

NIH Hartley strain germfree guinea pigs were used as c¢xperimental
hosts. The animals were obtained by Caesarian section, maintained in
Reynier's series 500 stainless steel isolators on dietary regimen L-445

and monitored at weekly intervals by procedures described previously (9).

All animals were inoculated at the age of 12-17 days and each received
a 1.0 ml inoculum containing 200,000 E. histolytica. CDC J-19C strain
amebae were injected directly into the cecum during laparotomy under
sodium pentothal anesthesia. They were maintained in vitro in Locke's
egg-rice flour medium with enteric flora from the patient, incubated
at 37° C and transferred thrice weekly. Inocula were prepared by
pooling the sediment from 48 hour cultures and quantitating with a
hemocytometer. Control animals were treated just as the experimental
group except they were inoculated with only the enteric flora without
amebae.

Guinea pigs were killed it post-inoculation intervals of 7-12 days
by ether anesthesia and autcpsied in a conventional manner. The cecum
was removed immediately and immersed in chilled physiological saline
wherein the cecal wall was opened and the luminal contents carefully
removed. Multiple sections were taken immediately from grossly normal
mucosa of the cecum. Each section was divided into two pieces and
processed for light (LM) and electron microscopy (EM).

Observations

LM examinations . £ sections of paraffin and Epon embedded tissue
of infected guinea pigs showed trophozoites in the gut lumen and on
or near the surface (interglandular) epithelium and some in the crypt
(glandular) lumen (Figs. 5 and 6). Luminal amebae were often inter-
mixed with cell debris and eosinophilic exudate. Occasional amebae
were seen in direct contact with the surface or crypt epithelium.
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Fig. 5 - Invasion of the cecal mucosa by
trophozoites at interglandular site. Two
amebae (1 and 2) are in the lamina propria
and one . 3) separates degenerating pale
epithelial cells which are in a process of
desquamating into the lumen (arrows). Two
other amebae (4 and 5) are in the lumen.
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Fig. 6 - Invasion by trophozoites

of the crypt gland epithelium. Two
amebae (A) have penetrated through
the crypt epithelium and are sur-
rounded by cellular infiltrate
(arrow). An ameba (arrowhead) is in
the crypt lumen. in the lamina
propria, many extravasated RBC are
present. Capillary lumen (C) is
filled by RBC.

X 460




Fig. 7 - Amebae in a process of penetration into interglandular portion
of the cecal mucosa. Amebae (A2 and 3) are between epithelial cells
and basal lamina (arrows). Al appears to be pseudopodium of A2. Lumi-
nal ameba (A4) is close to altered microvilli (MV) of degenerating
epithelial cells. Polymorphonuclear leukocyte (PMN) shows degeneration.
X 4,400
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Usually ua single but occasionally scveral amchac were scen apparently
in a process of passing through the surface and crypt epithelium

and rcaching the lamina propria (Figs. 5 and 6). The epithelial
cells in proximity of penetrating amebae were often cuboidal with
shortened brush borders and pale cytoplasm, while those distal to
the site of amebae penetration were tall columnar cells with regular
brush borders and dark cytoplasm (Fig. 5). The site of penetration
by trophozoites showed a focal discontinuity of the epithelium
(Figs. 5 and 6). Occasional epithelial cells appeared to be
desquamating from the site of amebae penetration. Goblot cells

were decreased in number and often absent, yarticularly in areas

of mucosal invasion by amebae. Crypt glands were often distorted,
with their lumina dilated, and contained occasional organisms

(Fig. 2). Some amebac were observed deep in the lamina propria
(Figs. 11 and 12), whereas others were in the subepithelial region.
The number of PMN leukocytes varied from area to area in the lamina
propria, but were usually concentrated in areas of amebic invasion.
The lumina of capillaries and venules were dilated and filled by
erythrocytes, PMN leukocytes and aggregates of platelets (Figs. 11
and 12). Extravasated erythrocytes were occasionally present within
the cpithelial lining. Aggregates of bacteria were seen in the gut
lumen but none were identified in the gut mucosa.

EM observations confirmed the LM findings and provided further
details. During passage of amebue through the epithelial inter-
cellular spaces, cytoplasmic alterations became progressively evident
in epithelial cells proximal to penetrating amebae, while distal cells
were little, if at all, affected. Epithelial changes included accumu-
lation of lipid droplets and increased number of autophagic vesicles
in translucent cytoplasm, shortening and disappearance of microvilli,
dilatation of endoplasmic reticulum (ER), reduced numbers of ribosomes
and swelling of mitochondria with emergence of large dense spherical
granules between deranged cristae in a clear matrix (Figs. 8 and 9).

When amebae were within the epithelium, epithelial cells proximal
to thc amebae often appeared to be in a process of detaching from
both the basal lamina and the lateral plasmalemma of adjacent cells
(Fig. 8), and frequently were seen projecting into the lumen (Fig. 9).
Partly or completely detached epithelial cells often formed clumps
or sheets that shed into the lumen (Fig. 9). Sometimes, clumps of
more than a dozen epithelial cells were shedding from an individual
site of ameba penetration, thus leaving a wide gap in the epithelial
lining, resulting in a focal defect of the epithelium or microerosion.
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Fig. 8 - Invasion of interglandular portion of the cecal mucosa by multiple
amebae. Epithelial cells (EP) show a variety of cytoplasmic changes. Shed-
ding of cells (ep) produces a discontinuity of epithelium. An ameba (A2)
has completed epithelial penetration. PMN in the proximity of amebae (white 1
letters) show degeneration, while PMN in the distal amebae (black letters) !
appear intact. Subepithelial capillary (square) shows platelet aggregation

and swollen cells. Basal lamina is outlined by dotted lines. Inset magni- 1
fied from square shows aggregated thrombocytes {(arrows).




>

ket

b A g ok P L et e R S e RN A i e et A

Fig. 9 - Desquamation of epithelial cells into cecal lumen. Amebae (A) are in
lumen and are in contact with degenerating epithelial cells. A clump of epi-
thelial cells in process of shedding (SHEP) projects into lumen. Notice an
intraepithelially migrating PMN. X 2,300. Circled inset shows mild cytoplas-
mic changes in a shedded epithelial cell, including accumulation of lipid drop-
lets (LD). Square inset shows severe epithelial degeneration including altered
ER and mitochondria with dark granul:s (arrows).
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. Fig. 10 - Ameba in the lamina propria. Ameba is surrounded by lymphocytes ;

L (LY), e051noph111c leukocyte (E), macrophage (MAC), polymorphonuclear b
L leukocyte (PMN) and red blood cell (RBG), all of which are unaltered. ﬁ
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Cytoplasmic alterations were usually extensive in extruded epithelial
cells (Figs. 8 and 9), but occasional cells in the lumen showed only
a minor degree of cytoplasmic change (Fig. 9). Desquamating or
desquamated epithelial cells were often in contact with amebae

(Figs. 7-9). In severely altered celiz. microvilli had disappeared
completely, and the cytoplasm showed a translucent matriXx. Cyto-
plasmic blebs sometimes developed from these altered cells and were
observed in the process of discharging cytoplasmic organelles into
the gut lumen. During the final stage of epithelial alterations, a
portion or remnants of altered cytoplasmic organelles of degenerating
cells were frequently seen in contact with amebae or in a process of
being phagocytosed by them.

Concomitant to the changes observed in the epithelium, degenera-
tive alterations occurred in the PMN migrating into the c¢pithelium
at the sites of invasion. These PMN alterations have becen described
previously (Takeuchi § Phillips, 1975) and included depletion of
cytoplasmic glycogen, homogenation and condensation of nucleoplasm
and cytoplasm, pinching-off of the cytoplasm containing granules, and
disruption and breakage of cell membrane with release of cellular
contents into the extracellular space (Figs. 7 and 8).

In the lamina propria, amebae often exhibited pseudopodia, showed
no signs of degeneration and appeared as normal as those in the lumen
and epithelium. Some were in direct contact with mesenchymal cells
{(Fig. 10), while others were in the intercellular space without such
contact. Cells of the lamina propria included fibroblasts, smooth
muscle cells, macrophages, lynphocytes, plasma cells, eosinophils,
RBC and PMN leukocytes. With exception of PMN, all other cells (Fig.
10), as well as collagen fibers and nonmyelinated nerve bundles, showed
no significant changes when in contact with or in the proximity of
amebac. As PMN contacted amebae or were topographically closc to the
organisms, they showed degenerati /e processes identical to those
described above.

i

vhen amebac were confined to the epithelium, the structurc of
capillaries in the subepithelial region remained unchanged. llowever,
emigrating PMN and RBC were often found in perivascular and intra-
epithelial locations. When amebae were present in the Subepithelial
region, the lumina of capillaries and venules were dilated and con-
tained large numbers of erythrocytes, PMN, lymphocytes, thrombccytes
and fibrin suspended in condensed plasma (Fig. 16). When amebae were
found deeper in the lamina propria, both subepithelial capillaries
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Fig. 11 - Invasion of lamina propria by
amebae (A). Capillaries (C) are filled
by RBC, and venule (V) contains platelets
(arrows) and RBC. Note numbers of RBC in
the extravascular space.
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“ Fig. 12 - Invasion of lamina propria by
v amebae (arrows). Venular lumen contains
E many RBC and mononuclear cells.
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Fig. 13 - Ameba in the lamina propria. Ameba
contains food vacuoles (FV). Most of amebic
cytoplasm is replaced by irregular light areas
due to the extraction of glycogen during alcohol
dehydration. PMN close to or in contact with
ameba (white letters) show released granules
(arrow) and cytocomponents and homogenation of P
the nucleoplasm. PMN away from ameba (black %
letters) are unaltered. Portion of a second

ameba (A) is seen at right lower corner. Macro- 4
phage (MAC) and fibroblast (F) are unaltered. i
X 7,200
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and venules deep in the lamina propria frequently showed various

: degrees of endothelial damage. In both types of blood vessels, however, .
- cndothelial cells showing degenerative processes adjoined endothelial £
%: cells which remained unaltered (Fig. 15). Mild degenerative cndothelial ‘
chunges included cellular swelling, loss of cytoplasmic density,
dilatation and swelling of ER and mitochondria Fig. 15). The fenestrac 4
of capillarics were usually unaltered, but the intercellular junction
of capillaries and venules occasionally showed gap formation. PMN

4 and RBC were sometimes identified in an apparent process of passing

f through the cell junctions of endothelial cells in both capillaries
and venules. In severcly altered vessels, the intercellular tight :
junctions were separated more frequently, and fenestrae occasionally 3

3 developed gaps (Fig. 8). Their lumina often contained aggregations 4
A of degranulated platelets and fibrin. Such thrombotic processes E
4 occurred topographically close or attached to the separated cell 3
. junction and fenestrae (Fig. 8). The space between altered endothelium -
4 and the basal lamina was often widened. The pericytes of vessels, 3

A however, remained unchanged.

3% Isolated fragments and clumps of fibrin were seen not only in b
4 the vascular lumen (Fig. 15) but also were frequently observed in 4
b abundance in the extravascular space of the lamina propria (Fig. 14).
4 Most fibrin in both intra and extravascular locations lacked the 3
| typtcal striation of 220 A. Indeed, very little such striation was 'L
b | seen. There was no evidence of extravasated thrombocytes in the 4
lamina propria. (

| When amebae were topographically close to endothelial cells,

= multiple small vesicles of uniform size were observed between the

basal lamina of the endothelium and the amebae; these appeared to

have developed from the endothelial cell membrane (Fig. 16). In

some instances, blebs of different sizes were identified in a process
of pinching-off from the endothelial cytoplasm *nato the lumen (Fig. 16).

Discussion

The present series of studies on pathogenesis of acute amebic

. colitis demonstrates the potential of the developing field of

i gnotobiology in certain biomedical investigations. When virulent q
, amecbae from acute human amebiasis are inoculated intracecally into E
3 conventional guinea pigs, the animals may develop either acute or L
. chronic disease or, as is often the case, remain completely uninfected. 2
. In contrast, if the same amebic inoculum containing patient's cnteric 3
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Fig. 14 - Clumps of fibrin are in the |
extravascular space of lamina propria 3
(arrows). Note extravasated erythro-

cytes (RBC), capillary (CAP), PMN leuko-

cyte (PMN), lymphocyte (LY).

X 10,500




T

=

R T E=

st Rt ot

X
e

Fig. 15 - Capillary changes below crypt epithelium (EP). Markedly
swollen endothelial cells with clear cytoplasmic matrix almost
obliterate the lumen. Slit-like lumen contains fibrin-like struc-
tures (arrowheads). Pinocytotic vesisle are concentrated at the
luminal edge of cytoplasm of altered ~nd ral cells. Note that
the adjacent endothelial cell at left is well preserved. Inter-
cellular tight junctions (arrows) and the basal lamina appear un-
changed.
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Fig. 16 - Ameba (A) is close to a capillary. Lumen contains RBC, PMN,
and aggregates of thrombocytes (TH). Endothelial cell (END2) shows
swollen ER and mitochondria in dense cytcplasm, while an adjacent endo-
thelial cell (END1) shows lighter cytoplasm. In capillary lumen, cyto-
plasmic blebs (thick arrows) of various sizes appear to develop from
luminal side of pale endothelial cell (END1). Fenestrae are intact
(thin arrows). X 11,800. Inset circle shows light endothelial cyto-
plasm with swollen mitochondria (M). Cytoplasmic blebs (arrowhead)

are also present in the extravascular space.
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flora is administered to germfr:e guinea pigs, it produces a uni-
formly acute pathologic process which is similar to that in the
human patient. Since it has been demonstrated that different
bacteria may influence appreciably the many facets of enteric

amebic disease (Phillips et al., 1968), this model offars obvious
advantages over study of the ameba in a conventional animal harbor-
ing an enteric flora that is characteristically much different from
that encountered in the human patient. Use of *his experimental
model and the specific sampling method described herein have facili-
tated observation, at the ul.rastructural level, of detectable
morphological events attending the invasion of the intestinal mucosa

by E. histolytica.

Worthy of mention are the abnormal detachment and shedding of
epitheliial cells at thc sites of amebae penetration. Under normal
conditions, intestinal epithelial cells produced in the crypt
migrate toward the surface of the mucosa and are then extruded
singly into, the lumen. The kinetics of this epithelial cell turn-
over are relatively constant at different levels of the gut in each
individual animal species. However, during acute enterocolitis
such as produced by Shigella (Takeuchi et al., 1968) and Salmonella
(Takeuchi § Formal, 1967), excessive cell loss occurs not only at
the normal extrusion site, but also elsewhere on the epithelial sur-
face, Under these conditions, the kinetics of epithelial renewal
are significantly altered (Abrams et al., 1965). Similar considera-
tions are applicable to amebic infection; excessive cell loss
occurred at multiple sites of epithelial amebic penetration and
also between sites of penetration.

The present study has provided additional infor—ation on the
penetration of intestinal mucosa by amebae. Following invasion of
the lamina propria, additional amebae were often found at the gaps
between epithelial cells (wicrocrosion) and appeared to be passing

preferentially through them, 2s if they were attracted to the
microerosions (Figs. 5 and 8). Civen the high requirements of serum
for the successful growth and motility of axenic E. histolytica, it
is conceivable that, in view of thz morphologic evidence of increased
vascular permeability, the luminal amebae might be chemically
attracted to the microcrosions where leaked plasma proteins were
presumably present in abundance.




Besides clarifying with greater detail the interaction between
epithelial ceils und amecbae, the present EM evidence has shed fur-
ther light on the interaction between amebae and PMN. In the lamina
propria, PMN in the proximity of invading amebae, but not necessarily
in contact with them, showed a variety of changes, ranging from minor
defects to cell death. These changes were essentially the same as
those described previously at the site of epithelial penetration
(Takeuchi § Phillips, 1975). Lysis of PMN upon contact with amebae
has been reported to occur both in vivo and in vitrc, but contradic-
tory observations have alsv been reported. Weissman has pointed out
that potent toxins derived from certain microbes are capable of
lysing PMN. However, although proteolytic enzymes are present in
many strains of amebae. including some free living species, toxic
agents have not been demonstrated in E. histolytica. Studies
utilizing various techniques, including enzyme cytochemistry and
immunochemistry, are nceded to clarify the interaction between amebae
and PMN.

On the basis of ultrastructural observations, Eaton has proposed
that surface lysosomes of amebae are important in causing lysis of
host cells (1970). Although cytochemical studies on E. histolytica
in vitro and in vivo (lLushbaugh, 1974) have demonstrated acid phos-
phatase activity on thc external cell membrane, there has been no
definite cytochemical cvidence that externally released lysosomal
enzymes from the cytoplasm of trophozoites are capable of causing
lysis of host cells. Such activity seems highly unlikely in view
cf the fact that mesenchymal cells in direct contact with amebae
remain structurally unaffected, whereas under the same conditions
PMN showed lysis of cell membrane with release of contents.

Lysates of PMN, on the other hand, may be responsible for some
of the other phenomena which occur during invasion of the lamina
propria by E. histolytica. PMN lysates have been shown to contain
hydrolytic enzymes such as lysosomal hydrolases and vascular
permeability factors (Weissman, 1973), which undoubtedly affect
the physicochemical functions of tissues with which they come in
contact. We were much impressed with the concomitant occurrence 6f
various vascular changes in the areas of PMN lysis.

The capillaries of the bowel mucosa characteristically contain
multiple pores closed by a thin diaphragm (Palade, 1970). They are
the so-called "fenestrated capillaries", which are found also in
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renal glomeruli and certain endocrine glands. Hurley and McQueen,
who studied the responsc ot fenestrated vessels of the small bowel
of rats to applications of mustard oil into an intestinal loop,
observed that an intravascular carbon marker was found at the gap
formed at the intercellular junction of endothelial cells, but not
at the fenestrae (Hurley, 1971). They stated that the gap forma-
tion was reversible and provided a route for leakage of plasma
protein. During invasion of the cecal mucosa by amebae, qaps were
formed at cell junctions betwesen endothelial cells in both
capillaries and venules. In the latter instance, the gap formation
was found not only at the intercellular junction but also at the
diaphragms. Vascular changes in both capillaries and venules in-
cluded not only formation of gaps, but also a variety of endothelial
changes. These occurrcd both in areas directly invaded by the
organism and away from them. Severe endothelial changes were
accompanied by occlusive thrombosis by platelets and fibrin and
swelling of the thrombotic vessel wall. Similar endothelial changes
have been reported previously during invasion of the intestinal
mucosa of guinea pigs ond monkeys by Salmonellae and Shigellae.
Thus, it is possible that, regardless of the type of enteric
pathogen involved, similar mechanism(s) operate in the development
of endothelial changes in the early stages of many acute enteric
infections.

Many physical, chemi 'ctive and immunologic stimuli elicit
a delayed and prolonged response which involves both capil-
laries and venules (Cotru. ). In an EM study on vascular
resporse of the skin of rat. to Clostridium toxin, Cotran observed
an intravascular carbon marker at the intercellular gap between
endothelial cells and thrombosis associated with disrupted endothelial
cells (Cotran, 1968). He proffered three possible explanations: that
the endothelial injury might result irom chemical mediators, or from
the effect of prolonged stasis and ischemia on the endothelium, or
possibly from the direct action of the Clostridium toxin., As shown
in Fig. 12, the endotheciium in contact with or in close proximity to
amebae showed a pinching-off of the cytoplasm from the surfaces
toward the amebae, suggesting a direct effect of the amebae upon
the endothelium. Yet, such endothelial changes were rare. Hence,
we believe that endothclial changes seen in this study might be
caused in part by the direct action of the amebae, but mostly, perhaps,
by other mechanisms, such as chemical or immunologic mediators derived
from lysed PMN or ischemia.




Conclusion and Recommendation

Germfree guinea pigs were inoculated intracecally with Entamoeba
histolytica and the enteric flora derived from a human patient with
actte amebic colitis. Animals were sacrificed at post-inoculation
intevvals of 7-12 days. The invasion of cecal mucosa by the ameba
was examined by light and electron microscopy. Early amebic penetra-
tion of the lamina propria then is accompanied by continued epithelial
shedding, PMN degeneration, and changes in both capillaries and venules
consisting of endothelial damage and occlusive thrombosis. Vascular
changes appeared to be related to PMN degeneration caused by inter-
action of PMN with the invading amebae.

Further studies on histolysis of lamina propria and alterations
of microcirculation in the colonic mucosa subsequent to the penetra-
tion of the lamina propria by amebae are highly recommended. These
studies will provide new information in the pathogenesis of acute
ulceration of the colon, the hallmark cf Entamoeba histolytica
infection in man.




B. Study of the Ultrastructure of Pathogenic Trophozoites of
Entamoeba histolytica

Recent applicati.n of the *.eeze-etching technique to the study of
biological specimens hus aducl important information on the intricacies
of various cell merbranes 'nd cCytoplasmic organelles not previously
disclosed by other e¢ieccron ni.roscopic techniques.

In search of new informition on the ultrastructure of E. histo-
lytica, we have studied its trophozoite stage by the freeze-etching
technique (FE) of eleciron microscopy. In this study, we have
attempted to describe i1ts ultrastructure as revealed by FE and to
correlate it with observations made by the thin-sectioning technique
(TS). Particularly, attention has been given to the complexity of
the cell membrane and the fine structure of the nucleus.

Amebae:

Amebae used in this study were the CDC-J190 strain of Entamoerba
histolytica (Healy and Gleason, 1966). Cultures of the trophozoites
and the accompanying bacterial flora from the original patient were
maintain>d in Locke's cgg-rice flour medium at 37° C and transferred
3 times eacn week. Thce amebae were harvested from 48 hour cultures
and processed for both thin-sectioning (TS) and freeze-etching (FE)
techniques of electron microscopy.

Observations

General Appearance of Trophozoites:

In replicas of FE specimens, trophozoites were easily recognizud;
many of them were fractureca through various planes (Fig. 17), while
others were not fractured and could be seen as intact cells, irregular
in shape and enveloped by a wavy, intricate, and convoluted cell mem-
brane. In the environ, many granules and rod-shaped bacteria were
interspersed between membranous and granular structures of different
size and shape which were identified as fragments of cytolysed amehae.
The cleaved surfaces of amebae exhibited 2 granular and lumpy cyto-
plasm in which nucleus, vacuoles and vesicles of various size and shape
were readily disce:nible (Figs. 17 and 21). Many of the vacuoles
contained bacteria, membranous and granular material. Stvuctures
which could be interprcted as micochondria, endoplasmic reticulum
and Golgi complex were not identified. This was confirmed by TS
observations and was 1n agreement with other reports (Miller et al.

919

s e il s e




PR L R A

R e ™ ¥

Fig. 17 - FE trophozoite of E. histolytica. The fractured
surface of the cytoplasm shows many vesicles and vacuoles
(VA) of different sizes. Phagocytosed bacteria (B) are
numerous. Nuclear pores cannot be identified in the nucleus
at this low magnification.
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19601; El-Hashimi and thfman.1970; Griffin and Jun.per 1971; Lowe
and Maegraith 1970; Ludvik and Shipstone 1970).

Cell Membrane:

In replicas of unfractured amebae, cell membranes were convoluted
and displayed numerous infolds; some organisms had a wavy or crcased
membrane (Figs. 19 and 21), while others showed pseudopodia (Tig. 18).
In favorably oriented specimens, pseudopodia were wrapped around
bacteria. Sometimes fragments of mernbranes and ribosomal helices,
presumably derived from cytolysed amebae,radhered to the outer surfuce
of the cell membranes (Fig. 24). Spherical protrusions and depres-
sions ranging from 0.5 u to 1.0 u in diameter were uniformly scen on
extracellular surfaces of unfractured cell membranes. In favorable
repiicas, fractured amcbac showed these depressions and protrusions,
measuring up to 1.0 u in width, on the inner and outer aspects of
the cell membrane (Figs. 18, 19 and 22). In contrast, structures
suggestive of surface projections and depressions were rarely recog-
nizable in TS specimens.

Cytoplasmic Organelles:

In freeze-etched amebae, vacuoles and vesicles were present in
abundance (Figs. 17 and 21). They were usually spherical or ovoid
and enclosed by a single membrane. Their size varied greatly from
0.2 uy to 9 u in width. Some vacuoles and vesicles were apposed and
their membranes were fused together (Figs. 20 and 21). In certain
instances, the enclosing membrane invaginated, forming "teardrop"
shaped vesicles (Fig. 23). Some bacteri= were tightly enclosed,
while others were found loosely enveloped in vacuoles together with

ribosomal helices, vesicles and fragments of membranous structures
(Fig. 20).

In TS specimens, abundant polyribosomes and glycogen particles
were seen throughout the cytoplasm and were identified also in replicas
of FE amebae. Structur:s which were of similar dimensions as ribosomal
helices observed in TS cytoplasm were occasionally seen on the un-
fractured cell membranc (Fig. 22). Several parallel membranes were
found in the peripheral cytoplasm. They were separated by 0.2 i to
0.5 1 intervals and varied in length from 0.5 pu to 1.0 u, thus cor-
responding to the crystalline ribonuclear protein helices of Rosenbaum
and Wittner (1970) and the crystalline aggregates of El-Hashimi and
Pittman (1970). They were serpentine in shape and failed to show
saclike ends like thosc¢ of the Golgi complex.
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Fig. 18 - FE replica of intact cell membrane. The surface is
creased (white arrow) and shows a convoluted cell membrane on
which spherical elevations (EL) and depressions (DP) are seen.

X 24,300

Fig. 19 - FE replica of intact external cell membrane. The
surface is smooth, wavy, and contains spherical elevations
(X1, X2, X3). Elevations X1 and X2 have been fractured so as
to reveal their interiors. X3 is seen in profile. X 22,000

Fig. 20 - FE vacuoles. Vacuole (VAl) is enclosed by a membrane
and contains bacteria (B), membrane fragments (M) and unspeci-
fied vesicles (V). Vacuole (VA2) is closely apposed to VAl,
The membrane of VA2 is unfractured and appears to be fused to
to membrane of VAl at the site of contact. X 45,300
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Fig. 21 - FE ameba. The cell membrane (CM) is smooth and convoc-
luted. Homogenously lumpy cytoplasm shows numerous vacuoles (VA).
Arrows indicate where a vacuole (VAl) is fused with another
vacuole (VA2). X 10,000

Fig. 22 - FE replica of unfractured external cell membrane.
Numerous spherical elevations and depressions are casily dis-
cernible. Ribosomal helices (small arrows) are dispersed on
the surface. X 16,200

Fig. 23 - FE vacuole. Vacuolar membrane shows teardrop invagina-
tion (arrow). X 50,000
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Nucleus:
By TS technique, the nucleus was enclosed by double membranes
which appcared to be parallel and were separated by an electron
translucent space 240 A thick (Fig. 26). Each membrane was a typical
triple layered unit menbrane, 120 A thick. The two membranes of the
nuclear envelope appeared to be interrupted by numerous regularly
spaced nuclear pores. No additional structures were identified at
the pore openings or in their vicinity. Inside the nucleus was the
nucleoplasm, which consisted of a heterogeneous matrix with central
electron translucent hcterochromatin and peripheral electron opaque
euchromatin (Fig. 26). In the latter were occasionally seen membrane-
enclosed bodies which contained electron dense material and ranged
from 0.5 v to 3 u in diameter. These intranuclear bodies corres-
ponded to the button-like bodies of Ludvik and Shipstone (1970), or
the small vesicular inclusions of El-Hashimi and Pittman (1970).

By FE technique, the nuclear profiles were easily identified by
their double parallel nuclear membranes and characteristic nuclear
pores (Fig. 24). Freeze cleavages often occurred between the outer
and inner nuclear membranes, as exemplified in Fig. 25, In such
fractured specimens, the cytoplasmic surfaces of both outer and inner
membranes showed regularly spaced circular nuclear pores approxi-
mately 640 A in diametcr and were studded by numerous globules.
Counts were made on the number of nuclear pores at a photographic
magnification of approximately 30,000 times; the approximate figure
fo the density of the nuclear pores at the FE nuclear surface was a-
bout 35 pores per square micron. Distance between the pores was
alsn approximately 640 A. By FE technique, the nucleoplasm appeared
homogenously granular, as the euchromatin could not be distinguished
from the heterochromatin. Neither was it possibie to demonstrate
intranuclear membrane-bound bodies.

Discussion

Trophozoites of E. histolytica, demonstrated by the FE techniquc,
exhibited intricate intolds, convolutions and undulations of their
membranes and a surfacce topography of the nuclear envelope and its
pores which have not bcen shown by TS technique. Confirmed by FE
were the absence of a Golgi apparatus, of a well formed endoplasmic
reticulum, and of mitochondria, as previously reported by other
investigators (Miller et al. 1961; El-Hashimi and Pittman 1970;
Griffin and Juniper 1971; Lowe and Maegraith 1970; Ludvik and Ship-
stone 1970).
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Fig. 24 - FE replica of fractured nucleus. The fracture
plane 1s irregular and has occurred between the outer and
inner membranes of the nuclear envelope. Both membranes
show their cytoplasmic surface (A face). Fenestrating

the nuclear membrane are circular pores (arrows) which are
spaced at regular intervals. Numerous minute globules are
present on the A face of both membrancs. Square 1s magni-
fied in Fig. 25.

X 13,000
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Fig. 25 - Detail of FE nucleus, magnified from the square in _
Fig. 24. The fracture plane through the nuclear membranes 3
shows outer (OM) and inner (IM) membranes. Some pores on the 4§
inner membrane have been fractured (parentheses), while
others are unfractured and are covered by remnants of the
outer membrane (arrowhead). 3

X 26,300
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Fig. 26 - TS nucleus. The TS nucleus is enclosed by a porous
(arrowhead) double unit membrane (brackets), separated by an ‘
electron translucent space approximately 240 A wide. Inside

the nucleus is a heterogeneous nucleoplasm, as the hetero-

chromatin (HC) can be distinguished from the euchromatin (EU).

Membrane-bound inclusions (parentheses) are confined to the

euchromatin.

X 22,000
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Surface replicas of the intact cell membrane ot trophozortes
clearly showed smill focal depressions and elevations.  In FE studices
of the mechanism of release of secretory granules of endocrine cells
of mammals, Smith et al. (1973) and Amherdt et al. (1973) have clearly
demonstrated similar profiles of spherical depressions of the cell
membrane. They postulated that such depressions represented exo-
cytotic release of secrctory granules. Thus, it is possible that
depressions in the ce¢ll membrane of amebae, as shown in Figs. 18 and
22, might represent openings of exocytotic vesicles into the environ.
On the other hand, elevations (button bodies) on cell membranes, exem-
plified in Figs. 18, 19 and 22, were very similar to the filiform
extensions of surface lysosomes described by Eaton et al. (1969).
Based solely on morphological observations, Eaton et al. (1969)
have speculated that these filiform extensions release lysosomal
products when touched by particles or cells in the environ. Utiliz-
ing cytochemical techniques for demonstrating lysosomal enzymes,
Lushbaugh and Miller (1974) further postulated that the [iliform
extensions were filled with lytic enzymes and ruptured upon contact
with host cells after dectaching from the cell membrane of E. histo-
lytica. Upon examination of numerous electron micrographs by both
the FE and TS techniques, it was established that there was a great
uniformity in both diamcter and elevation of the button bodies.

From these observations and from the similarities of the button
bodies with structures described by the already cited investigators,
we believe that both depressions and elevations on the cell surface
represent secretory mechanisms of cytoplasmic vesicles from E. histo-
lytica into the extracellular space.

Although many authors have reported the presence of food vacuoles,
phagosomes, and lysosomes in E. histolytica (Rosenbaum and Wittner,
1970; Ludvik and Shipstone, 1970; Griffin and Juniper, 1971), the
relationships among these cytoplasmic vacuoles have yet to be demon-
strated by TS technique. Intake of food stuffs was rarely observed
in the present TS observations; food vacuoles were formed mostly by
pseudopodial extensions of the cytoplasm, which loosely enclosed
bacteria and starch matcrial from the environ. Since FE preparations
included various planes of cellular details, phagocytic processes
and formation of food vacuoles were commonly observed in replicas.
Food vacuoles were often in contact with or attached to vacuoles or
vesicles. Some of them showed the disappearance of membranes at the
point of contact. Zucker-Franklin and Hirsca (1964) and Henson (1972)
have shown similar findings by TS in phagocytic cells and postulated
that the fusion of vacuoles represents transfer of lysosomal contents
into phagocytic vacuoles.
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Most clearly defincd in FE amebae was the topography of the
nuclear membrane. Surfuces of the nuclear membrane were regularly
fenestrated by circular pores. On observation of E. histolytica
by TS, Deas et al. (1961) reported the nuclear membrane as being
composed of '"numerous discontinuities', which comprised 50% of the
total nuclear surface, while Osada (1959) saw only "several minute
holes" on the nucleus of methacrylate embedded amebae. In the
present FE observations, counts of nuclear pores were possible and
were estimated as 35 pcr square micron. Nuclear pores were arranged
in regular arrays and the distance between pores was similar to the
pores' diameter. Flickinger (1970) has elegantly demonstrated by
TS that in Amoeba proteus nuclear pores contain a central gap and
are situated at the center of a fibrous lamina which arises from
the inner nuclear membrane and radiates into the nucleoplasm to
form honeyconb layers. By neither FE nor TS were we able to demon-
strate such structures on the nuclear membrane of trophozoites of
E. histolytica. Since nuclear pores occupy such a large area in
the nuclear envelope of E. histolytica, the transfer of substances
should be readily accomplished between two major compartments of
the cell. Yet, it has not been documented whether nuciear pores
provide free communication between nucleoplasm and cytoplasm in E.

histolxtica.

Conclusion

Pathogenic Entamocba histolytica trophozoites were studied by a
new technique of electron microscopy, the freeze-etching (FE) method.
The study has provided the following new information on the ultra-
structure of this enteric pathogen. Spherical depressions and
elevations varying from 0.5 p to 1.0 p in diameter were commonly
present on the external cell membrane and appeared to represent an
extracellular secretory mechanism of trophozoites. Vesicles and
vacuoles ranged in diameter from 0.2 u to 9.0 u. Some vacuoles
tightly enveloped bactcria, while others enclosed bacteria together
with host cytocomponents including ribosomal helices. Occasional
vesicles and vacuoles uppeared to be fused to each other.

Replicas of FE nucicus were enclosed by doubie nuclear membranes
which were fenestrated by numerous spherical pores measuring approxi-
mately 640 A in diameter and spaced at intervals of 640 A. Counts of
nuclear pores were possible and indicated 35 pores per square micron
on the nuclear envelope. Golgi apparatus, mitochondria and well
formed endoplasmic reticulum were absent in FE replicas. This was
in agreement with electron microscope observations on thin sections
previously reported by other investigators.
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IIT. STUDIES OF INTESTINAL INFECTIONS WITH ENTEROVIRUSES

Background

Abundant information is available concerning the physiczal,
chemical, antigenic, infective and epidemiologic properties of
enteroviruses. Most of these data have been obtained from studies
of virus-cell interactions in tissue culture system rather than
observations on enteric infections in vivo.

In natural virus infections the precise role of the gastro-
intestinal tract either as the portal of entry or as the initial
site of virus replication has not been well established. It is
generally considered, however, that it is an initial sitec of
replication for many enteroviruses (Dowie, 1963; Stenhouse, 1970).
For instance, Enders and his colleagues demonstrated that the
Lansing strain of the poliomyelitis virus multiplied in suspension
cultures in human embryo intestinal tissue more than 25 years ago
{(Enders et al. 1949). VYat, little is known about host cell-virus
relationship in the gastrointestinal tract in vivo.

In collaboration with two groups of investigators, light and
electron microscope studies on enteric infections by enteroviruses
were undertaken. We uscd a murine adenovirus K87 and a canine

coronavirus 1-17. Special attention has been given to site of viral

replication in the gut mucosa.

A. Study of Experimental Enteric Infection of Mice with a
Mouse Adenovirus K87

Dr. Hashimoto, Prof. of Microbiology, Keio University, Tokyo,
Japan, has kindly collaborated on this project. He has infected
mice with his adenovirus in his laboratory and supplied us with all
necessary virological data and infected intestinal tissues.

Adenovirus strain K87 was originally isolated by Hashimoto

from the feces of a healthy inbred mouse strain DK1 (lashimoto et al.

1966) . Strain K87 is identified as an adenovirus and grows well in
the mouse kidney tissue cultures (Hashimoto, 1967). Roth oral and
parenteral administrations of K87 into the mice result exclusively
in replication of the viral antigens in the bowel but produce no
symptoms in the infected animals (Hashimoto, 1969). When DKI mice
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Fig. 27 - The mouse ileum at 14 days after
oral infection with K87 adenovirus. Fluo-
rescent structures at the epithelium of both
villi and crypts. The viral titer is high

in the stool and ileal tissue of this animal.
Immunofluorescent micrograph X 480.
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Fig. 28 - The ileal mucosa of a mouse at 14 days after
infection with adenovirus K87. Spherical and bizarre
shaped large inclusions were seen within the epithelium
(arrows). X 560. Paraffin section stained bv H § E.




Ffig. 29 - Crypt epithelium of the ileum with adenovirus
infection. One up thick section from Epon embedded
tissue shows details of intraepithelial inclusions
(arrows); their shape is oval at left and angular at
right. Inclusions consist of dense globular masses

at periphery and numerous less dense granuies and
globules in the lightly homogeneous nucleoplasm. Note
prominent granules in Paneth cells (P). G: mucus
granules of goblet cells. Methylene blue azure II
stain. X 900.
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Fig. 30 - Intestinal columnar cell at mid-villus, ileal epithelium,
mouse infected with adenovirus. The enlarged nucleus contains virus
particles showing crystalline arrays. Mitochondria occasionally show
spherical lipid droplets (LD). Split-like electron translucent spaces
are present in the unaltered cytoplasmic matrix (arrows). Microvilli
are normal. Intercellular desmosomes: D. X 62,000



are oraliy infected with suspension of K87 grown in the mouse kidney
culture cells, viral antigens start to increase at 3 days and reach
maximum between 7 and 14 days after infection (Hashimoto, 1970). At
the height of the viral replication in the gut, ample numbers of
nuclear inclusions emerge in the epithelial lining of the distal
small intestine; this mide an electron microscope observation on

the adenovirus host cell interaction in vivo feasible.

At the peak of infcction, fluorescent antibody technique shows
that viral antigens are found in the epithelium of the crypt and
villus of the small intestine (Fig. 27). Light microscopy on con-
ventional paraffin sections stained by hematoxylin-eosin exhibits
nuclear inclusions are a large bizarre shape which is stained
uniformly basophilic (Fig. 28). In thick sections from Epon embedded
tissue the nuclei of infected cells are large and globular, and have
several dense masses (Fig. 29). Under EM, infected cells bear the
characteristics of the cpithelial cell. Their nuclei exhibit
crystalline arrays of virus particles (Fig. 30). The virus averages
80 mpy in diameter and shares ultrastructural characteristics of
other adenoviruses. In the cytoplasm the virus does not form
crystalline arrays but lies in aggregates. Otherwise, infected cells
show no cytopathic effect. The virus infection elicits neither in-
flammatory response nor architectural alteration in the gut mucosa.

Further studies arc needed to characterize the cell site of the
viral replication and clarify the nature of the cytopathic changes
in host cells.

B. Studies of Enteric Infection of Neonatal Dogs with
Canine Coronavirus 1-71

Virological, histological, histochemical and immunofluorescent
aspects of this viral infection in vivo has been studied in detail.
(See 73-74 Annual Report, Dept. of Vet. Microbiology, WRAIR.) Our
preliminary findings indicate that viral particles are identified at
ultrastructural level mostly in the cytoplasm of intestinal absorptive
cells at the villus portion of the ileal epithelium (Fig. 31) and are
totally absent in crypt epithelial cells. This localization is cor-
responded to those of immunofluorescent microscopy. In the cytoplasm,
many maturc virions are included in membran:-bound vesicles, while
some are in the process of budding from smcoth ER (Fig. 32).

Further studies are required to clarify the exact nature of
epithelial cytoplasmic changes associated with coronavirus replication.
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Fig. 31 - Intestinal colummar cell at apical epithelium of 2
villus, ileum, neonatal dog orally infected with coronavirus.

Viral particles are enclosed in membrane-bound vesicles

(arrows). Microvilli are short, blunt and irregular. Note s

numerous lipid droplets (LD). M: mitochondria. GL: gut

lumen.

X 31,000
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Fig. 32 - Perinuclear region, columnar cell, apex of villus,
ileum, neonatal dog infected with coronavirus. Viral particles
are present within membrane enclosed vesicles. Some particles
are in process of budding from smooth endoplasmic reticulum

- (arrows). N: nucleus.
- X 68,000
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IV. STUDIES OF CELL-MEDTATED HYPERSENSTTIVITY

A. Study of Kinetics of Fibrinogen/Fibrin Accumulation and
Vascular Permeability Changes in Cell-Mediated Hypersensitivity

Background

Recent studies have demonstrated that fibrin accumulation is a
prominent and consistent feature of delayed hypersensitivity (DH)
skin reactions and allergic contact dermatitis in man.

To gain a clearer understanding of the relationship between the
clotting system and DH we have performed further quantitative studies
in the guinea pig. In this species two distinct forms of cell-mediated
hypersensitivity have been re.ognized: 1) classic DH, a long-lasting
state of hypersensitivity mediated by lymphocytes with relatively high
avidity for antigen and characterized by extensive mononuclear cell
infiltrates, and 2) cutaneous basophil hypersensitivity (CBH), a
sometimes transient state of hypersensitivity mediated by lymphocytes
of lower average avidity and characterized by extensive infiltrates
of basophilic leukocytcs. In neither reaction had significant fibrin
been observed previously.

In the present investigation, radioactively labeled fibrinogen
and albumin were employed as tracers to measure changes in vascular
permeability, fibrinogen accumulation, and fibrin formation in CBH
and DH skin test reactions.

Results

Classic delayed hypersensitivity (DH) reactions to 0ld Tuberculin
and co the azobenzenearsonate hapten were characterized by a pro-
gressive increase in the fibr%nogen (1251-HF) content which exceeded
thai of the albumin tracer (1 1I-HSA) and paralleled the development
of .nduration and erythema. Accumulation of 1251 _HF could be related
both to increased vascular permeability to 125I-HF and, more specifi-
cally, to retarded efflux of extravassular 1251_HF from tuberculin
reaction sites. Warfarin inhibited 125I-HF accumulation and the
formation of urea-insoluble 125I-HF (cross-linked fibrin) as well as
induration in tuberculin reactions. Immunofluorescence studies re-
vealed the site of Fib deposition to be extravascular, among the
connective tissue fibers of the dermis, similar to that in DH reactions
in man,
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In contrast, little 125I-HF accumulated in cell-mediated reactions
rich in basophils - cutaneous basophil hypersensitivity (CBH) reactions
to keyhole limpet hemocyanin, ovalbumin, and dinitrochlcrobenzene - due
in part to less vascular leakage of macromolecules and to decreased
formation of urea-insoluble fibrin. By immunofluorescence Fib deposits
were found in CBH reactions in a pattern similar to that in DH reac-
tions, but the intensity of staining was appreciably less.

Conclusion

Based on this study, fibrin accumulation can distinguish DH from
CBH reactions and is very likely responsible for the induration charac-
teristic of DH reactions.

.g B. Studies of Macrophage Cell Surface Fibrinogen/Fibrin )
2

1% Background

i Peritoneal macrophages adhere to each other and to the peritoneal

P serosal cells following i.p. antigen challenge in guinea pigs primed
for delayed hypersensitivity. This phenomenon, termed the macrophage
disappearance reaction (MDR) by Nelson (1965), can be inhibited by
warfarin or heparin and can be mimicked by i.p. administration of
thrombin. Although such data suggest that macrophages might interact
via fibrin formation, attempts to identify- fibrin on macrophages by
electron microscopy were unsuccessful. Because fibrin deposition has
recently been shown to be a characteristic feature of classic cell-

- mediated hypersensitivity reactions in the guinea pig and in man, we
_@‘ have reexanined the possibility that mononuclear phagocytic cells

k| might directly interact with Fib.

Results

: The peritoneal cavity of guinea pigs proved to be a rich source

k- of mononuclear cells (34-52%) with fibrinogen and/or fibrin (Fib) on

3 their surface. Such Fib was readily detected on living cell suspen-
sions by the binding of fluoresceinated anti-guinea pig fibrinogen

| and occurred either in a speckled distribution, similar to cytophilic

IgG, or in a distinctive net-like pattern, the latter believed to

E represent fibrin formation on the cell surface. Fib binding required

4 calcium, but not magnesium, and could occur in vitro during incubation

in heparinized plasma containing fibrinogen concentrations comparable




to that in normal peritoneal fluid (0.58 mg/ml). Cell bound Fib was
more susceptible to plasmin and trypsin digestion than cytophilic 1gG.
By morphologic and physiologic criteria, cells exhibiting surface Fib
were chiefly, if not exclusively, macrophages. Granulocytes, erythro-
cytes and lymph node and thymus lymphocytes had no appreciable Fib.
Cells with surface Fib were observed rarely among mononuclear cells
prepared by Ficoll-Hypaque sedimentation of guinea pig and human
blood (1.4 and 4.6% respectively). Alveolar macrophages, known to

be distinctive functionally from peritoneal macrophages, also differed
in their lack of surface (Fib 0.8%).

Polymerization of Fib on the surface of macrophages might parti-
cipate in certain cell adnerence phenomena, such as the adherence of
free peritoneal macrophages during the antigen induced macrophage
disappearance reaction (MDR). The MDR elicited in the presence of
1251-fibrinogen was accompanied by a 2.4-fold increase in cell asso-
ciated 125I-Fib.

Conclusion

The unexpected and intimate relationship between macrophages and
a major constituent of the clotting system provides a potential means
for significant interactions between these important components of
the biological defense system.
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V.  STUDIES 07 PATHOLOGY OF RENAL DISEASES

A. Study of Renal Interstitial Fibrosis

A variety of chronic renal diseases reveal variable degrees of
interstitial fibrosis. A statistical correlation has been shown
between the degree of interstitial fibrosis and decreased renal
A function in human biopsies, yet the pathogenesis of the renal
i interstitial fibrosis rcmains unclarified. The present study,

‘ using an animal model which leads to diffuse interstitial fibrosis,
; was designed to study the kinetics of the initial cell prolifera-
A tive response.

Autoradiographic determinations-of the number and distribution
of replicating cells within the renal interstitium were made at 24,
48, and 72 hours in rabbits following unilateral complete ureteral
obstruction._ Animals were given a series of five intravenous in-
jections of 3H—thymidine (0.5 uCi. per gm.) at 30-minute intervals.
Kidneys obstructed at 24, 48, and 72 hours revealed a mean nuclear

E labeling count of 6.1, 7.8, and 21.1 labeled cells per high power

: field (HPF) within the cortical interstitium as compared with mean ?
; counts of 0.6, 1.4, and 0.7 in sham-operated controls. The inter- 3
5 stitium of the outer medulla revealed mean counts of 10.1, 14.4, and 3
i ) 27.0 labeled cells per IIPF during these same time intervals. The -
3 inner medulla revealed a feeble proliferative response, with mean g

counts of 2.1, 1.5, and 5.0 labeled cells per HPF. The contralateral
kidney revealed a variable degree of low grade proliferative response.

These results indicate a continuous stimulation of cell replica-
tion in this injury extending over the first 72 hours. In addition,
g it appears that there are local differences in the response, with
7 the cells within the interstitium of the outer medulla being most
N responsive.




VI. STUDILES OF DISEASLS OF DIGESTIVE TRACT OF NON-INFECTIOUS ORIGIN

A. Gastric Secretory Changes of Stress Ulcers in Rats

Analyses of gastric juice withdrawn 3 hours after the pylorus was
ligated and of plasma corticosterone and blood glucose after animals
were exposed to rotational stress revealed that gastric secretion was
highest in controls, intermediate in stressed rats that developed
ulcers, and lowest in stressed rats that did not develop ulcers.
Neither high nor low gastric secretion correlated with stress-ulcer
formation. When initial mucosal ischemia and secretory inhibition,
which occurred in all stressed rats, were considered, those that de-
veloped ulcers manifested gastric hypersecretion when compared with
those that did not develop ulcers. Mean plasma corticosterone was
highest in stressed rats that developed ulcers, next highest in stressed
rats that did not develop ulcers, and lowest in control rats. Compared
with normal rats, mean blood glucose was lowest in stressed rats and

highest in controls. Hypoglycemic changes were more marked in stressed
rats that developed ulcers than in stressed rats that did not develop
ulcers,

B. Study on Comparative Histochemistry of Gastrointestinal
Mucosubstances

In taking advantage of two relatively simple and reproducible
staining techniques, this study was undertaken to describe and compare
the distributions of epithelial mucosubstances in the gastrointestinal

1 mucosa of the human and of a variety of mammalian species commonly i
A used as laboratory subjects for the study of gastrointestinal dis- i
- orders. The two staining sequences used are the alcian blue periodic 4
. acid-Schiff technique (Mowry 1963) and the high iron diamine alcian :
g blue technique (Spicer, 1965, as modified by Sheahan et al., 1970). %

These techniques which differentiate neutral from sulfated as well as 1
o non-sulfated acid mucosubstances, underscored gross anatomical dif-
ferences in the various parts of the gastrointestinal tract of dif-
ferent species (Fig. 33) and disclosed an unexpectedly wide variation
in the distribution of such mucosubstances in different areas of the
gastrointestinal tract of the same species and in the same anatomic
areas of different species (Fig. 34). The significance of such varia-
tions is, as yet, unknown. Knowledge of the normal variation in the
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Fig. 33 - Schematic representation of the gross anatomy of
gastric mucosa indicating species variations in the gross
topography of cardia, corpus and antrum.
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Fig. 34 - Brunner's glands stained with the high iron diamine alcian blue
sequence. Neutral mucins are unstained, as in D, while the sialomucins,
stained blue, appear grey in the photomlcrographs (arrows), and the sulfo-
mucins stain black. A: Rabbit; B: Guinea pig; C: Baboon; D: Man.

A, C, D X 150; B X 400.
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4 anatomic distribution of mucosubstances in the gastrointestinal tract

is, however, an essential prerequisite to accurate interpretation of
observed alterations which occur in the distribution of such moicties
as i result of naturally occurring or experimentally induced diseasced
stutes.
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Project 3A762760A822 MILITARY INTERNAL MEDICINE

Task 01 Military Internal Medicine
Work Unit 126 Infectious hepatitis

Investigators.
Principal: MAJ Robert G. Knodell, M.D., MC
Associate: Marcel E. Conrad, M.D., University of Alabama
LTC E. Patrick Flannery, M.D., MC, Letterman
General Hospital
Allen L. Ginsberg, M.D., George Washington
Medical School

Objectives: To determine if gamma globulin with high anti-HBg titer
provides protection against transfusion hepatitis and whether trans-
fused blood positive for HBgAg only by radioimmune assay (but not by
other methods of testing) causes hepatitis.

Technical Approach: During past years there has been a considerable
incidence of hepatitis among patients undergoing cardiac bypass sur-
gery at WRAMC. Estimates of the incidence of hepatitis in this group
based upon the detection of elevated transaminase determinations 3
months after surgery are 10-20% of patients. It is believed that
this is caused by the requirement of using many pints of blood and
blood products from multiple donors in these patients.

Since August 1972, all volunteers who are undergoing cardiac bypass
surgery receive a 10 milliliter injection of either high titer anti-
HBg gamma globulin, conventional gamma globulin, or an albumin
rlacebo solution. These injections are administered double blind
under code. Blood is drawn from the volunteers before gamma globulin
injection, weekly after surgery while the patient is hospitalized,
and 3, 6, and 9 months after surgery. Determinations for HBgAg,
anti-HBg, SGPT, and serum bilirubin are done on each blood specimen.
In addition, a history is obtained from each patient at intervals
after surgery. All blood used for transfusion is tested by radio-
immune assay for HBgAg and anti-HBg.

It is estimated that a minimum of 300 patients will be required for
completion of the above study. The biologic materials used in this
study include a high titer anti-HBg lot ~f gamma globulin prepared by
the Massachusetts State laboratories and currently used under NHLI
contract in several national studies, a lot of gamma globulin used in
60,000 soliders in Korea, and a placebo solution used in 40,000 U.S.
soldiers in Korea without known complications. All solutions are
tested in accordance with U.S.P. regulations.
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Irogress and Results:  This is a collaborative double blind study
being conducted at Walter Reed Army Medical Center and at Letterman
Army Medical Center. Under the direction of Dr. Allen Ginsberg,
George Washington University of Medicine was scheduled to become a
study center and begin assessing patients during FY 75. However, it
was determined that the study would likely be terminated before GWUM
could assess and follow a significant number of patients, and the sub-
contract with GWUM was terminated 31 December 1974.

Since the inception of the study, 354 patients undergoing cardiac
bypass surgery at either WRAMC or LAMC have volunteered as partici-
pants in the study. Each patient has received under code either 10

ml of high titer anti-HBg gamma globulin, conventional gamma globulin,
or an albumin placebo solution. There have been no known adverse
reactions to the administration of either the gamma glcbulin or pla-
cebo solutions. Transaminase elevations have been observe( in approxi-
mately 20% of patients 3-6 months after surgery. Only 10 patients
have had clinical icteric hepatitis. Only 12% of patients with

either icteric hepatitis or elevated transaminase determinations have
had HBgAg-related hepatitis as measured by radioimmunoassay. Approxi-
mately 7% of the patients have been transfused with blood that was
HBgAg positive when tested by radioimmunoassay; all blood was HBgAg
negative when tested by counterimmunoelectrophoresis.

Surprisingly, in the majority of hepatitis cases, hepatitis B virus
cannot be implicated, and different viral agents must be hypothesized.
A 90% followup of 9 months is being achieved largely by mail and tele-
phone. Surveillance of the study is being maintained by the National
Heart and Lung Institute, NIH, through the Hepatitis Data and Safety
Monitoring Committee. This committee has been reviewing uncoded datca
three times yearly to insure safety and that significant differences
have not already been achieved between the three coded groups. Acces-
sions to the study were halted 31 December 1974 when supplies of the
high titer anti-HBg were exhausted. Currently followup is scheduled
to be completed by 30 September 1975, and final data analysis can
begin., Projected completion date for this project is approximately

31 December 1975.

Conclusions: This collaborative study has been in progress since
August 1972. Data collection should be complete by 30 September 1975
when final data analysis can begin. It is presently funded by a con-
tract with NHLI. It will provide worthwhile information on trans-
fusional hepatitis and the usefulness of gamma globulin in its preven-
tion.
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utomated methods for qualitative and quantitative chemical analyses of military impor-
ance in medical laboratories and to adapt these systems for use in support of combat
edical operations.

4. (U) Automated analytical instruments, on-line digitsl computers, electronic digital
r analog processors and semi-automated manusl techniques will be developed and adapted
to identify and quantitate various compounds for clinical and research use. Emphasis
111 be placed on precise, accurate, and fast analytical systems, on simultaneous iden-
tification of a variety of compounds, on analytical standardization and on practical
ystems for labora‘ory and intensive care facilities use. Efforts will be focused on
ast identification and quantitation of drugs of abuse and their principal metabolites,
the utilization of simplified automated analytical systems for data collection and on
lstandardization of techniques and equipment for automated lavoratory systems. Operating
ystems will be miniaturized and ruggedized for ficld use.

5. (U) 74 07 - 75 06 Analytical chemistry methodolcgy development and application was
ontinued in this work unit. Five automated 4-channel, high speed, miniaturized, con-
inuous flow sanalyzers have been constructed and installed in the yRAMC clinical labora-
ory for operational. evaluation. Interface completed of electronic programmable desk

op calculators to automated instruments. An ultra-micro high speed analyzer has been
veloped. Unit requires only 4Omicroliters of sample. A fluorometric method for
nalysis of N-acetyl procainamide has been developed. For technical report, see Walter
eed Army Institute of Research Annual Progress Report, 1 Jul 74 - 30 Jun 75.
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Project 3A762760A822 MILITARY INTERNAL MEDICINE
Task 01 Military Internal Medicine
Work Unit 128 Biochemical methodology and laboratory automation

Investigators,

Principal: LTC (P) Douglas J., Beach, MSC

Associate: MSG Vaughn G, Ayer; Billy G, Bass., M.S.; Betty J.
Boone, Ph.D,; Nesbitt D. Brown, B.S.; John I.
Davis, B,S.; LTC Gale E. Demaree, MSC; James E,
Doolittle, A.A.; MAJ Thomas P, Gibson, MC; Leo
Kazyak, B.S.; Robert T, Lofberg, Ph.D.; PFC Leighton
C. Makanui; Edward J., Matusik, B.S.; Jean E. (Lewis)
Matusik, B.S.; SP5 Michael E, McKay; MAJ William E,
Neeley, MC; Dominic F. O'Donnell; Helen C. Sing, M.S.

The objectives of this work unit are to develop and exploit new
laboratory methods for qualitative and quantitative analyses of bio-
chemical substances in support of military medicine and to apply
automation to analytical procedures to provide rapid, precise and
accurate results. During the reporting period, efforts have been
focussed on the following areas:

1, Development of a four-channel, high speed, miniaturized
continuous flow analyzer. .

2. Application of electronic programmable desk top calculators to
on-line clinical laboratory analyses.

3. Design and construction of a new ultra-micro high speed analyzer
for hospital chemistry laboratories,

4. 1Investigation of procainamide in man.

5. Analysis of N-acetylprocainamide by spectrophotofluorometry.
6. Automation of techniques in drug analyses.

7. Amino acid analysis.

1. Development of a four-channel, high-speed, miniaturized
continuous flow analyzer.

A prototype four-channel microanalyzer has been constructed, tested
and placed in routine daily operation in the clinical laboratory,

Walter Reed Army Medical Center, This syatem is set up to analyze
the electrolytes Na, K, Cl, C02 in patient specimens. The analyzer
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4t has been operating re¢liably for three months at the rate of 120

3 samples/hour. The instrument it replaced operated at a rate of

: 60 samples/hour. The test system's reagent consumption is omne tenth
that of the older instrument.

The prototype analyzer is one of four such instruments planned for

4 the clinical laboratory at WRAMC as an operational performance evalu-
3 ation in collaboration with the Department of Pathology, WRAMC. The
use of the microanalyzer has demonstrated a substantial reduction in
reagent consumption and the potential savings of substantial equipment
lease costs (e.g. SMA 6/60 at $35,000.00 p.a.). Laboratory personnel
acceptance has been enthusiastic. A high-speed dual channel analyzer
has placed in the clinical laboratory for testing and for developing
new analytical procedures using enzymatic methods. The test model is
glucose determination. The more specific enzyme methods are expected
- to provide more accurate results with less interference from other

J drugs. The higher cqsts. for enzymes will be offset by the reduced
reagent requirements for the miniaturized analyzer.

o
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Arrangements have been completed for the construction of ten minia-
turized analyzers by the U.S. Army Bilomedical Research Unit, Fort
Detrick, MD. These analyzers will be evaluated in various clinical
laboratories to fully evaluate their potential savings in manpower
and time and to assess their usefulness to the U.S. Army Medical
Department.,

2. Application of electronic programmable desk top calculators to
on-line clinical laboratory analyses.

The feasibility of interfacing existing continuous flow systems with
programmable calculators has been demonstrated. A multiplexor was
designed and constructed to interface a Hewlett-Packard 9810A calcu-
lator with Technicon AA II multichannel analyzers. Since April 1974,
the clinical chemistry laboratory, WRAMC has had in daily operation
a dual channel AA II creatinine-BUN analyzer linked to the program-
mable calculator. The demonstrated advantages of this system ave:

a. Printed display of instrument calibration results as soon as
the standards are analyzed, thereby making available immediately the
status of the aystem prior to specimen analysis.

b. Improved accuracy of results due to use of multiple point
rather than single point calibration.

c¢. Technician time saved by eliminating tedious hand calcu-
lations of analcg signal output.

d. Elimination of errors in manual calculations.
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e. Test results available immediately upon analyzing speci-
mens - no waiting for manual calculations.,

The four channel electrolyte analyzer was interfaced with a pro-
grammable calculator through a four-port multiplexor. The more
complex program required for this system demonstrated the effective-
ness of the tape cassett memory extension available with the calcu-
lator. This cassette feature has made possible the implementation
of a new result reporting system to be explained later. The high
speed of the calculator and the analyzer has made possible the pro-
cessing of STAT specimens along with routine work since the time
involved from sampling to printout is only 2 3/4 minutes. The pro-
grammable calculator has been successfully interfaced with an Abbott
Bichromatic Analyzer. A three-analyzer hookup through a multi-
plexor to a 9810A calculator with cassette memory is planned.

A data reporting system for a clinical laboratory has been designed
and tested using the 9810A calculator tape cassette system. The data
from the analytical instruments (electrolyte analyzer, Abbott Analyzer,
etc,) are stored on the tape cassettes. These cassettes are manually
transferred to a Model 9830A calculator (a much higher level calcu-
lator) where the data are collated with other patient information and
a complete printout of specimen results provided. A method whereby
interim results are printed on gummed labels for attaching to work
sheets and reports 1s being tested. A high speed card reader for
insertiag manually generated data into the Hewlett-Packard 9830 has
been tested with encouraging results.

3. Design and construction of a new ultra-micro high speed
analyzer for hospital chemistry laboratories.

A unique continuous flow analyzer system consisting of very small
scale parts and totally solid state electronic components has been
designed and constructed. The analyzer consists of a digital
electronics controlled sampling device requiring only 40 microliters
of specimen, a variable speed micro-peristaltic pump (5 X 8 X 9 cm)
with a roller head three centimeters in diameter, a miniaturized
manifold, totally solid state colorimeter, high efficiency 1.8 micro-
liter volume flow cell and an electronic bubble gate that allows the
bubble stream to pass directly through the flow cell by electroni-
cally eliminating the bubble artifact.

NOTE: Considerable time and effort was spent by personnel involved
in the work outlined above in exhibiting the results of theilr work
at various locations throughout the country. The more prominent
demonstrations are listed below.

a, Symposium on Current Concepts in Pathology, E1 Paso, Texas.
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Johns Hopkins Medical School, Baltimore, MD,

c. University of Mgryland Medical School, Baltimore, MD.

d. Association of Clinical Chemists, Las Vegas, NEV.

e. U.S. Air Force Laboratory Symposium, New Orleans, LA.

f. Association of Military Surgeons, San Diego, CA.

g. American Society of Clinical Patholoéists, Washington, DC.
h., AACC - Neonatal Conference, Washington, DC.

4, Investigation of the acetylation of procainamide in man.

Fourteen subjects were given 500 mg of procainamide (PA) orally as
the hydrochloride salt, For each patient, acetylation phenotype
was determined by the method of Scott and Wright (1). Each urine
voided for 96 hours after PA ingestion was analyzed for PA and
N-acetylprocainamide (NAPA) using a gas chromatographic method.

The fourteen subjects eliminated 52 + 4% of the dose as PA and

16 + 2% as NAPA, Four fast acetylators eliminated 23 + 3% of the
dose as NAPA compared to 12 + 1% by the slow acetylators (p<0.05).
The amount of PA excreted by fast and slow acetylators was not
significantly different, 50 + 4% and 53 + 4% respectively. There
appears to be a positive correlation between the ability to acetylate
isonicotinic acid hydrazide and the ability to acetylate PA,

5. Analysis of N-acetylprocainamide by spectrophotofluorometry.

A spectrophotofluorometric method for accurately estimating the
concentration of N-acetylprocainamide in serum in the presence of
varying concentrations of procainamide has been developed. This
method was used in the procalnamide acetylation investigation out-
lined in paragraph 4. The method is based on the measurement of
quantum yields of PA and ‘NAPA as a function of pH. There is a ten-
fold increase in the quantum yleld of NAPA at pH 1.0 compared to
pH 11.0. Conversely, the quantum yield of PA is maximum at pH 11.0
and is significantly diminished at pH 1.0.

6. Automation of techniques in drug analyses.

A Real Time Executive Multiprogramming System is fully operational
on the 2116C minicomputer. With this programming of gas chromato-
graph equipment interface drivers complete, up to four automated gas
chromatographs have operated continuously for periods up to 32 hours
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without operator intervention, and program development and da.a
searches have been performed by the computer at the same time.
Extenslve use has becn made of this capability in drug analysis and
drug metabolism research.

7. Amino acld analy:sis,

The 6AH JEOLCO Analyrer has been adapted to use the Durrum Amino
Acid Analytical System. This adaption will allow a total amino acid

analysis to be completed in 6 hours, a four-fold improvement in
analysis rate.
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Project 3A762760A822 MILITARY INTERNAL MEDICINE
Task 01 Military Internal Medicine
Work Unit 129 Epidemiology of hepatitis in the military
Investigators:
Principal: LTC Herbert E. Segal, MC
Associate: COL Taras Nowosiwsky, MC; LTC James A.
g Ferguson, VC; MAJ Gilbert R. Irwin, MC;
SSG Michael C. Callahan; L. Charlene Evans

[y 1. Hepatitis B Antigen and Antibody in Army Health Care
Personnel

B A. Prevalence Study at the Academy of Health Scxences,
Fort oam Houston, Texas

4 Army Medical Department Officer personnel enrolled at the
v Academy of Health Sciences, Fort Sam Houston, Texas, between
July 1972 and June 1974 participated in the study as did

4 enlisted personnel enrolled fram July 1973 to June 1974.
o Officers, including physicians (MC), veterinarians (VC),
f : dentists (DC), nurses (ANC), medical administrators and
k. allied health scientists (MSC), and dietitians and physical
WJ therapists (AMSC), were attending the Basic Officer Course

1 at the Academy of Health Sciences upon their entrance onto

i active duty. More senior personnel representing those with
? career commitments were taking the folcer Advanced Course.
Enlisted men and women, representing a wide range of medical
occupational specialties (e.g. laboratory, dental, pharmacy,
social work), were attending the Basic or Advanced Courses
in their specialties. Students enrolled in the Physician's
Assistant Course also participated in the study. These

. latter are picked from among senior enlisted personnel with
| substantial experience in health care related fields.

During each of the course orientations, personn:l com-
pleted [uestionnaire, giving name, social security number,
course -. ' class numbers, wmilitary occupational specialty,
grade, & , year of birth, place of birth, home of record,
histories of hepatitis, transfusion, or positive HBgAg tests,
and previous assignment(s) overseas. The officer question-
naire additionally requested the year and type of professional
degree and number of subsequent months in medical or surgical
specialties. During the orientation, one of the invest‘gators
was present to clarify the questionnaire requirements and the
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voluntary nature of participation. Academy technicians drew
1 a venous blood specimen from each subject completing the

4 questionnaire and used a portion of the specimen for blood 3
3 typing. The remaining serum was frozen and transgorted to ;
the Walter Reed Army Institute of Research for serologic
studies.

Sosta i Ei

Sera were tested for Hepatitis B surface antigen (HBgAg)
using the Ausria I kit (Abbott Laboratories), with specifi-
city for HBgAg confirmed as previously described. 1In addi-
tion, sera HBgAg positive by counter-electrophoresis (CEP)
were subtyped. Antibody to the surface antigen (anti-HBg)
was determined by the passive hemagglutination (PHA) test :
described by Vyas. Serologic evidence of recent or past |
hepatitis B virus infection (HBgAg or anti-HBg) was then ‘
correlated with the demographic a2nd occupational variables
listed in the questionnaire. Data were adjusted for age
only when noted.

Completed questionnaires together with usable serum
specimens were obtained from 5,537 officer and 1,966 enlisted
personnel. Winety-five percent of these officer personnel,
including all the physicians (MC) attended the Basic Officer 4
Course. Only veterinarians (VC) and medical administrators 1
and allied health scientists (MSC) were well represented in
the Officer Advanced Course. Eighty-six percent of the ;
enlisted personnel attended the Basic Course in their occu- g
pational specialty. Incomplete questiQnnaires, which were i
encountered occasionally, were utilized as fully as possible, i
Two hundred forty-eight otherwise usable questionnaires (3.2%) ' ,
were not included in the analysis because the vials contain-
ing the correspornding serum specimens were broken in ship-
ment. Refusal to participate was rare.

Serologic evidence of Hepatitis B infection (HBgAg or
anti-HBg) was found in 384 (5.1%) of personnel studied
(Tables la and 1lb). Thirteen of the 19 sera HBgAg positive
by CEP were subtypable: ten were Adw and Ayw. Officers in
Corps engaged in routine direct patient care (MC, DC, and ANC)
had a higher seropositivity rate than officers in predominant-
ly non-patient care oriented Corps, 5.7% versus 2.9%
(X2=19.9, p 0.0001). HBgAg or anti-HBg positive enlisted

s i

Sa it

3 personnel were more commonly found among those in clinical ;
1 or laboratory specialties than among those in support ;
‘S specialties, but this difference was not statistically signi- 1

ficant (X2=l.48, p=0.22). Many of the newly enlisted person-
] nel (31.8%) apparently did not have or did not know their
P specialty designations and are listed as "unknown."
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Table la Serologic Results for Officers

Corps No. Tested No. (%) HBgAg+ No. (%) Anti-HB +

MC 1534 12(0.8) 130(8.5)

vC 82 0 L(1.2)

nC 849 7(0.8) 24(2.8)

ANC 1470 5(0.3) 44 (3.0)

MsC 1503 6(0.4) 37(2.5)

AMSC 105 0 4(3.8)
Total 5543 30(0.5) 240(4.3)

Table 1lb Serologic Results for Enlisted Personnel

Specialty No. Tested No. (%) HBgAg+ No.(%)anti-HBg+

Clinical 852 6(0.7) 59(6.9)

Laboratory 60 1(1.7) 4(6.7)

Support 428 0 25(5.8)

Unknown 626 2(0.3) 17(2.7)

Total 19646 9(0.5) 105(5.3)

The prevalence of both HBgAg and anti-HBg generally rose
with advancing age (Table 2) in both the officer Corps and
the enlisted specialty groups. Controlling for age did not
eliminate the higher anti-HBg prevalence of physicians (MC).

Table 2 Age-Specific Rates of Seropositivity

Age Group No. Tested No.(%)HBgAg+ No. (3)anti-HBg+

19 652 2(0.3) 16(2.5)

20~24 2512 5{0.4) 59(2.3)

Continued
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Table 2 Age~Specific Rates of Seropositivity

Age Group No. Tested No.(%)HBgAg+ No. (%) anti-HBg+

25-29 2376 14(0.6) 93(3.9)

30-34 1495 10(0.7) 131(8.8)

35-39 192 1(0.5) 34(17.7)
40 49 1(2.0) 7(14.3)

A history of either hepatitis or blood transfusion generally
increased with advancing age. Males more likely were HBgAg
or anti-HBg positive than were females (0.6% and 5.6% versus
0.3% and 2.0%); the lower prevalence of anti-HBg in females
did not disappear when age was controlled. More females, by
history, received transfusions (4.6% compared with 4.0%);
males reported more hepatitis (4.3% versus 2.8%). Personnel
born in one of the eight most populous states (used here as
an indicator of "urban" residence) were more often HBgAg or
anti-HBg positive than those born in the remaining states
("ruvral") (Table 3), but this difference is not statistically
significant (X2=1,29, p=0.26). A significantly higher
infection rate was obtained for personnel born outside the
United States compared with that for all native-born person-
nel (X2=4.22, p=0.04).

Table 3 Seropositivity by Place of Birth

Place of Birth No. Tested* No.(%)HBgAg+ No.(%)Anti~HBg+

Urban 1874 12(0.6) 92(4.9)
Rural 2609 11(0.4) 114 (4.4)
Outside U.S. 2.9 4(1.8) 14(6.5)

*1973-4 Data only




Two hundred and eighty-six personnel (3.9%) reported a
history of hepatitis; these inciuded 4.3 percent of officers
in Corps engaged in direct patient care, 2.8 percent of offi-
cers not so engaged, 4.9 percent of enlisted personnel in
clinical and support specialties, 3.3 percent of those in
laboratory specialties, and 2.9 percent of those without a
listed specialty designation ("unknown"). Two hundred
eighty-nine perscnnel (4.0%) reported receiving a blood
transfusion., This procedure was more common among officer
personnel in predominantly non-patient care oriented Corps
(5.0% versus 3.1%) and more common in enlisted personnel with
clinical or support specialties (6.3% and 6.6% respectively)
than in those with laboratory or unknown specialties (1.7%
and 3.5% respectively).

Both a prior history of hepatitis and previous blood
transfusion were associated with seropositivity (Table 4).
Rearrangement of the hepatitis and serologic data demonstrates
that 85% (324/381) of HBgAg or anti-HBg acquisitions were
asymptomatic (or not recollected).

Table 4 Association of Hepatitis and Transfusion History
with Seropositivity

No. Tested No. (3)HBgAg+ No. (%) anti-HBg+

Hepatitis¥*
Yes 285 9(3.1) 48(16.8)
No 7107 28(0.4) 296( 4.2)

Transfusion**
Yes 278 1(0.4) 23(8.3)
No 6860 36(0.5) 318(4.6)

* X2 = 130.2, p 0.001

** ¥2= 5,94, p=0.015

Thirty-eight personnel reported a history of a positive test
for HBgAg; serologic evidence of Hepatitis B infection was
found in 17 (45%) of them. Of personnel with previous over-
seas assignments, 9.6% had serologic evi(i:nce of Hepatitis B
infection; 4.5% of personnel without p: "y service overseas
had such evidence. This difference was not eliminated by
controlling for age. Among personnel who had served over-
seas, the seropositivity rate was higher for officers in
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: non-patient care oriented Corps than for those in direct
patient care oriented Corps (57% versus 26%) and higher for
enlisted suppcrt personnel than for ~nlisted personnel in
clinical and laboratory specialties (77% versus 60%).
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All officer personnel divided their professional expe-
rience into months in medical and surgical specialty areas.
Dentists were included among the surgical specialists. The
majority of personnel studied, being very recent graduates,
had 1little or no post-degree experience in either specialty
area. A somewhat greater proportion of personnel with one
or more months in surgical specialties reported a history of
hepatitis overall (7.1% versus 5.3%) ang for all experience
cohorts except 1-17 months (Table 5) (X“=3.10, p=0.078).
Personnel with one or more months in surgical specialties
were positive for HBgAg and anti~HBg more commonly, 1.0% and
8.7% versus 0.5% and 5.6% respectively (Table 6) (x2=5.81,
p=0.016). Rates of anti-HBg positivity rose with increasiry
professional experience among both the medical and surgical
specialists.

Table 5 Hepatitis History and Professional Experience
Hepatitis

Months in Medical Specialties Surgical Specialties
Specialty No. responses No.(%)Hepat. No. responses No. (%)Hepat.

0 2390 84 (3.5) 2799 87 (2.1)
1-17 716 38 (5.3) 464 21 (4.5)
18-35 260 . 13 (5.0) 149 13 (8.7)
36-53 465 18 (3.9) 236 16 (6.8)
54 156 7 (4.5) 314 27 (8.6)

Table 6 Seropositivity and Professional Experience

Seropositivity
Medical Specialties Surgical Specialties
Months in No. No. (%) No. (%) No. No. (%) No. (%)

Specialty Tested HBgAg+ anti-HBg+ Tested HBgAg+ anti-HBg+

0 2330 9(0.4) 79(3.4) 2789 8(0.3) 87(3.1)
Continued
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% Table 6 Scropositivity and Professional bixperience

z Seropositivity

:E Medical Specialties Surgical Specialties

,§ Months in No. No. (%) No. (%) No. No. (%) No. (%)

3 Specialty Tested HBgAg+ anti-HBg+ Tested HBgAg+ anti~HBg+

,? 1-17 778 4(0.5) 42(5.4) 457 2(0.4) 20(4.4)

?f 18~35 262 2(0.8) 21(8.0) 148 3(2,0) 12(8.1)

:% 36-53 456 3(0.7) 26(5.7) 240 2(0.8) 33(13.8)
54 156 0 16(10.3) 310 6(1.9) 43(13.9)

Serologic evidence of Hepatitis B infection in physicians
was examined for those specialties represented by more than
25 officers (Table 7). Personnel in these specialties were
comparable with respect to age with the exception of those
placed in "general medicine" who were younger and lacked
specialty training. General surgery appears to confer the
highest risk, psychiatry the lowest. In addition to those
in general surgery, practitioners of obstetrics/gynecology,
otolaryngology, orthopedic surgery, radiology, and pathology
have a risk of infection in excess of "all physicians."

Table 7 Seropositivity in Selected Professional Specialties

% No. No. (%) No. (%)
b Specialty Tested HB Ag+ anti-HBg+
2 el .
4 General Medicine 221 0 10(4.5)
Obstetrics/Gynecology 101 0 13(12.9)
Anesthesiology 36 0 3(8.3)
Pediatrics 83 0 5(6.0)
Otolaryngology 48 1(2.1) 4(8.3)
Psychiatry 63 0 2(3.2)

Continued
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Table 7 Seropositivity in Selected Professional Specialties

No, No. (%) No. (%)

Specialty Tested HBgAg+ anti-HBg+
Internal Medicine 418 2(0.5) 30(7.2)
General Surgery 196 3(1.5) 33(16.8)
Orthopedic Surger+ 75 1(1.3) 7(9.3)
Radiology 65 0 7(10.8)
Pathology 49 2(2.1) 4(8.2}
All Physicians 1534 12(0.8) 130(8.5)

Of 1,160 general duty nurses, 4 (0.3%) were HB_Ag positive
and 20 (2.4%) were anti-HB_ positive; of 124 medical surgical
nurses of similar ages, ?0 8%) was HBgAg positive and 7
(5.6%) were anti-HBg p051t1ve. The number of dental
specialists was not sufficient for comparison; the largest
specialty group (oral surgery) contained only 18 personnel.
Of these none were HBgAg positive and one (5.6%) was anti-HBg
positive.

B, Followup Incidence Study of the 1972 Academy of
Health Sciences Cohort

A cohort of 2730 Army Medical Department officers,
including nurses (ANC), physical therapists and dietitians
(AMSC), dentists (DC), physicians (MC), administrators and
allied scientists (MSC), and veterinarians (VC), inprocessed.
at the Academy of Health Sciences from July through October
1972 and was studied for the presence of HBgAg and anti-HBg.
Antigen and antibody prevalences were 0.4% and 4.4% respective-
ly in this overall population, with rates varying greatly by
Corps. Most of these personnel were eligible for release
from active duty between July and October 1974. The members
of this cohort were located and those remaining on active
duty were sent a mailing which requested the completion of a
questionnaire and submission of a serum specimen for HBgAg
and anti-HBg testing. The questionnaire data have not been
analyzed. Serologic testing is in progress and preliminary
results on acquisition of Hepatitis B serop051t1v1ty (HBgAg
or anti-HBg) are reported here.
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A listing of the name, social security account number,
and class number of each officer enrolled in the cohort was
obtained from existing project records. The duty stations
of these personnel were determined with the cooperation of
OTSG locator. Two months before the second anniversary of
entrunce onto active duty, a mailing was made to each
officer listed as still on active duty. Included in this
mailing were a letter to acquaint the officer with the
purpose of the study and request participation; a question-
naire to assecs assignment(s), job description, and selected
personal health experiences; an instruction sheet to assist
local laboratory personnel to properly process the serum
specimen; and serum collection and storage tubes with mail-
ing materials. The mailing was made in three parts, for those
scheduled to leave active duty in July, in August, or in
September-October 1974.

Questionnaire responses were coded for computer analysis.
Sera were test.d for HBgAg by radioimmunoassay (RIA) and
for anti-HBg b’ passive hemagglutination (PHA). The charac-
teristics of respondents will be compared with those of non-
respondents. The rates of HBSAg and anti-HBg positivity
were calculated and compared with thcse obtained two years
previously. The demographic and occupational characteristics
of cfficers who have acquired antigen or antibody will be
studied with the intent of identifying high risk groups.

The proportion of officers who responded and submitted
a usable serum specimen is given, by Corps, in Table 1. By
the time of study, The Surgeon General's Office locator had
"no record" of 555 personnel (21% of the cohort); these had
previously been released from active duty. Six hundred seventy-
nine of the remaining officers (32.7%) submitted a completed
gquestionnaire and serum specimen.

Table 1. Followup Response Rates by Corps

Total No Total No (%)
Corps Eligible Recoxd Mailings Responders

ANC 569 120 449 203 (45.2)
AMSC 48 12 36 16 (44.4)

DC 85 (24.1)
Continued




Table 1. Followup Response Rates by Corps

Total No Total No (%)
Corps Eligible Record Mailings Responders
MC €46 63 783 228 (29.1)
MSC 646 246 400 121 (30.3)
vc 61 6 55 26 (47.3)
Total 2630 555 2075 679 (32.7)

The response rate was highest for the nurses and lowest for
dentists. Response rates decreased as the study progressed,
probably because of an early release policy, put in effect
after the first mailing. This was especially true for
physicians and dentists, more than 80" of whom were given
early outs reportedly to permit the Army to meet Congres-
sionally set manpower levels. If physician and dentist
participation had continued at the levels seen in the first
part of the mailing (41% and 30.8%, respectively) 88 addi-
tional physicians and 22 additional dentists would have
participated.

One of 679 sera submitted (0.1%) was positive for HBgAg.
The HBGAg positive officer was a physician-pathologist (Major,
MC) who performed primarily veterinary pathology examinations.
None of the 9 personnel who were HB,Ag positive in 1972
responded to the mailing. Nine personnel were confirmed
anti-HBg positive (1.7%) ; nineteen others remain to be
confirmed and are not considered further here. O0Of the
former, two (0.4%) represent new acquisitions. These occurred
in a physician~-general medical officer (Major, MC) with duty
station in Europe and an obstetrical/surgical nurse (1LT, ANC)
with assignments in Texas, Southeast Asia, and California.
Taking HB,Ag and anti-HBg data together, three of the 678
personnel (0.4%) acquired Hepatltls B infection during their
two-year assignment. The conversion rate for physicians was
0.9% (2/228), for nurses 0.5% (1/203) and for the other
Officer Corps zero.

Additional officers who were anti~HBg positive in 1972
lost their seropositivity. The number of such officers has not
yet been tabulated.
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f 2. Epidemiologic Investigations of Hepatitis Outbreaks
A A. Hepatitis B Outbreak at USAH, Camp Zama, Japan

Cases of acute viral hepatitis among enlisted personnel
1 of the Medical Company, United States Army Hospital Camp Zama
- (USAHCZ), Japan, began to occur during mid-March 1974, By
: early May, sixteen of the eighty enlisted personnel (20%)
living in Medical Company quarters had experienced illnesses

f; compatible with a diagnosis of hepatitis. Interviews were
9 conducted with these personnel to elicit possible common
= experiences and sources of infection. Although no plausible

explanation for an outbreak of Hepatitis A (infectious hepa-
titis) emerged, gamma globulin was administered to all

1 enlisted personnel resident in Medical Company barracks on
fj 19 or 26 April. A hospital-wide screening program to detect
9 biochemical abnormalities in liver function was carried out
on May 2nd and again on 14 May; all personnel with abnormali-
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