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matic. All were found to have virus in the
throat and rectal swabs as well as in the blood.
None went on to develop signs or symptoms of
the major illness, either paralytic or non-
paralytic.
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The paucity of available data on the values
for liver function tests and blood counts in
monkeys has suggested that publication of
such information might be useful to other
laboratories interested in investigating chemi-
cal or infectious agents suspected or capable
of producing hepatic damage in monkeys.

The observations recorded in the present
report were obtained during the course of un-
successful attempts to transmit viral hepatitis
and infectious mononucleosis to monkeys. It
had been our hope that administration of
adrenocorticotropic hormone (ACTH), corti-
sone, or urethane might induce susceptibility
to these diseases in a laboratory animal other-
wise resistant. Under the conditions of these
experiments, this did not occur.

Materials and methods. Twenty normal
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Epidemiological Board, Office of the Surgeon General,
U S. Army.
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and Microbiology,
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monkeys (16 rhesus and 4 cynomologous)
were bled from the femoral vein prior to in-
oculation and the following tests of liver func-
tion carried out by standard methods; total
and one minute serum bilirubin, thymol tur-
bidity, cephalin cholesterol flocculation, and
alkaline phosphatase. Later in the study
bromsulfalein dye retention (5 mg/kg) was
determined 45 minutes after inoculation.
Leucocyte counts were done in duplicate and
differential counts were done by enumeration
of 200 cells on Giemsa stained glass slides.
Fourteen of these twenty monkeys were then
inoculated with materials obtained from the
patients in the active stage of characteristic
viral hepatitis. Except for one sample of
pooled plasma which had produced serum
hepatitis in 10 or 20 human recipients(1),}
it was not known whether SH or IH virus was
represented. In addition to the hepatitis ma-
terials, 8 of these monkeys received injections
of cortisone, 3 received ACTH, and 1 was fed

{ Appreciation is expressed to Dr. A. W. Wright,
Albany, N. Y., for this material.
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TABLE I. Results of Liver Function Tests and Blood Counts in 20 Normal Monkeys.

No. of

Result:

Name of test tests Unit Mean Range S.D. +28.D.
Total serum bilirubin 25 mg % 10 .08- .18 .033 - 04- 17
1’ serum bilirubin 235 mg % 06 03— .12 .007 04— .07
Thymol turbidity 25 unit .93 25- 2.00 .40 A4 172
Cephalin flocculation 25 48 hr 0 0 0
Alkaline phosphatase 14 unit 17.46 8.2 251 4.49 8.5 -26.5
Leucocyte count 24 X 1000* 13.4 7.7 =207 3.36 6.7 —20.1
Lymphoecytes 24 % 63.0 31 -85 12.20 38.0 -87.0
Neutrophiles 24 % 35.2 14.0 -67.0 12.50 10.0 -60.0
Eosinophiles 24 %% 1.7 0 -7.0 1.88 0 - 546

* No. of cells/mm?,
S.D. = Stand. dev.

urethane in milk. Six other monkeys received
materials by various routes obtained from pa-
tients early in the course of infectious mono-
nucleosis in conjunction with injections of
ACTH. Following inoculation with these vari-
ous materials, the monkeys were bled weekly
or oftener. for liver function studies and blood
counts over a period of 75 to 116 days in the
hepatitis experiments and for approximately
50 days in the infectious mononucleosis experi-
ments.

Results, Normal values. A statistical an-
alysis$ of the values for liver function tests,
leucocyte counts and differential blood counts
in 20 normal monkeys prior to inoculation is
shown in Table I. The highest total and one
minute serum bilirubin values observed were
0.18 and 0.12 mg % respectively. The thymol
turbidity value never exceeded 2.0 units and
the cephalin cholesterol flocculation test was
consistently negative. In contrast to these
results, which are in a much lower range than
is considered normal for man, the alkaline
phosphatase was comparatively very high with
an average value of 17.42 units. Later in the
study the bromsulfalein dye excretion test was
carried out 35 times in 14 monkeys. The aver-
age BSP retention at 45 minutes was 1.58 mg
% with a range from O to 2.5 mg %. During
the course of the experiments described in the
next section, 185 additional determinations of
serum bilirubin, cephalin-cholesterol floccula-
tion and thymol turbidity were made. Except
for 3 slight increases in serum bilirubin and
in thymol turbidity all results fell within the

§ Appreciation is expressed to Major W. A. Haen-
diges, 98th General Hospital, for the statistical an-
alysis.

-+ 2 S.D. includes 95% of the observations.

normal limits shown in Table I. Leucocyte
counts in normal monkeys varied from 7700
to 20000 per cubic mm with a mean of 13400
per cubic mm and the differential counts
showed similar variation with a range in lym-
phocyte percentages from 31 to 85. Consider-
able variation was encountered in blood counts
of individual monkeys from day to day.

Experiments with viral hepatitis and infec-
tious mononucleosis. The design and results
of experiments attempting the transmission of
viral hepatitis to monkeys are summarized in
Table II. In most instances cortisone, ACTH,
or urethane was administered in conjunction
with materials from patients with viral hepa-
titis in the hope of altering host-virus relation-
ships. The results of these studies were essen-
tially negative; during a period of 75 to 141
days no monkey became clinically ill, showed
significant fever, or had more than slight and
transient changes in liver function tests.ll
Thus, as shown in Table II, monkeys RH 3
and RH 28 both had increases in total serum
bilirubin (TSB) to 0.22 mg %, one on the
10th day after inoculation of pooled hepatitis
sera, and the other 72 days after the initiation
of a 5-day period of inoculation with liver
suspension from a fatal case of hepatitis. Both
of these monkeys also received cortisone. Mon-
key 886 had rises in TSB to 0.28 and 0.32
mg % on the 25th and 53rd day respectively
after the initiation of a series of repeated in-
jections of liver suspension from 2 fatal cases
of hepatitis. None of these 3 monkeys with
slight increases in TSB had alterations in other
liver function tests. Three other monkeys had

|| Monkey 889 died on 205th day after inoculation
of uncertain cause.




439

Heparic, HEMaTOLOGIC TESTS IN MONKEYS

"HI 40 BN Poiuareadad R{RUQIBW 1oy} 8y Ii{joym
uAOuY Jow 81 3 SrpIBdey wnidg T [y ¢ £ayuour snsoyy = (Y ‘snodopowmouly = g1) {peaunjuedriiul = 4] ‘snodurinaqny = g {snousanajul = AJ
MO 9 10§ A[[ROWULD PIALISQO 3IM SLONUOP “AUOD AIoM 8}81} UOIMING IIA( Youim Surinp powaJ 4
‘uotge[moour yo Awp oy st Avp o ‘£peagoadser spruasjrw sigigedar Jo uoryr[uoonl I9jye puv d103eq sKep o} Jeyar snid puw snup ,

KLpaoadsar e1as oseqd 9jmoe
Lup pagg pue yigg uo AT pojood £q sfep or
988 HY Ut % 3w §g'0 UL POMO[[0F BOFHD 188
PUB 8270 03 GS\L UT 81y I 0 sSep g aop Amp JT [vIRF G JO "dsTS 10ArT 988
« 8 4 0050t (18a0) ooy 264 o ge- eurigled) Os pus AT TI98 "H'S Parold ¥88 HY
9ouo pajvadax
yjoq ‘eorn{ reuop $00 XD
Ny duIsLY) -onp L[1ed o 00 L
asyudoN 1t 0¥8 0¥ 61+ v13— HLOV [edajudI e "e108 Lj1ea yo joog St
£ep pug, wo % 3w 33’0 80889 63
03 8ZHY UT gL Wl 981y 6€T 00¥ 8% ¥1+ 035 “« s{ep g 107 Lrep 41 Tey8¥ yo *dsms teAry 83
I9Y8] M ¢ BIOS
1U2080]BATO? TWIYY)
“ JA18 08 €3 0 vI1— “ [eigwerEd “dsus £sdorq 20ary 93
1e10 uorsuadsns (0038
“ 201 a4 3 [+ o1 “ [ei0udIE g ‘dsus Asdorq zeary 13
1810 uwotsuadsns (003§
“ €01 ¢l L3 [ +o)1— “ [edjudle g eomf [suepong 688
aayedoN 521 00¥% ¢g $1+ 03 3— w bs pus AT BIOE 'I'S POAOIT (g
Lep 43071 w0 9% 3w 330 2 HY
0} gHY U g8, Ul osty gl oce 0¢ ¢ 4 033— ouostprop  yerjuaxed opdiyny v1a8 Ll18e pejood 100 X0
Jnsey } (8£ep) (8w) asop  (Bwx) asop LO[npayos adAy, POy PUT oMoy odLy, ‘ON
SUOI}BAIISO 1e30], Arreq jolilig § ‘————————wnnoout syy13edofy—---—-r-—* £ayuoy
3o y38uory \—————————mnmaout WBQ——MmMmM8Mm

‘gLoquoly ur synedoq [BATA donpoag o0} s3dwayyy Fo Lrewrwng IT AIAVL



440

slight and isolated increases in thymol tur-
bidity above 2.0 units, the highest being 3.25
units.

None of the 6 monkeys inoculated with ma-
terials from patients with infectious mononu-
cleosis in conjunction with ACTH adminis-
tration developed clinical, hematological, or
serological evidence of this disease and in none
were alterations in liver function tests seen
that exceeded the normal limits shown in
Table 1.

Discussion. This paper has reported unsuc-
cessful attempts to transmit viral hepatitis to
monkeys. Inocula consisted of sera, liver
biopsy material or stool samples obtained from
patients early in the course of viral hepatitis
or of liver suspensions from fatal cases of this
disease. These materials were given either
alone or in conjunction with the administra-
tion of ACTH, cortisone, or urethane. Liver
function tests performed weekly over a period
of 75 to 141 days remained within normal
limits. Tt is conceivable but unlikely that the
incubation period might be longer than this
in monkeys. Similar unsuccessful attempts
were made to transmit infectious mononucleo-
sis to monkeys receiving simultaneous injec-
tions of ACTH. The ability of adrenal hor-
mones to increase the severity of certain in-
fections in susceptible hosts is now well estab-
lished as emphasized in a recent review(3),
but in accord with the results of this paper
it has been difficult to induce susceptibility
to an infection with these hormones in a
species naturally resistant.

In conjunction with these experiments an
analysis was made of the results of liver func-
tion tests carried out in 20 normal monkeys
prior to inoculation. With the exception of
the alkaline phosphatase. all the results fell
within a narrow range and the standard devia-
tion was small. The reliability of these re-
sults as standards for normal is further sup-
ported by the fact that 182 of 185 additional
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tests of liver function carried out in the course
of the experiments described were also within
this normal range. It should be emphasized
that the mean value, as well as the range of
values, for each of these liver tests in monkeys
represents very low figures as compared to
values for these tests in normal humans. For
this reason, human standards must not be
used to interpret liver function tests in mon-
keys. This is particularly true of the total
serum bilirubin in which the upper limit of
normal in the monkey is only ¥4 of that of
normal man. Thus an abnormal serum bili-
rubin, elevated as much as 4 times above
normal in a monkey might be overlooked if
interpretation were based on human standards.

An exception to these low values was found
to be the alkaline phosphatase. Results for
this test in normal monkeys were consistently
higher than seen in normal man. This may
depend on a more actively metabolizing osse-
ous system rather than on liver function per se.

Leucocyte counts and differential blood
counts in normal monkeys were found to have
great variation not only within the species but
in individual monkeys. Similar findings have
been reported by other investigators as sum-
marized by Wintrobe(2). '

Summary. 1. The inoculation of materials
from patients with viral hepatitis or infectious
mononucleosis into monkeys either alone or in
conjunction with adrenocorticotropic hormone,
cortisone, or urethane failed to result in evi-
dence of successful transmission of these
diseases. 2. Normal values for liver function
tests, leucocyte counts, and differential blood
counts in monkeys are recorded.
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