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I t  has been shown in the preceding paper (1) that an agent has been trans- 
mitted from cases of infectious viral hepatitis to chick embryo tissue culture 
and to the embryonated hen's egg. I t  has been passed in series and proved 
capable of inducing hepatitis in volunteers. I ts  identity with the infectious 
hepatitis virus has not as yet  been established beyond question, although the 
available information strongly suggests this. The inference is based largely on 
the similarity in the clinical pictures and the results of laboratory tests for 
hepatic dysfunction in volunteers challenged with natural virus and cultivated 
virus, and on their response, after convalescence, to skin test antigen consisting 
of infected amniotic fluid inactivated by ultraviolet irradiation (2). 

Because of the fact that  the clinical and laboratory data offer the main clues 
at  present as to the identity of the agent propagated in tissue culture and in 
chick embryos, the present report describes in detail the illness induced by the 
"cultivated infectious hepatitis virus" and compares it with that  resulting 
from.exposure to "natural infectious hepatitis virus." 

Methods and Materials 

Virus.--The technic for the cultivation of infectious hepatitis virus has been discussed in 
the preceding paper. The materials used for infection of volunteers with "cultivated infectious 
hepatitis virus" were the 6th, 8th, and 10th tissue culture passages of the Akiba strain and the 
3rd amniotic passage after 10 tissue culture transfers, designated as Akiba TC 6, 8, and 10, 
and Akiba Am 3, respectively, and the 10th passage tissue culture of the NL strain, NL TC 
10. As source of "natural infectious hepatitis virus" pooled sera were used or filtrates of stools 
obtained in the early acute stage of infectious hepatitis during the outbreaks at Akiba and NL. 

* This investigation was conducted in part under a contract from the Office of the Sur- 
geon General, United States Army, and under the sponsorship of the Commission on Liver 
Disease, Armed Forces Epidemiological Board. 
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284 INFECTIOUS HEPATITIS. II 

Volunteers.--Thc earlier tests with Akiba TC 6 were conducted in male volunteers at in- 
stitution 1. All subsequent tests with cultivated and natural infectious hepatitis viruses were 

carried out in female volunteers of corrective institution 2. 
The volunteers in institutions 1 and 2 were carefully screened before being selected for the 

project. For instance, of a total of 194 volunteers at institution 2, only 65 were judged suitable. 
At institution 1, 18 were admitted to the study. All volunteers had a complete physical ex- 
amination, roentgenogram of the chest, hemogram, urine analysis, and serological tests for 
syphilis. Those who passed this initial screening were then studied for signs of liver dysfunction 
by appropriate tests of their serum and urine, in order to ascertain their fitness for the pro- 
ject. These preliminary tests included determinations of bromsulfalein excretion (Bsf.~ (3), 
cephalin-cholesterol flocculation (C.C.F.) (4), thymol turbidity (T.T.) (5), thymol floccula- 
tion (T.F.) (6), colloidal red (C.R.) (7), and prompt and total serum bilirubin (8, 9). The 

TABLE I 

In~rpre~ogion of Laboratory T~ts 

Tests 

Serum tests 

Serum bilirubin .................... 

Total 

Direct--I rain. 

Cephalin - cholesterol flocculation 

(C.C.F.) ........................ 

Thymol flocculation (T.F.) .......... 

Collodial red (C.R.) ................ 

Thymol turbidity (T.T.) ............ 

Bromsuffalein (Bsf.) ................ 

Urine tests 
Bilirubin, Harrison spot test . . . . . . . . .  
Urobilinogen, Watson . . . . . . . . . . . . . . .  

Wallace and Diamond . . . . . . . . . . . .  

Rdereac~ 

(8, 9) 

(4) 
(6) 
(7) 
(s) 
(3) 

(10) 
(11) 
(12) 

Significant readings 

1.2 rag. per I00 ml. 
~0.21 rag. per 100 ml. 

~> -{- in 24 hrs., ~> -{--[- in 48 hrs. 
-{--b in 18 hrs. 

~> - b +  in 24 hrs. 
3 units 

~> 6 per cent in 30 rain; 4--6 per cent in 
45 min. 

-~- or stronger 
) 1.9 Ehrlich units 
1:30 or greater dilution 

urine was examined for bilirubin by the Harrison spot method (10) and for urobilinogen by 
the methods of Watson (11) and Wallace and Diamond (12). No volunteer was acceptable 
who showed a positive urine bilirubin or urobilinogen, or who revealed a prompt serum bili- 
rubin of over 0.21 rag. per 100 ml. Furthermore, a C.C.F. of 1-{- at 24, or of 2-{- at 48 hours, 
a T.T. of 3 units in 18 hours, a T.F. of 2+ ,  a C.R. of 2-{-, or a Bsf. of 4 per 

cent or greater after 30 minutes was considered sufficient evidence of possible existing liver 
dysfunction to exclude the volunteer. 

In the earlier experiments at institution 1, the virus (Akiba TC 6) was given orally (4 to 6 
ml.) and subcutaneously (1 ml.). In the later experiments at institution 2 the infectious ma- 
teriais were given only by mouth (4 ml.). In both institutions the volunteers were isolated, 
after exposure, from the rest of the inmates, each volunteer having his or her designated unit 
and space. A shower, toilet, and wash basin were provided for each group of three. They had 
separate dining facilities; their diet, prepared by a separate cook, was high in calories, rich 
in proteins and vitamins with a dally multivitamin supplement. Every effort was made to 
maintain their morale and protect the remainder of the inmates from infection. That this 
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DP.Ar~E xz AL. 285 

was accomplished is shown by the fact that no cases of hepatitis occurred in either of the in- 
stitutions outside of the experimental units. Ample space was provided about the quarters 
for walking and sunning. The volunteers who were well and were deemed non-infectious were 
permitted to attend the institutional movies, but were seated in a segregated area. They were 
permitted to receive outside visitors during convalescence when the quarantine had been 
lifted. 

A trained nurse or attendant was housed in the units and was available at aLl times. Ade- 
quate facLlities were prearranged for intravenous fluids if they should be needed. Each vol- 
unteer was seen at least twice weekly by a physician, and daily when ill with hepatitis. All 
medical complaints of the volunteers were carefully checked and a complete physical examina- 
tion was given once a week, or more often when indicated. The urines were examined dally 
or every other day during acute hepatitis. Liver function tests were run twice weddy during 
the acute phase, and once weekly otherwise. The tests employed, the references for the methods 
used, and the readings considered significant in this study are listed in Table I. Bromsulfaiein 
retention tests were performed at infrequent intervals because of the reluctance of the volun- 
teers to submit to the frequent venipunctures and of our concern regarding the possibility 
that one of them might be sensitive to the dye. These two factors were considered real hazards 
in the enlisting of future volunteers. In those tests which were done a retention of greater 
than 6 per cent in 30 minutes was considered significant. Hemograms were done on occasion 
when deemed necessary by the attending physician. In addition, heterophile antibody tests 
were conducted on each volunteer about midway in the convalescent period. 

EXPERIMENTAL 

Results of Exposure to Infectious Hepatitis Virus.--Tbe results of exposure 
of volunteers to natura l  and cult ivated infectious hepatit is  virus are shown in 
Table  LI. I t  is apparen t  tha t  of for ty- two individuals receiving nalural virus, 
seven failed to contract  hepati t is  and thirty-five developed dlnlcal or hbo ra -  
tory  signs of infection, or both. Of this group of thirty-five patients,  twelve 
showed clinical signs compatible with hepatit is  without  confirmation by  labo- 
ra tory  tests, twenty-three developed clinical signs of illness confirmed by  labo- 
ra tory  tests, bu t  only eleven became jaundiced. All those individuais who were 
still available a t  the t ime the skin test  antigen became available (2) gave posi- 
tive reactions with this material  regardless of whether  they had shown clinical 
signs and positive laboratory tests or illness without  laboratory confirmation. 

The  results obtained with cu/t/vaZed infectious hepatit is  virus showed tha t  
of the thirty-six volunteers, nine remained wen, four developed clinical signs of 
hepati t is  without  confirmation b y  laboratory tests, sixteen showed clinical and 
laboratory evidence of infection, and seven revealed abnormal  liver function 
tests in the absence of demonstrable clinical signs or subjective complaints.  
There were no striking differences in response in the male and female volunteers 
of the two institutions. Again, all the volunteers available for skin tests who 
had previously shown signs of hepatit is  with or without  laboratory confirma- 
tion, gave positive reactions. Among those who failed to respond to exposure 
with illness only one gave a negative test ,  and this volunteer  became jaundiced 
on subsequent challenge with natura l  infectious hepati t is  virus  6 months  la ter  
(1). 
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286 INFECTIOUS HEPATITIS. II 

I t  appears then, on comparing the results of exposure to natural  and to 
cultivated infectious hepatitis virus, tha t  the total incidence of hepatitis was 
similar in the two groups. However, in the volunteers exposed to cultivated 
virus, the disease was generally milder and no jaundice was observed. In  the 
group infected with natural  virus, the occurrence of clinical signs of hepatitis, 
unconfirmed by laboratory tests, was more frequent than in volunteers ex- 
posed to the cultivated virus. I n  the latter group, on the other hand, abnormal 
liver function tests without clinical evidence of disease were observed in some 
volunteers, whereas such cases did not  occur among the former. 

Representative Cases of Induced Hepatit is .--For purposes of closer comparison 
between the diseases induced by  natural and cultivated virus, representative 
case reports are summarized here. They  concern patients with hepatitis with- 

TABLE II 
Response of Volunteers to Natural and Cultivated Virus 

NO. 
of 

vol- Inocnlum 
un~ 

teers 

42 Natural IH 
virus 

36 Cultivated 
IH virus 

No helmtitls 

cent 

7 16.6 

9 25.0 

Clinical 
signs only 

.~'0. 

12 

Hepatitis 

ib¢r 
c e ~  

28.6 

ii.i 

Clinical and laboratory 
signs 

No With 
jaundice jaundice 

No. cenlper No. ¢Pe~nt No. 

12 28.6 11 26.2 0 

16 14.4 0 0 7 

Laboratory 
~slS~s only 

~er 
cent 

0 

19.5 

Total 

NO. Per 

35 83.4 

27 75.0 

out  jaundice, with both clinical and laboratory evidence of illness, and with 
clinical signs only. No  records are included of cases with abnormal laboratory 
tests in the absence of clinical evidence, since these occurred only in the ex- 
periments with tissue culture material of the 6th passage which had been stored 
for over 18 months  at  - 2 0 ° C .  prior to infection of the volunteers (1). 

(a) Patients with Clinical Signs and Symptoms of Hepatitis with Laboratory Confirmation 

1. Natural Virus.--Volunteer 41, age 21, female. 
June 3, 1949.4 ml. of NL strain of infectious hepatitis virus in serum pool 9, administered 

by the oral route. 
June 1, 7, 12, 14, 19, 22, and 26. T3 between 98.4 to 98.6°F., P. 80 to 82, P.E. negative, 

no complaints. July 2. T. 100°F., P. 78, severe frontal headache, liver 2 cm. and tenderp 

x In order to conserve space the following abbreviations are employed in the individual 
case records: T. -- temperature; P. = pulse rate; P.E. -- physical examination; R.U.Q. 
right upper quadrant; liver 2 cm. = liver palpable 2 cm. below costal margin. 
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DRAKE ET AS. 287 

anorexia, vomiting, R.U.Q. pain. July 6. T. 99°F., P. 80, felt better, still anorexia, nausea, and 
intermittent vomiting. Liver 2 cm. and tender. July 10. T. 98.6°F., P. 80, no anorexia or 
vomiting, felt better. Slight R.U.Q. pain, liver 1 cm. and mildly tender. July 13. T. 98.6°F., 
P. 80, liver 2 cm. and slightly tender. July 17. T. 98.6°F., P. 80, liver edge palpable, no tender- 
ness, felt wen. Lost 10 pounds. 

July 20 to Aug. 12. Felt well, regaining weight, appetite good, and liver not palpable. Dis- 
charged. 

The laboratory findings are presented in Fig. 1 and Table III. 
2. Cultivated Virus, NL Tissue Culture.--Volunteer 33, age 29, female. 
Oct. 14, 1949. 4 ml. of NL TC 10 administered by the oral route. 

SERUM 
BILIRUBIN 

rag./  100 ml. 

CEPHALIN- 
CHOLESTEROL 
FLOGCULATION 

THYMOL 
TURBIDITY 

TH.YMOL 
FLOCCULATION 

COLLOIDAL 
RED 

CLINICAL 
SIGNS 

°. 

2 
I 

4 
3 
2 
I 

0 

6 
5 
4 
3 ,2 
O.S 

"t 3 

! 

o 

DAYS AFTER INFECTION 
I0 20 30  40  50  60 70 

FIG. 1. Hepatitis v~thout jaundice following exposure to natural virus NL strain, acute 
stage serum pool 9 (volunteer 41). 

Oct. 20, 1949. T. 98.6°F., P. 84, menstruating, liver not palpable. Oct. 23, 1949. T. 99°F., 
P. 80, mild nausea, dysuria, R.U.Q. pain, liver 1 to 2 cm., tender. Oct. 24, 1949. T. 99°F., 
P. 80, nausea after breakfast. R.U.Q. pain and tenderness. Liver not palpable. Oct. 26, 1949. 
T. 99.6°F., P. 86, mild frontal headache, ocular soreness, epigastric pain. Vomited twice, 
liver 2 cm., tender. Nov. 1, 1949. T. 98.6°F., P. 82, appetite good, felt better, liver not tender 
and not palpable. Nov. 8, 1949. T. 99°F., P. 80, anorexia, liver edge palpable, tender. Nov. 
15, 1949. T. 98.6°F., P. 80, felt we1, liver 2 cm., tender. Nov. 22, 1949. T. 99.6°F., P. 78, epi- 
gastric pain and tenderness, feeling of epigsstric fullness. Liver 3 cm, and tender. Nov. 28, 
1949. Liver 4 cm., mildly tender, felt much better. Dec. 2, 1949. T. 98.6°F., P. 80, looked 
much better, Hver 2 cm., slight tenderness, lost 10 pounds. Dec. 9, 1949. Liver edge palpable, 
no tenderness. 

Dec. 21, 1949. T. 98.6°F., P. 78, felt well, liver not palpable, no tenderness. Regained 5 
pounds. Discharged. 

D
ow

nloaded from
 http://rup.silverchair.com

/jem
/article-pdf/92/3/283/1143265/283.pdf by guest on 23 M

ay 2023



2 8 8  I N F E C T I O U S  H E P A T I T I S .  I I  

T A B L E  

Laboratory Observalions in Reffe,.sen~atire Cas~ Infected ~i~h Nalural or Cultirated 
Infectious Hepatitis Virus 

Vol- 
unte~ Inoculum 

No. 

41 Natura l  v i res  

33 N L  
Tissue culture 

10th I~ssage 

23 Akiba 
Tissue ctdture 
10th passage 

28 Akiba 
3rd aamfiotic pas- 

sage 

Day  
of on- 
set of 
clin- 
ical 
~sns 

29 

9 

26 

iS 

study 

Laboratory studies 

Blood Urine 

[ T . T . . C / ;  

0.75 0 
0.7 0 
2 . 0  4 +  
3.S 4+ 

i 1o.o 4+ 
8.0 4 +  
5,51 3+ 
2.5 ] 2 +  

3.7 1 +  
3.1 0 

2.9 0 
4.6 0 

5.2 0 

4.0 4 +  

s.s 1+ 
4.2 0 

4.8 0 
4.8 0 
4.6 0 

2.8 0 

2.5 0 
0 

4.3 4 +  
3.0 4 +  

4.8 4 +  
2.8 1+ 

2.3 0 
2.5 0 
3.0 0 
3.1 0 
4.1 + -  
3.S 3+  
3.5 4 +  

3.6 2 +  

4.1 0 
3.1 0 
2.3 0 

T.F .  ] 

o 
o 
4+ 
4+ 
4+ 
4+ 
2+ 
1+ 

4+ 
0 

0 
1+ 

4+ 

4+ 

4+ 
3+ 

4+ 
3+ 
s+  

0 

0 
0 
4+ 
3+ 

4+ 
1+ 

0 
+ -  

0 
2+ 
3+ 
4+ 
3+ 

2+ 

3+ 
3+ 
2+ 

Tota 
C.R. serul 

bili- 
rubi 

mg. 
er G~ 

0 0,33 
0 0.45 
1+  0.50 
I +  0.9(] 
3 +  1.70 
4+ 0.5 
3 +  0.4S 
1 +  0.42 

2 + 1  o.5 
o ; o.5 

0 ~ 0.28 

1+ I 0.40 

4 +  1.4O 

3 +  0.50 

4 +  0.60 
1 + 1  0.20 

3 +  0.20 
2 +  0.60 
1+ 0.4O 

0 

0 0.32 
0 0.34 
2 +  0.50 
1 +  0.9O 

2 +  0.50 
+ -  0.40 

0 0.33 
+ -  0.25 

1 +  0.40 
I +  0.50 
1 +  0.50 
3+ 0.4O 
1 +  0.23 

+ -  O.lS 

2 +  0.6 
3 +  0.45 

+ -  o.5 

at  
ii( 

u 

m 

m 

m 

w 

m 

m 

m 

B 

B 

m 

m 

Bil imbi  
Harrlsol 

spot 

3+ 
2+ 
+-- 

Laven- 
der 

L4tven- 
der 
1+ 

Laven- 
der  

Laven- 
der 

Laven- 
der 

Laven- 
der 

Wat- Watson 
Son and 

2 hr. IDiamond 

- - - ]  

--  0.36 -- 
--  0.48 -- 
--  0.68 -- 
--  0.90 -- 

1.12 +1-50 

0.88 
0.44 

0.48 - -  

--  0.42 - -  

0.86 + Un- 
diL 

- -  0 . 1 6  - -  

u 

m 

0.40 

-- 0.22 - -  

-- 0.52 - -  

- + Un- 
dil. 

- 0.44 +1-2o 

- 0.38 --  
- -  0.40 -- 
--  0.44 -- 
--  0.42 - -  

- -  1.20 +1:50  

--  0.64 + Uu- 
dil. 

--  0.40 - -  
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DRAKE ET AL. 289 

The laboratory findings are shown in Fig. 2 and Table III. 
Akiba Tissue Culture.--Volunteer 23, age 22, female. 
June 3, 1949. 4.0 ml. Akiba TC 10, administered by the oral route. 
June 10, 13, 15, 22, 28, 1949. T. 98.4 to 98.8°F., P. 78 to 88, P.E. negative. No complaints. 

June 29, 1949. T. I00.6°F., P. 74, anorexia, nausea, frontal headache, ocular pain, severe 
lumbar pain, and R.U.Q. pain. Liver 3 cm. and tender. June 30, 1949. T. 99°F., P. 80, nausea, 
vomiting, anorexia, R.U.Q. pain, liver 2 cm., slightly tender. July 2, 1949. T. 99.8°F., P. 78, 
nausea, intermittent vomiting, anorexia, R.U.Q. pain, liver 3 cm. and tender, no jaundice. 
July 5 to 11, 1949. T. 98.6°F., P. 80. Anorexia, mild R.U.Q. pain. Liver 3 cm. and tender. 
July 13, 1949. T. 98.6°F., P. 80. Appetite good, lost 8 pounds. Liver 2 cm., not tender. July 

DAYS AFTER INFECTION 
TEST "7 ~ I0 20 30 40  50 60  70 

SERUM 4 
BILIRUBIN 2 3 

rag. / IOOmL I 

4 
CEPHALIN- 5 

CHOLESTEROL 2 
FLOCCULATION ~ 

THYMOL 4 

TURBIDITY 12 

0,5 

4 
THYMOL 3 

FLOCCULATION 2 

0 
4 

COLLOIDAL 3 
RED 2 I 

0 

= . 

J 

CLINICAL 
SIGNS 

FIO. 2. Hepatitis without jaundice following exposure to the 10th tissue culture passage 
of the NL strain (volunteer 33). 

17 to 23, 1949. T. 98.6°F., P. 80 to 84. Appetite good. Feeling well. Gained 1 pound. Liver 3 
cm., not tender. July 30, 1949. Regained 5 pounds. Appetite good. Felt we]/. Liver I cm., not 
tender. Aug. 2, 1949. Regained 6 pounds. No complaints. Liver edge palpable, not tender. 

Aug. 12, 1949. Regained 7 pounds. No complaints. Liver not palpable. All liver function 
tests were normal Discharged. 

The laboratory findings are shown in Fig. 3 and Table III. 
A kiba A mnioli~ Passage.--Volunteer 28, age 29, female. 
Oct. 14, 1949. 4.0 ml. of Akiba Am 3, administered by the oral route. 
Oct. 20, 23, 28, 1949. T. 98.6 to 99.8°F., P. 84 to 88, P.E. negative. No complaints. Nov. 1, 

1949. T. 100°F., P. 76. Chills, anorexia, nausea, R.U.Q. pain, headache, liver 2 cm. and tender. 
Nov. 3, 1949. T. 99°F., P. 78. Nausea, anorexia, intermittent vomiting, headache, liver 3 cm. 
and tender. Nov. 5 to 18, 1949. T. 98.6°F., P. 80. Feeling better. Appetite improving. Lost 11 
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SERU~I" 4 
3 

BILIRUBIN 2 
mg./IO0 ml. I 

4 
CEPHALIN- '3 

CHOLESTEROL 2 
FLOGCULATION I 

6 
5 

THYMOL 4 
TURBIDITY 3 

2 
I 
0.5 

4 
THYMOL 5 

FLOCCULATION 

COLLOIDAL 
RED ~) 

GLINIGAL 
SIGNS 

DAYS AFTER INFECTION 
I0 20  :50 40  50 60  70 

FIG. 3. Hepatitis without jaundice following exposure to the 10th tissue culture passage 
of the Akiba strain (volunteer 23). 

DAYS AFTER INFECTION 
TEST -7 I0 20 30 4 0  50 60 70 

SERUM 
BILIRUBIN 

rag. / IOOml. i 2 

CEPHALIN- 4 
CHOLESTEROL I 2 
FLOCCULATION 

0 

6 
5" 
4 

THYMOL 3 
TURBIDITY 2 

t 
0.5 

4 
THYMOL 3 

FLOCGU LATION 2 I 

0 
4 

COLLOIDAL 3 
2 

RED t 
0 

80 

m 

J l  

CLINICAL I III 
SIGNS 

FIG. 4. Hepatitis without jaundice following exposure to the 3rd amniotic passage of the 
Akiba strain (volunteer, 28). 
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DRAKE ET AL. 291 

pounds in weight. Liver 3 to 4 cm., and intermittently tender. Nov. 25, 1949. T. 99°F., P. 82. 
Feeling well, no complaints. No gain in weight. Liver 4 cm., and not tender. Dec. 2, 1949. 
T. 98.6 ° F., P. 88, Felt well. No complaint. Liver 3 cm., not tender. Dec. 8, 1949. T. 98.4°F., 
P. 84. Felt well. Regained 6 pounds. Liver edge palpable, not tender. 

Dec. 13, 18, 23, 27, 1949. No complaints. Liver not palpable. Discharged. 
The laboratory findings are shown in Fig. 4 and Table III. 

(b) Palients with Clinical Signs Unconfirmed by Laboratory Tests 

1. Natural Virus.--Volunteer 38, age 20, female. 
Mar. 21, 1949. 4.0 ml. NL strain of infectious hepatitis virus in serum, pool 7, administered 

by the oral route. 

TEST 

SERUM 4 
BILIRUBIN 23 

rag . / I00  ml. I 
0 

CEPHALIN- 4 3 
CHOLESTEROL 2 
FLOGCULATION 

6 
5 

THYMOL 4 
TURBIDITY 3 

2 
I 
0.5 

4 
THYMOL 3 

FLOCDULATION I 2 

0 

COLLOIDAL :3 
RED 2 

I 
o 

CLINICAL 
SIGNS 

DAYS AFTER INFECTION 
I0 20 30 40 50 60 70 

FIO. 5. Hepatitis without jaundice unconfirmed by laboratory tests following exposure to 
natural virus NL strain, acute stage pool 7 (volunteer 38). 

Mar. 28 to Apr. 2, 1949. T. 98.6°F., P. 84 to 86. No complaints. P.E. negative. Apr. 10, 
1949. T. 99.6°F., P. 76. Chills, anorexia, R.U.Q. pain. Liver tender but not palpable. Apr. 12, 
1949. T. 100.1°F., P. 74. Malaise, anorexia, epigastric pain, nausea, and chills. Liver 4 cm. 
and tender. No jaundice. Apr. 15, 1949. T. 99°F., P. 80. Anorexia and frontal headache. Liver 
2 cm. and tender. No jaundice. Apr. 17 to 19, 1949. Anorexia, headache, liver 3 cm. and 
tender. Apr. 22, 1949. Malaise, vomiting, epigastric pain. Liver 3 cm. and tender. Apr. 24, 
1949. Felt better. Liver 2 cm. and tender. Apr. 27, 1949. Felt bad in general. Anorexia. Liver 
1 cm. and tender. Apr. 29, 1949. T. 98.6°F., P. 82. Anorexia, R.U.Q. pain, losing weight. Liver 
3 cm. and tender. May 1, 1949. Anorexia. Slight abdominal pain. Liver 4 cm. and tender. 
May 3, 1949. Frontal headache. Otherwise felt better. Liver 3 cm. and mildly tender. Lost 12 
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292 LNFECTIOUS H E P A T I T I S .  I I  

pounds. May 10, 1949. T. 98.6°F., P. 82. Mild anorexia. Liver 3 cm. and tender. May 13, 
1949. T, 99°F., P, 84. Vomited once. Felt well otherwise. Liver 3 cm. and mildly tender. May 
18, 1949. T. 98.4°F., P. 80. Feeling well Liver 2 cm. and not tender. 

May 24, 1949. Fdt  well Liver not palpable. No complaints. Discharged. 
The laboratory data are shown in Fig. 5. 
2. Cultivated Virus, Akiba Amniotic Passage.--Volunteer 31, age 20, female. 
Oct. 14, 1949. 4.0 ml. Akiba Am 3, administered by the oral route. 
Oct. 20, 23, 24, Nov. 1, 8, 1949. T. 98.2 to 98.6°F., P. 86 to 80. No complaints. Felt well. 

P.E. negative. Nov. 15, 1949. T. 100°F., P. 70. Malaise, anorexia, frontal headache, nausea, 
R.U.Q, pain. Liver 2 era. and tender. No jaundice. Nov. 18, 1949. T. 98.2°F., P. 80. Men- 
struating. Nauseated. R.U.Q. pain, anorexia, frontal headache. Liver 2 cm. and tender. Nov. 

DAYS AFTER INFECTION 
TEST -7 I0 20 30 40  50 60  70 

SERUM 
BILIRUBIN 

rag./ I 00  ml. 

CEPHALIN- 
CHOLESTEROL 
FLOCCULATION 

THYMOL 
TURBIDITY 

0.5 

THYMOL 4 
FLOCCULATION 

I 
0 

COLLOIDAL 3 
RED 2 

I 
o 

CLINICAL 
SIGNS 

FIo. 6. Hepatitis without jaundice unconfirmed by laboratory tests following exposure to 
the 3rd amniotic passage of the Akiba strain (volunteer 31). 

21, 1949. T. 98.2°F., P. 80. Feeling better but still nauseated. Liver 2 cm. and tender. Nov. 23, 
1949. T. 99°F., P. 82. Felt well. Liver edge palpable and tender. Nov. 28, 1949. T. 98°F., P. 
80. No complaints, but attendant stated that she was not eating well and tired easily. Liver 
2 cm. and very tender. Dec. 2, 1949. T. 98°F., P. 82. No complaints. P.E. negative. Lost 10 
pounds. Dec. 9, 1949. Felt well. Liver area tender. Liver not palpable. Much guarding ove~ 
liver area. 

Dec. 21, 1949. T. 98.6°F., P. 80. Felt well. P.E. negative. Discharged. 
The laboratory data are shown in Fig. 6. 

Comparison of Hepatitis Induced by Natural and Cultivated Infectious Hepatitis 
Virus.--In the preceding section, there  have  been  presen ted  ind iv idua l  cases 
of hepa t i t i s  w i thou t  jaundice ,  induced  b y  n a t u r a l  or  cu l t iva t ed  vi rus ,  which  
were considered representa t ive .  I t  is a p p a r e n t  t h a t  the  two types  of v i ra l  p repa-  
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rations may produce illnesses indistinguishable from each other. This similarity 
is maintained if the two groups of patients are considered as a whole, except 
for the complete absence of jaundice in the volunteers exposed to cultivated 
virus. For reasons stated above mainly the patients of institution 2 will be 
considered in the further analysis. 

As shown in Table I, the incidence of hepatitis following infection with 
natural and cultivated infectious hepatitis virus was not strikingly different; 
i.e., 83 and 75 per cent, respectively, developed some signs of infection. The 
average incubation period for the natural virus disease was 24.4 days; for the 
cultivated virus, 23.4 days. 

The disease induced by both natural and cultivated virus can be divided 
into a primary and a secondary stage. The earlier stage, lasting 2 to 5 days, 

TABLE IV 

Average Duration of Incubation Periods, Primary and Secondary Phases of.Hepatitis, and 
Laboratory Changes Following Infection with Natural or Cultivated Infectious Hepatitis Virus 

Inoculum 

Natural virus 

Cultivated virus 

No. of 
volunteers 

35 

13 

Incuba- 
tion 

period 

days 
24.4 

23.4 

Primary 
stage 

days 
5 

3.2 

Duration of 

Interval 

days [ 
2.3 

1.9 

Secondary 
stage 

Non-  
Icteric icteric 
cases  cases  

days days 
29.8 21.0 

- -  22.4 

Total 
time of 
illness 

days 
28.3 

27.6 

Laboratory 
changes 

NOB- 
Icteric icteric 
cases  

cases  

days days 
25.6 24.3 

- -  24.8 

is characterized by chills, malaise, frontal headache, ocular pain, anorexia, 
nausea and vomiting, epigastric pain, lumbar pain, and often dysuria and oc- 
casional diarrhea. The temperature may be normal or elevated. This is followed 
by a short period of 1 to 3 days, during which the patient feels well and the 
appetite returns. After this interval the second stage begins, all the above symp- 
toms recur and the liver becomes enlarged and tender. Jaundice occurred in 
only one-third of the cases of hepatitis induced by natural infectious hepatitis 
virus and not at all in those infected with cultivated virus. The average dura- 
tion of the two stages and of the interval between them in the two groups of 
patients is given in Table IV. No significant differences may be discerned. The 
same conclusion holds for a comparison of the incidence of the various clinical 
signs and symptoms in the two groups, as shown in Table V. Furthermore, the 
average temperatures and pulse rates recorded during the acute illnesses failed 
to reveal marked differences between the two groups, as summarized in Table 
VI. Finally, the weight loss resulting from the infection was, if anything, more 
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294 INFECTIOUS HEPATITIS. II 

m a r k e d  in the  groups  exposed to the  cu l t i va t ed  v i rus  t h a n  in those  infec ted  

wi th  the  na tu ra l  agen t  (Table  VI I ) .  

I~ulum 

Natural ' 
virus 

1 ! 
;ultivated i 

virus I 

TABLE V 

Clinical Signs and Symptoms of the Primary and Secondary Phases in Cases Induced by 

! No. of 
volun- 
teers 

I 35  

Natural Virus or Cultivated I~ 

Anorexia Headache 

NO. p f f  NO1 per 
cent cent 

35 100 35 100 

13 100 13 100 

Nal tsea 

No. per 
cent 

35 I(E 

13 I(E 

fectious Hepatitis Virus 

13 

Ele rated 
teu ~era- 

ire 

No. per 
i cent 

20 57 

10 77 

Enlarge- 
ment of 

liver 

No. per 
cenl 

35 100 
I 

13:100 
I 

Vomiting 

No. per 
cent 

30 86.0 

10 77.0 

No. 

35 

12 

• 2 "  Lumbar 
pain 

per No. per 
cent cent 

10C 21 60 

93 8 69 

Dysuria 

No. per 
cent 

1C 28A 

3 23.¢ 

TABLE VI 

Incidence of Elevated Temperatures and Pulse Rates at the Height of Primary and Secondary 
Phases of Hepatitis Induced by Natural or Cultivated Infectious Hepatitis Virus 

Inoculum 

Natural virus 

Phase 

Primary 
Secondary 

No. of 
volunteers 

35 

Temperature (oral) I 

100"__ t~F. <100*F. > 9 0  

~er IN. ] per I ] 
so. :ent] "' 1 . a t  No. L ~g 

20 57115  43 8 ] 2 3  
18 51117  49 5 14 

7 54 6 46 2 1 1 7  
10 77 

Pulse 

7O--9O 

No. per 
cent 

19 54 
15 43 

6 

<70 

No. per cent 

8 23 
15 43 

Cultivated Primary 13 3 23 
virus Secondary 3 23 1 t 8 6 46 

I I 

TABLE VII 

Comparison of Average Weight Loss in Pounds as the Result of Infection Induced by Natural 
or Cultivated Infectious Hepatitis Virus 

No. of Average ad- Average ter- Average 
Inoculum volunteers mission weight mlnal weight weight loss 

Natural vires 
Akiba TC 8 
Akiba TC 10 
NL TC I0 
Akiba Am. 3 

35 
3 
2 
3 
5 

lb. 

127 
127 
138 
141 
133 

lb. 

120 
118 
124 
131 
120 

lb. 

7 
9 

14 
10 
13 

Of the  th i r ty - f ive  cases of hepa t i t i s  induced  by  na tu ra l  v i rus ,  twe lve  or  34.3 

per  cen t  fai led to show conf i rmato ry  l abo ra to ry  ev idence  of disease, whereas  

of t he  th i r t een  pa t i en t s  infected wi th  cu l t i va t ed  virus,  three  or  23 per  cen t  fell  
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into that category. Confirmation of hepatitis by laboratory tests was obtained 
in twenty-three of the thirty-five cases of the natural virus disease, or in 65.7 
per cent, and in the cultivated virus group, in ten of thirteen, or 77 per cent. 
In these cases, all the serum tests for hepatic dysfunction used were significantly 
positive at some time during the course of the studies, except for the determina- 
tions of serum bilirubin. In keeping with the absence of jaundice in all the 
cases induced by cultivated virus, total serum bilirubin was slightly elevated 
in only three patients (1.3 mg. to 1.4 mg. per cent). The cases of hepatitis 
without jaundice in the natural virus group fell in line with this observation, 
with values not exceeding 1.7 rag. per cent. 

The bromsulfalein retention was determined only at infrequent intervals 
as previously stated. However, enough evidence was obtained to demonstrate 
that in the cases infected with cultivated infectious hepatitis virus there was 
retention of 8 to 22 per cent in some of the volunteers. These values are com- 
parable to those found in patients having hepatitis without jaundice following 
response to natural virus, who showed retention of 8 to 30 per cent. 

The urinary changes indicating liver dysfunction likewise were similar in 
both groups of patients. In the cases caused by cultivated virus there was a 
tendency for the urinary changes to be somewhat less marked and more inter- 
mittent than in the patients infected with the natural agent. However, on ac- 
count of the geographic separation of the institutions from the laboratory, it 
is felt that the results do not represent true values because of the time elapsing 
between voiding the urine and the laboratory test. 

There were too few hemograms done to permit a comparison between the two 
groups of patients. However , the total and differential counts done in some of 
the patients during the acute stage revealed a slight leucopenia in both the cases 
infected with natural and with cultivated virus, and both showed slight in- 
creases of monocytes. 

None of the patients of either group revealed positive heterophile antibody 
tests during the course of the illness. 

DISCUSSION 

The data presented show that the virus propagated in tissue culture and in 
the embryonated hen's egg is capable of inducing in volunteers hepatitis with- 
out jaundice, and that the clinical picture obtained is indistinguishable from 
non-icteric hepatitis following infection with natural infectious hepatitis virus. 
Exposure to natural or cultivated infectious hepatitis virus resulted in a similar 
incidence of illness, with or without confirmatory laboratory tests. The incuba- 
tion periods, average duration of the diseases produced, and the division into 
primary and secondary stages were closely similar. The changes in laboratory 
tests were comparable if the frankly jaundiced cases in the natural virus group 
are excluded. Leucopenia occurred in both types of patients and none developed 
positive heterophile agglutination reactions. Both groups lost weight to about 
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296 INFECTIOUS HEPATITIS. II 

the same extent as a result of the infections. In addition, marked upsets in the 
menstrual cycles were recorded in the female volunteers infected with the two 
types of viral preparations. This latter finding will be elaborated upon in a sepa- 
rate communication (13). 

In the spontaneous disease it is undetermined how often hepatitis occurs 
without jaundice. That it happens more frequently than is usually suspected is 
suggested by the occurrence of characteristic symptoms and signs of hepatic 
dysfunction without jaundice in many patients during an epidemic when the 
diagnosis is suggested by the epidemiologic situation and corroborated by tests 
of hepatic function (14). In the present studies with natural virus only eleven 
out of thirty-five patients, or 31.4 per cent, became jaundiced. This would indi- 
cate that as many as 70 per cent of infections in an epidemic might be non- 
icteric. This is a figure which is certainly higher than that usually given. How- 
ever, it is realized that the number of volunteers in the studies reported above is 
too small to permit any definite conclusions on this point. 

In view of the absence of jaundice in patients infected with the cultivated 
virus it is interesting to speculate on the possibility that propagation of the in- 
fectious hepatitis virus in chick embryo tissues may have led to an attenuation 
of the agent. In order to verify this suggestion it would be necessary to attempt 
transfer of serum or feces obtained during the acute stage from patients in- 
fected with the tissue culture virus to new volunteers in order to ascertain 
whether a similarly mild illness would result, or whether a more severe hepatitis 
accompanied possibly by jaundice might be obtained. Such experiments have 
not been feasible as yet. 

The degree of attenuation, if this is the explanation, is insufficient as yet to 
permit any thoughts of immunization of susceptible individuals with the culti- 
vated virus. Furthermore, the question whether the cultivated agent produces 
immunity against the natural virus cannot be considered answered at present. 
Although preliminary evidence points toward this possibility (1), such immu- 
nity tests will have to be conducted on a larger scale. 

SUMMARY 

The successful cultivation of the virus of infectious hepatitis in chick embryo 
tissue culture and in the amniotic cavity of the embryoaated hen's egg is sup- 
ported by a comparison of the disease induced in volunteers by the cultivated 
virus with hepatitis without jaundice resulting from experimental infection with 
natural infectious hepatitis virus. Both types of viral preparations produced 
illnesses in comparable percentages of volunteers (83 and 75 per cent, respec- 
tively) after similar average periods of incubation (24.4 and 23.4 days, respec- 
tively) and of similar average duration (28.3 and 27.6 days, respectively). The 
disease could be divided in both groups of patients into a primary stage, followed 
after a short interval of relative well being by the secondary stage. The ill- 
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nesses in both instances were characterized by anorexia, nausea, vomiting, en- 
larged, tender livers and abnormal liver function tests, and frequently tem- 
perature elevations. They differed in that jaundice was observed in 31 per cent 
of the cases resulting from infection with natural virus but  not in any patients 
infected with the cultivated vires. 
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