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ELECTROPHORETICSTUDIES OF THE SERUMPROTEINS IN
VIRUS HEPATITIS

By WILLIAM E. RICKETTS AND KENNETHSTERLING'

(From the Frank Billings Medical Clinic, Department of Medicine, The University of Chicago,
Chicago, Ill.)

(Received for publication June 20, 1949)

The abnormal electrophoretic patterns of the
serum proteins in the acute stage of virus hepati-
tis were first described by Gray and Barron in
1943 (1) and have since been confirmed by sev-
eral investigators (2-5). In the last few years
there has been considerable interest (6-13) in
cases of hepatitis progressing to chronic liver dis-
ease, or developing post-necrotic cirrhosis. Ex-
cept for the study by Martin (4), however, little
information has been presented on the serum
proteins after the acute stage of the disease.

The present investigation was undertaken to
observe the alterations of the serum proteins dur-
ing the course of virus hepatitis, including its
later stages.

METHODS

Electrophoretic runs were performed with standard
apparatus and technique, the experimental details having
been given in an earlier report (14). The tests of hepatic
function were performed by the usual methods as pre-
viously described (14), alkaline phosphatase being re-
ported in Bodansky units. In our experience (15), the
thymol turbidity test with buffer pH 7.55 has not in-
frequently given values of 4 or 5 units in normal indi-
viduals.

CASE MATERIAL

Ten volunteer subjects with normal tests of hepatic
function served as controls, the data having been pre-
viously reported (14).

Twenty-one clinically typical cases of hepatitis were
studied. Histologic verification of parenchymal in-
volvement compatible with virus hepatitis was obtained
in 14 cases, the tissue having been secured by one or
more Vim Silverman needle biopsies or at laparotomy,
and in two cases (E. H. and K. H.) at autopsy. On the
basis of history the cases were considered to be infectious
hepatitis with exception of two (T. H. and K. H.) re-
garded as homologous serum hepatitis, having received
blood and plasma within 60 to 90 days prior to onset.

For the purposes of study, the material was divided into
the following three groups:

1 Present address: Department of Medicine, Harvard
Medical School, Boston, Mass.

Group I-Acute phase, ten patients.
Group II-Course of the disease, with serial electro-

phoretic studies on five patients over periods of 69
to 396 days.

Group III-Late follow-up studies, with single electro-
trophoretic analyses on sera from 11 patients, ten
to 36 months after the acute phase.

Serial needle biopsies and repeated tests of hepatic
function were performed during the course of observa-
tion, as described below.

In addition to bed rest during the acute stage, the
medical management included a high protein, high car-
bohydrate, high caloric diet containing 120 to 150 grams
of protein, 350 to 450 grams of carbohydrate, a total of
3,000 to 3,500 calories, supplemented in most instances
by 4 to 6 grams of choline chloride daily.

RESULTS

Group I-Acute phase
In all of the ten cases studied during the acute

phase histologic examination of liver tissue was
obtained, in two instances (E. H. and K. H.) at
autopsy. Two of the ten cases (T. H. and K. H.)
were regarded as homologous serum hepatitis,
and the rest as infectious hepatitis.

Typical electrophoretic patterns are illustrated
in Figure 1, and the data including tests of hepatic
function are given in Table I, the cases being
listed in order of increasing severity of the dis-
ease as judged by the overall clinical picture.

It will be readily observed that diminution of
the albumin fraction occurred in all instances even
when not evident by the Howe method. Eleva-
tion of the gamma-globulin fraction was usually
but not invariably present (seven of the ten
cases). G. A., J. E., and S. E. exhibited normal
gamma-globulins, while H. S. had elevation of the
relative proportion (i.e., per cent) but not the
absolute value (i.e., grams per cent) of gamma-
globulin. Elevated beta-globulins occurred in
seven of the ten cases.

The first five cases (C. G., T. J., G. A., J. E.,
and S. E.) had mild hepatitis with slight to
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moderately intense jaundice. C. G. showed ele-
vated alpha-2-, beta-, and gamma-globulins, with
almost normal thymol turbidity and negative
cephalin cholesterol flocculation test. T. J. ex-
hibited elevation of all the globulins, with both
thymol turbidity and cephalin cholesterol floccula-
tion tests within normal limits. G. A., J. E.
(Figure 3), and S. E. had normal gamma-

globulins, the first two with elevated beta-globulins
(and positive thymol turbidity and cephalin cho-
lesterol flocculation tests), and the latter with
elevated alpha-2-globulin and positive thymol
turbidity test.

The last five cases (H. S., T. H., A. E., E. H.,
and K. H.) had severe acute hepatitis. Four
of these were women after the menopause (H. S.,
A. E., E. H., and K. H.) and one (T. H.) was a
72 year old male with diffuse arteriosclerosis and
hypertension. Three cases recovered clinically
from the hepatitis and had no further symptoms

TTWM)RECPAT!MLS 0P SIMM

referable to liver disease (H. S., T. H., and
A. E.), and two died of parenchymal liver fail-
ure with intense jaundice, edema, ascites, and
hemorrhagic phenomena (E. H. and K. H.).
The electrophoretic albumin values in this group
were all below 3 grams per cent. H. S. (Figure
2) had only relative but not absolute increase of
the beta- and gamma-globulins, while the others
all showed pronounced relative and absolute
gamma-globulin elevations. A. E. (Figure 4)
and K. H. had elevated beta- as well as gamma-
globulins. A high alpha-l-globulin occurred in
T. H. The abnormalities of the serum proteins
in these five cases of severe virus hepatitis were
in general considerably more pronounced than in
the five with clinically milder disease.

Group II-Course of the disease
The five cases with follow-up studies showed

evolution of the electrophoretic patterns toward
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TABLE I

¢eotrophoretic data 'Ems sodium sulfate Tests of hepatoc function

ease per cent enrgrelt___r cent billru'bndirectTxLbTNl||G|alk
Aib i0C,0XI Alb (Xi(zP te A/ IA/G Alb 0ob Tot I 5tot oeph tbyimPh"

C.G. 50.2 4.6 32.9 16.5 15.8 3.54 0.32 0.91 1.16 1.fl 1.01 1.77 1.50 2.54 7.01 0.9 2.1 3.1 rg. 5.3 1.0
T.J. 35.3 10.2 19.1 19.2 15.9 2.57 0.74 |1.41| 1.1.o 1.16 0.55 2.45 5.17 2.11 7.28 0.9 1.5| 1.8 Ma.z 3.65
G.A. 51.3 5.3 8.3 0.0 15.1 3.23 0.314 0.52 1.26 0.-95 1.0C 2.00 4.20 2.10 6.30 1.3 2.1 2.9 3+ 7.48a2
j~z 1.43.5 5.41 9.7 .. 12.0 2.88 o.36 o.61 1.950.79 0.77.. 3.9072.686.62 .5 u.8 15.6 3+ 0 12.1
8.X. 46.3 7.1 20 .411.81b 3.03 o.6 1.31 0.75 0.97 o.86 1.37 3.79 2.76 6.55 3.0 v&7 7.0 2+ 10.5 11.0
B.S. 1&.0 7.1 1o.8 19.7 18.1 2.15 o.36 0.53 0o.97 0.89 0.79 1.33 2.80 2.10 5.9o 5.4 7.8 9.8 3+ 7.5 9.5
T. 1.6.o 12.3 7.7 7.3 27.1 2.55 o.69 o.11 0.11 1.50 o.85 1.19 3.02 2.51 5.56 11.6 7.6 20.8 1+ 20 17.5
A*.1 38.1. 5.3 9.8 21.7 241.9 2.80 0.39 0.711 .58 1.82 o.62 1.39 1..25 3.03 7.30 2.4 41.7 6.7 3+ >20 U.8
z.R. 43.5 1. 6.8 1..0 31.3 2.C8 0.21 0.32 0.67 1.19 0.77 0.96 2.33 2.1 177 ..05.8 10. 1.+1.0 23.0

[X. 1o.6 3.8 12.1 16.7 26.8 2.99 0.2810.89 1.23 1.97 o.68 o.1.6 2.31 5.05 7.36 11.2 15.0 20.8 h+ >20 12.9
AYmu 13.9 6.7 U.7 17.6 20.2 2.78 O.1. 0.7 1.11. 1.27 o.8o .1 3.63 2.71 6.37
Standard 1.7 2.7 1.. 5.7 6.3 0.13 o.i6 0.35 0.13 0.39 0.15 0.52 0.92 0.83 0.93
Deviation

(10 volunteer subjects vith narclw 1iv' twation tests)

AVXAM 160.3 1..0 9.7 12.8 1.3.2 1..23 0.281 o.68 0.89 0.93 1.521 -148 2.12 7.01

__l
28o 1 12 7O 0 0 024]030ofdw . . . . .7 .90o1.oo(2.3011r03

normal, but differed markedly in both the rate
and extent of reversion toward normal. The
changes are illustrated in Figures 2-4, and the data
including tests of hepatic function are listed in
Table II. The initial studies (Day 0) were per-
formed during the acute phase, usually one or
two weeks after the onset of the illness.

C. G., a 15 year old male, had mild acute hepatitis
with slight jaundice, negative cephalin cholesterol
flocculation and almost normal thymol turbidity
test. A needle biopsy disclosed histologic changes
compatible with virus hepatitis. The initial elec-
trophoretic analysis (Figure 2) revealed some-
what diminished albumin despite normal Howe
albumin value, and slightly elevated beta- and
gamma-globulins. The jaundice subsided in two
weeks; the patient became asymptomatic and
remained so. The tests of hepatic function re-
verted to normal and the electrophoretic pattern
on Day 156 was within normal limits. A follow-
up needle biopsy of the liver disclosed normal
parenchyma with normal lobular architecture and
minimal focal scarring.

J. E., a 35 year old female, had relatively mild

acute hepatitis, her general condition remaining
quite good despite intense jaundice and pruritus.
The total serum bilirubin reached a peak of 18.4
grams per cent; urobilinogen was absent from
the 24 hour urine and stool collections for ten
days. Microscopic findings on the needle biopsy
specimen were compatible with acute virus hepati-
tis. The initial electrophoretic analysis (Figure
3) revealed diminished albumin and markedly
elevated beta-globulin but normal gamma-globulin
in the presence of a positive cephalin cholesterol
flocculation test and a high thymol turbidity.
Over the course of one month the jaundice and
all symptoms subsided after which the patient
remained asymptomatic. By Day 20 the electro-
phoretic pattern had changed considerably in the
direction of normal and on Day 69, it was within
normal limits, as were the tests of hepatic func-
tion. Follow-up needle biopsy revealed marked
recovery of the parenchyma with no scarring
whatever.

H. S., a 72 year old female, had moderately
severe acute hepatitis with intense jaundice, the
serum bilirubin values attaining levels above 30

1479



WILLIAM E. RICKETTS AND KENNETHSTERLING

COURE OF VS HEPATITIS

A 4 %P IF at et^ A

-f

a I P A+LAedii14f.U

0%% A

. _omdf b

C.G. -I> 0

MDiiised Ain, eyleated
alpha-2-, beta-, and gma-

glblins.
Mild acute hepatitis vith
slight jandice.

H.8. - D 0

Marel AIMmished aIbmin
with only relative increase
of beta- and gma-globuins.
Moderately sever aute hp-
atitis with intloe Jaundioe.

T.H. -_Day_

elated alpha-i- and gia-

Ioerehoiolops serm bep-
atitls with intense JUdmice.

Li
AW...j f V Pc%OA

Ag-i Wine

A a. v V P a%O4'A

e- AsO
. -- ft-ea

LLl
A4K%% V I o A

bmmmuDosndb
I I

C.G. - Par 3f6
Pattern within normal limits.
AMptomatlc. Normal tests
of hepatic function.

.5.8. - DW128

Marked rise of albumin, but
still below nomal.
Aaqtomatie. Tests of hap-
atie fnctUm almost normal,

TI. - De 290

Albun stll dinisheds
gpina,-globuaifn anou. Mel-
ativ elation of tta-

Aquptomatic. Tests of hap-
ati fAction slirtly ab-
normal.

FIG. 2

mg. per cent and the tests of hepatic function re-

vealing marked impairment. Needle biopsy dis-
closed acute hepatitis with some distortion of the
lobular architecture. The initial electrophoretic
pattern (Figure 2) was quite abnormal with very

low albumin and elevation of the relative (i.e.,
per cent) but not absolute (i.e., grams per cent)
values of the beta- and gamma-globulins. Within
five weeks complete clinical recovery occurred
with reversion of the tests of hepatic function to
almost normal, and the patient remained asymp-

tomatic. Electrophoretic analysis on Day 128 re-

vealed considerable change in the direction of nor-

mal with albumin rise of over 1 gram per cent,
nevertheless not attaining the normal range.

T. H., a 72 year old male, had severe acute
hepatitis with intense jaundice, regarded as

homologous serum hepatitis since- he had received
blood and plasma 90 days previously at the time
of a local resection of the colon for carcinoma.

Tests of hepatic function revealed marked im-
pairment and histologic examination of the needle
biopsy specimen was compatible with virus hepa-
titis. The initial electrophoretic study (Figure
2) showed markedly diminished albumin and ele-
vated alpha-i- and gamma-globulins. Complete
clinical recovery occurred in approximately six
weeks, the tests of hepatic function remaining
slightly abnormal. Electrophoretic analysis on
Day 290 revealed some change toward normal
with decline of the elevated alpha-i- and gamma-
globulins, but the pattern was still definitely ab-
normal with diminution of albumin and relative
elevation of beta-globulin.

A. E., a 67 year old female with hypertensive
cardio-vascular disease but without history of
cardiac failure, developed unusually severe acute
hepatitis with intense jaundice, the total serum
bilirubin levels exceeding 30 mg. per cent. For
three weeks urobilinogen was absent from the 24
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hour collections of stools and urine. The other
tests of hepatic function disclosed marked impair-
ment. Needle biopsy of the liver four weeks after
the onset revealed marked inflammatory infiltra-
tion with areas of liver cell necrosis and post-
necrotic scarring. The initial electrophoretic
pattern (Figure 4) was quite abnormal with
diminished albumin and markedly elevated beta-
and gamma-globulins. After eight weeks of
jaundice there was gradual complete clinical re-

covery, the patient's cardio-vascular status re-
maining unchanged throughout. The tests of
hepatic function exhibited progressive reversion
to almost normal, the thymol turbidity remaining
slightly elevated even after a year had elapsed.
The electrophoretic pattern on Day 21, by which
time considerable clinical improvement had oc-
curred, was still quite abnormal but revealed a
rise of the albumin and a decline of the elevated
beta- and gamma-globulins. On Day 396, definite
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TABLE II

_~~~~~~~~~~~~OR8- .WVIU
bctrophoratio data JRow.e aodu sulfate Tests of hepatic fudotion

per oent pebaroeu 0 1 oper cent bliribin a|
l I l l I Ol~~~~~~~~~drect I tat alk EV_Alb _( O t All_ (X Ot _oSA/ A/a /Alb Glaob TOt ['-1 15'1 losph tbyz pbs

Sera of C.G.
Day 0 150.2 1&.6112.9 16.5115.8 3.5410.32 o0.91 1.16.U 1.01 lT77 1.50 2.541 7.041 0.9 2.1 3.1 1na 5.31 4.0 ---

Day_156j 58.4 3.6 1. 1112.5 15 .1113 9910.25 0.71 o.85 1Eo 13.i0]2.21&J1#.72_2.11 6.83 0.1 0.2 0.5 mos.2.9J --- 12.0
Sera of J.L

ay 0 43.5 5.141 9.7129-.4112.0112.8810.3610.6411.95 0.79 0.77 1.46 3.90 2.68 6.627.5 u.815.6_3+ 20 118. -

Day 20 55.1 5.2 11.o1 1.6114.1N3.851o.3610.7711.Ce o.99 1.23 i.144.6912.38 6.99 1.0 1.7 2.2 3+ 8.6 7.9
Day 69 6;;9 5.2. 8.7 127112.5 0 .41.38o.64o93, o.92 1.56 2.38 5.17 2.17 7.341 0.1 0.3 o.6,neg.,8.o 4.6 6.

Sara of B.8.

Day 0 4417ool710.8 19.7 18-1.12.15 0.36 0.53 0.971o.89 0.79 1.33 2.8O12.10 4.90o .14 7.81 9.8j 3+ j 7.5111.81
DV285. . 3- 64 .2o3 7 .8o 1.3 1.117 3.8512.61 6.161 0.21 0.21 0.71 aaeI s.o .5.21

Sera of T.I.
DV0 4. 23 .1732. 2"0 .1 0.811. 1.1913.02 2.51115.%6 1.6j 7.6100 1 2o 115.71

Day 2901 52.31 4.31 9.9118.0 15.5 2.75 o.23 o.52 o.95 o.8li .10 1.92 3.46 1.80 5.26l o.11 0.3t 1.21 neg. 5.81 2.0 U. 0

Sara of A.!.
DY 0 38.41 5.3 9.421.7 21.9l 2.80 0.39 0.71 1.58 1.82 o.62 1.39 1.25 3.05 7.30 2.11 41.7 6.71 3+ >20 6.1 -

Day 21 4.864.6 118U.2j11.818.6 3.0310.33 0.76 1.15 1.27 0.9111.82 11.402.4126.82 1.oj i.91 2.5 1+ 17.281.5 28.o
Day 3961 16.81 11. 111.8115.11118.6 3.100.2 1.071 1.12 1-3.35 2 ..1.N72 . 0204 a.99636

residual abnormalities were observed with dimin-
ished albumin and elevated alpha-2-, beta-, and
gamma-globulins. Follow-up needle biopsy of
the liver revealed definite post-necrotic cirrhosis
with distortion of the lobular architecture.

Group III-Late follow-up studies

To assess the late effects of virus hepatitis, single
electrophoretic analyses were performed on sera
from 11 individuals who had clinically recovered
from acute hepatitis during hospital admissions
10 to 36 months previously. In all cases tests
of hepatic function had been carried out at in-
tervals. None of the patients were alcoholics or
had symptoms referable to the liver or gall bladder
prior to the onset of acute hepatitis. Except for
C. B., none had recurrent jaundice after the
initial episode.

Typical electrophoretic patterns are illustrated
in Figure 5 and the data including the tests of
hepatic function are listed in Table III in order
of increasing deviation from normal serum pro-
tein composition.

Although most of the residual abnormalities
were relatively minor, only three sera (C. B.,

C. J., and W. R.) had patterns well within the nor-
mal range. The electrophoretic albumin values
(absolute) were slightly diminished in four, (J. G.,
C. P., M. K., and M. J. S.) of the 11 cases, al-
though this was not reflected in the Howe frac-
tionations. The gamma-globulins were elevated
in six cases (G. G., R. W., J. G., C. P., .M. K.,
and M. J. S.) and the beta-globulins in five
(M. S., B. W., G. G., R. W., and M. J. S.).

Summaries of the findings in the 11 cases fol-
low:

C. B., a 24 year old male, had mild infectious hepatitis
with intense jaundice while in military service with re-
currence of jaundice two months later. He had been
asymptomatic during the ensuing 28 months. The elec-
trophoretic pattern was within normal limits. There
was definite elevation of the total serum bilirubin, other
tests of hepatic function being normal.

C. J., a 29 year old male, had been asymptomatic fol-
lowing recovery from mild acute hepatitis 32 months
previously. The electrophoretic data were in the normal
range. Tests of hepatic function were normal.

W. R., a 26 year old male, had recovered uneventfully
from mild acute hepatitis 34 months previously and re-
mained free of symptoms. The electrophoretic pattern
was within normal limits. Tests of hepatic function were
normal except for slightly elevated thymol turbidity (6.1
units). Needle biopsy revealed normal liver tissue.
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L&TE FOLLOW-UPSTUDIES

long after clinical recover from acute virus hepatitis

E2lectrophorstic data Rove sodium sulfate Tests of bepatic funtion
Months
aftepe cent g or cent billribinCag acute - totrentk__ESP
stage Alb (XI 0(| TZ Alb (Xi O|Z {S | A/G AG AD Glob Tot 1 15' oeph th >|phos %

C.B. 28 62.6 4.2 8.S 12.8 11.9 |4.26 0.28 o.58 0.8T 0.81 1.67 2.56 14.89 1.91 6.8o 0.2 0.5 1.5 Ing. 4.0 3.0 .__

C.J. 32 62.4 3.8 .6.9 12.4 14.5 L4.50 0.27 o.50 0.89 1.05 1.66 2,34 5.05 2.16 17.21 0.2 o.4 1.o seg. 1.6 4.8 7.5

U.B. 34 59.4 04.0 7.6 13.2 15.8 |4,00 0.27 0.51 0.89 1.07 1.46 2.21 4.64 2.10 6.74 0.1 0.1 -o.5 seg. 6.1 3.2 10.0

M.8. 14 59.8 3.6 9.3 114.7 12.6 |4.58 0.28 0.71 1.32 0.96 1.49 1.75 b4.87 2.78 7.65 0.2 0.3 o.8 meg. 4.o 1.8 3.0

BYW. 21 .57.2 14.7 138.4 15.5 114.2 14.21 0.35 oMe 1.11 1.01 131 2.17 5.014 2.32 7.36 0.2 0.1 0.9 rag. 3.9 3.3130.0
0.5. 16 54.5 3.8 9.2 15.8 16.7 |4. 01|.28 o.67 1.16 1.23 1.20 1.68 4.61 2.714 7.35 0.1 0.2 0.7 zwg. 3.2 3.4 0

R.W. 12 52.2 4.1 10.5 14.7 18.51 4.04 0.3210.81 1.14 1.43 1.09 1.50 t.614 3.10 7.74 0 0.1 0.5 Meg. 6.2 4.8 6.5

J.0. 36 56.5 4.1 9.14 13.9 16.1 3.88 0.281 0.64 0.95 1.u 1.30 2.30 14.78 2.8 6.86 0.1 0.2 1.2 meg. 3.6 3.5 10.0

C.P. 10 54.4 5.8 9.3 12.3 18.2 3.78 o.ko o.65 o.86 1.26 1.19 1.70 4.38 2.57 6.95 0.2 0.3 o.6 .3+ 8.o 14.1 27.o

3.1. 11 55.6 3.9 1o.6 1.6 172.3 3.80 0.27 o.73 o.86 1.18 1.25 1.44 14.01 2.8o 6.84 0O0.2 0.7 4eg 14.81 4.0 26.5
3.3.8. 29 1.48.6 14.2 110.8 15.8 20.6 3.52 0.311 0.78 1.1.5 1.149 0.95 1.82114.6812.5717.25 0 0 0.21 1+ 9.0 3.21 6.
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M. S., a 24 year old male, had severe acute hepatitis
with intense jaundice 14 months previously from which
he achieved complete clinical recovery. The electro-
phoretic pattern was normal except for elevated beta-
globulin. Tests of hepatic function were normal.

B. W., a 47 year old female, had been asymptomatic
following moderately severe acute hepatitis 21 months
previously. Electrophoresis disclosed elevation of the
beta-globulin fraction. Bromsulfalein test showed 30 per
cent retention, the other tests being normal.

G. G., a 50 year old male, had recovered from mild in-
fectious hepatitis 16 months previously and remained
asymptomatic thereafter. Electrophoretic analysis re-
vealed elevated beta- and gamma-globulins. All tests of
hepatic function were normal.

R. W., a 64 year old male, had recovered uneventfully
from mild acute hepatitis 12 months previously. Elec-
trophoresis showed elevation of the beta- and gamma-
globulin fractions. The tests of hepatic function were
normal except for slightly elevated thymol turbidity
(6.2 units).

J. G., a 58 year old male, had been asymptomatic for
36 months following recovery from severe acute hepati-
tis (with laparotomy biopsy). Electrophoretic analysis
revealed diminished albumin and slightly elevated gamma-
globulin. The total serum bilirubin was 1.2 mg. per cent,
other tests of hepatic function being normal. Two con-
secutive needle biopsies of the liver showed minimal
post-necrotic scarring.

C. P., a 55 year old female, had recovered from
moderately severe acute hepatitis ten months previously
and remained free of symptoms. The electrophoretic
findings were diminished albumin and elevated gamma-
globulin. Bromsulfalein test showed 27 per cent reten-
tion, and the cephalin cholesterol flocculation and thymol
turbidity tests were positive.

M. K., a 48 year old male, had been asymptomatic for
14 months after severe acute hepatitis. Electrophoresis
revealed diminished albumin and elevated gamma-globulin.
Tests of hepatic function were all normal. Needle biopsy
of the liver showed minimal post-necrotic scarring.

M. J. S., a 62 year old female, had severe hepatitis
(with laparotomy biopsy) 29 months previously with
complete clinical recovery. There had been no symptoms
referable to the liver since then. The electrophoretic
pattern was the most abnormal of the group, with dimin-
ished albumin and elevated beta- and gamma-globulins.
The cephalin cholesterol flocculation was 4 + and thymol
turbidity was 9.0 units, the highest values in the group,
the other tests of hepatic function being normal. Needle
biopsy of the liver revealed post-necrotic scarring with
disturbed architecture.

DISCUSSION

Electrophoretic analyses of the serum proteins
in virus hepatitis were first described in 1943 by
Gray and Barron (1) who reported five cases
with diminished albumin in all, elevated gamma-

globulin in four, and elevated beta-globulin in
two. These observations have been confirmed
and extended by subsequent investigations (2-5),
including the present study.

The ten cases of acute virus hepatitis studied
all exhibited diminished albumin values on elec-
trophoretic analysis, even when not evident by the
Howe fractionation. Elevated gamma-globulins
occurred in seven of the ten cases, and elevated
beta-globulins in the same number, other varia-
tions being less frequent.

Comparison of the five clinically mild with the
five severe cases of acute hepatitis revealed no
strict correlation between clinical severity and
extent of deviation from normal serum protein
composition. This is well illustrated by the case
of T. J. with quite mild clinical manifestations
and slight jaundice, yet considerable abnormality
of the electrophoretic pattern. On the other
hand, the five severe cases all had markedly ab-
normal patterns, with generally greater devia-
tions from normal than the mild cases.

The changes show similarities to those observed
in a previous study of portal cirrhosis (14). The
cases of portal cirrhosis with clinical manifesta-
tions such as jaundice, edema, or ascites had more
pronounced abnormalities, however. In such pa-
tients, moreover, beta-globulin increases without
marked elevation of gamma-globulin did not oc-
cur, in contrast to the virus hepatitis cases G. A.
and J. E., with beta-globulin elevations alone.
The patterns in acute virus hepatitis also re-
sembled those observed in Weil's disease (16),
chronic Brucella hepatitis (17), and infectious
mononucleosis (18).

The question has been raised whether these
alterations are manifestations of hepatic dysfunc-
tion or of the infectious process. Somewhat
similar abnormalities have been described in in-
fectious diseases such as syphilis, tuberculosis,
typhus, malaria, lymphogranuloma venereum,
leprosy, kala-azar and others (19), not believed
to involve the liver, or at least not accompanied
by clinical hepatic insufficiency. It must, how-
ever, be noted that most of the above conditions
are characterized by chronic proliferative granu-
lomata or by widespread cellular destruction,
hence are not necessarily strictly comparable with
virus hepatitis. On the other hand, in lobar pneu-
monia there are elevations of the alpha-2-globulins
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usually without significant changes in the gamma-
globulins- (19, 20). Although a final answer to
the problem cannot be given on the basis of the
present evidence, it is suggested that the hepatic
involvement in virus hepatitis, plays a major role
in the disturbances of the serum proteins.

The current interest in the late manifestations
of virus hepatitis with prolonged hepatic dysfunc-
tion or post-necrotic cirrhosis led to the follow-up
studies undertaken. To our knowledge the only
previous investigation with serial electrophoretic
analyses of virus hepatitis sera has been that of
Martin (4) in which the maximum period of ob-
servation was 64 days. Martin's data show a
number of positive findings on tests of hepatic
function at the end of observation, but abnormali-
ties of the electrophoretic patterns in only two of
his 11 cases.

The present data, on the contrary, demonstrate
the frequent occurrence of residual abnormalities
of the serum proteins even after long asympto-
matic periods.

Of the five cases followed after the acute phase,
two with mild acute hepatitis showed complete
reversion to normal serum protein composition.
The other three with more severe acute episodes
exhibited residual abnormalities of the electro-
phoretic pattern 128, 290, and 396 days after the
initial study even though the patients were asymp-
tomatic and had almost normal tests of hepatic
function.

The late follow-up studies on sera from indi-
viduals who had clinically recovered from the
acute phase of virus hepatitis ten to 36 months
previously revealed frequent if usually slight ab-
normalities of the electrophoretic pattern. Of
the 11 examined, only three patterns were con-
sidered well within the normal limits. Among the
group of sera there were four instances of dimin-
ished albumin values, six elevated gamma-
globulin fractions, and five elevated beta-globu-
lins. Residual abnormalities in one or more
tests of hepatic function were likewise observed.
No cases of virus hepatitis with chronic jaundice
were encountered.

Post-necrotic scarring was demonstrated on
follow-up needle biopsy of the liver in four cases
(J. G., M. K., M. J. S., and A. E.). These four

patients had normal bromsulfalein tests as well as
prompt (1 minute) bilirubin values (21). The

electrophoretic patterns revealed definite residual
abnormalities, relatively minor in J. G. and M. K.,
and more marked in M. J. S. and A. E.

The occurrence of positive cephalin cholesterol
flocculation and thymol turbidity tests in the
presence of normal values for gamma-globulin,
and conversely the occurrence of abnormalities
of the serum proteins without positive flocculation
or turbidity tests has been pointed out in the
presentation of the data above. These findings,
while of interest, are not unexpected in view of
the complexity of these reactions. Recent investi-
gations (3, 5, 22-26) have shed some light on the
mechanisms of these tests, such as the evidence
for the role of lipo-protein of the beta-globulin
fraction in the thymol turbidity test. Neverthe-
less, many problems of the precise interactions of
the proteins remain to be clarified.

SUMMARY

1. Electrophoretic analyses of the serum pro-
teins in ten cases of acute virus hepatitis revealed
diminished albumin values in all, elevated gamma-
globulins in seven of the ten, and elevated beta-
globulins in the same number.

2. Cases of severe acute hepatitis showed in
general more pronounced changes than milder
cases, but no strict correlation existed.

3. Serial electrophoretic analyses disclosed re-
version of the serum proteins to normal in two
cases of acute hepatitis, but persistent abnormali-
ties were observed in three cases despite clinical
recovery.

4. Late follow-up studies on sera from 11 indi-
viduals who had clinically recovered from acute
virus hepatitis ten to 36 months previously re-
vealed residual abnormalities in the electrophoretic
patterns of eight of the 11 sera.
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