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The alterations in the partition of the serum
proteins of patients with infectious hepatitis have
been described as an early decrease in serum al-
bumin with an increase in serum globulins (1-4).
Both alpha and beta globulins are augmented but
the greatest increase is in the gamma globulin
fraction. It has been pointed out that qualitatively
similar changes occur in several other acute in-
fectious diseases, and it has been suggested that
these alterations are non-specific in character (5).
Such changes have been described as occurring
in malaria (6), pneumonia (7), scarlet fever (5),
rheumatic fever (5), typhus (8, 9), and infectious
mononucleosis (10).

Many of the early studies were made by the
Howe method of salt fractionation (11), although
several more recent descriptions of electrophoretic
analyses have supplemented these studies and have
defined more accurately the changes in the parti-
tion of serum proteins. The discrepancy between
the results of analysis of pathologic sera by elec-
trophoresis and the Howe method of salt fraction-
ation has made the former the method of choice,
although it is not applicable to clinical use (12).

Recently, another method of salt fractionation
of serum proteins by differential precipitation with
19.6 per cent and 26.8 per cent sodium sulfate has
been described (13). Excellent correlation of
the results of this method and electrophoretic
analysis of both normal and pathologic sera has
been reported (14, 15).

During the past three years, experiments con-
ducted by the Neurotropic Virus Disease Com-
mission on the transmission of infectious hepatitis
to human volunteers have made it possible to study
the pattern of change in the serum proteins of
such patients throughout the course of disease.
It is the purpose of this paper to report the al-

1 This investigation was conducted in part with the aid
of the Commission on Virus and Rickettsial Diseases,
Army Epidemiological Board, Office of the Surgeon
General, U. S. Army, Washington, D. C.

terations in serum proteins, as determined by a
method of differential precipitation, in 29 patients
during the course of experimentally induced in-
fectious hepatitis.

METHODSAND MATERIALS

Subjects. The subjects were previously healthy, male
human volunteers, ranging in age from 19 to 29 years.
These men contracted infectious hepatitis experimentally
after inoculation or ingestion of material known to con-
tain hepatitis virus. The diagnosis of infectious hepatitis
was made on the basis of characteristic symptoms and
signs accompanied by fever and consistent deflection of
the bromsulfalein dye 2 retention (16) and cephalin-
cholesterol flocculation (17) tests. All patients in this
report had clinical jaundice. Two of the patients in-
cluded in this series had bacteremia with Sal. cholera suis
superimposed on their experimentally induced infectious
hepatitis (18). The changes in serum proteins in these
two patients were qualitatively similar to the rest of the
group, although one of these men had more extreme de-
flections associated with his more severe illness.

Virus. The strain of virus used in this laboratory was
originally obtained from the stool of a U. S. Army soldier
who contracted epidemic infectious hepatitis in Sicily in
1943 (19). It has been through four passages in human
volunteers to date. This agent is filtrable through a
Seitz EK filter, and withstands heating to 560 C. for at
least 30 minutes (20). It has produced the disease in
29 out of 40 human volunteers after parenteral or oral
inoculation, with incubation periods ranging from 15 to
34 days.

Laboratory observations. 235 determinations of total
serum protein, serum albumin, euglobulin and pseudo-
globulin were made on the 29 human volunteers. Total
nitrogen was determined, by the micro-Kjeldahl technique,
in the whole serum and on aliquots of the various frac-
tions following differential precipitation. All analyses
were performed in duplicate. The non-protein nitrogen
was determined by the method of Bock and Benedict
(21), using a Pregl steam-distillation apparatus. Frac-
tionation of serum proteins was performed by precipita-
tion with 26.8 per cent and 19.6 per cent sodium sulfate,
according to the method of Majoor (13) modified by
Milne (14). The sera used had been stored at dry

2 Retention of 10 per cent of dye 30 minutes after the
intravenous injection of 5 mgm. of bromsulfalein per kgm.
of body weight was considered the maximum normal.
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ice-box temperature for periods ranging from one to
two and a half years. The range and average deter-
minations of the various components of the serum pro-
teins of these 29 human volunteers were compiled before
experimental inoculation. The results appear in Table
I, and are used as averages against which the deflections
of individual responses during the course of disease are
plotted in various charts.

In these experiments, the total serum proteins and their
components were determined once every ten days for one
month after the onset of disease; at least once every two

TABLE I

Range and average amounts of components of serum protein
in 29 healthy human volunteers before experimental

inoculation with virus of infectious hepatitis

Total protein
Albumin
Globulin
Euglobulin
Pseudoglobulin

Range
gm./100 ml.

5.60-8.36
3.58-4.99
2.00-3.57
1.04-2.40
0.60-1.17

FIG. 1. DETERMINATIONSOF ALBUMIN AND GLOBULIN IN THE SERUMOF 29
PATIENTS WITH EXPERIMENTALLY INDUCED INFECTIOUS HEPATITIS

Black dots indicate the individual determinations which are expressed as

an average by the unbroken lines. The duration of fever and jaundice and
the appearance time of jaundice represent the averaged experiences of the
29 patients. The horizontal (broken) lines indicate the average of the pre-

inoculation determinations in the 29 patients.

Average

6.93
4.35
2.57
1.75
0.81
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FIG. 2. TOTAL SERUM PROTEIN AND ALBUMIN/GLOBULIN RATIOS IN 29
PATIENTS WITH EXPERIMENTALLY INDUCED INFECTIOUS HEPATITIS

Black dots indicate the individual determinations which are expressed as
an average by the unbroken lines. The duration of fever and jaundice and
the appearance time of jaundice represent the averaged experiences of the
29 patients. The horizontal (broken) lines indicate the average of the pre-
inoculation determinations in the 29 patients.

weeks for the second month after the onset; and at least
once in the third month.

RESULTS

When determinations of the total serum pro-
teins and their components were made this fre-
quently, a regular pattern of response in infec-
tious hepatitis was observed. The 29 patients
reported here may be almost equally divided into

two groups. One group had an acute onset of
disease with fever. The other group had an insidi-
ous onset with vague abdominal symptoms for
periods of two to 11 days before the appearance
of fever.

By using the appearance of fever as a fixed
point, it is possible to present the alterations oc-
curring in the serum proteins in all 29 patients
of this series. When this is done, and the average
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duration of fever and jaundice and the appearance
time of jaundice are recorded, it is seen that mod-
erate alterations in the serum proteins occur in a
certain proportion of patients during the febrile
phase before the appearance of jaundice, and that
with defervescence and appearance of jaundice
at the beginning of the second week almost all pa-
tients tested showed considerable deflection from
normal (Figure 1).

For purposes of convenience, the results of the
determinations of serum proteins and their com-
ponents are described as occurring in three phases;
namely (1) the febrile (pre-icteric) phase, (2)
the icteric (post-febrile) phase, and (3) -the con-
valescent (post-icteric) phase.

Febrile (pre-icteric) phase. The duration of
fever ranged from four to 14 days, averaging eight
days. During the first week after the appearance
of fever, there is little or no change in the total
proteins, but there is a mild decrease in serum
albumin and an increase in serum globulin. These
slight changes become more evident after the third
day.

Icteric (post-febrile) phase. Clinical jaundice
appeared from three to 12 days after the begin-
ning of fever, averaging six days. The duration
of jaundice ranged from eight to 31 days, with an
average of 20 days. Characteristically, clinical
jaundice appears with defervescence at the end of
the first week. Early in the second week, there
is a sharp decrease in amount of serum albumin
accompanied by a proportionally greater increase
of serum globulin, to the extent that the total
amount of serum protein increases and the albu-
min/globulin ratio is reversed (Figure 2). The
albumin may diminish to as little as 2.5 gm. per
100 ml., and the globulin increase to 5.0 gm. per
100 ml. serum. The increment in globulin consists
largely of euglobulin, although the pseudoglobulin
increases slightly so that there is considerable al-
teration of the euglobulin/pseudoglobulin ratio
(Figure 3). During the third week of disease,
the serum globulin rises still further, accompanied
by a slight increase in serum albumin, so that the
total amount of serum protein increases. Through
the fourth week, as jaundice wanes, the serum al-
bumin continues to rise, while the serum globulin
remains constant. The total protein increases
slightly, reflecting the increase in serum albumin.
During the third week, the euglobulin continues

FIG. 3. AVERAGEDDETERMINATIONS OF THE TOTAL
GLOBULIN, EUGLOBULIN AND PSEUDOGLOBULIN IN THE
SERUM OF 29 PATIENTS WITH EXPERIMENTALLY IN-
DUCED INFECTIOUS HEPATITIS

The duration of fever and jaundice and the appearance
time of jaundice represent the averaged experiences of
the 29 patients.

to increase, declining slightly in the fourth week,
while the pseudoglobulin rises gradually during
this period, reaching a peak in the fourth week.

Convalescent (post-icteric) phase. During the
fifth week of disease, the amount of serum albumin
increases to a point slightly above normal, con-
tinuing at this level during the next three weeks.
The serum globulin slowly declines during this pe-
riod, becoming normal in an occasional person al-
though without reaching the average normal level
for the group. The euglobulin and pseudoglobulin
diminish proportionately. From the eighth to
the 14th week, the serum albumin continues at
just above a normal level with occasional excep-
tions, and the serum globulin remains somewhat
elevated, resulting in a slight increase in total
protein during this period, with an albumin/
globulin ratio below normal. The amount of se-
rum albumin was found to be below 4 gm. per
100 ml. during this period in two patients with re-
lapse, and in one patient with a prolonged con-
valescence.

DISCUSSION

The data presented here indicate that a regular
pattern of alteration, in the serum proteins occurs
during the course of infectious hepatitis, experi-
mentally induced, in human volunteers. This is
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FIG. 4. COURSEOF DISEASE WITH RELAPSE IN PATIENT WITH EXPERIMENTALLY INDUCED

INFECTIOUS HEPATITIS

Rectal temperatures are recorded. The horizontal (broken) lines indicate the pre-inocula-
tion determinations of total serum protein and albumin/globulin ratio.

in general agreement with the findings of others
(1-4) working with both the naturally occurring
and experimentally induced disease; it is also
similar to the response observed in a number of
other acute infectious diseases of diverse etiology.

It is of interest to note that although thle serum
albumin reaches essentially normal limits by the
fifth week after onset, the amount of serum globu-
lins remained elevated well above normal in al-
most all patients for as long as three and a half
months. The exact significance of this finding is
undetermined. The increase of globulin is almost
wholly in the euglobulin fraction late in convales-
cence. Since this fraction has been identified with
the beta and gammaglobulin fractions separated
by electrophoresis, the possibility must be con-
sidered that a portion of the increment is related
to persistence of antibody.

The degree and duration of depression of serum
albumin are in direct proportion to the severity
of the hepatitis. In two patients who suffered
relapse during an apparently normal convales-

cence, the characteristic pattern of alteration in
serum proteins was repeated at this time, with
depression of serum albumin and increase in glob-
ulins (Figure 4). Similar findings have been re-
corded in malaria and rheumaticS fever (5, 6).

SUMMARY

1. The results of serial observations of the al-
terations in serum proteins of patients during ex-
perimentally induced infectious hepatitis are pre-
sented.

2. Although minor changes may occur in the
first two or three days of fever, the characteristic
response is associated primarily with the period of
defervescence at the end of the first week.

3. The pattern of this response is characterized
by a sharp decrease in serum albumin with an in-
crease in serum globulins to such a degree that
the albumin/globulin ratio is reversed. The in-
crease in globulin is largely in the euglobulin frac-
tion, although the pseudoglobulin increases some-
what.
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4. The serum albumin returns to an essentially
normal level in uncomplicated cases during the
fifth week, but the serum globulin remains ele-
vated in almost all patients for as long as three
and a half months after onset of the disease.
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