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Hepatitis E Antibody Profiles in Serum and Urine
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The aim of this study was to evaluate anti-
HEV antibody profiles in urine specimens in
comparison to corresponding serum samples
to assess the utility of urine as a clinical
specimen. Paired serum and urine speci-
mens from 71 hepatitis E patients, 33 non-E
hepatitis patients, 63 patients with non-
hepatic diseases, and 26 healthy individu-
als were tested by recombinant HEV protein
(55 kD)-based indirect enzyme-linked im-
munosorbent assay (ELISA). Uronegativity
for anti-HEV IgM was noted in 71 (100%)
serologically confirmed patients with hepati-
tis E. Hepatitis E patients (10/10) showed
urinary absence or very low levels of total
IgM by capture ELISA, suggesting absence
or low levels of filtration, and/or local syn-

thesis, and/or transudation of IgM in urine
during infection. When these patients were
tested for total IgG and IgA, microquantities
of immunoglobulins were noted in all urine
samples (10/10 for each). However, the pro-
portions of uropositivity for anti-HEV IgG and
IgA in hepatitis E patients were low and indi-
cated only 21.42% and 49.33% concordance
with seropositivity, respectively. Control
groups also showed low and variable
uropositivity for anti-HEV IgG and IgA. Over-
all, HEV-specific antibodies exhibited by se-
rum in recent and past infections were not
found in urine. The study demonstrated the
inadequacy of urine specimens for detection
of hepatitis E antibodies. J. Clin. Lab. Anal.
16:137–142, 2002. © 2002 Wiley-Liss, Inc.
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INTRODUCTION

Enterically transmitted hepatitis E virus is the causative
agent of outbreaks of hepatitis in different parts of the world.
Hepatitis E is highly endemic in India and occurs in a large
number of sporadic and epidemic cases. Surveillance re-
ports concerning hepatitis E in India, as well as in other
countries, are based on the demonstration of anti-HEV an-
tibodies in serum. Urine has been reported to have several
advantages over serum (1). It has also been used to detect
specific immunoglobulins against various viral infections,
including poliovirus, cytomegalovirus (CMV), Hantan vi-
rus, bovine leukemia virus, BK virus, measles virus, ru-
bella virus, human immunodeficiency virus (HIV), hepatitis
A virus (HAV), and hepatitis B virus (HBV) (2–10). How-
ever, there are no similar reports on its use for hepatitis E.
The present study was therefore undertaken to assess urine
specimens in comparison to corresponding serum samples
from healthy individuals, patients with hepatitis E, non-E
hepatitis, and nonhepatic diseases for anti-HEV antibod-
ies, protein, and immunoglobulin profiles, and to explore
the possibility of using urine for epidemiologic and diag-
nostic purposes.

MATERIALS AND METHODS

Subjects and Specimens

Paired serum and urine specimens were collected from 26
healthy individuals, 71 hepatitis E patients, 33 non-E hepati-
tis patients (17 hepatitis A patients, and 16 non-A non-E hepa-
titis patients), and 63 patients with nonhepatic diseases
(including 37 patients with renal disease).

The 26 healthy individuals (10 males and 16 females) were
23–58 years old, with no history of recent illness. The hepa-
titis patients included sporadic cases from local hospitals in
Pune, and epidemic cases from Aurangabad, Chikhali, and
Lonawala that occurred during August 1999, March 2000,
and June 2000, respectively, in the state of Maharashtra in
India. The cases were clinically examined for characteristic
symptoms and signs, and elevated serum ALT activity. The
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109 hepatitis patients (86 males and 23 females) were 2–55
years old. The 63 pairs of serum and urine samples included
in the study were collected from hospitalized patients with
nonhepatic diseases. This group consisted of 42 males and 21
females (<1 year to 75 years old) suffering from viral gastri-
tis, bronchitis, anemia, diarrhoea, renal disease, or renal fail-
ure. Prior to sample collection, informed consent was obtained
from the healthy adults and the patients with nonhepatic dis-
eases (and in the case of children, from the parents).

The pairs of serum and urine samples were stored in a re-
frigerator (+4°C) and tested within 24 hr after collection.

Anti-HEV ELISA

Anti-HEV IgM, IgG, and IgA in serum and urine samples
were determined by enzyme-linked immunosorbent assay
(ELISA) tests as described previously (11–13). Recombinant
ORF2 protein of HEV (55 kD) coated on the wells was al-
lowed to bind to anti-HEV Igs (IgM/IgG/IgA from the test
samples), which was probed by antihuman Ig HRP conjugate
[anti-µ HRP (1:10,000) (Sigma, USA)/anti-γ HRP (1:10,000)
(Sigma, USA)/anti-α HRP (1:2,000) (Dako, Denmark)]. The
bound HRP was allowed to react with substrate (phosphate
citrate buffer, pH 5.0, containing O-phenylene diamine and
urea peroxide). The development of color (yellow-orange)
directly indicated the presence of HEV-specific Igs (IgM/IgG/
IgA) in the test sample.

Calculations for cut-off optical density (OD) and interpre-
tation of results were carried out according to the method
described by Arankalle et al. (14). Serum specimens known
to be negative and positive for anti-HEV antibodies were in-
cluded as negative and positive controls, respectively, in the
test. The cut-off value to detect anti-HEV IgM and IgA was
calculated as mean negative control OD value X3. For anti-
HEV IgG detection the cut-off value was calculated as mean
negative control OD value X2.1.

Determination of Protein and Total Immunoglobulin
M, G, and A Content in Paired Serum and Urine
Samples

The method described by Lowry et al. (15) was used to
determine the protein content of serum and urine samples.
An aliquot of 10 µl, each of serum (1:10 dilution) and urine
specimen (neat) was employed in the assay.

Total IgM, IgG, and IgA in serum and urine specimens
were determined by IgM, IgG, and IgA capture ELISAs, re-
spectively. Briefly, microwell ELISA plates (Maxisorb; Nunc,
Naperville, IL) were coated (125 µl/well) at room tempera-
ture overnight with rabbit antihuman IgM (µ chain specific;
Dako, Denmark)/IgG (γ chain specific; Dako, Denmark)/IgA
(α chain specific; Dako, Denmark) antibodies at 1:1,000,
1:250, and 1:400 dilutions, respectively. Test serum and urine
samples were then added in different dilutions in identified
wells. Standard human IgM (Dako, Denmark) and IgG (Lu-

pin, India) were added in different concentrations in the range
of 0.078–10 ng/well, and IgA (Lupin, India) in the range of
0.078–12 ng/well in duplicate in identified wells. The cap-
tured human antibody was probed using antihuman immuno-
globulin HRP [anti-µ HRP (1:10,000)/anti-γ HRP (1:10,000)/
anti-α HRP (1:2,000)] conjugates as per requirement of the
assay. The bound HRP was allowed to react with substrate
(phosphate citrate buffer, pH 5.0, containing O-phenylene
diamine and urea peroxide). The development of color (yel-
low-orange) directly indicated the presence of Igs (IgM/IgG/
IgA) in the test sample.

Statistical Analysis

The data was analyzed by linear regression analysis to fit a
standard line of regression between the OD value of standard
protein/Ig and concentration, which was then used to esti-
mate the total protein and immunoglobulin concentration of
the serum and urine specimens.

RESULTS

Anti-HEV Antibodies in Serum and Urine Samples

Freshly collected paired serum and urine samples from 71
hepatitis E patients, 26 healthy controls, 33 non-E hepatitis
patients (12 hepatitis A, 21 non-A non-E hepatitis) and pa-
tients with nonhepatic diseases (63, which included 37 pa-
tients with renal disease) were subjected to indirect ELISA
for detection of anti-HEV IgM, IgG, and IgA antibodies. The
results obtained for urine samples were compared with those
of corresponding serum samples.

IgM Anti-HEV

Table 1 presents the comparative data obtained for anti-
HEV IgM. All patients with confirmed seropositivity (71/
71) for anti-HEV IgM showed an absence of uropositivity

TABLE 1. Comparison of paired serum and urine specimens
for anti-HEV IgM

Serum Urine

No. +ve/ S/Co No. +ve/ S/Co
Group no. tested (mean ± SD) no. tested (mean ± SD)

Hepatitis E 71/71 3.71 ± 2.23 0/71 0.10 ± 0.12
 patients (100%) (0%)a

Healthy 1/26 0.43 ± 0.27 0/26 0.03 ± 0.02
controls (3.84%) (0%)

Non-E 0/33 0.49 ± 0.31 0/33 0.06 ± 0.08
hepatitis (0%) (0%)
patients

Patients with 1/63 0.31 ± 0.27 0/63 0.08 ± 0.11
non-hepatic (2.38%) (0%)
diseases

aHighly significant difference when compared with corresponding serum
value.
S/Co, sample OD/cutoff OD.
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(0/71). Control groups were negative for both serum and urine
anti-HEV IgM.

IgG and IgA Anti-HEV

Among anti-HEV IgM seropositive patients, 91.54% (65/
71) and 85.91% (61/71) were positive for serum anti-HEV
IgG and IgA, respectively. Comparative data obtained from
paired serum and urine specimens for different groups for
anti-HEV IgG and IgA are shown in Tables 2 and 3, respec-
tively.

Among anti-HEV IgG seropositive hepatitis E patients, only
21.53% (14/65) showed uropositivity. In healthy individuals,
non-E hepatitis patients, and patients with nonhepatic dis-
eases, uropositivity was still low and variable (20% (1/5);
6.2% (1/16); 41.66% (5/12). Sensitivity and specificity were
found to be 21.42% and 100%, respectively. Percent
uropositivity for anti-HEV IgA was 47.54% (29/61) among
seropositive hepatitis E patients. In the other groups investi-
gated, low and variable sero- and uropositivity were noted
(Table 3). Sensitivity and specificity were found to be 50%
and 92.42%, respectively.

Overall, no statistical correlation was noted between se-
rum and urine positivity for anti-HEV antibodies.

To investigate the lack of concordance in sero- and
uropositivity for anti-HEV antibodies, the urine and corre-
sponding serum samples were tested for protein and immu-
noglobulin levels.

Protein and Total Immunoglobulin M, G, and A
Content in Paired Serum and Urine Samples

Protein concentration was determined in freshly collected
paired serum and urine samples from 26 healthy controls, 17
hepatitis A patients, 24 hepatitis E patients, 15 patients with
non-A non-E hepatitis, 10 patients with nonhepatic diseases,
and 10 patients with renal disease. Eight runs were performed

with bovine serum albumin employed as standard protein.
The OD values were averaged over eight runs, and a standard
curve was plotted. A line of regression was fitted to this stan-
dard curve using linear regression analysis. The linearity of
the standard curve was confirmed by computing the correla-
tion coefficient between average OD values and concentra-
tion (r2 = 0.984, P < 0.01) The equation of this regression line
was used for estimating the protein concentration in the test
samples. The range of protein concentration, mean ± SD val-
ues, and serum protein to urine protein ratios are presented in
Table 4. For comparison of mean serum and urine protein
levels in different groups, Student’s t-test was used. The mean
serum protein levels in different categories of patients were
significantly lower than that of the healthy group (P < 0.01
for every comparison). The mean urine protein levels in all
groups of patients showed no significant difference with that
of the healthy group (P > 0.05 for every comparison), except
for the group of renal disease patients, which showed a sig-
nificantly high concentration (P < 0.01). The protein content
in urine specimens was significantly low as compared to the
corresponding serum samples in all groups (paired t-test, P <
0.01). Among the healthy individuals, the range of serum pro-
tein to urine protein ratios was high compared to all groups
of patients.

Freshly collected paired serum and urine specimens from
10 healthy individuals, 10 hepatitis A patients, 10 hepatitis E
patients, 10 non-A non-E hepatitis patients, five patients with
nonhepatic diseases, and five patients with renal disease were
subjected to capture ELISA tests to determine the total con-
tent of IgM, IgG, and IgA.

Eight runs for each of the three capture ELISA tests were
performed, with human IgM, IgG, and IgA employed as stan-
dard immunoglobulins. Taking appropriate concentrations of
each of the standards (IgM, IgG, and IgA), a curve was plot-
ted for OD value on the Y axis and corresponding concentra-
tion on the X axis. A line of regression was fitted by using

TABLE 2. Comparison of paired serum and urine specimens
for anti-HEV IgG

Serum Urine

No. +ve/ S/Co No. +ve/ S/Co
Group no. tested (mean ± SD) no. tested (mean ± SD)

Hepatitis E 65/71 5.06 ± 3.62 14/71 0.68 ± 0.87
 patientsa (91.54%) (19.71%)

Healthy 5/26 1.07 ± 1.70 1/26 0.59 ± 1.79
controlsb (19.23%) (3.84%)

Non-E 16/33 1.92 ± 1.90 1/33 0.34 ± 0.31
hepatitis (48.48%) (3.03%)
patientsb

Patients with 12/63 0.86 ± 1.21 5/63 0.57 ± 1.07
non-hepatic (19.04%) (7.93%)
diseasesb

aAnti-HEV IgM +ve.
bAnti-HEV IgM –ve.
S/Co, sample OD/cutoff OD.

TABLE 3. Comparison of paired serum and urine specimens
for anti-HEV IgA

Serum Urine

No. +ve/ S/Co No. +ve/ S/Co
Group no. tested (mean ± SD) no. tested (mean ± SD)

Hepatitis E 61/71 3.05 ± 2.11 29/71 1.77 ± 2.15
 patientsa (85.91%) (40.81%)

Healthy 1/26 0.40 ± 0.23 0/26 0.32 ± 0.26
controlsb (3.84%) (0%)

Non-E 8/33 1.20 ± 0.23 5/33 0.57 ± 0.81
hepatitis (24.24%) (15.15%)
patientsb

Patients with 5/63 0.52 ± 0.65 3/63 0.41 ± 0.46
non-hepatic (7.93%) (6.97%)
diseasesb

aAnti-HEV IgM +ve.
bAnti-HEV IgM –ve.
S/Co, sample OD/cutoff.
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linear regression analysis. The linearity was confirmed from
the correlation coefficient between OD value and concentra-
tion (r2 = 0.9659, 0.9871, and 0.9792 for IgM, IgG, and IgA,
respectively; P < 0.05 for each). Using the regression line
equation, the concentrations of IgM/IgG/IgA antibodies in
the test samples were estimated.

The range of concentrations for each of the IgM, IgG, and
IgA markers obtained in all groups for the serum and urine
specimens were analyzed by Student’s t-test. The data are
presented in Table 5. In the serum samples the lower con-
centration of Ig levels, when compared with the healthy con-
trol group, was noted to be statistically significant. However,
it was not observed in all groups (significant only in non-A
non-E hepatitis patients, nonhepatic and renal disease pa-
tients for IgM; in hepatitis E patients, non-A non-E hepatitis
patients, and nonhepatic patients for IgG; and in hepatitis A
patients, non-A non-E hepatitis patients for IgA (P < 0.05
for all markers)).

As reported previously by other investigators (16), the urine
levels of immunoglobulins were very low—in microquantities
in comparison to serum levels. These are, therefore, expressed
in nano- or microgram per milliliter of the sample (Table 5).
The mean values for urine IgM, IgG, and IgA in hepatitis E
patients, non-A non-E hepatitis patients, and patients with
nonhepatic diseases did not show a significant difference with
the corresponding values of healthy group (P > 0.05 for each).
In a similar comparison, hepatitis A patients and renal dis-
ease patients showed significantly high mean IgM levels (P <
0.05 for each). These groups of patients also showed high
mean values for urine IgG and IgA; however, no statistically
significant difference was noted with that of the healthy group
(P > 0.05).

DISCUSSION

Widely used immunological assays currently are based on
examination of blood specimens. However, the obvious dif-
ficulties and disadvantages inherent in blood collection have
also been described (1). Alternative body fluids, such as sa-
liva and urine, were investigated for this purpose, and were
shown to contain low immunoglobulin concentrations (10,17).
In the present study we evaluated urine, as it can be easily

obtained in sufficient quantities without any hesitation from
the subjects.

We investigated urine specimens for anti-HEV antibodies.
This is the first report to document detection of IgM, IgG,
and IgA classes of urinary antibodies against HEV by ELISA.
Uronegativity was observed for anti-HEV IgM in all (71/71)
hepatitis E patients. Furthermore, when these patients were
tested for the presence of urinary anti-HEV IgG and IgA, the
proportions of positivity were low.

The inadequacy of urine specimens for detection of hepa-
titis E antibodies prompted us to determine the protein and
immunoglobulin levels of the test (serum and urine) samples.
Significantly low levels (P < 0.01) of serum proteins were
observed in all groups of patients as compared to the healthy
individuals (Table 4). Similar to the reduced serum protein
levels, serum IgM, IgG, and IgA levels were also noted to be
decreased (P < 0.05) in all categories of patients (Table 5).
However, this observation was not consistent for all markers
in all groups—probably due to the small size of the samples.

A wide range of protein levels was detected in urine samples
of healthy individuals. Urine protein levels detected in pa-
tients with hepatitis and nonhepatic diseases were closer to
that of healthy individuals (P > 0.05). Patients with renal dis-
ease, however, showed significantly high protein levels (P <
0.01). These observations confirm earlier reports document-
ing increased urinary excretion of protein as a common sign
of renal disease (18).

In our study, the absence or very low levels of total IgM in
urine specimens of healthy individuals, hepatitis E patients,
non-A non-E hepatitis patients, and patients with nonhepatic
diseases was noted. Total IgG and IgA content of urine speci-
mens in the same groups was not statistically different from
that of healthy individuals. Jankowski (19) reported the ab-
sence of total IgM, over fourfold increase in IgA, and two-
fold increase in IgG content of urine in children diagnosed as
viral hepatitis patients with and without HBsAg antigenemia.
Tencer et al. (20) also postulated that transport of macromol-
ecules such as IgM is highly restricted under normal condi-
tions, and that the urine concentration of other macromolecules
could be extremely low. However, in our study, we noted in-
creased urinary IgM and a wide range of IgG and IgA levels

TABLE 4. Total protein content in paired serum and urine specimens

Serial Range of protein concentration (mean ± SD) Range of serum protein/
number Group (n) Serum mg/ml Urine mg/ml urine protein ratio (S/U)

1 Healthy controls (26) 76.68–230.05 (146.8 ± 42.33) 1.05–6.71  (3.17 ± 1.67) 17.69–168.12
2 Hepatitis A patients (17) 26.46–196.69 (107.3 ± 49.39) 1.19–11.69 (4.16 ± 2.58) 6.25–136.77
3 Hepatitis E patients (24) 80.52–230.05 (107.6 ± 30.87) 1.15–19.17 (4.39 ± 3.72) 5.0–100.0
4 Non-A non-E hepatitis 23.39–115.02 (84.74 ± 33.65) 0.92–9.2  (2.95 ± 2.11) 4.28–75.00

patients (15)
5 Patients with non-hepatic 47.93–98.54  (66.75 ± 15.30) 0.92–7.74  (3.28 ± 1.96) 6.49–67.50

diseases (10)
6 Patients with renal 65.95–124.99 (102.95 ± 15.0) 0.77–11.35 (6.61 ± 3.46) 5.81–131.00

disease (10)



Urinary Immunoglobulins Against HEV 141

in hepatitis A patients with mild proteinuria, and in renal dis-
ease patients with excessive proteinuria.

Globulinuria could result from overflow and/or defective
glomerular retention, and/or defective tubular reabsorption,
and/or increased filtration, and possibly decreased reabsorp-
tion (hemodynamic) (18). Evidence for transudated and lo-
cally synthesized gamma globulins in urine has been provided
both in pyelonephritis and lower urinary tract infections
(21,22). It is also possible that active excretion of immuno-
globulins by kidneys could be facilitated by specific or non-

specific stimulation. The excretion of IgA and IgG noticed in
hepatitis patients was thought to be due to stimulation by the
viremia (19). In the present study, high-level immun-
oglobulinuria was observed in hepatitis A and renal disease
patients, but not in patients with hepatitis E, thus indicating
undisturbed glomerular/tubular functions during HEV infec-
tion. It may be noted that in spite of the low-level presence of
total IgG and IgA in urine, concordance between sero- and
uropositivity for anti-HEV IgG and IgA was only 21.42%
and 49.33%, respectively.

Overall, the presence of microquantities of proteins and
immunoglobulins (G and A) was noted in urine specimens
of all individuals. However, HEV-specific antibodies ex-
hibited by serum in recent and past HEV infections were
not correspondingly found in urine. Previous studies have
reported the utility of urine as a specimen for detection of
immunoglobulins specific to viral infections such as polio,
CMV, Hantan, bovine leukemia, measles, rubella, HIV, and
HBV (2–10). Hepatitis A and E viruses are transmitted
enterically and cause diseases that are indistinguishable
clinically and biochemically. It was interesting to note that
sero- and uropositivity for anti-HAV IgM, IgG, and IgA
were >95% in agreement (unpublished data). However, such
an observation was not made for hepatitis E in the present
study. Of the anti-HEV IgM seropositive patients investi-
gated in this study, 91.54% and 85.81% were positive for
serum anti-HEV IgG and IgA, respectively. These obser-
vations were similar to those reported by Chau et al. (12),
who observed 84.1% and 52.4% positivity for anti-HEV
IgG and IgA, respectively, in an outbreak of enterically
transmitted hepatitis that occurred in southern Somalia. The
uronegativity/low proportion positivity for anti-HEV anti-
bodies in hepatitis E patients noted in the present study could
be a result of low-level in vivo replication and/or low im-
munogenicity of HEV. It has been pointed out previously
that anti-HEV titers are considerably low compared to the
high titers of anti-HAV (11,14,23,24). The extent of sys-
temic and/or local infection and renal involvement may also
play an important role in causing or restricting specific
immunoglobulinuria.

Finally, the absence or low levels of total IgM, and the
positivity for total IgG and IgA in urine specimens from hepa-
titis E patients were demonstrated by total immunoglobulin
(IgM/IgG/IgA) capture ELISA tests in the present study. Thus,
any limitations of the recombinant antigen-based ELISA tests
employed in this study were ruled out.
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