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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

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.
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INTRODUCTION MATERIALS AND METHODS

Enterically transmitted hepatitis E virus is the causative!bjects and Specimens

agent of outbreaks of hepatitis in different parts of the world. pajred serum and urine specimens were collected from 26
Hepatitis E is highly endemic in India and occurs in a larggalthy individuals, 71 hepatitis E patients, 33 non-E hepati-
number of sporadic and epidemic cases. Surveillance figpatients (17 hepatitis A patients, and 16 non-A non-E hepa-
ports concerning hepatitis E in India, as well as in othgfis patients), and 63 patients with nonhepatic diseases
countries, are based on the demonstration of anti-HEV gimcluding 37 patients with renal disease).

tibodies in serum. Urine has been reported to have severalhe 26 healthy individuals (10 males and 16 females) were
advantages over serum (1). It has also been used to de&28e68 years old, with no history of recent iliness. The hepa-
specific immunoglobulins against various viral infectiongitis patients included sporadic cases from local hospitals in
including poliovirus, cytomegalovirus (CMV), Hantan vi-Pune, and epidemic cases from Aurangabad, Chikhali, and
rus, bovine leukemia virus, BK virus, measles virus, risonawala that occurred during August 1999, March 2000,
bella virus, human immunodeficiency virus (HIV), hepatitignd June 2000, respectively, in the state of Maharashtra in
Avirus (HAV), and hepatitis B virus (HBV) (2—10). How-India. The cases were clinically examined for characteristic
ever, there are no similar reports on its use for hepatitisfgmptoms and signs, and elevated serum ALT activity. The
The present study was therefore undertaken to assess urine

specimens In_comparlson to .correspondlng §§rum Samg.@c?rrespondence to: Dr. Shobha D. Chitambar, Assistant Director, Hepati-
from healthy individuals, patients with hepatitis E, non-s pivision, National Institute of Virology, 20-A, Dr. Ambedkar Road, Pune
hepatitis, and nonhepatic diseases for anti-HEV antibad4 001, India. E-mail: chitambars@hotmail.com

ies, protein, and immunoglobulin profiles, and to exploft@ceived 2 October 2001; Accepted 19 December 2001

the possibility of using urine for epidemiologic and diago):10.1002/jcla.10027

nostic purposes. Published online in Wiley InterScience (www.interscience.wiley.com).
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109 hepatitis patients (86 males and 23 females) were 255 India) were added in different concentrations in the range
years old. The 63 pairs of serum and urine samples incluaé®.078-10 ng/well, and IgA (Lupin, India) in the range of
in the study were collected from hospitalized patients with078-12 ng/well in duplicate in identified wells. The cap-
nonhepatic diseases. This group consisted of 42 males antu?dd human antibody was probed using antihuman immuno-
females (<1 year to 75 years old) suffering from viral gastgiobulin HRP [antit HRP (1:10,000)/anty-HRP (1:10,000)/
tis, bronchitis, anemia, diarrhoea, renal disease, or renal faitti-o HRP (1:2,000)] conjugates as per requirement of the
ure. Prior to sample collection, informed consent was obtaireesbay. The bound HRP was allowed to react with substrate
from the healthy adults and the patients with nonhepatic djgshosphate citrate buffer, pH 5.0, containing O-phenylene
eases (and in the case of children, from the parents). diamine and urea peroxide). The development of color (yel-
The pairs of serum and urine samples were stored in alogv-orange) directly indicated the presence of Igs (IgM/IgG/
frigerator (+4C) and tested within 24 hr after collection. IgA) in the test sample.

Anti-HEV ELISA Statistical Analysis

Anti-HEV IgM, IgG, and IgA in serum and urine samples The data was analyzed by linear regression analysis to fit a
were determined by enzyme-linked immunosorbent asssigndard line of regression between the OD value of standard
(ELISA) tests as described previously (11-13). Recombingmbtein/lg and concentration, which was then used to esti-
ORF2 protein of HEV (55 kD) coated on the wells was alnate the total protein and immunoglobulin concentration of
lowed to bind to anti-HEV Igs (IgM/IgG/IgA from the testthe serum and urine specimens.
samples), which was probed by antihuman Ig HRP conjugate
[anti-u HRP (1:10,000) (Sigma, USA)/antiHRP (1:10,000) RESULTS
(Sigma, USA)/antia HRP (1:2,000) (Dako, Denmark)]. The,, .. S .
bound HRP was allowed to react with substrate (phosphé etI'HEV Antibodies in Serum and Urine Samples
citrate buffer, pH 5.0, containing O-phenylene diamine andFreshly collected paired serum and urine samples from 71
urea peroxide). The development of color (yellow-orangkgpatitis E patients, 26 healthy controls, 33 non-E hepatitis
directly indicated the presence of HEV-specific Igs (IgM/lgGatients (12 hepatitis A, 21 non-A non-E hepatitis) and pa-
IgA) in the test sample. tients with nonhepatic diseases (63, which included 37 pa-

Calculations for cut-off optical density (OD) and interpretients with renal disease) were subjected to indirect ELISA
tation of results were carried out according to the methtmt detection of anti-HEV IgM, IgG, and IgA antibodies. The
described by Arankalle et al. (14). Serum specimens knovasults obtained for urine samples were compared with those
to be negative and positive for anti-HEV antibodies were inf corresponding serum samples.
cluded as negative and positive controls, respectively, in the
test. The cut-off value to detect anti-HEV IgM and IgA walgM Anti-HEV
calculated as mean negative control OD value X3. For anti-

HEV 1aG detection the cut-off value was calculated as me Table 1 presents the comparative data obtained for anti-
9 Atv IgM. All patients with confirmed seropositivity (71/
negative control OD value X2.1.

71) for anti-HEV IgM showed an absence of uropositivity

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

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

) Serum Urine
The method described by Lowry et al. (15) was used to No. +ve/ S/Co No. +ve/ S/Co

determine the protein content of serum and urine samplggup no.tested (meanSD) no.tested (meanSD)
An aliquot of 10ul, each of serum (1:10 dilution) and urine

. : Hepatitis E 7171 3.722.23 0/71 0.1G:0.12
specimen (neat) was employed in the assay. patients (100%) (0%)
Total IgM, 1gG, and IgA in serum and urine specimengeaithy 1/26 0.43% 0.27 0/26 0.02 0.02
were determined by IgM, IgG, and IgA capture ELISAS, re- controls (3.84%) (0%)
spectively. Briefly, microwell ELISA plates (Maxisorb; NuncNon-E 0/33 0.4% 0.31 0/33 0.06:0.08
Naperville, IL) were coated (128/well) at room tempera- Egﬁ:ﬂ:‘; (0%) (0%)
ture overnight with rabbit antihuman Ig ¢hain specific; 5 s with 1/63 03%0.27 0/63 008 011

Dako, Denmark)/IlgGy(chain specific; Dako, Denmark)/IgA  non-hepatic  (2.38%) (0%)

(a chain specific; Dako, Denmark) antibodies at 1:1,000,diseases

1:250, and 1:400 dilutions, r_esp_ectlvely. '_I'es_t Ser'_“lm_ and _u_“ﬂ?ghly significant difference when compared with corresponding serum
samples were then added in different dilutions in identified e

wells. Standard human IgM (Dako, Denmark) and IgG (L&/Co, sample OD/cutoff OD.
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(0/71). Control groups were negative for both serum and urif®BLE 3. Comparison of paired serum and urine specimens

anti-HEV |gM for anti-HEV |gA
Serum Urine
IgG and IgA Anti-HEV No. +ve/ SICo No. +ve/ SICo
. . . . tested ansD . tested ansSD

Among anti-HEV IgM seropositive patients, 91.54% (65(?0%_ _ o tested _(me ) o tested (me )

71) and 85.91% (61/71) were positive for serum anti-HEN'Fpa:!“Stg (85651)/17;) 3.052.11 (420927110/) 172215
: - - patien .91% .81%

IgQ and IgA, respectl_vely. Comparatlve d_ata obtained fro Lolthy 126 0.4 0.23 0/26 0.3% 0.26
paired serum and urine specimens for different groups T0gontroi¢ (3.84%) (0%)
anti-HEV IgG and IgA are shown in Tables 2 and 3, respagn-E 8/33 1.20£ 0.23 5/33 0.5%0.81
tively. hepatitis (24.24%) (15.15%)

Among anti-HEV IgG seropositive hepatitis E patients, onl Ft’?“et”tg_th /63 052 0.65 s63 0.4% 046

) [ . - e atients wi . . . .

21.53% (14/65) showed uropositivity. In healthy individuals, non-hepatic  (7.93%) (6.97%)

non-E hepatitis patients, and patients with nonhepatic disgiseasdy
eases, uropositivity was still low and variable (20% (1/5);
6.2% (1/16); 41.66% (5/12). Sensitivity and specificity wer :2:?’, :gm xz'
found to be 21.42% and 100%, respectively. Percegt, Samp?e OD/cutoff.
uropositivity for anti-HEV IgA was 47.54% (29/61) among

seropositive hepatitis E patients. In the other groups investi- . . .
P P P group with bovine serum albumin employed as standard protein.

gated, low and variable sero- and uropositivity were nOtﬁl’%e OD values were averaged over eight runs, and a standard

itivi ifici 0,
;zb;ezaz'z;)e?jgg;zisgs specificity were found to be 50 éourve was plotted. A line of regression was fitted to this stan-

o . dard curve using linear regression analysis. The linearity of
Overall, no statistical correlation was noted between SRz ; .
. o : Lo e standard curve was confirmed by computing the correla-
rum and urine positivity for anti-HEV antibodies. : .
. . . t|8n coefficient between average OD values and concentra-
To investigate the lack of concordance in sero- ar) _ . . S
L ) . : tion (= 0.984P < 0.01) The equation of this regression line
uropositivity for anti-HEV antibodies, the urine and corre- L . L
. . . as used for estimating the protein concentration in the test
sponding serum samples were tested for protein and immu- : )
; samples. The range of protein concentration, me2iD val-
noglobulin levels. . . . . .
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'gest was used. The mean
serum protein levels in different categories of patients were
Protein concentration was determined in freshly collectsiynificantly lower than that of the healthy grodp< 0.01
paired serum and urine samples from 26 healthy controls,f&7 every comparison). The mean urine protein levels in all
hepatitis A patients, 24 hepatitis E patients, 15 patients wifftoups of patients showed no significant difference with that
non-A non-E hepatitis, 10 patients with nonhepatic diseasetthe healthy groupg> 0.05 for every comparison), except
and 10 patients with renal disease. Eight runs were perfornfiedthe group of renal disease patients, which showed a sig-
nificantly high concentratior®(< 0.01). The protein content
TABLE 2. Comparison of paired serum and urine specimens  in urine specimens was significantly low as compared to the
for anti-HEV 1gG corresponding serum samples in all groups (p&itesit,P <
0.01). Among the healthy individuals, the range of serum pro-

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

Serum Urine ) A ) k :
No. +ve/ S/Co No. +ve/ sco  tein to_ urine protein ratios was high compared to all groups
Group no.tested (meanSD) no.tested (meansp) Of patients.
Hepatitis £ 65/71 £ 0 3.62 1471 0.68 0.87 Freshly collected paired serum and urine specimens from
patienté (91.54%) (19.71%) 10 _healthy individuals, 10 hepa_tl_tlsA panent;, 10 h_epatltls_ E
Healthy 5/26 1.0% 1.70 1/26 0.5 1.79 patients, 10 non-A non-E hepatitis patients, five patients with
control (19.23%) (3.84%) nonhepatic diseases, and five patients with renal disease were
Non-E 16/33  1.921.90 1/33 0.34 031 subjected to capture ELISA tests to determine the total con-
hepatltgs (48.48%) (3.03%) tent of |gM |gG and |gA
patient . ' '
patients with 12/63 0861.21 5/63 05% 1.07 Eight runs _for each of the three capture ELISA tests were
non-hepatic ~ (19.04%) (7.93%) performed, with human IgM, IgG, and IgA employed as stan-
disease’ dard immunoglobulins. Taking appropriate concentrations of
SANG-HEV IgM +ve. each of the standards (IgM, _IgG, and IgA), a curve was plot-
bAnti-HEV IgM —ve. ted for OD value on the Y axis and corresponding concentra-

S/Co, sample OD/cutoff OD. tion on the X axis. A line of regression was fitted by using
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TABLE 4. Total protein content in paired serum and urine specimens

Range of protein concentration (measD)

Serial 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 (146.82.33) 1.05-6.71 (3.1¥1.67) 17.69-168.12
2 Hepatitis A patients (17) 26.46-196.69 (10%.839.39) 1.19-11.69 (4.162.58) 6.25-136.77
3 Hepatitis E patients (24) 80.52-230.05 (107.80.87) 1.15-19.17 (4.393.72) 5.0-100.0
4 Non-A non-E hepatitis 23.39-115.02 (844783.65) 0.92-9.2 (2.952.11) 4.28-75.00
patients (15)
5 Patients with non-hepatic 47.93-98.54 (66t785.30) 0.92-7.74 (3.281.96) 6.49-67.50
diseases (10)
6 Patients with renal 65.95-124.99 (1024955.0) 0.77-11.35 (6.64 3.46) 5.81-131.00

disease (10)

linear regression analysis. The linearity was confirmed froobtained in sufficient quantities without any hesitation from
the correlation coefficient between OD value and concentthe subjects.
tion (= 0.9659, 0.9871, and 0.9792 for IgM, IgG, and IgA, We investigated urine specimens for anti-HEV antibodies.
respectively;P < 0.05 for each). Using the regression lin&his is the first report to document detection of IgM, IgG,
equation, the concentrations of IgM/IgG/IgA antibodies iand IgA classes of urinary antibodies against HEV by ELISA.
the test samples were estimated. Uronegativity was observed for anti-HEV IgM in all (71/71)
The range of concentrations for each of the IgM, IgG, ahépatitis E patients. Furthermore, when these patients were
IgA markers obtained in all groups for the serum and uritested for the presence of urinary anti-HEV IgG and IgA, the
specimens were analyzed by Studetitsst. The data are proportions of positivity were low.
presented in Table 5. In the serum samples the lower confhe inadequacy of urine specimens for detection of hepa-
centration of Ig levels, when compared with the healthy cdtitis E antibodies prompted us to determine the protein and
trol group, was noted to be statistically significant. Howeveémmunoglobulin levels of the test (serum and urine) samples.
it was not observed in all groups (significant only in non-&ignificantly low levels P < 0.01) of serum proteins were
non-E hepatitis patients, nonhepatic and renal disease qaserved in all groups of patients as compared to the healthy
tients for IgM; in hepatitis E patients, non-A non-E hepatitiadividuals (Table 4). Similar to the reduced serum protein
patients, and nonhepatic patients for IgG; and in hepatitidevels, serum IgM, 1gG, and IgA levels were also noted to be
patients, non-A non-E hepatitis patients for IJA< 0.05 decreasedH < 0.05) in all categories of patients (Table 5).
for all markers)). However, this observation was not consistent for all markers
As reported previously by other investigators (16), the uriieall groups—probably due to the small size of the samples.
levels ofimmunoglobulins were very low—in microquantities A wide range of protein levels was detected in urine samples
in comparison to serum levels. These are, therefore, expressdduealthy individuals. Urine protein levels detected in pa-
in nano- or microgram per milliliter of the sample (Table 5)ients with hepatitis and nonhepatic diseases were closer to
The mean values for urine IgM, 1gG, and IgA in hepatitis that of healthy individuald> 0.05). Patients with renal dis-
patients, non-A non-E hepatitis patients, and patients wéhse, however, showed significantly high protein lerls (
nonhepatic diseases did not show a significant difference witld1). These observations confirm earlier reports document-
the corresponding values of healthy groep 0.05 for each). ing increased urinary excretion of protein as a common sign
In a similar comparison, hepatitis A patients and renal disfrenal disease (18).
ease patients showed significantly high mean IgM le¥®ds ( In our study, the absence or very low levels of total IgM in
0.05 for each). These groups of patients also showed higihe specimens of healthy individuals, hepatitis E patients,
mean values for urine IgG and IgA; however, no statisticalion-A non-E hepatitis patients, and patients with nonhepatic
significant difference was noted with that of the healthy grodpseases was noted. Total IgG and IgA content of urine speci_
(P>0.05). mens in the same groups was not statistically different from
that of healthy individuals. Jankowski (19) reported the ab-
DISCUSSION sence of total IgM, over fourfold increase in IgA, and two-
W|de|y used immuno|ogica| assays Currenﬂy are basedf@hj increase in IgG content of urine in children diagnosed as
examination of blood specimens. However, the obvious diffal hepatitis patients with and without HBsAg antigenemia.
ficulties and disadvantages inherent in blood collection halencer et al. (20) also postulated that transport of macromol-
also been described (1). Alternative body fluids, such as saules such as IgM is highly restricted under normal condi-
liva and urine, were investigated for this purpose, and weiens, and that the urine concentration of other macromolecules
shown to contain low immunoglobulin concentrations (10,1 ®ould be extremely low. However, in our study, we noted in-
In the present study we evaluated urine, as it can be easiased urinary IgM and a wide range of IgG and IgA levels
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TABLE 5. Total IgM, IgG, and IgA content in paired serum specific stimulation. The excretion of IgA and IgG noticed in

and urine specimens

hepatitis patients was thought to be due to stimulation by the

Range of IgM concentration ~ viremia (19). In the present study, high-level immun-

Serial (meant SD) oglobulinuria was observed in hepatitis A and renal disease
number Group (n) Serum mg/ml Uringg/ml  patients, but not in patients with hepatitis E, thus indicating
1 Healthy controls (10) 0.32-1.41 0.00-12.26 qndisturbed glomerular/tl_Jbqur functions during HEV infec-
(0.72+£0.30)  (1.93+3.74) tion. It may be noted that in spite of the low-level presence of
2 Hepatitis A patients (7) 0.30-2.85 10.29-54.09 total IgG and IgA in urine, concordance between sero- and
N _ (0.80£0.84)  (34.2% 16.53) rgpositivity for anti-HEV IgG and IgA was only 21.42%
3 Hepatitis E patients (10) o Sg.jz—zlsz o 4&0(;);613;9.66 and 49.33%, respectively.
2 Non-A non-E hepatitis 0.13-0 88 “0.00-38.23 Overall, the presence of microquantities of proteins and
patients (10) (0.320.21) (7.06t 13.24) immunoglobulins (G and A) was noted in urine specimens
5 Patients with non-hepatic 0.08-0.37 0.00-0.00 of all individuals. However, HEV-specific antibodies ex-
. o Ci!seilses_f) | (06131850'321)1 2(2)9 67 14 hibited by serum in recent and past HEV infections were
atients with rena .1o—-U. 49—-a/. . . . . H
disease (5) (0320090)  (38.47% 31.96) not correspond_lngly fou_nd in urine. P_rewous studles_ have
_ reported the utility of urine as a specimen for detection of
Range of IgG concentration  jmmunoglobulins specific to viral infections such as polio,
Serial (meant SD) _ CMV, Hantan, bovine leukemia, measles, rubella, HIV, and
number Group (n) Serum mg/ml Uring/ml 1BV (2—10). Hepatitis A and E viruses are transmitted
1 Healthy controls (10) 10.06-20.61 0.01-0.69 enterically and cause diseases that are indistinguishable
N _ (13.72£3.11)  (0.22£0.20)  clinically and biochemically. It was interesting to note that
2 Hepatitis A patients (10) 6.09-17.39 0.006—40.73ser0_ and UrOpOSitiVity for anti-HAV |gM, |gG, and |gA
(10.32+ 4.01)  (7.05+ 12.82) ~05% i ¢ blished data). H h
3 Hepatitis E patients (10) 3.42-1655  0.009-1.22 Were 0in agreement (unpublished data). However, suc
(859+3.90) (0.50:0.36) an observation was not made for hepatitis E in the present
4 Non-A non-E hepatitis 6.51-15.94 0.053-3.59 study. Of the anti-HEV IgM seropositive patients investi-
patients (10) - (1022288  (0.86:£1.01) gated in this study, 91.54% and 85.81% were positive for
5 Patients with non-hepatic 10.06-12.49 0.05-0.43 serym anti-HEV IgG and IgA, respectively. These obser-
diseases (5) (11.100.99) (0.26x 0.13) ti imilar to th ted by Ch tal (12
6 Patients with renal 4.87-11.18 3.30-60.30 VaUIONS were simiiar to those reported by Lhau et al. (12),
disease (5) (8.7¢2.18) (19.14 20.91) Who observed 84.1% and 52.4% positivity for anti-HEV
_ IgG and IgA, respectively, in an outbreak of enterically
Range of IgA concentration . . . .

‘ (meant SD) transmitted hepatitis that occurred in southern Somalia. The
Serial , uronegativity/low proportion positivity for anti-HEV anti-
number Group (n) Serum mg/ml Uring/ml .. L. . .

bodies in hepatitis E patients noted in the present study could
1 Healthy controls (9) " 716241?5'3)2 " 6‘(’&1?—451-;‘8 be a result of low-level in vivo replication and/or low im-
5 Hepatitis A patients (10) 0.48-3.38 0.11-85.97 munoge_mcny o_f HEV. It has _been pointed out previously
(131+078)  (12.98 25.57) that a_ntl-H EV tlte_rs are considerably low compared to the
3 Hepatitis E patients (10) 0.19-6.34 0.15-4.08 high titers of anti-HAV (11,14,23,24). The extent of sys-
N (2.20+ 1.53) (1.78£ 1.39)  temic and/or local infection and renal involvement may also
4 Non-A non-E hepatitis 0.89-2.03 0.18-11.41 play an important role in causing or restricting specific
patients (10) (1.32 0.34) (3.01+ 3.72) immunoalobulinuria
5 Patients with non-hepatic 0.14-2.48 0.34-2.09 . 9 )
diseases (5) (1.250.94)  (0.90t 0.64) Finally, the absence or low levels of total IgM, and the
6 Patients with renal 1.47-3.17 3.27-108.90positivity for total IgG and IgA in urine specimens from hepa-
disease (5) (2.180.76)  (40.22+ 36.87) titis E patients were demonstrated by total immunoglobulin

(IgM/IgG/IgA) capture ELISA tests in the present study. Thus,

in hepatitis A patients with mild proteinuria, and in renal digny limitations of the recombinant antigen-based ELISA tests
ease patients with excessive proteinuria. employed in this study were ruled out.

Globulinuria could result from overflow and/or defective
glomerular retention, and/or defective tubular reabsorptiocRc K NOWLEDGMENTS
and/or increased filtration, and possibly decreased reabsorp-
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both in pyelonephritis and lower urinary tract infectiong/e are thankful to Dr. A.R. Bavdekar, Dr. Kalpana Kulkarni,
(21,22). 1t is also possible that active excretion of immunand the staffs of the Department of Pediatrics, KEM Hospi-
globulins by kidneys could be facilitated by specific or nortal, and the Nephro ward, Sasson General Hospital, Pune, for
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