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Abstract.

We reported a highly sensitive and specific enzyme-linked immunosorbent assay (ELISA) that detects

immunoglobulin G (IgG) in urine using rKRP42 antigen for the diagnosis of visceral leishmaniasis (VL). The ELISA
was applied to study chronological change in antibody titers in five study areas in Rajshahi district, Bangladesh. A total
of 585 subjects without a past VL history were examined at least three times in the 30-month follow-up period; of
these subjects, 137 (23.4%) subjects became ELISA-positive at least one time during the study. Among the positive
cases, 40 (29.2%) subjects developed clinical VL, and 31 (77.5%) of these subjects showed IgG titers of > 1,000 U more
than one time in the study period. Considering only the first ELISA results, 22 subjects with IgG titers of > 1,000 U could
be found, and 21 (95.5%) of these subjects turned out to be clinical cases. The high urinary IgG titers (> 1,000 U) will help
predict possible clinical VL cases and thus, identify an outbreak in its earlier stage.

INTRODUCTION

Visceral leishmaniasis (VL; also known as kala-azar) caused
by an intracellular protozoan parasite of the Leishmania
donovani complex is considered as one of the most neglected
diseases.! Approximately 90% of the 500,000 estimated world
annual cases occur in rural areas of Bangladesh, India, Nepal,
Sudan, and Brazil, some of the world’s poorest regions. The
infection could be asymptomatic or cause a progressive illness
characterized by prolonged fever, hepatosplenomegaly, weight
loss, and even death if left untreated.> Some 75,000 deaths
were reported annually in the world.® In Bangladesh, the total
annual kala-azar cases ranged from 3,965 in 1994 to 8,920
in 2004, with a trend of rising incidence.* However, the number
is substantially underestimated, because kala-azar patients
were diagnosed and counted only when they visited govern-
ment health complexes at the subdistrict level (Thana health
complexes). Most VL cases in peripheral health facilities
are still treated on the basis of clinical diagnosis and/or the
result of an inadequately sensitive and specific formol gel
test (aldehyde test).” It is also well-known that the classical
clinical features of VL are shared by several other diseases like
malaria, disseminated tuberculosis, and enteric fever, which
are also common in many of the endemic areas.®

Demonstration of the causative parasites in aspirates from
spleen, bone marrow, and lymph nodes is the most specific
diagnostic method, but its application in the field is limited
because of technical difficulty, invasiveness, and relatively
low sensitivity (except for spleen aspiration).” Meanwhile,
observation of high antibody levels in VL facilitated the
development of immunodiagnoses,® and enzyme-linked immu-
nosorbent assays (ELISAs) with crude or recombinant anti-
gens’™! and direct agglutinin tests (DATs)'>™> have been
providing good diagnostic results. Among others, the recom-
binant antigen rK39, a part of L. chagasi kinesin-related pro-
tein, has been used successfully with ELISA or in a dipstick
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format.'*!> We recently developed an ELISA to detect immu-
noglobulin G (IgG) in urine for the diagnosis of VL using a
recombinant kinesin-related protein of L. donovani (rKRP42)
as antigen (rKRP42 urine ELISA).'®

The incubation period of VL generally varies from 2 to
6 months, but it may have a much wider range.'” Because
delays in diagnosis and treatment increase the risk of compli-
cations and death, an early diagnosis is essential."®'® More-
over, early diagnosis and treatment may reduce the chance of
disease transmission. A study conducted in Bihar state, India,
reported that 69% of asymptomatic seropositives by rK39
ELISA and dipstick developed kala-azar within 1 year,®®
suggesting that many of the asymptomatic seropositives were
in a pre-clinical state.

Recently, urine was considered for samples for the diag-
nosis of VL, and it was found to have similar sensitivity and
specificity to those tests with serum samples when tested with
confirmed VL and non-VL samples.'®?'* In this study,
we applied rTKRP42 urine ELISA to Bangladeshi subjects
(N = 1,384 at registration) and studied the occurrence of clin-
ical cases in a follow-up survey for up to 30 months.

MATERIALS AND METHODS

Sample collection. Three different areas, designated as cen-
ters 1, 2, and 3, in Godagari Thana, Rajshahi district, were
used for this study. Center 1 included subjects from Nobai
Bottola and its adjacent villages (Pathorghata, Dohorlongi,
Nimghut, Essowripur, and Dainpara). The people were reg-
istered in March of 2005 (group A; 302 individuals), July of
2005 (group B; 236 individuals), or March of 2006 (group C;
203 individuals) and followed up at our two times per year
visits (Table 1 shows the schedule of visits and ELISA-positive
rates). New subjects were also registered at our follow-up
visits. Center 2 included 370 subjects from Modhumath and
Biroil villages (registered in March of 2006), and in center 3,
a total of 273 subjects from Zhinafulbari and Shahpur vil-
lages were registered in February of 2007. A brief history was
taken from each subject to determine if he/she had received
treatment of kala-azar or was suffering from any symptoms of
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TaBLE 1

Schedule of urine sample collection and ELISA-positive rates according to study site

Number of positive/number examined (percent positive)

Study site March 2005 July 2005 March 2006 August 2006 February 2007 July 2007 March 2008*
Center 1

Group A 40/302 (13.2) 40/218 (18.3) 30/148 (20.3) 32/163 (19.6) 23/125 (18.4) 16/126 (12.7) 14/25 (56.0)

Group B 31/236 (13.1) 14/115 (12.2) 12/116 (10.3) 12/95 (12.6) 15/85 (17.6) 8/17 (47.1)

Group C 19/203 (9.4) 7113 (6.2) 4174 (5.4) 4174 (5.4) 1/3 (33.3)
Center 2 65/370 (17.6) 18/262 (6.9) 19/183 (10.4) 6/105 (5.7) 5/14 (35.7)
Center 3 17/273 (6.2) 7172 (4.1) 5/15 (33.3)

*Clinical cases and ELISA-positive cases were followed up with more emphasis, resulting in higher rates.

kala-azar at the time of registration. Suspected individuals
were checked by project doctors and if necessary, referred to
a hospital, and their treatment records were checked later in
our next visit. The criteria for diagnosis of VL and initiation of
treatment practiced in the hospital are described elsewhere.'®
All subjects were asked to collect 5 mL urine in a plastic tube
for rKRP42 urine ELISA (below). Urine samples were mixed
with preservative, NaNj3, at a concentration of 0.1% (wt/vol),
transported to Japan at ambient temperature (usually S5-
10 days for transportation), and after arrival at Aichi Medical
University, kept at 4°C until IgG measurement. These pro-
cedures do not affect ELISA results. Our study with filarial
antibody showed that NaNj-added urine samples could be
kept at 37°C for 4 weeks without deterioration.**

The study was reviewed and approved by the Ethics
Committee of Aichi Medical University School of Medicine,
Japan, and the Ethical Review Committee of the Bangladesh
Medical Research Council.

Categorizing subjects. The study subjects were categorized
into four groups. (1) Clinical VL cases included those subjects
who experienced clinical VL during or after registration
in our study and were treated at the hospital with sodium
stibogluconate or miltefosine. (2) The ELISA-positive cases
included those subjects who were asymptomatic but ELISA-
positive at least one time during the study period. (3) The
ELISA-negative cases included those subjects who were
asymptomatic and remained ELISA-negative all through
the study period. All subjects in groups 1-3 had no history
of kala-azar and were tested at least three times, except for
three deceased cases in group 1. (4) Old VL cases included
those subjects who had VL before registration in our study.
VL was confirmed either by (1) hospital documents indicating
treatment for VL or without such documents, (2) a reliable
history of fever for more than 2 weeks, hospital admission,
and treatment of VL with injection for 20-30 days. None of
our old VL cases were treated with miltefosine.

ELISA to detect urinary anti-rKRP42 IgG. The procedure
for producing the antigen and the method of ELISA were
described elsewhere.!®* Briefly, flat-bottomed 96-well micro-
titer plates (MaxiSorp, Nunc, Denmark) were coated with
1 pg/mL rKRP42 antigen (100 pL/well) overnight at 4°C.
After blocking with casein buffer (1% casein in 0.05 M
Tris-HCI buffer with 0.15 M NaCl, pH 7.6) for 2 hours at
room temperature, the wells were loaded with 100 pL urine
and incubated at 37°C for 1 hour. After four washes with
phosphate-buffered saline (PBS; pH 7.4) containing 0.05%
Tween 20, peroxidase-conjugated goat anti-human IgG (Tago,
Camarillo, CA) diluted 1:4,000 with casein buffer was added
and incubated at 37°C for 1 hour. After washing four times,
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS)
substrate (KPL Inc., Gaithersburg, MD) was reacted for col-
oration for 1 hour at room temperature. The optical density
(OD) was measured at 415 nm, and OD of 492 nm was used
as a reference. Each sample was assayed in duplicate; if the
absorbance values of the duplicates differed > 40% from
their average, the sample was retested. Antibody levels were
expressed arbitrarily as unit, which was estimated from the
standard curve constructed for each plate with serially
diluted positive sera. The cutoff value was 57.9 U.

RESULTS

Prevalence of urinary anti-rKRP42 IgG and occurrence of
clinical cases analyzed by study site, sex, and age group. The
field activities and results are shown in Table 1 chronologi-
cally. In the first visit to the group A site, 302 subjects were
examined by ELISA, and 40 positives (13.2%) were obtained.
In groups B and C and centers 2 and 3, the positive rates at the
first visit were 13.1%, 9.4%, 17.6%, and 6.2%, respectively.
The rates were not different among the groups in center 1
(% test, 2 d.f. [degrees of freedom], P = 0.36), and center 2
had a significantly higher rate than group C (P = 0.008) and

TABLE 2

ELISA-positive rates and IgG titers in the first examination according to study site and the occurrence of clinical cases detected during the

study period

Number of
positives with

Geometric
mean titer (U)

Number of
ELISA-positive cases/

Number of clinical cases confirmed within (months)

Total clinical cases/

Study site number examined* (%) among the positives >1,000 U (%) <3 3to<6 6to<12 >12 number examined? (%)
Center 1

Group A 28/288 (9.7) 1,257.8 19 (67.9) 14 4 0 8 26/205 (12.7)

Group B 17/220 (7.7) 146.1 1(5.9) 0 0 1 5 6/116 (5.2)

Group C 14/196 (7.1) 130.5 0 (0.0) 0 0 1 0 1/80 (1.3)
Center 2 49/348 (14.1) 1745 2(4.1) 0 1 0 0 1/172 (0.6)
Center 3 15/268 (5.6) 515.8 6 (40.0) 5 0 0 1 6/12 (50.0)
Total 123/1,320 (9.3) 19 5 2 14 40/585 (6.8)

*Data from the first test (excluding old VL cases).

TAll cases were tested at least three times during the study period except for three deceased VL cases.
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TaBLE 3
Clinical rate analyzed by sex and age group

Age group Male Female Total (%)
0-9 5/90 91121 14/211 (6.6)
10-19 2/53 2/56 4/109 (3.7)
20-29 521 6/55 11/76 (14.5)
30-39 2119 2/56 4175 (5.3)
>40 4/40 3/74 7/114 (6.1)
Total (%) 18/223 (8.1) 22/362 (6.1) 40/585 (6.8)

center 3 (P < 0.001). The positive rates in March of 2008 were
unusually high, because clinical cases and past ELISA-positives
were examined with more emphasis.

In Table 2, the ELISA-positive rates in the first test (N =
1,320) and the occurrence of clinical cases in 585 subjects
tested at least three times during the study (three deceased
clinical VL cases tested one or two times were included) were
analyzed by site of study. In this case, old VL cases (N = 64)
were excluded. The ELISA-positive rate in center 2 was sig-
nificantly higher than rates of group B, group C, and center 3
(x* test, P < 0.002-0.021). The mean IgG titer among the
positive cases was higher in group A and center 3 than in
groups B and C and center 2 (analysis of variance [ANOVA],
P < 0.001; Tukey—Kramer, P < 0.05), and accordingly, the pro-
portion of high titer-positive values (= 1,000 U) was higher in
the former two sites than in the latter three sites (Fisher exact
test, P < 0.001-0.039). A total of 19 clinical VL cases were
confirmed within 3 months of the first ELISA test: 14 cases in
group A and 5 cases in center 3; 11 of 14 and 4 of 5 cases had
high titers of > 1,000 U at the first test. All these findings
would indicate that an outbreak was beginning in group A
and center 3 just when our first ELISA test was conducted.

The clinical rate was analyzed by sex and age group for the
585 subjects (Table 3). The rates for males and females were
8.1% (N = 223) and 6.1% (N = 362), respectively, and there
was no difference between them (3 test, P = 0.353). The rates
by age group ranged from 3.7% to 14.5%, and there were no
differences among them (y? test, 4 d.f., P = 0.060).

Occurrence of clinical VL cases according to the level
of IgG titer. The 585 subjects were classified according to
the highest titer obtained during the study period (Table 4).
There were 40 (6.8%) clinical VL cases, 97 (16.6%) ELISA-
positives, and 448 (76.6% ) ELISA-negatives. All of the clini-
cal cases were ELISA-positive, and 77.5% (31 of 40) had IgG
titers of > 1,000 U, whereas among 42 positive cases with
> 1,000 U, 31 (73.8%) cases were clinical. The occurrence
rates of clinical VL were 0%, 9.5%, 44.4%, and 81.8%, respec-
tively, in the < 57.9, > 57.9 to < 1,000, > 1,000 to < 3,000, and
> 3,000 U levels. The difference was significant in three pairs
of adjacent titer levels: < 57.9 versus > 57.9 to < 1,000 U
(Fisher exact test, P < 0.001), > 57.9 to < 1,000 versus > 1,000

to < 3,000 U (P = 0.011), and > 1,000 to < 3,000 versus
> 3,000 U (P = 0.038). The lengths of the follow-up periods
were very similar (28.8-32.4 months) among the different titer
groups, and they did not seem to influence the occurrence
rates, although the > 3,000 U level had a statistically longer
period than the > 57.9 to < 1,000 U (ANOVA, P = 0.028;
Scheffé test, P < 0.05). Most of the ELISA-positives without
disease showed low IgG titers, with 88.7% having < 1,000 U
(average = 60.8 U), and they were not constantly positive.
Only 24 of 97 (24.7%) became positive cases more than
one time.

The clinical, ELISA-positive, and ELISA-negative subjects
were also analyzed according to the IgG titer determined at
the first ELISA test (Table 5); 21 of 40 clinical cases (52.5%)
had IgG titers of > 1,000 U, and 21 of 22 subjects (95.5%) who
had IgG titers of > 1,000 U at the first test developed clinical
VL. The occurrence rates of clinical VL were 1.8%, 14.9%,
85.7%, and 100%, respectively, in the < 57.9, > 57.9 to < 1,000,
> 1,000 to < 3,000, and > 3,000 U titer levels. The rates are
different between the < 57.9 and > 57.9 to < 1,000 U levels
(Fisher exact test, P < 0.001) and the > 57.9 to < 1,000 and
> 1,000 to < 3,000 U levels (P < 0.001) but not between the
highest two levels (P = 0.318). The incubation period, defined
as the time in months from the first urine test to the hospital
admission, was shortest in the > 3,000 U level (4.8 months),
which was different statistically from period of the < 57.9 U level
(14.6 months; ANOVA, P = 0.039, Tukey—Kramer, P < 0.05).

Reduction of IgG titers after recovery from VL. Old VL
cases were used to analyze the change in titers after the latest
recovery. There were 64 such cases registered, but 3 of these
cases were excluded from this analysis, because they devel-
oped clinical VL during the present study (recurrence rate =
4.7%). Their IgG titers obtained at our first urine test and
time lags in years between the test and the last VL episode
are plotted in Figure 1. When special attention was paid to
high titers of > 1,000 U, there seemed to be two separate
peaks: one peak just before the present study and the other
one around 10 years ago. In the more recent peak, titers
decreased relatively rapidly to the cutoff level in 3.5 years
(r = 0.69, P < 0.001; log [unit + 1] = —0.392 [years] + 3.158),
and the computation was made with 48 data points found
within the time lag of < 8 years.

DISCUSSION

Prediction of possible clinical VL cases will be valuable for
not only early treatment of patients but taking measures to
interrupt transmission. For the prediction, antibody detection
will be beneficial because of its high sensitivity. We reported
rKRP42 recombinant antigen-based ELISA, which uses urine
samples,'® and the ELISA was evaluated in the present study

TaBLE 4
Clinical VL cases, ELISA-positive cases, and ELISA-negative cases classified by individual’s highest ELISA titer obtained during the study period

Highest IgG titer in the study period (U) Clinical VL (%)

ELISA positive (%)

ELISA negative (%) % Clinical rate Follow-up period in months (SD)

<579 0 (0.0)

>57.9 to < 1,000 9 (22.5) 86 (88.7)
> 1,000 to < 3,000 4(10.0) 5(5.2)
> 3,000 27 (67.5) 6(6.2)
Total 40 (100) 97 (100)

448 (100) 0.0 (0/448) 29.5 (5.5)
- 9.5 (9/95) 28.8 (6.8)
- 44.4 (4/9) 29.8 (8.3)
- 81.8 (27/33) 32.4 (8.0)
448 (100) 6.8 (40/585) 29.5 (6.0)

All cases did not have a history of VL before the present study. They were examined three times or more during the study period. The ELISA-positive and —negative cases were without VL

symptoms throughout the study.
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TABLE 5
Clinical VL cases, ELISA-positive cases, and ELISA-negative cases classified by individual’s titer observed at the first examination

1gG titer of the first test (U) Clinical VL (%) ELISA positive (%)

ELISA negative (%) % Clinical rate Incubation period in months* (SD)

<579 9(22.5) 39 (40.2)
>57.9 to < 1,000 10 (25.0) 57 (58.8)
> 1,000 to < 3,000 6 (15.0) 1(1.0)
>3,000 15 (37.5) 0 (0.0)
Total 40 (100) 97 (100)

448 (100) 1.8 (9/496) 14.6 (7.5)
- 14.9 (10/67) 8.8(8.2)
- 85.7 (6/7) 8.5 (8.6)
- 100 (15/15) 48 (6.9)
448 (100) 6.8 (40/585) 8.6 (82)

The definitions for subject categories are the same as in Table 4.
* Average from the first ELISA test to hospital admission.

for the effectiveness in predicting the occurrence of clinical
cases. The study started in March of 2005 and continued until
March of 2008. Five study sites (groups A, B, and C and cen-
ters 2 and 3) were selected, and a total of 1,384 people were
examined in the first examination. Just after the study, we
noticed many high-titer ELISA-positive people in group A.
Later, we concluded that the outbreak was actually starting in
group A, and also, it was starting in center 3 after February
of 2007 (Tables 1 and 2), because the two sites had signifi-
cantly higher rates of positive cases with > 1,000 U than the
other three sites; a majority of them turned out to be clinical
VL within 3 months. This temporal coincidence provided
an opportunity to analyze antibody titers in the course of
an outbreak. In 2004, the Institute of Epidemilogy, Disease
Control and Research (IEDCR), Bangladesh, reported a
kala-azar outbreak in Godagari Thana, the same subdistrict
where the present study was carried out.*®

A total of 585 individuals, who did not have a past history of
kala-azar and were examined three times or more, was fol-
lowed up for an average period of 29.5 months (Table 4). Of
these subjects, 137 (23.4%) subjects were found to be ELISA-
positive at least one time. Among the positive cases, 40
(29.2%) subjects developed clinical VL. Of 42 subjects with
IgG titers of > 1,000 U, 31 (73.8%) subjects became clinical
cases in the study period, indicating that 1,000 U can be a
critical level for predicting clinical cases. In addition, it seemed
important for the high titers to be maintained; 11 subjects with
a titer > 1,000 U did not develop clinical VL (Table 4), of
whom 8 subjects had an IgG titer > 1,000 U at a single point
of measurement and 3 subjects exceeded > 1,000 U more than
one time. Sex and age did not influence clinical rate. When
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old VL cases after different time lags between the first urine test and
the latest recovery.

only the first ELISA test was taken into account, which is a
more realistic situation in a field survey, 22 positive cases with
> 1,000 U were detected, and 21 (95.5%) of these subjects
developed clinical VL (Table 5). Thus, a single urine test could
have predicted 52.5% (21 of 40) of the total clinical cases. The
inclusion of group A and center 3, which were in the early
stage of outbreak, probably contributed to the high prediction
rate. A similar relationship between the high occurrence of
clinical VL and high antibody titers was reported in the works
by Singh and others.>*?” The same works also noted that anti-
rK39 IgG titer in serum correlated with the parasite load and
that persistent increase of antibody titers related to clinical
unresponsiveness to antileishmanial treatment. The prevalence
by rKRP42 urine ELISA alone does not seem to be useful,
because in the first test, the highest rate was recorded in center
2 (Tables 1 and 2); however, the clinical rate there turned out
to be the lowest, with only one sporadic VL case. A quantita-
tive test is definitely needed for the prediction.

By observing the change in IgG titers among old VL sub-
jects, with particular attention to > 1,000 U titers, two possible
peaks were recognizable (Figure 1). It was speculated that
there could have been an outbreak about 10 years ago. Using
the data from a recent outbreak, IgG titers were found to
decrease relatively rapidly and become negative in 3.5 years
after cure. However, high titers can persist even after 10 years
because of occasional antigenic stimuli or continued active
infections. In the present study, there were two ELISA-positive
subjects who had persistently high IgG levels > 1,000 U for
more than 2.5 years without developing clinical symptoms.
These subjects are an interesting group of people; their possible
roles as reservoir hosts may need to be clarified.

A major limitation of our study was that the follow-up
surveys were done only two times per year. There were nine
clinical cases with < 1,000 U (Table 4), and these titers could
have become higher if examined several more times. Also,
most clinical cases were confirmed retrospectively by ques-
tioning and/or checking medical records, if available. Infor-
mation obtained from memory of years ago might include
inaccuracies. Furthermore, the study was biased to includ-
ing more clinical and ELISA-positive subjects than ELISA-
negative subjects. Despite these weaknesses, our study has
shown that, when an outbreak of VL is suspected, mass
screening by urine ELISA and follow-up of the high titer-
positive cases is an effective strategy for the early diagno-
sis and containment of transmission. The use of urine samples
has definite advantages in the field because of non-invasive
collection. In the village, where many people had experienced
blood sampling, urine collection was accepted well or even
welcomed.?® However, a combined use of antigen tests and/
or molecular diagnoses will be required to confirm the
active infection.
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