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Concentration of Urine Samples Improves Sensitivity in
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ABSTRACT Detection of IgG in urine is an efficient method comparable to that in
serum for diagnosis of strongyloidiasis, but the effects of daily variation in urine dilu-
tion on diagnostic accuracy are not clearly known. This study evaluated the effects
of urine concentration on the detection of parasite-specific |gG by urine enzyme-
linked immunosorbent assay (ELISA), particularly in individuals with borderline results
or false-negative diagnosis. Optimal concentration conditions were established by
comparing Strongyloides-specific IgG antibody levels between unconcentrated and
concentrated urine in participants with different infection intensities, namely, healthy
control (HC), low-negative (LN), high-negative (HN), and low-positive (LP) groups.
The optimal condition was selected and validated in a field trial study. The final
urine concentration protocol required centrifugation at 4,000 x g at 4°C for 10 mins
using the Amicon concentrator tube. This protocol was validated in groups of partic-
ipants with various diagnoses according to urine ELISA and fecal examination
(n = 148). The concentrated-urine ELISA increased the proportion of positive results
in the LN group by 68.2% and by 100% in the HN group. Significantly elevated IgG
antibody levels were seen in the LP group. In the group that was false negative by
urine ELISA but positive by fecal examination (n = 28), concentrated-urine ELISA
yielded 100% positive results. Overall, the frequency estimates of Strongyloides ster-
coralis were 23.6% by fecal culture, 27% by standard urine ELISA, and 90.5% by con-
centrated-urine ELISA. The concentration of urine samples prior to analysis by ELISA
improved the sensitivity for diagnosis and is potentially useful in the diagnosis of
strongyloidiasis in immunocompromised individuals or in low-prevalence areas.

KEYWORDS Strongyloides stercoralis, enzyme-linked immunosorbent assay (ELISA),
urine concentration method

trongyloides stercoralis is an intestinal parasite which causes strongyloidiasis. It is a
neglected tropical disease, affecting millions of people worldwide, including Latin
America, sub-Saharan Africa, and the southeastern United States. Up to 75% of cases
occur in Southeast Asia (1, 2). The infection is acquired by contact with soil contami-
nated with infective larvae. The life cycle begins when infective filariform larvae pene-
trate the skin of humans, enter the blood circulation, pass through the lungs, and
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migrate to the small intestine, where they become adult female worms. Eggs released
from these adult worms develop to rhabditiform larvae and pass out in feces. In
humans, larvae of S. stercoralis can cause autoinfection by reinvasion of the intestinal
lining (internal autoinfection) or perianal area (external autoinfection), leading to
chronic strongyloidiasis (1, 3-5).

Detection of larvae in stool samples can be done using several parasitological techni-
ques, such as Baermann’s concentration, the agar culture plate technique (APCT),
Harada-Mori filter-paper culture, and the formalin-ethyl acetate concentration technique
(FECT). However, these methods have limited sensitivity and require multiple stool
samples (5). Molecular and immunological methods are common alternatives (6-10).
Enzyme-linked immunosorbent assays (ELISA) are widely used with different types of sig-
naling platforms and types of antigens (11). Various antigenic types, such as S. stercoralis,
S. ratti, S. venezuelensis, and recombinant antigen have been reported for strongyloidiasis
(12-17). Several protocols for indirect serum ELISA have been reported with various diag-
nostic accuracies (17-19). Regarding antigen types, a previous study compared the per-
formance of ELISA based on S. ratti and S. stercoralis antigens for diagnosis of strongyloi-
diasis and showed that S. ratti antigen was an efficient substitute for S. stercoralis
antigen (17). Another study used filariform larvae of S. venezuelensis as an antigen source
to screen strongyloidiasis infection in a transplant population. The results suggested
using ELISA with S. venezuelensis antigen as an additional method for strongyloidiasis
detection in transplant candidates (20). However, these serodiagnostic methods require
serum to be collected by invasive venipuncture. Recently, detection of antibody in urine
has been shown to have high diagnostic accuracy comparable to that of conventional
serological assays and be more sensitive than coprological methods (21, 22). Diagnostic
accuracy for strongyloidiasis was comparable between urine ELISA and serum ELISA
using three types of antigens (NIE recombinant antigen, filariform S. ratti, and S. stercora-
lis larvae crude antigens). Strongyloides-specific IgG levels in urine were significantly cor-
related with those in serum (23). The ease and public acceptance of sample
acquisition enhance the usefulness of urine ELISAs for population screening in areas of
endemicity and clinical diagnosis.

Our study aimed to improve the sensitivity for diagnosis of strongyloidiasis by add-
ing a concentration protocol for urine samples before performing conventional urine
ELISA. Specifically, we evaluated how the urine-concentration protocol resolves the
problems of false-negative urine ELISAs in parasitologically positive cases as well as in
cases with borderline results according to conventional urine ELISA. The results emerg-
ing from this study justify inclusion of a urine-concentration protocol in urine ELISA for
diagnosis of strongyloidiasis, particularly in low responders, i.e., immunocompromised
individuals, in communities where transmission is low and for monitoring responses to
drug treatment.

MATERIALS AND METHODS

Participants and clinical specimens. The participants were villagers from Phuwiang District, Khon
Kaen Province, and Kamalasai District, Kalasin Province, Northeast Thailand, where strongyloidiasis is
endemic. Two separate sets of participants were recruited, one for each part of the project. Part 1 was
the optimization study, which enrolled 40 participants from Phuwiang district, Khon Kaen. Part two was
the field validation study, which comprised 433 participants from Phuwiang District, Khon Kaen, and
Kamalasai district, Kalasin. After acquisition of written informed consent, clinical samples (fecal, urine,
and blood samples) were requested from all project participants. Single stool was collected in standard
plastic containers and kept at room temperature during transportation to the laboratory, where 4 g of
each stool was processed for APCT. Morning urine specimens were collected from the participants after
6 to 8 h without urination in wide-mouthed plastic containers, transferred into 15-mL plastic test tubes,
and placed in a chilled insulated box before being processed in the laboratory. The urine specimens
were processed by centrifugation at 1,500 rpm for 5 min and stored at 4°C until they were processed for
urine ELISA. There were 433 individuals who provided both feces and urine samples. Blood samples
were collected by venipuncture and centrifuged at 3,000 for rpm 5 min. Serum was transferred into a
separator tube and kept at —20°C until it was processed for serum ELISA. A separate group of healthy
people were included in the study to act as negative controls.

Study design. This project was a prospective cross-sectional study, part of a larger longitudinal pro-
ject on diagnosis and epidemiology of opisthorchiasis and strongyloidiasis. This study used leftover

January 2022 Volume 60 Issue 1 e01454-21

Journal of Clinical Microbiology

jcmasm.org 2

Downloaded from https://journals.asm.org/journal/jcm on 27 January 2022 by 202.12.97.195.


https://jcm.asm.org

Urine Concentration To Detect Strongyloides Antibody

1%t Urine ELISA ‘
Four diagnostic groups:
LN, HN, LP and Healthy control (HC)
25 ml urine/group ———

% Sample 5 pooled lots
= 1 = oteen meeses
e poolinzgg (samples/pool, 25
9]
g l ml each pool )
£
2 Urine Centrifugation .1 Amicon® 10-kDa
o . = Ultra-15 Centrifugal

4000 g 4°Cc at 0, 5,10,15 minutes [ Filter Units

2nd Urine ELISA
Optimal condition determined (10 minutes)
‘ Validation test in endemic area ‘
[

2
g APCT ELISA
A~
E 1 |
<
= FN group LN, HN, LP group
<
> 1

[ |

Unconcentrated Concentrated urine at
urine 10 minutes
\—’ ELISA ‘—/

FIG 1 Study design. Phase 1 was an optimization of the urine-concentration protocol for ELISA. Phase
2 was field validation testing of urine samples from areas endemic for strongyloidiasis. LN, low
negative; HN, high negative; LP, low positive; HC, healthy control.

specimens from the Cholangiocarcinoma Research Institute under the Cholangiocarcinoma Screening
and Care Program, Khon Kaen University, Khon Kaen, Thailand. The use of specimens and the protocols
in these studies were approved by the Human Ethics Committee of Khon Kaen University (HE631309).

As shown in Fig. 1, the study design consisted of two parts. Part 1 was the optimization phase in
order to establish the urine concentration protocol. The protocol was an outcome of a preliminary
experiment using Amicon centrifugal filter units with various durations of centrifugation (4,000 x g, 4°C)
for 5, 10, or 15 min. Comparisons between preconcentrated urine samples in the primary or 1st ELISA
and concentrated urine samples in the 2nd ELISA were made using pooled lots from 5 individuals in vol-
umes of 25 ml (5 replicates). After the optimal concentration protocol was established, it was subjected
to a field trial in project part 2; field-collected urine samples were processed using the concentration
protocol (10-min centrifugation) and analyzed by ELISA. The samples were then separated into four
groups based on IgG antibody levels. In addition to urine samples, blood and fecal samples were col-
lected from the project participants for reference diagnosis by serological and parasitological methods,
respectively.
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Fecal examination by the agar plate culture technique (APCT) and formalin-ethyl acetate
concentration technique (FECT). At the laboratory, the samples were processed for detection of S. ster-
coralis using the agar plate culture technique (APCT), and this was performed as described previously
(19, 24). Briefly, 4 g of fecal sample was placed on a nutrient-agar plate and incubated at room tempera-
ture for 4 to 5 days. The presence of S. stercoralis larvae was assessed by washing the surface of the plate
with 10% formalin, transferring the wash into a test tube, and then centrifuging it. Sediment was exam-
ined under a light microscope. To assess other parasitic infection, approximately 2 g of the remaining
fecal sample was also processed for a qualitative formalin-ethyl acetate concentration technique (19,
25). The results of fecal examination by APCT and FECT were combined. Individuals positive according
to one or both techniques were regarded as infected.

Procedure for urine and serum antibody detection by ELISA. Strongyloides ratti was used as the
antigen source for urine and serum ELISA. The life cycle of S. ratti has been maintained in Wistar rats at
the Department of Parasitology, Faculty of Medicine, Khon Kaen University. Feces of infected rats were
cultured using a filter-paper culture method to produce third-stage filariform larvae (L3) of S. ratti. The
larvae were concentrated and washed with normal saline and stored at —20°C for crude soluble antigen
extraction, which was done as described previously (21, 26). The L3 larvae were dispersed in phosphate-
buffered saline (PBS), pH 7.4, containing protease inhibitor mix (Thermo Fisher Scientific, USA; A32953)
and were frozen at —70°C for 30 min and thawed 5 times with boiling and subsequently disrupted by
sonication. The homogenate was stored at 4°C overnight and centrifuged at 15,000 x g for 30 min at
4°C. The protein concentration of the supernatant was measured by the Bradford protein assay and then
stored at —20°C until use.

The ELISA was performed as described by Eamudomkarn and coworkers (21). The 96-well microtiter
plates (Thermo Fisher Scientific, China) were coated with 100 uL (5 ng) of S. ratti antigen and were kept
at 4°C overnight. The plates were washed twice with PBS containing 0.05% Tween 20, and 200 ul of
blocking buffer containing 3% skim milk in PBS and 0.5% Tween 20 was added. After incubation at 25°C
for 2 h, 100 ul of urine sample or diluted serum (1:8,000) was added to the wells and incubated at 37°C
for 1 h. After washing the plates four times with wash buffer (PBS with Tween), 100 ul of horseradish
peroxidase conjugate goat anti-human IgG (dilution, 1:4,000) (Abcam, USA; ab6858) was added, and the
mixture was incubated at 37°C for 1 h. The plate was washed four times same as previous step and
100 ul of a substrate solution (o-phenylenediamine in citrate phosphate buffer) was added and incu-
bated in a dark box at room temperature for 1 h. Then 50 ul of stop solution (4N sulfuric acid) was
added, and the optical density (OD) of each well was measured at 492 nm using an ELISA reader
(Sunrise Absorbance reader, Tecan, Switzerland).

Receiver operating characteristic (ROC) curve. For urine and serum antibody-based ELISA, samples
from individuals known to be negative or positive for strongyloidiasis (according to FECT and/or APCT)
(20 each for urine antibody and 15 each for serum antibody detection) were used to construct ROC
curves in MedCal version 11.6.1.0 (MedCal Software, Belgium). The cutoff values for urine and serum
ELISA were =126 units/mL and =177 units/mL, respectively.

Urine concentration optimization procedure. Based on the result of the preliminary ELISA (1st
ELISA) of the original (unconcentrated) urine samples, the participants were divided into 4 groups
according to the observed levels of urine IgG antibody. The first two groups were urine ELISA negative
(IgG antibody, <126 units/mL), which consisted of the low-negative (LN) group, with <60 units/mL IgG,
and the high-negative group (HN), with 60 to 125 units/mL IgG. The third group was a low-positive (LP)
group, with 126 to 300 units/mL IgG. The fourth group was the healthy control group (HC), who had
negative fecal examination and urine ELISA (n = 10). The individual urine samples in each group were
pooled to attain a volume of 10 mL with 5 replicates (5 x 10 mL) and were subjected to centrifugation
at 4,000 x g at 4°C (based on the recommended force for a swinging-bucket rotor) for 5, 10, and 15 min
using a commercial concentrator (Amicon Ultra-15 centrifugal filter unit, UFC901024; Merck Millipore,
Ireland). The final volumes of concentrated urine obtained at each centrifugation time point at 5, 10,
and 15 min were 5, 1, and 0.5 mL, respectively. The levels of Strongyloides-specific IgG in the residual su-
pernatant of concentrated urine samples were measured by urine ELISA, and the results were compared
with unconcentrated-urine ELISA as shown in Fig. 2.

Field validation test. In order to validate the specimen concentration procedure, urine samples from
two communities of endemicity (Phuwiang District, Khon Kaen Province, and Kamalasai District, Kalasin
Province) were selected for analysis. After the urine samples had been subjected to the 1st urine ELISA, the
samples were divided into 4 groups as for the optimization phase, based on antibody levels, i.e., low nega-
tive (LN), high negative (HN), low positive (LP), and false negative, (FN, n = 28). In the FN group the urine
samples were negative by urine ELISA but were positive for S. stercoralis larvae in feces by fecal examination.
These samples were processed using the optimal concentration conditions (10 min of centrifugation at 4°C
in an Amicon Ultra-4 centrifugal filter unit [UFC801024; Merck Millipore, Ireland]) and then were reanalyzed
by urine ELISA. The results from 1st and 2nd urine ELISAs were compared as shown in Fig. 3.

Statistical analysis. The data obtained were analyzed using SPSS version 19 (IBM, USA) for statistical
analysis. McNemar's chi-square tests were used to compare the positive rates of strongyloidiasis deter-
mined by ELISA results between unconcentrated and concentrated urine samples. Comparisons
between levels of IgG antibody in unconcentrated and concentrated urine from ELISA were done with
the Friedman test with multiple comparison. The correlations between IgG antibody levels (log-trans-
formed values of antibody unit/mL) in unconcentrated and concentrated urine and those from serum
ELISA were validated by the regression coefficient of the linear regression model.

Diagnostic performances for unconcentrated ELISA in terms of sensitivity, specificity, positive predic-
tive value, and negative predictive value were calculated using fecal analysis by APCT or a composite
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FIG 2 Strongyloides-specific IgG antibody levels in urine (unit/mL) in each diagnostic group after the concentration step at 0, 5, 10,

and 15 min at 4°C by the concentrator set. *, P < 0.05; **, P < 0.01; ***, P < 0.001.

method combining ELISA and fecal examination as reference methods. All statistically significant levels
were set at a P value of < 0.05.

Data availability. The data that support the findings of this study are available from the correspond-
ing author upon reasonable request.

RESULTS

Study participants and clinical samples. As shown in Fig. 3, residents from study
areas in Khon Kaen and Kalasin provinces were recruited in this study. Two separate
sets of participants were recruited, one for each part of the project. Part 1 was the opti-
mization study, which enrolled 40 participants from Phuwiang District, Khon Kaen. Part
2 was the field validation study that included 433 participants from Phuwiang District,
Khon Kaen, and Kamalasai District, Kalasin. The clinical samples collected from each
participant were processed for screening of S. stercoralis infection by urine and serum
ELISA. Fecal samples were processed for detection of S. stercoralis infection by APCT
and FECT.

Optimization of urine concentration protocol. As shown in Fig. 2, no member of
the healthy group (n = 10) returned a positive result in urine ELISA after any duration
of centrifugation. In the HN group, all samples (n = 5) exceeded the cutoff value after
10 and 15 min of centrifugation. For the LN group, 3 out of 5 samples (60%) exceeded
the cutoff after 10 min, and all 5 (100%) were positive after 15 min of centrifugation.
Antibody concentrations in the LP group were always above the cutoff level and
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FIG 3 Flow chart of the number of participants, demographic data, and frequency of S. stercoralis
infection in this study.

increased significantly following centrifugation for 10 and 15 min. Centrifugation for 5,
10, and 15 min reduced the urine sample volumes from the original by 2, 7, and 10-
fold, respectively.

Antibody concentrations in all groups increased significantly following centrifuga-
tion as shown in Fig. 2. For the HC group (Friedman statistic = 26.64, P < 0.0001), the
IgG levels after concentration for 10 and 15 min were significantly different from those
at 0 min (P < 0.05 and P < 0.001, respectively), and the 1gG levels after concentration
for 15 min were significantly different from those at 5 min (P < 0.01). For the LN group
(Friedman statistic = 14.02, P < 0.0001), IgG levels after concentration for 15 min was
significantly different from those at 0 and 5 min (P < 0.05 and P < 0.01, respectively).
For the HN group (Friedman statistic = 14.04, P < 0.0001), IgG levels after concentra-
tion for 15 min was significantly different from those at 0 and 5 min (P < 0.01 and P <
0.05, respectively). For the LP group (Friedman statistic = 14.02, P < 0.0001), IgG levels
after concentration for 15 min was significantly different from those at 0 and 5 min (P
< 0.01 and P < 0.05, respectively).

Specific IgG antibody in all diagnostic groups significantly increased following 10-
and 15-min centrifugation compared with unconcentrated urine samples. At 5 min of
centrifugation, no significant differences between concentrated and unconcentrated
samples were seen in any groups. Balancing the length of centrifugation required and
the need for an adequate urine volume of sample after concentration for subsequent
ELISA (2nd urine ELISA), centrifugation for 10 min at 4°C in an Amicon Ultra-4 centrifu-
gal filter unit was chosen as the optimal protocol for the field validation test.

Validation tests in communities of endemicity. In the study part 2, the field vali-
dation, 433 participants (male, 45.73%; female, 54.27%) provided both urine and feces
for screening of S. stercoralis infection (Fig. 3). Fecal examination by APCT and FECT
found that 109 individuals (25.17%) harbored S. stercoralis infection, and 279 cases
(64.43%) were positive for strongyloidiasis by urine ELISA. A subgroup of participants
provided blood samples for diagnostic comparisons, and 2 of 36 participants (5.56%)
were positive by serum ELISA.
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TABLE 1 Frequency of parasitic infection in the study participants determined by fecal
examinations by APCT and FECT (n = 433)

Parasite No. positive (%)

S. stercoralis larvae 109 (25.1)

S. stercoralis 99 (22.9)

S. stercoralis + hookworm 1(0.2)

S. stercoralis + O. viverrini 6(1.4)

S. stercoralis + Taenia sp. 2(0.5)

S. stercoralis + O. viverrini + MIF 2(0.5)

Other parasites 26 (6.0)
O. viverrini 19 (4.4)
Minute intestinal fluke 1(0.2)
Echinostoma sp. 1(0.2)
Taenia sp. 3(0.6)
Hookworm 2(0.4)

Total 135(31.2)

The frequency of parasite infection determined by fecal examination for S. stercoralis
was 25.1%, followed by Opisthorchis viverrini (4.4%), Taenia (0.6%), hookworms (0.4%),
minute intestinal flukes (MIF) (0.2%), and Echinostoma spp. (0.2%) as detailed in Table 1.
Mixed infections of S. stercoralis and other parasites were found with O. viverrini (1.4%),
Taenia (0.5%), MIF (0.5%), and hookworms (0.2%).

Using fecal examination as a reference method, diagnostic performance of urine
ELISA in terms of sensitivity and negative predictive values (NPV) was 77.1% and
83.8%, respectively (Table 2). With reference to the composite standard by combining
fecal examination and urine ELISA, the sensitivity and NPV were 91.8% and 83.8%,
respectively. Diagnostic agreement between urine ELISA and fecal examination meas-
ured as a kappa value was 0.11.

The participants samples for the second part of the study were divided into four groups
according to Strongyloides-specific IgG antibody levels (units/mL) in the preliminary urine
ELISA (1st urine ELISA). These were the low-negative (LN, n = 44), high-negative (HN, n = 40),
low-positive (LP, n = 36) and false-negative (FN, n = 28) groups. Their urine samples were
concentrated as mentioned above (10-min centrifugation at 4,000 x g at 4°C) before being
reanalyzed by 2nd urine ELISAs (Fig. 3). The false-negative (FN) group included the partici-
pants who had a negative urine antibody test despite being positive by fecal examination
(APCT). The frequency estimates for strongyloidiasis in each diagnostic group determined by
APCT and urine ELISA pre- and postconcentration of urine samples are shown in Table 3.
The concentration of urine ELISA raised the proportion positive for strongyloidiasis from 0%
to 100% in the HN, LP, and FN groups. In the LN group, all the participants (n = 44) were
negative by unconcentrated-urine ELISA, but levels for 30 individuals (68.2%) rose above the
cutoff value with concentrated-urine ELISA. In total, the frequency of strongyloidiasis was
23.6% by APCT, 27% by unconcentrated-urine ELISA, and 90.5% by concentrated-urine
ELISA, as shown in Table 3. The distributions of individual IgG antibody levels in unconcen-
trated and concentrated urine samples by ELISA in each diagnostic group are compared in
Fig. 4A and B. The levels of IgG antibody in concentrated urine were significantly higher

TABLE 2 Diagnostic performance of urine ELISA compared with fecal examination as a
primary standard and a combined fecal examination and urine ELISA as a composite
standard (APCT and FECT) (n = 433)

Diagnostic performance (%)

Reference method Sensitivity Specificity PPV NPV Accuracy
Primary standard 77.1 39.8 30.1 83.8 49.2
Composite standard 91.8 100.0 100.0 83.8 94.2

aPPV, positive predictive value; NPV, negative predictive value.
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TABLE 3 Frequency of strongyloidiasis determined by fecal examination (APCT) and
unconcentrated- and concentrated-urine ELISA in the field-study participants separated into
4 diagnostic groups?

Data [n (%)] for:

Unconcentrated- Concentrated-
Group Diagnosis Fecal examination urine ELISA urine ELISA
LN (n = 44) Positive 0(0) 0(0) 30 (68.2)
Negative 44 (100) 44 (100) 14 (31.8)
HN (n = 40) Positive 0(0) 0(0) 40 (100)
Negative 40 (100) 40 (100) 0(0)
LP (n=36) Positive 7(19.4) 36 (100) 36 (100)
Negative 29 (80.6) 0(0) 0(0)
FN (n = 28) Positive 28 (100) 0(0) 28 (100)
Negative 0(0) 28 (100) 0 (0)
Total (n = 148) Positive 35(23.6) 40 (27.0) 134 (90.5)
Negative 113 (76.4) 108 (73.0) 14 (9.5)

aLN, low negative; HN, high negative; LP, low positive; FN, false negative.

than those in unconcentrated urine in all diagnostic groups (paired t test, P < 0.001). When
combining the 4 diagnostic groups together, there were positive and significant correlations
between IgG antibody levels in unconcentrated and concentrated urine in the LN, HN, LP,
and FN groups (r = 0.89, P < 0.0001; Fig. 5). In addition, the levels of Strongyloides-specific
IgG antibody in serum were significantly correlated with those in unconcentrated and con-
centrated urine (n = 36) (Fig. 6).

Serum samples were available for 14 of the 28 participants within the FN group. No
member of this group had tested positive by unconcentrated-urine ELISA, but all
(100%) were positive by concentrated-urine ELISA. Only one of the 14 tested using se-
rum-based ELISA returned a positive (7.14%) result.

The frequency of strongyloidiasis as determined by unconcentrated- versus concen-
trated-urine ELISA for each category of parasite infection determined by fecal examina-
tion is shown in Table 4. Of those 31 individuals infected only with S. stercoralis, 7 cases
(22.6%) were positive by unconcentrated-urine ELISA, while all 35 individuals (100%)
were positive using concentrated-urine ELISA. In 5 cases with O. viverrini infection
alone, a single positive case became 5 positive cases according to concentrated-urine
ELISA. In fecal-negative cases, the positive rate determined by unconcentrated-urine
ELISA was 25.9% and became 87% by concentrated-urine ELISA.

DISCUSSION
Although immunological methods are known to be more sensitive than parasito-
logical methods, a considerable proportion of parasite-positive people test negative by
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FIG 4 (A and B) Distributions of Strongyloides-specific IgG antibody by urine ELISA in 4 diagnostic groups based on the initial urine ELISA in unconcentrated

urine (A) and concentrated urine ELISA (B).
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FIG 5 Correlations between Strongyloides-specific I9gG antibody levels in unconcentrated- and
concentrated-urine ELISA in participants in the low-negative (orange), high-negative (purple), low-
positive (green), and false-negative (gray) groups.

serum ELISA (19, 26) and by urine ELISA (21). In this study, the addition of a urine-con-
centration protocol prior to analysis by ELISA improved the diagnostic sensitivity of
urine ELISA. In the LN group, which had low IgG antibody levels, urine concentration
for ELISA transformed many negative tests to positive tests (68%). Similarly, in the opti-
mization study, 60% of the LN group tested positive after urine concentration. The con-
sistency of the increase in positive results in LN groups by two independent studies
suggested the presence of IgG antibody against S. stercoralis in urine of only some of
the participants. A negative test by urine ELISA, even following urine concentration,
may indicate negligible or no IgG antibodies. In the HN group, which consisted of bor-
derline cases, all (100%) tested positive by urine ELISA after urine concentration. In the
LP group, concentration of the urine sample significantly increased the IgG levels in all
cases. A recent study found that the level of Strongyloides-specific IgG in urine was rela-
tively stable over 3 to 30 consecutive days (27), supporting the existence of a low IgG
antibody level in urine which is not detectable by a conventional (unconcentrated)
urine ELISA.

The group of participants that triggered our interest was the strongyloidiasis false-
negative group, which had negative serology but had larvae present in their feces.
There were 14 participants in this particular group that had positive S. stercoralis larvae
in feces, but only a single participant was positive by serum ELISA, and all 14 partici-
pants were negative for Strongyloides-specific 1gG antibody detection by unconcen-
trated-urine ELISA. By adding the urine-concentration protocol, all 14 participants
tested positive by concentrated-urine ELISA. There may be many reasons for false-neg-
ative tests using unconcentrated-urine ELISA. Low antibody concentrations may occur

25
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FIG 6 (A and B) Correlation between Strongyloides-specific IgG antibody in serum and unconcentrated urine (A)

and between serum and concentrated urine (B) by ELISA.
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TABLE 4 Frequency of strongyloidiasis according to unconcentrated- and concentrated-
urine ELISA in groups of parasite infection as determined by fecal examination (APCT and
FECT) (n = 148)

Data [no. positive (%)] for:

Sample Unconcentrated- Concentrated-

Group? size (n) urine ELISA urine ELISA
Group 1 (S. stercoralis) 35 7(20.0) 35(100.0)

S. stercoralis 31 7 (22.6) 31(100.0)

S. stercoralis + O. viverrini 3 0(0.0) 3(100.0)

S. stercoralis + Taenia sp. 1 0(0.0) 1(100.0)
Group 2 (other parasites)

O. viverrini 5 1(20.0) 5(100.0)
Group 3 (negative) 108 28 (25.9) 94 (87.0)

aGroup 1, positive for S. stercoralis larvae and/or antibody; cut off 126. Group 2, positive for other parasites by
fecal examination (FECT). Group 3, negative for S. stercoralis antibody and fecal examination; reside in areas of
endemicity.

in low-responder individuals or those with a low parasite load. Dilution of urine propor-
tional to various levels of water intake may also affect antibody levels. It is likely that
removal of water by the concentration of urine elevated the IgG concentration, which
improved the sensitivity of diagnosis of strongyloidiasis in false-negative cases and
borderline diagnostic groups (HN and LN). In a comparable circumstance in schistoso-
miasis, Grenfell et al. (2018) obtained false-negative test results for antigen detection
in urine using a point-of-care cathodic circulating-antigen test (POC-CCA); by introduc-
ing a phase of urine concentration prior to using the conventional POC-CCA process,
they increased the accuracy by up to 60% (28).

Other supporting evidence for the effects of urine concentration was the finding of
quantitative correlation between IgG in urine pre- and postconcentration. These corre-
lations were significant overall and also when participants were separated into 4 diag-
nostic groups, i.e., LN, HN, LP, and FN (data not shown). This observation suggests that
IgG present but undetectable in urine samples when first collected can become detect-
able after urine samples have been concentrated. The observed correlation between
urine and serum IgG antibodies in strongyloidiasis in this study was similar to that in
our previous reports (21, 27). These correlations suggest that IgG in blood circulation is
the source of IgG in urine, but local immune responses cannot be ruled out. It is inter-
esting to note that the samples from the healthy control group (HC) remained negative
after urine had been concentrated for 5, 10, or 15 min. Hence, it indicates the true lack
of IgG in this group of individuals. Consequently, together with the results in the LN
and HN groups, the 10-min centrifugation time was appropriate for the concentration
protocol in this study.

Analysis of diagnostic agreement revealed that the kappa value was 0.11 between
urine ELISA and fecal examination. The observed low kappa value suggested that the
coprological method was less sensitive than the serological method in diagnosed
strongyloidiasis. To improve the sensitivity of fecal examination, 3 consecutive days of
stool examination was reported and increased the sensitivity of APCT to 85% when it
used with repeated fecal samples (27). Due to the limitation of our study, only a single
stool was collected for APCT and FECT analysis. It remains a challenging question to
estimate the proportion of current or active infection within the group with seroposi-
tive diagnosis compared with 3 consecutive days of stool collection for APCT and FECT
analysis.

As shown in Table 4, concentrated-urine ELISA detected more positive cases not
only in S. stercoralis infection but also in other parasitic infections, such as O. viverrini.
This is interpreted as a consequence of the insensitivity of fecal examination when
coinfection with S. stercoralis is not detected. Once again, the result indicated the need
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for multiple fecal examinations or consecutive fecal examinations over several days by
APCT (27). It is not clear whether alternative methods, such as diagnosis by PCR, will
help to resolve this problem by supplementing or even replacing the standard fecal ex-
amination, such as APCT. Our initial study applying a copro-PCR method for strongyloi-
diasis revealed that approximately 84% of those seropositive by serum or urine ELISA
were also PCR-positive (our unpublished data). It remains a challenging question to
estimate the proportion of current or active infection within the group with seroposi-
tive diagnosis.

In order to verify the hypothesis of urine concentration in the case of serum ELISA,
we increased the sample concentration of serum ELISA in the conventional ELISA pro-
tocol (17). The study included serum from false negatives and true negatives who had
negative fecal and urine ELISA results. After serum dilution was increased, the result in
the true-negative controls remained negative (below the cutoff). On the other hand,
the antibody unit in the false-negative group increased, and some of them became
positive (our unpublished data). This meant that lowering the serum ELISA dilution can
improve the positivity of the ELISA results similar to for urine ELISA. However, the se-
rum dilution of 1:8,000 was reported as the optimal condition for serum ELISA (17). A
further study to confirm the result of concentrated serum prior to ELISA is required.

The concentrated-urine ELISA protocol outlined here may be used for strongyloidiasis
screening, especially in risk groups with a low immune response, or to improve diagnosis
of strongyloidiasis in regions of low prevalence or low endemicity. Remaining questions
include whether our current concentrated-urine ELISA can verify if a person is cured after
antiparasitic drug treatment. In this regard, in a posttreatment study of schistosomiasis,
Grenfell and colleagues demonstrated an improvement of conventional POC in urine
antigen assays by including a fast and simple urine-concentration step. This provided
not only an increase in accuracy before and after praziquantel treatment, but also pre-
served its applicability in areas of low-prevalence endemicity (28).

There are several weak points in this study which require consideration for future
study. First, in spite of parasitologically positive tests, a considerable proportion of the
participants showed false-negative results by urine and serum ELISA, and this indicates
the need for standard fecal examination in parallel with immunological methods. It is
not clear whether or not the extent of false-negative results depends on transmission
levels in a given community. Second, since day-to-day variation of urine dilution can
influence the antibody concentration in urine, adjustment by standardization of urine
using specific gravity or creatinine levels may assist for better accuracy, reproducibility,
and interpretation of ELISA results (29). Third, it needs to be determined whether phys-
ical properties of urine, such as turbidity, or the presence of background disease, i.e.,
diabetes and kidney disease, influence the outcomes of concentrated-urine ELISA.
Fourth, cross-reaction studies are limited to date and need to cover more parasite spe-
cies, i.e., Trichuris, filarial worms, hookworms, and coexisting liver flukes (O. viverrini), to
determine the specificity of the concentrated-urine ELISA. Lastly, the association
between Strongyloides-specific 1gG in serum and urine in different transmission set-
tings is required to justify the use of urine ELISA instead of conventional serum-based
ELISA for diagnosis of strongyloidiasis.

In conclusion, the present study has highlighted that the addition of a urine-concen-
tration protocol prior to analysis by ELISA improved diagnostic sensitivity of strongyloi-
diasis in false-negative cases and diagnostic borderline cases. Concentrated-urine ELISA
found a higher proportion of positive cases than did fecal examinations (APCT and
FECT). The false-negative cases determined by conventional urine ELISA and serum
ELISA became 100% positive by concentrated-urine ELISA. Overall, concentrated-urine
ELISA identified 63% more positive cases than did unconcentrated-urine ELISA. Pending
further refinement and simplification of the concentration protocol, the concentrated-
urine ELISA is potentially useful for diagnosis and screening of strongyloidiasis, especially
in risk groups with a low immune response or in low-prevalence areas and also in post
drug-treatment follow-up studies. However, this finding on improved diagnostic

January 2022 Volume 60 Issue 1 e01454-21

Journal of Clinical Microbiology

jcm.asm.org

1

Downloaded from https://journals.asm.org/journal/jcm on 27 January 2022 by 202.12.97.195.


https://jcm.asm.org

Chungkanchana et al.

Journal of Clinical Microbiology

sensitivity of strongyloidiasis by an addition of a urine-concentration step prior to analy-
sis by ELISA is considered preliminary evidence. Further studies are required to confirm
the result of concentrated-urine ELISA by using a more comprehensive approach, such
as serum ELISA and multiple fecal examinations as well as copro-PCR diagnosis. The util-
ity of urine concentration for diagnosis of strongyloidiasis by ELISA may be evaluated in
larger sample populations in areas with various transmission levels, in low immune res-
ponders, and for monitoring responses to drug treatment.
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