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Abstract: Diagnostic testing of blood samples for parasite antigen Og4C3 is used to assess
Wuchereria bancrofti in endemic populations. However, the Tropbio ELISA recommends that plasma
and dried blood spots (DBS) prepared using filter paper be used at different dilutions, making it
uncertain whether these two methods and dilutions give similar results, especially at low levels
of residual infection or resurgence during the post-program phase. We compared results obtained
using samples of plasma and DBS taken simultaneously from 104 young adults in Myanmar in 2014,
of whom 50 (48.1%) were positive for filariasis antigen by rapid antigen test. Results from DBS tests
at recommended dilution were significantly lower than results from plasma tested at recommended
dilution, with comparisons between plasma and DBS at unmatched dilutions yielding low sensitivity
and negative predictive values of 60.0% and 70.6% respectively. While collection of capillary blood
on DBS is cheaper and easier to perform than collecting plasma or serum, and does not need to be
stored frozen, dilutions between different versions of the test must be reconciled or an adjustment
factor applied.
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1. Introduction

Accurate and reliable screening assays that can be performed in low-resource laboratory
settings have become vital for the Global Program to Eliminate Lymphatic Filariasis (GPELF).
Currently, the use of the parasite antigen Og4C3 ELISA is among several techniques used to identify
infection with lymphatic filariasis (LF) in Wuchereria bancrofti endemic areas [1–3]. Along with rapid
immunochromatographic testing (ICT), which generates positive/negative results, the Og4C3 ELISA is
used in monitoring and evaluation of the mass drug administration (MDA)-led elimination programs
among endemic populations, producing quantitative results based on antigen units derived from a
standard curve [4–6].

The Og4C3 ELISA, originally developed under Tropbio Pty. Ltd. at James Cook University, has
been commercially available since the 1990s. Since 2013, the Og4C3 ELISA has been manufactured
and supplied by Cellabs Pty. Ltd., Australia. Using categorical positive/negative results generated by
using a cut-off value for positivity, the test has previously demonstrated a high level of sensitivity for
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the detection of filarial antigen when compared with the ICT rapid test [7–9]. Typically, the Og4C3
ELISA is performed using serum or plasma, either immediately after the sample has been obtained,
or more often, from frozen samples. However, the Og4C3 ELISA also offers an alternative application
method through the use of dried blood spots (DBS) collected on filter paper, an inexpensive and
convenient method that requires less space and less stringent refrigeration for transport and storage.

Both plasma and DBS can make an important contribution to the final stages of LF elimination and
to ensuring that re-emergence of disease has not occurred, despite some differences in practicability.
For example, plasma samples can be directly applied to ELISA, yielding final results within a few
hours if onsite laboratory facilities are available. However, DBS may be more convenient for field work
and cost-effectiveness, as laboratory conditions are not mandatory despite the required overnight
elution. Limited sample variation due to fluctuations in temperature and detection of antigen even
after 12 months has also been demonstrated [10].

Despite the convenience in having two methods of application, studies which have directly
compared Og4C3 ELISA DBS results to those from serum or plasma have shown discordance. Reeve
and Melrose [11] compared results for 354 individuals from Papua New Guinea and observed
significantly higher proportions of samples classified as positive by Og4C3 ELISA for serum (48.2%)
than for DBS (32.5%). They demonstrated that the DBS technique yielded high specificity (99.2%;
N = 391) and positive predictive value (PPV) (98.8%), but that sensitivity (67.2%; N = 354) and
negative predictive values (NPV) (77%) were low when comparing DBS to serum as the gold standard.
Interestingly, Tropbio and Cellabs recommend the dilution for plasma at 1:4 [12], while filter paper is
recommended at an estimated dilution of 1:13.3, suggesting that the difference in dilution could be an
underlying factor for discordance.

A second study by Itoh et al. [10], compared Og4C3 results for serum and DBS using a sample
of 60 people in Sri Lanka, 55% of whom were reported to be positive for microfilariae, 65% positive
by Og4C3 using serum, and 63.3% positive when using DBS. While these proportions positive by
DBS and serum were not significantly different, this study used serum at a 1:3 dilution, applied at
16.7 µL per well, while DBS samples at an estimated dilution of 1:5 were applied at 3.3 µL per well.
The authors then employed a 5-fold upward correction to the DBS antigen unit results to correct this
difference in dilution. It is not clear how the results would have aligned if both sample types had been
tested at currently recommended dilutions, and not adjusted.

Given the routine use of the Og4C3 ELISA by either plasma or DBS worldwide, this study aims to
validate the existing instructions regarding the different dilutions of sample collected, and to determine
if DBS is appropriate and comparable to plasma at the recommended dilutions.

2. Materials and Methods

The study site was the Amarapura Township of the Mandalay Region in Central Myanmar, an
area known to have a high prevalence of LF infection. Persons aged 10–21 years were invited to
participate. Ethical approval for the study was obtained from the James Cook University Research
Human Ethics Committee, approval number H5261, and the Myanmar Ministry of Health and Sports.

2.1. Study Population

All participants were screened for LF infection using BinaxNOW® filariasis ICT (Alere
International Limited, Ireland). Participants who tested positive by ICT were age and gender matched
to uninfected controls and invited to participate in the longitudinal study. Written consent was
obtained from 18–21 year olds and from the parent or guardian of 10–17 year olds. Blood collection
was conducted with the assistance of the Myanmar Ministry of Health and Sports.

2.2. Preparation of Plasma and DBS Samples

A 10 mL sample of venous blood was collected from each individual in cooled
ethylenediaminetetraacetic acid (EDTA) anticoagulant vacutainers (BD Biosciences, Becton, Dickinson
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and Company, North Ryde, NSW, Australia). Ten microlitres of blood was blotted using a micropipette
onto each of six protruding filter paper sections (TropBio filter papers), which were left to completely
dry before being placed in individual plastic bags. The remaining whole blood was placed on crushed
ice and delivered to the Public Health Laboratory in Mandalay within four hours of collection. Whole
blood was spun for 15 min at 3000×g so that plasma could be aliquoted into 2 mL tubes. Plasma
samples and DBS were stored short term at −20 ◦C until transported to Yangon on dry ice for −80 ◦C
storage at the Department of Medical Research. One vial of each plasma sample was further aliquoted
and refrozen before being shipped to James Cook University in Cairns, Australia, for storage at −80 ◦C.
Filter papers were sealed in plastic containers and kept in either 4 ◦C refrigeration or hand luggage
during direct transport to Cairns where they were stored at −80 ◦C.

2.3. Application of the TropBio Og4C3 Filariasis ELISA

The Og4C3 antigen was detected in plasma using the commercially available TropBio Og4C3 kits
(Cellabs Pty. Ltd., Manly, Australia) at 1:4 dilution (50 µL of plasma into 150 µL of sample diluent,
rather than 100 µL of plasma into 300 µL of sample diluent as recommended by the TropBio kit,
to conserve samples) and at 1:16 dilution (50 µL of the 1:4 dilution into 150 µL of sample diluent). DBS
samples were not tested at 1:4, since the volume of the three DBS protrusions was too large to elute in
a small enough volume to test at 1:4.

The DBS dilution used three filter paper protrusions per sample, representing 30 µL of whole
blood. We diluted the DBS into 200 µL of diluent. If the haematocrit was 50%, this would give a dilution
of 1:13, making the assumption that the dried blood occupies no volume. Given wide individual
variation in haematocrit, we are not able to specify an exact dilution factor for DBS. The filter paper
insert supplied by TropBio suggests that the DBS assay is approximately 4-fold less sensitive than
plasma or serum tested at recommended dilution of 1:4. Therefore the dilution is likely in the range
of 1:11 to 1:16. In this study all DBS were tested as per kit recommended dilution (three spots into
200 µL). DBS were eluted overnight at 4 ◦C.

Positive control samples of serum were created at identical dilutions to ensure plate-to-plate
consistency using a pool of ten known positive sera from a LF endemic area of Papua New Guinea
(PNG). Negative controls from Australian lab workers were also used. Diluted samples were boiled
using a water bath for 10 min before centrifuging at 2000×g for 15 min. Fifty µL of the supernatant
from each diluted sample was added to each well of the plate for primary sample incubation at 37 ◦C
for 1 h, with the remainder of the ELISA technique performed as described in the instructions provided
with the Tropbio Og4C3 kit [12]. Following initial incubation, wells which contained DBS samples
were emptied and treated with washing buffer before the addition of 50 µL of 1% hydrogen peroxide
solution, made by diluting 400 µL of 30% hydrogen peroxide in 11.6 mL of prepared wash buffer, and
incubated for 10 min before subsequent washing.

2.4. Statistical Analysis

A standard curve was constructed for each ELISA plate using the kit-supplied controls, assigning
an arbitrary high value of 32,768 units with subsequent 4-fold dilutions. The Softmax Pro v5 software
(Molecular Devices, Sunnyvale, CA, USA) was used to convert optical density readings of the test
samples to units based on a four-parameter curve. A single cut off point of >32 units (representing the
sixth point of the standard curve from subsequent dilutions) was used to determine positive readings.
Differences in unit values, between sampling techniques and test variations, were examined using
paired t-tests, odds ratio, chi-square and correlation analysis. All analyses were performed using the
IBM statistical software SPSS Version 23.0 (IBM, Armonk, NY, USA). Sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) of comparisons were also analysed.
Confidence intervals (CI) were reported at 95%.
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3. Results

Individuals between 10 to 21 years of age, irrespective of gender, were tested by ICT using
fingerprick blood collected during October 2014. For each ICT-positive participant, an age and sex
matched ICT negative participant was identified. Both were invited to return for full participation in a
study of physical characteristics and to give a sample of venous blood for serological testing. Not all
selected individuals (cases and controls) returned for the second venous sample; therefore, a final
collection of 48 positive and 56 negative samples were included in this study.

3.1. Analysis of Categorical Results Used to Compare the ICT and Og4C3 ELISA

To investigate how results classified as positive and negative varied between the ICT and the
Og4C3 ELISA using plasma and DBS, categorical results were compared. Positive proportions of
46.2% obtained through the ICT were not significantly different to the proportion of 48.1% when using
plasma at 1:4 dilution (Table 1). However, values became significantly different, dropping to 37.5%
and 34.6% respectively, when plasma at 1:16 dilution or DBS was used (Table 1).

Table 1. Positive proportions and chi-square results of comparisons between the immunochromatographic
test and the Og4C3 ELISA.

Standard N Positive
% Positive

(95% Confidence
Interval (CI))

Comparative
Test N Positive % Positive

(95% CI)
McNemar

Chi Sq P Value

ICT 48 46.2 (36.9–55.7) Plasma 1:4 50 48.1
(38.7–57.6) 0.3 p = 0.8

- - - Plasma 1:16 39 37.5
(28.8–47.1) 6.2 p = 0.02

- - - Dried blood
spot (DBS) 36 34.6

(26.2–44.2) 8.00 p = 0.008

Holding the ICT as a relative standard, agreement with the Og4C3 ELISA using plasma and DBS
was assessed. When ELISA using plasma at a 1:4 dilution was compared to ICT, sensitivity was 85.4%
and specificity 83.9%, while PPV and NPV were 82.0% and 87.0%, respectively (Table 2). The use of a
1:16 dilution for plasma or use of DBS resulted in a decrease in sensitivity and NPV when compared to
ICT, while specificity and PPV increased (Table 2). This suggests that the Og4C3 ELISA is significantly
affected by dilution and application method when compared to ICT, with the 1:4 dilution yielding
higher sensitivity and NPV, while the 1:16 plasma dilution or DBS yields higher specificity and PPV.

Table 2. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and
odds ratio results from ICT and Og4C3 ELISA comparisons.

Standard Comparative
Test

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Odds Ratio
(95% CI) P Value

ICT Plasma 1:4 85.4%
(72.2–93.9)

83.9%
(71.7–92.4)

82.0%
(71.2–89.3)

87.0%
(77.0–93.1)

30.6
(10.5–89.4) p <0.0001

- Plasma 1:16 77.1%
(62.7–88.0)

96.4%
(87.7–99.6)

94.9%
(82.5–98.6)

83.1
(74.5–89.2)

90.8
(19.0–433.8) p <0.0001

- DBS 68.8%
(53.8–81.3)

94.5%
(85.1–98.9)

91.7%
(78.3–97.1)

77.9%
(69.8–84.4)

38.9
(10.5–144.6) p <0.0001

Odds ratios were used to predict the likelihood of positive and negative results from comparative
Og4C3 samples when compared to the ICT standard. Odds ratio was highest at 90.8 for comparison
against plasma using a 1:16 dilution, but decreased to 30.6 when using plasma at 1:4 dilution, and to
38.9 when using DBS (Table 2). This suggests that agreement between the ICT and Og4C3 ELISA is
best when using the Og4C3 with plasma at a 1:16 dilution.
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3.2. Analysis of Categorical Results Used to Compare Plasma at 1:4 and 1:16 Dilutions and DBS

To assess results achieved by Og4C3 ELISA, plasma application at a 1:4 dilution was held as a
standard for comparison. Again, we used chi-square tests to find a significant value of 7.5 (p = 0.009)
when comparing plasma at 1:4 to DBS, which remained significant at 5.3 (p = 0.04) when plasma was
compared using 1:4 and 1:16 dilutions (Table 3). Therefore, both plasma application at 1:16 and DBS
give different results to plasma tested at the recommended 1:4 dilution.

Table 3. Positive proportions and chi-square results of comparisons between Og4C3 ELISA application
method and dilution.

Standard N Positive % Positive
(95% CI)

Comparative
Test N Positive % Positive

(95% CI)
McNemar

Chi Sq P Value

Plasma 1:4 50 48.1 (38.7–57.6) DBS 36 34.6 (26.2–44.2) 7.5 p = 0.009
- - - Plasma 1:16 39 37.5 (28.8–47.1) 5.3 p = 0.04

To investigate if matched dilutions might improve plasma and DBS concordance between
proportions, both methods were compared using plasma at 1:16 as the new standard. The difference
was not significant when comparing plasma at 1:16 and DBS, achieving a chi-square value of 0.7
(Table 4). This confirms high agreement of positive proportions when plasma and DBS are applied
using similar dilutions.

Table 4. Positive proportions and chi-square results of comparisons between Og4C3 ELISA applications
at 1:16 dilution.

Standard N Positive % Positive
(95% CI)

Comparative
Test N Positive % Positive

(95% CI)
McNemar

Chi Sq P Value

Plasma 1:16 39 37.5 (28.8–47.1) DBS 36 34.6 (26.2–44.2) 0.7 p = 0.6

To determine how application of plasma and DBS with recommended dilution affects final results
of each test, sensitivity, specificity, PPV and NPV were calculated. Sensitivity and NPV were low at
60.0% and 70.6% when DBS was compared to plasma at 1:4 (Table 5). Higher values of 88.9% and 83.3%
were recorded for specificity and PPV respectively (Table 5). Test performance remained relatively
unchanged when plasma at 1:16 was compared to plasma at 1:4, with the exception of an increase in
sensitivity to 66.0% over DBS when using a similar dilution (Table 5).

Table 5. Sensitivity, specificity, PPV, NPV and odds ratio results from Og4C3 method and dilution comparisons.

Standard Comparative
Test

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Odds Ratio
(95% CI) P Value

Plasma 1:4 DBS 60.0%
(45.2–73.6)

88.9%
(77.4–95.8)

83.3%
(67.2–93.6)

70.6%
(58.3–81.0)

12.0
(4.3–33.3) p <0.0001

- Plasma 1:16 66.0%
(51.2–78.8)

88.9%
(77.4–95.8)

84.6%
(69.5–94.1)

73.9%
(61.5–84.0)

15.5
(5.5–43.5) p <0.0001

Kappa agreement statistic was used to analyse concordance between comparisons against the 1:4
diluted plasma gold standard. Kappa values were relatively low at 0.55 and 0.49 for comparisons of
plasma at 1:4 with plasma at 1:16 dilution and DBS respectively.

To assess if more closely-matched dilutions might improve positive and negative detection rates,
plasma at 1:16 dilution was employed as a standard and compared against DBS. This resulted in
relatively high sensitivity (79.5%), specificity (92.3%), PPV (86.1%), and NPV (88.2%), suggesting that
both plasma and DBS yield highest concordance in positive and negative results when applied using
similar dilutions (Table 6).
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Table 6. Sensitivity, specificity, PPV, NPV and odds ratio results from Og4C3 ELISA applications of
plasma at 1:16 dilution and DBS.

Standard Comparative
Test

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV (95%
CI)

NPV (95%
CI)

Odds Ratio
(95% CI) P Value

Plasma
1:16 DBS 79.5%

(63.5–90.7)
92.3%

(83.0–97.5)
86.1%

(70.5–95.3)
88.2%

(78.1–94.8)
46.5

(14.0–154.2) p < 0.0001

An odds ratio of 46.5 was also achieved when comparing plasma at a 1:16 dilution and DBS
(Table 6) which was higher than odds ratio achieved when using plasma at 1:4 dilution as the standard
(Table 5). This suggests a stronger association between plasma and DBS when dilutions are matched.

Concordance between the 1:16 diluted plasma sample and the DBS sample was also measured
using kappa agreement statistic. Values were higher at 0.73 than observed with comparisons that
used a 1:4 diluted gold standard. This suggests higher concordance between samples when dilutions
are matched.

3.3. Analysis of Quantitative Mean Results Used to Compare Plasma at 1:4 and 1:16 Dilutions and DBS

Antigen unit values are shown for each sample type and dilution expressed as log (units+1)
in Figure 1.
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Figure 1. Filariasis Og4C3 ELISA antigen unit concentration comparisons of dilution, plasma and whole
blood application. Horizontal black lines refer to mean log antigen unit concentration of each assay
(Table 7). All antigen unit concentrations above the defined cut-off (log (32 antigen units + 1)), shown by the
horizontal segregated line, are considered positive, while all readings below are considered negative.

Table 7. Comparison of mean Og4C3 antigen units between sample applications and dilutions.

Group 1 Group 2 t-Test

Test
Mean Log
(Antigen
Unit +1)

Geometric
Mean Test

Mean Log
(Antigen
Unit +1)

Geometric
Mean N Mean Log

Difference SD P Value

Plasma 1:4 1.32 19.75 DBS 0.89 6.81 104 0.42 0.88 p <0.0001
Plasma 1:4 1.32 19.75 Plasma 1:16 1.03 9.83 104 0.28 0.74 p <0.001
Plasma 1:16 1.03 9.83 DBS 0.89 6.81 104 0.14 0.67 p = 0.03

Analysis of log unit values + 1 was used to approximate a normal distribution for comparisons.
From these units, the mean log value for plasma at 1:4 (1.32) was significantly higher than the mean
log values achieved for DBS (0.89; p < 0.0001) (Table 7). The mean log for plasma at 1:4 was also
significantly higher than for plasma at 1:16 dilution (Table 7). Despite a statistically significant p value
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when dilutions were similar for plasma and DBS, the mean difference was smaller than previous
comparisons. These quantitative comparisons are consistent with the results described above.

3.4. Correlation Comparisons Analysis of Og4C3 Concentrations from Plasma and Eluates from DBS

To compare differences in antigen unit concentrations between tests, correlation coefficients were
measured between sample types and dilutions. When comparing recommended dilutions of plasma at
1:4 against DBS, correlation was lowest at 0.7 (Figure 2A). Correlation increased to 0.8 when plasma at
1:4 and 1:16 dilutions were compared (Figure 2B), and when plasma at 1:16 and DBS were compared
(Figure 2C). This suggests improved correlation is achieved through either matched sample application
or dilution.

Trop. Med. Infect. Dis. 2017, 2, 9  7 of 10 

 

when dilutions were similar for plasma and DBS, the mean difference was smaller than previous 
comparisons. These quantitative comparisons are consistent with the results described above.  

3.4. Correlation Comparisons Analysis of Og4C3 Concentrations from Plasma and Eluates from DBS  

To compare differences in antigen unit concentrations between tests, correlation coefficients 
were measured between sample types and dilutions. When comparing recommended dilutions of 
plasma at 1:4 against DBS, correlation was lowest at 0.7 (Figure 2A). Correlation increased to 0.8 when 
plasma at 1:4 and 1:16 dilutions were compared (Figure 2B), and when plasma at 1:16 and DBS were 
compared (Figure 2C). This suggests improved correlation is achieved through either matched 
sample application or dilution. 

 
Figure 2. Filariasis Og4C3 ELISA antigen unit concentration correlation comparisons. (A) Plasma at 
recommended 1:4 dilution plotted against DBS samples. (B) Plasma at recommended 1:4 dilution 
plotted against 1:16 dilution. (C) Plasma at 1:16 dilution plotted against DBS samples. 

4. Discussion 

The major finding of this study is that the agreement of results between plasma and DBS samples 
is lowest when using recommended dilutions of 1:4 for plasma, and that better agreement between 
these tests is achieved when using plasma at 1:16 against DBS. However, significantly fewer samples 
are classed as positive when using the lower 1:16 dilution for plasma or using DBS. 

We showed that the ICT had similar positive proportions and predictive values to the Og4C3 
ELISA when using plasma at 1:4, but that sensitivity is reduced when using the 1:16 dilution. Previous 
literature has shown that the ICT is less sensitive than the Og4C3 ELISA at 1:4 dilution, detecting 
only 66.5% of known bancroftian filariasis cases with no microfilariae confirmed by microscopy [13], 
but that both tests yield identical detection rates when microfilariae were detectable [13–16]. Og4C3 
has also been reported to detect significantly smaller titres of filarial antigen when compared to the 
ICT [13,17], although ICT and Og4C3 both showed an improved detection rate average of up to 25% 
over microfilariae detection[18]. The current study suggests that despite the higher sensitivity of 
Og4C3 at lower antigen dilutions, the dilution recommended for DBS application reduces the amount 
of antigens per sample to a titre that will not accurately yield a positive result when the disease is 
present. 

When analysing positive proportions, results were similar at 46.15% and 48.08% for ICT and 
plasma at 1:4, and again at 37.50% and 34.62% for plasma at 1:16 and DBS. Positive proportion 
similarity between plasma and DBS has previously been discussed by Itoh and colleagues [10] as 
having a 97.4% concordance. However, these results were produced using a 5-fold upwards 
adjustment to the DBS antigen units. 

Lack of concordance between plasma at 1:4 and DBS was supported by Chi-square analysis, 
which showed significant difference when recommended dilutions for plasma and DBS were used, 
but no significant difference with matched dilution comparisons. These data support the notion that 

Figure 2. Filariasis Og4C3 ELISA antigen unit concentration correlation comparisons. (A) Plasma
at recommended 1:4 dilution plotted against DBS samples. (B) Plasma at recommended 1:4 dilution
plotted against 1:16 dilution. (C) Plasma at 1:16 dilution plotted against DBS samples.

4. Discussion

The major finding of this study is that the agreement of results between plasma and DBS samples
is lowest when using recommended dilutions of 1:4 for plasma, and that better agreement between
these tests is achieved when using plasma at 1:16 against DBS. However, significantly fewer samples
are classed as positive when using the lower 1:16 dilution for plasma or using DBS.

We showed that the ICT had similar positive proportions and predictive values to the Og4C3
ELISA when using plasma at 1:4, but that sensitivity is reduced when using the 1:16 dilution. Previous
literature has shown that the ICT is less sensitive than the Og4C3 ELISA at 1:4 dilution, detecting
only 66.5% of known bancroftian filariasis cases with no microfilariae confirmed by microscopy [13],
but that both tests yield identical detection rates when microfilariae were detectable [13–16]. Og4C3
has also been reported to detect significantly smaller titres of filarial antigen when compared to the
ICT [13,17], although ICT and Og4C3 both showed an improved detection rate average of up to 25%
over microfilariae detection[18]. The current study suggests that despite the higher sensitivity of
Og4C3 at lower antigen dilutions, the dilution recommended for DBS application reduces the amount
of antigens per sample to a titre that will not accurately yield a positive result when the disease
is present.

When analysing positive proportions, results were similar at 46.15% and 48.08% for ICT and
plasma at 1:4, and again at 37.50% and 34.62% for plasma at 1:16 and DBS. Positive proportion similarity
between plasma and DBS has previously been discussed by Itoh and colleagues [10] as having a 97.4%
concordance. However, these results were produced using a 5-fold upwards adjustment to the DBS
antigen units.

Lack of concordance between plasma at 1:4 and DBS was supported by Chi-square analysis, which
showed significant difference when recommended dilutions for plasma and DBS were used, but no
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significant difference with matched dilution comparisons. These data support the notion that it is not
sample type per se but dilution factor that affects quantitative results, and lower positive proportions
for plasma at 1:16 and DBS are detected when compared to ICT or plasma at 1:4 dilution.

Sensitivity and NPV was lowest when DBS was compared to plasma using recommended
dilutions. This comparison also yielded an odds ratio of 12.00 and kappa of 0.49, the lowest value
among each of these comparisons. These results are similar to those found by Reeve and Melrose [11],
where sensitivity and NPV was 67.2% and 77.0% respectively using the dilutions recommended by
the Og4C3 kit. As sensitivity and NPV increased to 79.49% and 88.24% respectively when comparing
plasma at 1:16 and DBS samples, these results suggest that dilution directly affects how likely it is that
the assay will detect the presence of Wuchereria bancrofti in someone with LF, as well as how likely
it is to detect someone with a negative result when they do not have LF. These statistics were also
supported by an odds ratio, which was highest at 45.50, and by the kappa agreement statistic, which
was also highest at 0.73, when dilutions were matched.

There was a higher mean antigen concentration in plasma compared to DBS at recommended
dilutions, but the difference in mean antigen units was greatly reduced when dilutions were more
closely matched. While plasma samples were tested at 1:4 and 1:16 dilutions, equal to a 4-fold
difference, geometric mean (antigen unit +1) values were 19.75 and 9.83 respectively. The difference
in means is much less than 4-fold. The geometric means were 9.83 and 6.81 for plasma at 1:16 and
DBS respectively. The non-linear antigen unit relationship to dilution factor may be attributed to high
saturation of each ELISA well by a higher concentration of sample, which would be left with fewer
spare antibodies bound to the plastic surface available for the free floating antigens to bind during
the initial 1-h incubation period. It is possible that a lower concentration of sample antigen may bind
fewer antibodies initially, but will not saturate the well as the higher concentration sample would,
allowing a greater number of unbound antibodies on the plate to attach to free floating antigens during
incubation [19,20].

Correlation was found to be highest when either dilutions or sample application methods were
matched, but was low when plasma at 1:4 and DBS were compared. No previous study has compared
matching low dilutions but it is not surprising that matched dilutions may result in higher agreeability
between plasma and DBS. This is important as higher dilutions are less sensitive overall when
compared with ICT and therefore must be used with caution.

The results of this study indicate that the currently recommended dilution for the Og4C3 ELISA
using DBS is not as sensitive as for plasma, and that more than 25% of positive cases may be being
missed when using DBS. Concordance between methods would improve if similar dilutions were used.
Unfortunately, a 1:4 dilution is not possible with the current prescribed method of DBS preparation
and amount of sample, since that would require eluting three filter paper discs in 60 µL of diluent,
leaving insufficient supernatant for a single well after boiling and spinning. While high correlation can
be achieved when the fold difference in antigens is matched [10], Lalitha and colleagues [21] show that
correlation can drop to 0.83 when plasma and DBS are used at 1:4 and 1:20 dilutions respectively.

The outcomes of this research lead to a recommendation that further assessment be carried out to
determine how both plasma and DBS perform at other matched dilutions, such as 1:8 or 1:10. Any
such tests must accommodate the volume needed to fully saturate each dried blood spot, allow for
boiling, precipitation and spinning, and yielding 50 µL to be applied to the well of an Og4C3 ELISA.
Improved concordance between Og4C3 plasma and DBS application that also achieves a similar
detection rate as the ICT would greatly support the reliability of the Og4C3 ELISA for field collection in
non-laboratory locations, as DBS is a convenient method of collecting samples, requiring less in-depth
training, and less storage space or refrigeration during transport.

A major limitation attributed to enzyme immunoassays, referred to as the ‘hook’ effect, is shown
when a decrease in reactivity is seen as the concentration of free antigen or antibody increases [22–24].
As each plate will always give different readings, a reliable standard curve must be used to mitigate
plate-to-plate variation and avoid error in classifications of positive or negative from test to test.
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One strategy may be to perform each sample at two dilutions in order to obviate such occurrences
and to ensure that antibody or antigen excess does not occur. A two-dilution application could also
evaluate each individual plate by showing if any non-linearity between results has occurred.

In conclusion, the current recommended dilutions for plasma and DBS did not demonstrate
adequate agreement. The data obtained shows that both plasma and DBS are capable of yielding
similar results, but only when dilutions are more closely matched than is currently recommended.
Definition of a single suitable dilution factor lower than 1:16 which can be applied to both DBS and
plasma assays, and to compare specificity, sensitivity and predictive values between DBS and plasma
upon application is required. Results achieved from antigen unit analysis using DBS assays need
to be adjusted upwards to be comparable with plasma tests. We recommend that similar studies be
repeated in other endemic situations, with different test predictive values, to confirm our results and
to determine the adjustment factors required. In the longer term, the dilutions for the two test types
need to be reconciled.

Acknowledgments: The authors would like to thank the Myanmar Ministry of Health and Sports and the
Department of Medical Research (Lower Myanmar) for laboratory support and storage of the samples. We are
grateful to Luke Becker of the Australian Institute for Tropical Health and Medicine and Ye Ye and Thi Thi Lwin of
the Public Health Laboratory in Mandalay (Central Myanmar) for assistance with sample collection and separation.
We would like to thank Diane Dogcio-Hall and Cellabs Pty. Ltd., New South Wales, Australia, for advice and
discussions. We are very grateful to the NIH/NIAID Filariasis Reagent Resource Center (www.filariasiscenter.org)
that provided positive controls for the ICT cards. Additional thanks must also be given to Mathew Hayes and
Adam Bowen for their support and advice.

Author Contributions: P.M.G., J.D., J.M. and J.W. conceived of and designed the experiments; J.M., M.R., and
K.M.H. performed the experiments; K.S.A. provided storage and lab facilities, J.M. and P.M.G. analysed the data;
J.M., P.M.G. and J.D. wrote the paper with input from J.W.; all authors reviewed the final draft and provided input.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lau, C.L.; Won, K.Y.; Becker, L.; Soares Magalhaes, R.J.; Fuimaono, S.; Melrose, W.; Lammie, P.J.; Graves, P.M.
Seroprevalence and spatial epidemiology of lymphatic filariasis in American Samoa after successful mass
drug administration. PLoS Negl. Trop. Dis. 2014, 8, e3297. [CrossRef] [PubMed]

2. Mwakitalu, M.E.; Malecela, M.N.; Pedersen, E.M.; Mosham, F.W.; Simonsen, P.E. Urban lymphatic filariasis
in the metropolis of Dar es Salaam, Tanzania. Parasites Vectors 2013, 6, 286. [CrossRef] [PubMed]

3. Hamlin, K.L.; Moss, D.M.; Priest, J.W.; Roberts, J.; Kubofcik, J.; Gass, K.; Streit, T.G.; Nutman, T.B.;
Eberhard, M.L.; Lammie, P.J. Longitudinal monitoring of the development of antifilarial antibodies and
acquisition of Wuchereria bancrofti in a highly endemic area of Haiti. PLoS Negl. Trop. Dis. 2012, 6, e1941.
[CrossRef] [PubMed]

4. Harrington, H.; Asugeni, J.; Jimuru, C.; Gwalaa, J.; Ribeyro, E.; Bradbury, R.; Streit, T.G.; Nutman, T.B.;
Eberhard, M.L.; Lammie, P.J. A practical strategy for responding to a case of lymphatic filariasis
post-elimination in Pacific Islands. Parasites Vectors 2013, 6, 218. [CrossRef] [PubMed]

5. Weerasooriya, M.V.; Gunawardena, N.K.; Itoh, M.; Qiu, X.G.; Kimura, E. Prevalence and intensity of
Wuchereria bancrofti antigenaemia in Sri Lanka by Og4C3 ELISA using filter paper-absorbed whole blood.
Trans. R. Soc. Trop. Med. Hyg. 2002, 96, 41–45. [CrossRef]

6. World Health Organization. Lymphatic Filariasis: A Manual for National Elimination Programmes; WHO Press:
Geneva, Switzerland, 2011; pp. 7–8.

7. Gass, K.; Beau de Rochars, M.V.; Boakye, D.; Bradley, M.; Fischer, P.U.; Gyapong, J.; Itoh, M.; Ituaso-Conway, N.;
Joseph, H.; Kyelem, D.; et al. A multicenter evaluation of diagnostic tools to define endpoints for programs to
eliminate bancroftian filariasis. PLoS Negl. Trop. Dis. 2012, 6, e1479. [CrossRef] [PubMed]

8. Rocha, A.; Braga, C.; Belém, M.; Carrera, A.; Aguiar-Santos, A.; Oliveira, P.; Texeira, M.G.; Furtado, A.
Comparison of tests for the detection of circulating filarial antigen (Og4C3-ELISA and AD12-ICT) and
ultrasound in diagnosis of lymphatic filariasis in individuals with microfilariae. Mem. Inst. Oswaldo Cruz
2009, 104, 621–625. [CrossRef] [PubMed]

www.filariasiscenter.org
http://dx.doi.org/10.1371/journal.pntd.0003297
http://www.ncbi.nlm.nih.gov/pubmed/25393716
http://dx.doi.org/10.1186/1756-3305-6-286
http://www.ncbi.nlm.nih.gov/pubmed/24289718
http://dx.doi.org/10.1371/journal.pntd.0001941
http://www.ncbi.nlm.nih.gov/pubmed/23236534
http://dx.doi.org/10.1186/1756-3305-6-218
http://www.ncbi.nlm.nih.gov/pubmed/23890320
http://dx.doi.org/10.1016/S0035-9203(02)90234-8
http://dx.doi.org/10.1371/journal.pntd.0001479
http://www.ncbi.nlm.nih.gov/pubmed/22272369
http://dx.doi.org/10.1590/S0074-02762009000400015
http://www.ncbi.nlm.nih.gov/pubmed/19722087


Trop. Med. Infect. Dis. 2017, 2, 7 10 of 10

9. Gounoue-Kamkumo, R.; Nana-Djeunga, H.C.; Bopda, J.; Akame, J.; Tarini, A.; Kamgno, J. Loss of
sensitivity of immunochromatographic test (ICT) for lymphatic filariasis diagnosis in low prevalence settings:
Consequence in the monitoring and evaluation procedures. BMC Infect. Dis. 2015, 15, 579. [CrossRef]
[PubMed]

10. Itoh, M.; Gunawardena, N.K.; Qiu, X.G.; Weerasooriya, M.V.; Kimura, E. The use of whole blood absorbed on
filter paper to detect Wuchereria bancrofti circulating antigen. Trans. R. Soc. Trop. Med. Hyg. 1998, 92, 513–515.
[CrossRef]

11. Reeve, D.; Melrose, W. Evaluation of the Og34C filter paper technique in lymphatic filariasis prevalence
studies. Lymphology 2014, 47, 65–72. [PubMed]

12. Tropbio Pty. Ltd. ELISA Kit for Detecting and Quantifying Wuchereria bancrofti Antigen; Cellabs Pty. Ltd.:
Brookvale, NSW, Australia, 2014.

13. Nuchprayoon, S.; Porksakorn, C.; Junpee, A.; Sanprasere, V.; Poovorawan, Y. Comparative assessment
of an Og4C3 ELISA and an ICT filariasis test: A study of Myanmar migrants in Thailand. Asian Pac. J.
Allergy Immunol. 2003, 21, 253–257. [PubMed]

14. Freedman, D.O.; de Almeida, A.; Miranda, J.; Plier, D.A.; Braga, C. Field trial of a rapid card test for
Wuchereria bancrofti. Lancet 1997, 350, 1681. [CrossRef]

15. Simonsen, P.E.; Dunyo, S.K. Comparative evaluation of three new tools for diagnosis of bancroftian filariasis
based on detection of specific circulating antigens. Trans. R. Soc. Trop. Med. Hyg. 1999, 93, 278–282. [CrossRef]

16. Nuchprayoon, S.; Sanprasert, V.; Porksakorn, C.; Nuchprayoon, I. Prevalence of bancroftian filariasis on the
Thai-Myanmar border. Asian Pac. J. Allergy Immunol. 2003, 21, 179–188. [PubMed]

17. Nguyen, N.L.; Plichart, C.; Esterre, P. Assessment of immunochromatographic test for rapid lymphatic
filariasis diagnosis. Parasite 1999, 6, 355–358. [CrossRef] [PubMed]

18. Melrose, W.; Pisters, P.; Turner, P.; Kombati, Z.; Selve, B.P.; Hii, J.; Speare, R. Prevalence of filarial antigenaemia
in Papua New Guinea: Results of surveys by the School of Public Health and Tropical Medicine, James Cook
University, Townsville, Australia. P. N. G. Med. J. 2000, 43, 161–165. [PubMed]

19. Butler, J.E.; McGivern, P.L.; Swanson, P. Amplification of the enzyme-linked immunosorbent assay (ELISA)
in the detection of class-specific antibodies. J. Immunol. Methods 1978, 20, 365–383. [CrossRef]

20. Winzor, D.J. Allowance for antibody bivalence in the characterization of interactions by ELISA.
J. Mol. Recognit. 2011, 24, 139–148. [CrossRef] [PubMed]

21. Lalitha, P.; Ravichandran, M.; Suba, S.; Kaliraj, P.; Narayanan, R.B.; Jayaraman, K. Quantitative assessment of
circulating antigens in human lymphatic filariasis: A field evaluation of monoclonal antibody-based ELISA
using blood collected on filter strips. Trop. Med. Int. Health 1998, 3, 41–45. [CrossRef] [PubMed]

22. Pesce, A.J.; Michael, J.G. Artifacts and limitations of enzyme immunoassays. J. Immunol. Methods 1992, 150,
111–119. [CrossRef]

23. Rodbard, D.; Feldman, Y.; Jaffe, M.L.; Miles, L.E. Kinetics of two-site immunoradiometric (sandwich)
assays—II. Studies on the nature of the ‘high-dose hook-effect’. Immunochemistry 1978, 15, 77–82. [CrossRef]

24. Ryall, R.G.; Story, C.J.; Turner, D.R. Reappraisal of the causes of the ‘hook-effect’ in two-site
immunoradiometric assays. Anal. Biochem. 1982, 27, 308–315. [CrossRef]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1186/s12879-015-1317-x
http://www.ncbi.nlm.nih.gov/pubmed/26700472
http://dx.doi.org/10.1016/S0035-9203(98)90896-3
http://www.ncbi.nlm.nih.gov/pubmed/25282872
http://www.ncbi.nlm.nih.gov/pubmed/15198343
http://dx.doi.org/10.1016/S0140-6736(05)64280-8
http://dx.doi.org/10.1016/S0035-9203(99)90022-6
http://www.ncbi.nlm.nih.gov/pubmed/15032402
http://dx.doi.org/10.1051/parasite/1999064355
http://www.ncbi.nlm.nih.gov/pubmed/10633507
http://www.ncbi.nlm.nih.gov/pubmed/11939296
http://dx.doi.org/10.1016/0022-1759(78)90272-7
http://dx.doi.org/10.1002/jmr.1054
http://www.ncbi.nlm.nih.gov/pubmed/20740505
http://dx.doi.org/10.1046/j.1365-3156.1998.00170.x
http://www.ncbi.nlm.nih.gov/pubmed/9484967
http://dx.doi.org/10.1016/0022-1759(92)90070-A
http://dx.doi.org/10.1016/0161-5890(78)90046-9
http://dx.doi.org/10.1016/0003-2697(82)90178-6
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Population 
	Preparation of Plasma and DBS Samples 
	Application of the TropBio Og4C3 Filariasis ELISA 
	Statistical Analysis 

	Results 
	Analysis of Categorical Results Used to Compare the ICT and Og4C3 ELISA 
	Analysis of Categorical Results Used to Compare Plasma at 1:4 and 1:16 Dilutions and DBS 
	Analysis of Quantitative Mean Results Used to Compare Plasma at 1:4 and 1:16 Dilutions and DBS 
	Correlation Comparisons Analysis of Og4C3 Concentrations from Plasma and Eluates from DBS 

	Discussion 

