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Background  and  aims:  Herpes  simplex  virus  type 2  (HSV-2)  is  a  sexually  transmitted  agent  and  is  detected
worldwide.  HSV-2  is  the  main  cause  of genital  ulcers  and  is  diagnosed  mainly  with  serological  tests.
The  objective  of  current  study  was  to  evaluate  the  use  of  DBS  samples  to detect  HSV-2 antibodies  using
commercial  ELISA  and  Western  blot  tests.
Materials  and methods:  IgG-G2  ELISA  (Human® Diagnostics,  Germany)  and  Western  blot IgG/IgM
(EUROLINE-WB,  Euroimmun® Germany)  tests  were  modified  to use DBS  samples.  Samples  were  pro-
cessed  by  both  methods  to determine  ELISA  cutoff  points  using  ROC  curves.  ELISA was  performed  with
100  �l and the Western  blot  with  200  �l of  eluted  DBS.  A  1:5 dilution  was  used  and  the  incubation  times
were  increased  for the  Western  blot.
LISA Results:  908  DBS  samples  were  processed  and  the  following  cutoff  points  were determined:  negative
(0–3.79),  undetermined  (3.8–4.6)  and positive  (≥4.61),  with  sensitivity  and specificity  close  to  95%.
Conclusion:  Modifications  of the cutoff  points  of the  ELISA  test  were  obtained  with  technical  adjustments
done  to  detect  HSV-2  antibodies  by  ELISA  and  Western  blot  using  DBS  samples.

©  2018  The  Authors.  Published  by  Elsevier  Limited  on  behalf  of  King  Saud  Bin Abdulaziz  University
for  Health  Sciences.  This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://
ntroduction

Herpes simplex virus type 2 (HSV-2) is a sexually transmitted
nfection, a risk factor for HIV acquisition and transmission, and
he main cause of genital ulcers [1–3]. Antibodies against HSV-2
ave been widely used as a biomarker of sexual behaviors among
ifferent populations around the world [4]. In Mexico, 5.9% of col-

ege students had HSV-2 antibodies, pregnant women 14.5%, adult
omen 29.8%, persons living with HIV 48.5% and female sex work-
rs 85.7% [5–9]. HSV-2 detection can be carried out by cell culture,
olecular tests (PCR and real time PCR) or serological methods

ELISA and Western blot), each with different sensitivity and speci-
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ficity values [3,10]. The commercial serological tests use specific
viral proteins, purified or recombinant; the viral proteins used in
these tests must be antigenically different, Gg-1 for HSV-1 and gG-2
for HSV-2 [11].

Generally, the tests use serum to detect antibodies, however,
there are several advantages using dried blood spots (DBS). First,
the collection of samples is simple, non-invasive and requires small
blood volumes (less than 0.5 ml). The samples do not need equip-
ment or centrifugation, and can be mailed without refrigeration.
Likewise, materials used to obtain DBS like sterile lancets, cotton
paper and cotton swabs are cheap [12–15]. The samples can be
stored at room temperature for 2 weeks or frozen at −20 ◦C for
longer periods of time.

These advantages are evident when used in studies of large pop-
ulations or population of remote areas.
Different studies have used DBS samples for antibody detection,
particularly against HIV, HBV, HCV, HSV-2 and DENV. Hemaggluti-
nation, agglutination, immunochromatographic strips, EIA, ELISA,
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DBS samples were: a spot eluted with 200 �l of PBS at 4 C for
16 h, adding 800 �l of universal buffer (dilution 1: 5), the first two
incubation rounds (sample and conjugate) for 45 min  and the last
incubation (substrate) for 20 min.
S. García-Cisneros et al. / Journal of Inf

nd PCR assays, have been used in these studies [16]. In each
ase, the procedure needs to be standardized for DBS samples,
epending on the biomarker to be detected, as most of these tech-
iques have been designed and previously standardized only for
erum samples. The aim of this study was to evaluate a commercial
LISA test (IgG-G2 HUMAN

®
, Human Diagnostics, Germany) and

 Western blot (Anti-HSV-1/HSV-2-gG-2 EUROLINE-WB (IgG/IgM),
UROIMMUN

®
, Germany) for the detection of HSV-2 specific anti-

odies using DBS, and to calculate the sensitivity, specificity and
redictive values of the ELISA test.

aterials and methods

iological samples and survey

The National Health and Nutrition Survey 2012 (ENSANUT 2012)
as a national probabilistic survey of Mexico, with a multistage

nd stratified design, ENSANUT 2012 was approved by the Ethics,
esearch and Biosafety Commissions of the Instituto Nacional de
alud Pública (INSP). A total of 48,067 people were selected with
n age range of 15–49 years; of these, 40,578 subjects answered a
uestionnaire and 32,934 individuals signed informed consent and
rovided capillary blood that was collected on filter paper (What-
an  No. 903); the serum samples were obtained from a subsample

f these individuals. The DBS samples and serum samples were
ent to INSP and were frozen at −20 ◦C for their subsequent test-
ng [17,18]. The current study used a convenience sub-sample of
08 individuals with an over-representation of samples with index
S/CO) from 2.0 to 6.0, from sexually active subjects.

LISA (IgG-G2 HUMAN
®

, Human Diagnostics, Germany)

A volume of 100 �l of 1:101 serum sample dilution was added
o the ELISA plate and incubated for 30 min  at room temperature
17–25 ◦C). After four washing rounds, the conjugate was  added
rabbit anti-human IgG antibodies conjugated with peroxidase)
nd incubated for 30 min  at room temperature (17–25 ◦C). After
our washing rounds, the plate was incubated for 15 min at room
emperature (17–25 ◦C) with the substrate (TMB). A stop solution
as added and the absorbance was measured at 450 nm.  The wash-

ng rounds and the absorbance measurement were performed with
lisys Uno (Human Diagnostics, Germany).

DBS samples were cut into 6 mm  circles. Every spot was  eluted
ith 400 �l of sample diluent buffer (included in the kit) for 16 h at
◦C. The filter paper was removed and 100 �l of the eluate was
sed for the ELISA test. In both cases, serum and DBS samples,
ere classified according to the antibody index (absorbance of the

ample/cut-off value; S/C) recommended by the manufacturer as:
egative (≤0.84), undetermined (0.85–1.14) and positive (≥1.15).
ll ELISA plates complied the quality control, according to the man-
facturer’s conditions. The antibody index of the paired samples
as compared (serum vs DBS) using the statistical software Graph-

ad Prism 6.
To evaluate differences among samples considering the ELISA

esults, the quantification of total protein was performed with
anoDrop 1000 V3.7 (ThermoScientific

®
) on 7 serum samples

diluted 1:101), and among three groups of DBS samples (with
0 samples in each group) according to ELISA results (negative,
ositive and undetermined). The information was processed with
raphPad Prism 6 software.

estern blot (Anti-HSV-1/HSV-2-gG-2 EUROLINE-WB,

UROIMMUN

®
, Germany)

Serum samples were processed according to manufacturer’s
nstructions (diluted 1:51 with universal buffer included in the kit).
 and Public Health 12 (2019) 224–228 225

Nitrocellulose strips contained HSV-1 extract, electrophoretically
separated and a membrane chip contained HSV-2 G2 protein. Nitro-
cellulose strips were incubated with the sample dilution for 30 min
at room temperature, washed three times with universal buffer
and incubated with the conjugate (goat anti-human IgG conju-
gated with alkaline phosphatase) at room temperature for 30 min.
After three washing rounds, strips were incubated for 10 min at
room temperature with the substrate (NBT/BCIP). Finally the liq-
uid was  removed and the strips were washed three times with
distilled water to stop reaction. The results were compared with
the band pattern supplied by the manufacturer. For DBS samples,
one spot was eluted with 200 �l PBS for 16 h at 4 ◦C. The first dilu-
tion tested was 1:51, then, more concentrated DBS dilutions were
tested (1:26, 1:17 and 1:5). Finally, the incubation time for the sam-
ple was  increased together with the conjugate and the substrate
dilution. Western blot results were used as gold standard, the sensi-
tivity, specificity, positive predictive value and negative predictive
value were calculated with confidence intervals of 95% (CI95%). New
cut-off points with ROC analysis were proposed to obtain 95% sen-
sitivity and 95% specificity, SPSS 15.0 software was used for the
statistical analysis.

Results

ELISA

The index value of 13 serum samples (1:101 dilution) was
between 0.289 and 7.248, six samples between 0.0 and 2.9 S/CO
and seven samples between 3.0 and 8.0 S/CO. The S/CO of 13 DBS
samples (elution in 400 �l) was  from 0.487 to 7.866, five samples
between 0 and 2.9 S/CO and eight samples from 3.0 to 8.0 S/CO.
Fig. 1 shows results between serum samples and DBS, the correla-
tion coefficient (r2) was 0.887, the concordance values with Kappa
test was 0.843, and the agreement was  92.3%.

Western blot

From 14 serum samples, antibodies against HSV-2 were
detected in eight samples while six samples were negative. All
DBS samples (1:51 diluted) were negative for the antigen-antibody
reaction. For the other three dilutions of the DBS eluate, only the 1:
5 dilution showed concordant results with the serum samples. The
incubation time with the sample and with the conjugate increased
from 30 to 45 min, while with the substrate increased from 10
to 20 min, enhancing the intensity of the antigen-antibody reac-
tion (Fig. 2). The final conditions to perform the Western blot with

◦

Fig. 1. Agreement of antibody index of anti-HSV-2 by ELISA among paired serum-
DBS  samples. Concordance 92.3%, Kappa test 0.843.



226 S. García-Cisneros et al. / Journal of Infection and Public Health 12 (2019) 224–228

Fig. 2. Western blot results of DBS samples. Samples 1–3 show the presence of antibodi
show  the band corresponding to the antibody recognition of gG-2 protein and the positiv
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ig. 3. ROC analysis for ELISA antibody index compared to Western blot result.

The same strip also include the gG1 HSV-1 antigen, the HSV-1
eroprevalence from all the samples was 96%. This finding will not
e discussed anymore as it was not part of the study’s objectives.

LISA vs Western blot

From the 908 DBS samples tested for anti-HSV-2 antibodies,
6.3% and 97.0% were positive by Western blot and ELISA (cut-
ff point 1.15), respectively. The comparison between ELISA and
estern blot as gold standard showed a sensitivity of 99.7% (95%

I 98.3–100%) and specificity of 4.5% (95% CI 3.0–6.5%). The com-
arison also showed a positive predictive value of 37.3% (95%
I 34.1–40.6%) and a negative predictive value of 96.3% (95% CI
1.0–99.9%). The ROC curve was constructed (Fig. 3) and the pro-
osed cut-off points for a better classification of the samples were

s follows: negative (0–3.79), undetermined (3.8–4.6) and positive
≥4.61). With the new cut off points for ELISA, the sensitivity and
pecificity values were near of 95%, as shown in Fig. 4. A total of
44 samples were positive, 162 were negative and 602 were unde-
es against gG-2 protein (samples positive for HSV-2), the negative control did not
e control showed the recognition of gG-2 protein.

termined. Without the undetermined samples, the sensitivity was
90.4% (95% CI 84.1–94.4), the specificity 87.1% (95% CI 81.2–91.4),
positive predictive value 84.7% (95% CI 77.9–89.8) and negative
predictive value 92.0% (95% CI 86.7–95.4%).

Regarding protein concentration, the serum samples had an
average concentration of 61.9 mg/ml  and the diluted serum (1:101)
showed a mean of 1.2 mg/ml. DBS samples that were positive, unde-
termined, and negative for anti-HSV-2 by ELISA, had a mean protein
concentration of 5.2 mg/ml, 4.8 mg/ml, and 4.8 mg/ml, respectively.
The difference between these concentrations was  not significant.
DBS samples showed 4 times more protein concentration than
diluted serum samples (Fig. 5).

Discussion

Serological assays generally have been developed using serum
obtained from whole blood draw by venipuncture. The difficul-
ties for the specimen collection, transport, handling and storage
serum and plasma samples, are well recognized, particularly in
resource-limited setting. Because of above, the use of dried blood
spots facilitates the serological diagnosis of STIs [19]. ELISA (IgG-
G2 HUMAN

®
) protocol uses a 1:101 dilution of serum, the current

study found similar results using one spot (DBS) eluted with 400 �l
of the kit’s sample diluent buffer. In studies where one spot was
eluted in 150 �l of PBS, a 1:4 dilution from the eluate was  compa-
rable to a 1:101 serum dilution [20]. Our study also evaluated the
mean concentration of protein from the eluted DBS, finding that
it was  four times higher than the one found in the serum sam-
ples dilutions used in ELISA, and that it was enough for anti-HSV-2
antibodies detection.

The presence of anti-HSV-2 antibodies is detected by diagnostic
tests that usually throw undetermined results. These results unde-
termined should be confirmed by another test, like Western blot
[21]. As the EUROLINE-WB recommends its use only for serum or
plasma [22], the Western blot conditions were adjusted for DBS:
one spot eluted with 200 �l PBS, 1:5 dilution of the eluate, 45 min
for sample and conjugate incubation, and 20 min for substrate incu-
bation.
Eing et al. reported the Western blot (Euroline WB,  Euroimmun)
sensitivity and specificity of 98.9% and 100%, respectively; samples
were analyzed with three commercial ELISA kits, being West-
ern blot decisive in special situations [23]. Other study reported
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Fig. 4. Percentage of positive samples by Weste
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Fig. 5. Total protein quantification among DBS groups and serum samples.

hat Western blot (Euroline WB,  Euroimmun) had a sensitivity
f 96.9–98.7% and specificity of 65.4–89.7% among samples from
ifferent populations around the word, being the specificity the
arameter with the higher variability among different locations
24].

There are few reports in the world regarding the use of DBS to
etect HSV-2. Luseno et al. evaluated two types of samples, serum
nd DBS for HSV-2 and HIV detection in Kenya (Kalon Biologi-
al Ltd.) and Zimbabwe (HerpesSelect 2; Focus Diagnostics). They
ound that DBS samples were better than serum for fieldwork [25].
sobya et al. evaluated also plasma and DBS for HSV-2 with com-
ercial kits (Kalon Biological Ltd). The sensitivity and specificity

sing DBS were lower than using plasma, and recommended a dilu-
ion 1:2 for DBS [26]. Finally, Hogrefe et al. found high agreement
etween DBS and plasma with other commercial kit (HerpeSelect
) [20].

Among young Mexican students, DBS samples were used to
etect HSV-2 antibodies with Focus HSV-2 ELISA test, (HerpesS-
lect 2). The study found a global seroprevalence of HSV-2 of 21%,

uggesting that good results may  be obtained when DBS samples
re used to detect HSV-2 antibodies with this method [27]. Schnei-
er et al. reported a sensitivity and specificity of 100% between DBS
nd serum by ELISA (HerpeSelect 2). Later, from 12,617 DBS sam-
rn blot stratified by ELISA antibody index.

ples, 4.7 were positive for anti-HSV-2 [28]. This result is similar to
that reported by Sgaier et al. in India which after DBS validation,
the seroprevalence of HSV-2 was 10.1% [29].

A very low specificity (4.5%) of the ELISA test (IgG-G2 HUMAN
®

)
with DBS was  detected in the current study, possibly because the kit
was standardized for serum samples without hemolysis. The man-
ufacturer reported 92% sensitivity and 98% specificity with serum
samples [30]. This kit includes HSV-2 antigen purified from cell cul-
ture, other kits include purified recombinant antigen (Euroimmun,
Focus). To improve the sensitivity with DBS samples, we suggest
changing the cut-off point for the ELISA test (HUMAN

®
): negative

from 0 to 3.79, and undetermined of 3.8–4.6. Also, to increase the
specificity of the test, Western blot must be used to further analyze
samples within of the undetermined.

The modification of the cut-off point for different ELISA tests has
been reported to optimize the performance of the assay [31]. Ng’ayo
et al. reported a cut-off point of 3.5 (before 1.1) for HerpeSelect
Focus HSV-2 ELISA, to increase specificity from 52.3% to 84.9% [32].
Mujugira et al. used the same test and concluded that the optimal
cut-off value was  2.1 [33]. In the current study with a new cut-off
point, the sensitivity was  96.9% and the specificity increased from
4.5% to 82.5%. We consider this method as an alternative to perform
anti-HSV-2 detection using DBS.

One limitation of the current report is that we  quantified the
total protein in the samples instead of quantifying the specific
immunoglobulins. Despite this, the amount of total protein in the
DBS samples was  enough to perform the Western blot (Euroimmun
®

), with the corresponding modifications of the technique. The con-
centration of total protein was  also enough to use the samples for
ELISA (HUMAN

®
) as presumptive HSV-2 diagnosis with the recom-

mendation to change the cut-off point of the test and confirm all the
results within gray zone. Another limitation was  the small number
of the paired serum-DBS samples used to modify the conditions of
both methods.
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