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Abstract (revision)
Background: Herpes simplex virus (HSV) is a widely distributed 17 Nov 2021
human pathogen that is known for its ulcerative lesions at the
infection site. HSV can cause persistent infection in the host that is version 3 i i
often followed by a period of latency within the neurons. Considering (revision)
the high rate of HIV infection in South Africa, it is important to assess 15 oct 2021 report report
the seroprevalence of HSV with a focus to determine the
epidemiological association between HSV-DNA and HIV-1 in the version 2 o
population. (revision) :
Methods: A total of 44 sera samples were screened for HSV and HIV-1 5, ¢, 5054 report
using the highly sensitive enzyme-linked immunosorbent assay
(ELISA). The ELISA positive samples were characterized using . » ”
polymerase chain reaction (PCR) to confirm the positivity of both version 1 ! !
11 Feb 2021 report report

viruses and to further differentiate HSV into HSV-1 and -2. Thereafter,
the samples were analysed for relatedness using phylogenetic =~ s
analysis. 1. Debrah Oksana "', Kwame Nkrumah
Results: Of the 44 samples, 36 (81.8%) were positive for HIV-1, while
35 (79.5%) were positive for HSV when screened with ELISA kits. The
PCR results, with the use of type specific primers, showed that 4/35 Kumasi, Ghana
(11.4%) samples were specific for HSV-1 while 30/35 (85.7%) were
specific for HSV-2. Statistical analysis performed using the chi-squared
goodness-of-fit test showed that there is a significant relationship Natal, Durban, South Africa
between HSV-2 and HIV-1 transmission.

Conclusions: There is a significant positive association between HSV-2
and HIV-1 in the study population. Our study shows that some of the
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HSV-2 isolates are not related to the clinical isolate SD90e from South
Africa, suggesting diversity in HSV-2 viral transmission. article can be found at the end of the article.
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1374573 Amendments from Version 3

We have made a few changes to this version of the manuscript
as suggested by the reviewer.

Abstract:

* ‘relationship” has been replaced with “positive
association”.
Methods:

» “However, six of the samples were lysed and were
excluded, reducing the sample number to forty-four (44).”
has been replaced with “However, the sample quality
(serum lysis) of six sera from the total samples prevented
us from using them and were excluded, reducing the
total sample number to forty-four (44)."

» The stop solution used for the ELISA was clarified to be
0.3M of H,S0,, Bio-Rad.

Any further responses from the reviewers can be found at
the end of the article

Introduction

Herpes simplex virus (HSV) is a prevalent organism that
belongs to the sub-family of alpha Herpesviridae (Greninger
et al., 2018). The virus is transmitted either through oral or geni-
tal route. The routes of transmission of HSV are responsible for
its differentiation into two types; herpes simplex virus types
1 (HSV-1) and 2 (HSV-2) (Looker er al., 2008; Schiffer et al.,
2014). HSV-1 is transmitted orally and it is the cause of blis-
ters and sores around the mouth, while HSV-2 is sexually
transmitted and it is traditionally associated with blisters or
ulcers around the genitals (Grinde, 2013; Modi et al., 2008).
Conversely, most HSV infections are asymptomatic, a fac-
tor that is partly responsible for the high prevalence of HSV
infection worldwide. However, some HSV infections show
visible signs of infection in the host (Looker er al., 2015), which
is often associated with the increase in virus titer that further
fuels its transmission (Jaishankar & Shukla, 2016; Mazzarello
et al., 2018).

It is important to determine the epidemiology of HSV-1
and HSV-2 because of the disease burden associated with
their infection (Chemaitelly er al., 2019). The global preva-
lence for HSV-1 and HSV-2 is approximately 3.7 billion and
500 million respectively (Feng er al., 2013; WHO, 2015). In
2018, McQuillan and colleagues conducted a survey in the
United States and estimated the prevalence of HSV-1 and HSV-2
as 47.8% and 11.9% respectively (McQuillan er al., 2018). How-
ever, Africa has a higher rate of HSV-2 prevalence (20-80%
and 49.7%) and HSV-1 (10-50% and 50.3%) in women and
men, respectively (Looker er al., 2015; WHO, 2015). HSV-2 is
the most common virus responsible for genital ulcer diseases
(GUD) (Johnston & Corey, 2016); however, research has shown
that GUD may also be caused by HSV-1 particularly in the indus-
trialized nations (WHO, 2015). The sudden increase in GUD
caused by HSV-1 is attributable to the downward shift in trend
of HSV-1 acquisition before sexual relations in this popula-
tion. In addition, children who do not have HSV-1 antibodies
in the early stages of life are vulnerable to genital HSV-1
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infection when exposed (Bradley er al., 2014; Forward & Lee,
2003). Daniels er al. (2016), evaluated the incidence of HSV-2
and its risk factors within a cohort of HIV-1 negative women
in KwaZulu-Natal, South Africa. They observed that 84%
female commercial sex workers in the study population were
infected with HSV-2.

The high prevalence of human immunodeficiency virus type
1 (HIV-1) in South Africa (about 7.7 million) has made the
Joint United Nations Programme on HIV/AIDS (UNAIDS)
to regard the country as the epicenter of HIV-1 in the world
(UNAIDS, 2019). Considering the high prevalence of HIV-1 in
South Africa and the role that HSV plays in its transmis-
sion, the need to determine the prevalence of HSV and HIV-1
co-infection is of great importance. In addition, HSV disrupts
the epithelial surface at the infection site, which serves as a
port of entry for HIV recruitment that progressively facilitates
its transmission by two to three fold. This characteristic makes
HSV an important co-factor in HIV acquisition (Looker et al.,
2017; Munawwar & Singh, 2016). HSV infection makes the trans-
mission of HIV effortless through a transmission that disrupts
the epithelium. Moreover, dual infection with HIV increases the
rate of HIV replication, which further suppresses the immune
system, thus enhancing disease progression. The effect of
HSV in HIV acquisition has been observed in Western Asia,
Europe and Africa where the prevalence of HSV-2 in HIV infected
populations was 60-90%, 30-70% and 50-90%, respectively,
which is three times the rate of infection in normal populations
(Anaedobe & Ajani, 2019; Des Jarlais et al., 2014; Mohraz
etal., 2018).

It is apparent that a sturdy interaction exists between HSV-2
and HIV-1 infection (Barnabas & Celum, 2012; Kolawole er al.,
2016; Todd er al., 2013), although, a contrasting opinions
was reported that HSV-2 co-infection with HIV has no role in
increasing the transmission of HIV (Mohraz er al., 2018). How-
ever, Freeman and colleagues conducted a systematic review
on the gender-based effect of HSV-2 in the transmission of HIV
infection (Freeman er al., 2006). In their study, they discov-
ered that HSV-2 is a significant facilitator of HIV transmission
in both men and women. Another study reported a three-fold
risk of HIV-1 acquisition in HSV-2 infected persons in the
sub-Saharan Africa (Barnabas & Celum, 2012). Most studies
that discovered the association between HSV-2 and HIV-1 were
conducted outside of South Africa. Albeit, one study reported
an incidence of 41% of the co-infection in South African
women (Abbai ef al., 2015).

Accordingly, the current study aims to establish the prevalence
of HSV antibodies and HSV-DNA in HIV-1 sera and further
assess the evidence of HSV-2 and HIV-1 co-infection within
the study cohort.

Methods

Sample collection criteria and study population

The sera samples that were used in the study were previously
stored sera collected from patients who visited Bophelong
Provincial Hospital in Mafikeng, North-West Province, and
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Inkosi Albert Luthuli Central Hospital (IALCH-NHLS) in
KwaZulu-Natal Province, both in South Africa. The study
participants visited the hospitals for HIV screening and man-
agement in their respective provinces. Only 25 sera samples
from each hospital (50) were selected for use in the current
study. However, the sample quality (serum lysis) of six sera
from the total samples prevented us from using them and were
excluded, reducing the total sample number to forty-four (44).
The samples were anonymized with no additional data except
age and gender of the study participants.

Laboratory analysis

The enzyme-linked immunosorbent assay (ELISA) was used
to detect the presence of HSV and HIV-1 antibodies in the
sera. Polymerase chain reaction (PCR) was used to confirm
that the samples were infected with HSV and HIV-1 and to
differentiate the HSV samples into HSV type 1 and 2.

ELISA

A highly sensitive ELISA test kit for HSV, Platelia HSV (1+2)
(Bio-Rad, Marnes-la-Coquette, Paris, France) was used to meas-
ure HSV IgG antibody in the samples. The Genscreen Ultra
HIV Ag-Ab test kit (Bio-Rad, Marnes-la-Coquette, Paris,
France) was used to detect HIV-1 p24 antigen in the sera.
The ELISA plate was pre-coated with biotinylated polyclonal
antibody to p24 HIV-1 Ag. The manufacturer’s instructions
were followed with slight modifications. Briefly, the sera were
diluted in a ratio 1:10 and 100 pl of the diluted sera, blank, posi-
tive, and negative controls were added to a flat-bottom 96-well
plate. The plate was incubated at 37°C for 45 min and washed
four times. Thereafter, the plate was incubated at room tem-
perature for 15 min with 100 ul of substrate followed by 100 ul
of stop solution (0.3M of H,SO,, Bio-Rad) to terminate the
reaction. The plate was read on a microplate reader at 450
nm. The samples were run in duplicate and were consid-
ered positive for HSV IgG antibody if the ratio of the average
of serum OD and the cut-off value was greater than 1.2, and
negative if the ratio was less than 0.8.

DNA isolation and PCR

DNA and RNA were extracted from the sera samples using
QIAamp® MinElute® Virus Spin kit and QIAamp® Viral RNA
Mini kit (Whitehead Scientific, Cape Town, South Africa),
respectively, following the manufacturer’s protocols.

PCR was performed using the samples that were positive for
ELISA (HSV type 1 and 2 and HIV-1) with viral gene specific
primers. Previously published primers from Nie er al. (2011);
Victoria et al. (2005) and Schmutzhard er al. (2004) were used
to amplify the integrase, glycoprotein B (gB) and glycoprotein
G (gG) region of HIV-1, HSV-1 and HSV-2 respectively, as out-
lined in the Extended data (Table A). The HSV positive samples
were also tested for HIV-1 co-infection using PCR. This
allowed the detection of HIV-1 and HSV-1 and/or -2
co-infections from the study samples. Briefly, 25 pl PCR reac-
tion mixture (Quick-Load® Tag 2X Master Mix kit, Biolabs)
with each primer set targeting the different regions, was prepared
(Extended data, Table B) and amplification was performed
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with the use of a TI100™ thermal cycler (Bio-Rad, Hercules,
California, United States). HSV-1 and -2 amplification was
performed with the nested PCR cycling conditions outlined
in the Extended data (Table B). A reverse transcription PCR was
used to amplify the HIV-1 integrase gene from the extracted
HIV-1 RNA samples. This was achieved with the PCR cycling
conditions outlined in the Extended data (Table C) and the PCR
products were analysed by gel electrophoreses.

DNA sequencing

Next-generation sequencing (NGS) was used to validate the
genomes of the samples used. Only the samples that exhibited
high titers of HSV-2 and HIV-1 with ELISA were sequenced.
Thus, DNA sequencing was performed on four HSV-2/HIV-1
co-infected samples with the highest titers. The samples were
annotated as G13, G15, G20 and G34. HSV-2 primers were
used to sequence G13, G15 and G34 while the G20 sample was
sequenced using HIV-1 primers since this was the only sam-
ple with a high HIV-1 titer. NGS was carried out on the Illumina
MiSeq NGS platform at Inqaba Biotec (Inqaba Biotechnical
Industries (Pty) Ltd, Johannesburg, SA). Phylogenetic analysis
was performed by trimming and aligning the sequences using
BowTie 2 v 2.3.2 (Langmead & Salzberg, 2012). All aligned
data were further annotated to determine the viral genome
using Prokka v 1.12 (Seemann, 2014). Thereafter, the sequence
data were subjected to Molecular Evolutionary Genetics
Analysis (MEGA 7) against HIV-1 and HSV-2 reference
genomes obtained from National Centre for Biotechnology
Information (NCBI). Phylogenetic analysis was performed to
assess the evolutionary relatedness of the sequenced data in
relation to the reference genomes. The HSV-2 published ref-
erence sequences that were used in the analysis were SD90e
(KF781518) from South Africa, HSV-2 strain 333 (MI15118),
a wild-type laboratory reference strain from USA, and glyco-
protein G-2 (AF141858), a European HSV-2 isolate. The HIV-
1 reference sequences that were used in the analysis were two
HIV-1 subtype C sequences from South Africa (HM569277 and
HM569273), two HIV-1 subtype B from USA (AF203332) and
Japan (LC022388), and HIV-1 subtype A (HM466997) from
Europe. Thus, the reference sequences were selected to explore
the relatedness of the sequenced samples with published reference
strains from the country (South Africa) and from other developed
countries. In addition, different HIV-1 subtypes were selected from
different regions to identify the sub-type of our clinical isolate.

Statistical analysis

Data analyses were carried out on Statistical Package of Social
Sciences (SPSS) software (version 25). The chi-squared good-
ness-of-fit test (x?) was used to evaluate for an association
between the categorical variables. Relationship between the
demographics and the viruses was tested using Pearson corre-
lation coefficient. The 5% significance level was considered as
a significant p value in this study.

Ethical approval

The study received ethical approval from the North-West
University Research Ethics Regulatory Committee (NWU-
00068-15-A9).
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Results

The demographics of the study population showed that major-
ity of the study participants were female (79.5%) with a low
percentage of males (20.5%) (Table 1). The mean age and
standard deviation of the study population were 33.09 +11.94
years.

ELISA screening of the samples showed that 36/44 (81.8%)
were seropositive for HIV-1 while 35/44 (79.5%) were posi-
tive for either HSV-1/2 antibody (Table 1 and Extended data,
Figure A). Notably, the study participants within the age group
of 21-40 years had the highest HSV and HIV-1 infection rates,
as depicted in Table 1.

The PCR amplification of glycoprotein B region of HSV
showed that 4/35 (11.4%) of the HSV positive samples were
positive for HSV-1 (Table 2 and Extended data, Figure B).
Similarly, to differentiate the HSV-1 and HSV-2 positive sam-
ples, PCR amplification of the glycoprotein G region of HSV
positive samples was performed (Table 2). The data showed
that 30/35 (85.7%) were HSV-2 positive [Table 2 and Extended
data (Figure C)]. Another finding was that 1/44 (2.3%) males
and 2/44 (4.5%) females were HSV-1/HIV-1 co-infected.

Furthermore, a significant proportion of the population, 6/44
(13.6%) males and 24/44 (54.5%) females were HSV-2/HIV-1
co-infected (Figure 1).

Furthermore, PCR was also used to amplify the integrase
gene of HIV-1 genome in the samples and the data showed
that 36/44 (81.8%) samples that were positive for HIV-1 p24
using ELISA were also PCR positive.
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NGS was performed to confirm the genomes of HSV-2 and
HIV-1 viral isolates that were detected using PCR. The
samples that were sent for NGS sequencing were those that
exhibited high titers with ELISA, that is, HSV-2 sequences
13, 15 and 34 and HIV-1 sequence G20. The sequenced data
was compared with reference sequences obtained from NCBI
that were selected based on the amplified targeted regions. A
maximum likelihood phylogeny method of analysis was
used with a bootstrap value of 1,000 replicates to generate
evolutionary trees for HSV-2 and HIV-1, respectively. The
phylogenetic analysis of HSV-2 sequence data showed that
sequences 13 and 15 are more closely related to glycoprotein
G2 reference strain than sequence 34, with 98-99% similarity
to the G2 strain (Figure 2).

The HIV-1 phylogenetic tree in Figure 3 shows that G20
sequence is 100% closely related to subtype A (HM466997) and
distantly related to subtype B (AF203332 and LC022388) and
subtype C (HM569277 and HM569273) reference genomes.

The SPSS v25 statistical software was used to detect whether
there is a relationship between age, HSV, and HIV-1. SPSS
was also utilized to evaluate the association between HSV and
HIV-1 positive samples (Table 3). The two-tailed correlation
test exhibited a statistical positive link between age and HSV-1
(0.366**) as shown in Table 3. HSV-2 and HIV-1 samples are
also positively correlated (0.690%*). In addition, an inverse or
negative relationship between HSV-1 and HSV-2 (-0.463%%)
was detected.

The SPSS chi-square goodness-of-fit test was also used to
assess association between HSV and HIV-1 positive samples.

Table 1. Demographics and ELISA screening of HSV IgG and HIV-1 p24 with a
reflection of the demographics of the samples used in the study.

AGE GROUP HIV-1 Positive HIV-1 Negative HSV Positive

HSV Negative

Male Female Male Female Male Female Male Female

<20 0 5 1
21-40 5 14 1
41-60 2 10 0
TOTAL 7 29 2

2 0 5 1 2
2 5 12 1 4
2 2 " 0 1
6 7 28 2 7

Table 2. Gender distribution of HSV-1 and HSV-2
positive sera using polymerase chain reaction

technique.

AGE GROUP HSV-1 PCR Positive HSV-2 PCR Positive

MALE  FEMALE MALE  FEMALE
<20 0 0 5
21-40 0 5 11
41-60 1 1 8
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HSV-1/HIV-1 co-infection HSV-2/HIV-1 co-infection

= Male = Female ®m Male = Female

Figure 1. Gender categorization of PCR data of the HSV-2/HIV-
1 and HSV-1/HIV-1 co-infected sera.

% 15
493’—: N
13

34

———— HSV- 2 SD90e KF781518
10— HSV-2 strain 333

Figure 2. The evolutionary relationship between HSV-2
sequences (13, 15 and 34) and HSV-2 reference genomes was
inferred using the maximum likelihood phylogeny method.

AF203332_Subtype B
100%

L 1C022388_Subtype B
100

HM569277_Subtype C

100
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HM466997_Subtype A
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—
0.050

Figure 3. The evolutionary relationship of the HIV-1 sample
(G20) with HIV-1 reference genomes from NCBI database was
inferred using the maximum likelihood phylogeny method.

The data showed that there was no significant association
between HSV-1 and HIV-1 (X2 (1) = 0.138, p>0.05). However,
there was a strong statistical association between HSV-2 and
HIV-1 (X?(1) =20.952, p< 0.05), as shown in Table 4.

Discussion

There are insufficient data to recount the prevalence of HSV
genotypes among HIV-1 infected individuals in the Repub-
lic of South Africa. This study provides insight into an exist-
ing interrelation between HSV and HIV-1 and the potential risk
that one of the viruses may have on the other. Our focus was to

F1000Research 2021, 10:105 Last updated: 17 NOV 2021

Table 3. Correlation between age, HIV-1
ELISA positive samples, HSV-1 and HSV-2
PCR positive samples.

AGE HSV-1  HSV-2  HIV-1
AGE 1 0366%* -0.061 0.208
HSV-1 - 1 -0.463**  -0.056
HSV-2 - - 1 0.690**
HIV-1 - = = 1

**Correlation is significant at 0.01 level (2-tailed)

determine the seroprevalence of HSV among HIV-1 sample
cohort and further assess for possible co-infections (HSV-1/HIV-1
or HSV-2/HIV-1). In the study, 81.8% and 79.5% of the samples
were positive for HIV-1 and HSV, respectively. Of the posi-
tive HSV samples, 85.7% were positive for HSV-2. Conversely,
the most prevalent type of HSV (HSV-1) as recorded by
previous studies (Debrah er al., 2018; Looker & Garnett, 2005),
was not highly prevalent in this study population (11.4%). This
may be due to the small sample size as HSV-1 infection is often
acquired during childhood and there were no childhood par-
ticipants in the study (age range 1-10 years). Although, Debrah
et al. used a larger sample cohort in their study, there was no
record of childhood participants. Most of the high HSV-1 preva-
lence recorded was for participants aged 25-44 years. This low
prevalence was also observed in a study conducted in the USA
by Ayoub er al. (2019), where they examined the progres-
sion of HSV-1 epidemiology in the country. The study showed
that more children will reach the age of sexual debut with no
antibody protection against HSV-1. In addition, the low rate
is attributable to the change in disease spread in the popu-
lation since there are reduced viral HSV-1 antibodies at a
very young age, a factor influencing HSV-2 acquisition.

Our study also revealed a higher rate of HSV-2/HIV-1
co-infection (13.6% males, 54.5% females) compared with
HSV-1/HIV-1 (2.3% males, 4.5% females).Thus, one of the
few observations drawn from this study was the relatively high
prevalence of HSV-2 compared to HSV-1 in HIV-1 co-infected
samples. The validity of the high prevalence of HSV-2/HIV-1
co-infection in this study is supported by previous studies
(Looker et al., 2017; Patel er al, 2012). The increase in
HSV-2/HIV-1 co-infection is attributed to the route of viral
transmission since both viruses share a similar route of trans-
mission. Furthermore, it was also discovered that females
were more susceptible to HSV-2 infection 30/35 (85.7%) than
their male counterparts 4/35 (11.4%) in this population. This
correlates with the findings of Pebody er al. (2004) and Smith &
Robinson (2002), who reported that women are more at risk of
acquiring HSV-2 infection compared with men. Similar findings
were also observed by Celum er al. (2004) that more than half
of the female population who are HIV-1 positive suffer from
HSV-2 infection. This might be due to their early exposure
to sexual relations than their male counterpart (Schiffer

et al, 2014). Another probable explanation for the high
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Table 4. Association between HIV-1 ELISA positive samples and HSV-1 and

HSV-2 PCR positive samples.

HIV-1 ELISA

X2Value Degree of

Asymptotic

Interpretation

freedom (df) Significance (2-sided)

HSV-1 PCR  0.138 1

HSV-2 PCR  20.952 1
*Significant at 0.05 level (2-tailed).

prevalence of HSV in the female participant could be related to
the anatomy of the female reproductive system. That is, the
large surface area and the thin lining of the female reproduc-
tive system could facilitate HSV-2 entry (Hladik & MecElrath,
2008). Furthermore, the hydration and alkalinization of the
mucus plug during ovulation in women, hinders the barrier
function of the endocervical canal against pathogens hence,
facilitating viral entry (Hladik & McElrath, 2008). This is
supported by the high number of HSV-2 and HIV-1 prevalence
observed in the age group of 21-40 years, with only 3/44 (6.8%)
HSV-1/HIV-1 co-infected samples. Of note is increased rate of
co-infection with age, which correlates with the steady rise by
age for HSV-2/HIV-1 co-infection, as recorded by Beydoun
et al. (2010).

PCR was performed to confirm the positivity of the ELISA
screened samples and differentiate the HSV samples into types
1 and 2. The HSV-2 results (85.7%) correlate with the high
rate of HSV-2 infection in Africa. This was also observed in a
similar study by Debrah et al. where they assessed the sero-
prevalence of HSV-1 and HSV-2 among women in Ghana and
discovered that 78.4% of the study population are positive for
HSV-2 (Debrah et al., 2018). In addition, the prevalence of
HSV-2 in this study is higher than HSV-2 prevalence in other
African countries like Zimbabwe (68%) and Uganda (58%)
(Kurewa et al., 2010; Nakku-Joloba et al., 2014).

Phylogenetic analysis revealed that HSV-2 samples 13 and
15 from this study do not share the same ancestral lineage
with a more virulent clinical isolate SD90e (accession number
KF781518) from South Africa (Newman er al., 2015) and the
HSV-2 laboratory strain 333 (M15118). However, sample 34 is
closely related to SD90e. Thus, the distant relation between
SD90e reference genome and samples 13 and 15 may suggest
geographical diversity in viral transmission within South Africa.
This was also discovered in a study conducted by Newman
et al. (2015), where they explored the geographical
diversity between HSV-2 sequences and observed that HSV-2
sequences from Uganda are strongly related to the HSV-2
sequence from USA. Furthermore, a close relation of the two
samples (G13 and G15) was observed with the less virulent
glycoprotein G-2 strain originating from Scotland, which might
be attributed to international migration. This was also observed

No significant

0.711 association
Significant
0.000* association

by Szpara er al. (2014) where African strains isolated in Kenya
were shown to cluster closely with Europe, North America,
and Asian strains.

The HIV-1 phylogenetic analysis confirmed that the G20
sequence is an HIV-1 sequence however, it did not cluster with
any of the subtype A, B or C reference sequences that were
used. The G20 distant clustering may reflect another instance
of international migration. For example, Lurie er al. (2003)
demonstrated that migrants have a two-fold odd of contracting
HIV than non-immigrants in South Africa. Similarly, migration
from different geographical locations could influence viral
transmission of different HIV-1 subtypes. This was demon-
strated by von Wyl er al. (2011), where they revealed that 80%
of non-B HIV-1 subtypes recorded in their study population
originated outside the study region, Switzerland.

A previous study on the relationship between age and HSV-1
prevalence by Smith & Robinson (2002) reported that global
HSV-1 prevalence increases with age. The statistical rela-
tionship between age, HSV and HIV-1 infection in our study
revealed a similar significant relationship between age and
HSV-1 (p = 0.366*). Similarly, we discovered a discreet relation-
ship between age, HSV-2 and HIV-1. However, HSV-1 showed
an inverse correlation with HSV-2 (p = -0.463™). This may
suggest that an increase in HSV-2 prevalence in the popula-
tion will result in a decline in HSV-1 as supported by Ayoub
et al. (2019). It was also discovered that a robust significant
relationship exists between HSV-2 and HIV-1 (p =0.690")
suggesting that a steady rise in HSV-2 contributes to an increase
in HIV-1 infection in the population. A probable reason for
this relationship is that the viruses share a similar route of entry
and the impact of one is significant on the other as seen in the
micro-ulceration of the genitalia in HSV-2 patients, which
provides a port of entry for HIV-1 (Sheth ez al., 2008).

The association between HIV-1 and HSV was analysed using
chi-square goodness-of-fit test and it was discovered that
no significant association exist between HSV-1 and HIV-1
(X2 (1) = 0.138, p >0.05) but a strong statistical association
was found between HSV-2 and HIV-1 (X2 (1) = 20.952, p <0.05).
Although, there has been contrasting opinions on the asso-
ciation of HSV-2 and HIV-1, the current study is consistent
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with Sudenga er al. (2012) and Omori & Abu-Raddad (2017)
who suggested that the infection of one virus may fuel the trans-
mission of the other. In their studies, Sudenga er al (2012)
observed that HIV-1 positive individuals with higher CD4+
counts at baseline and those with lower viral load were asso-
ciated with HSV-2 acquisition, while Omori & Abu-Raddad
(2017) used the sexual network determinants as components to
determine the prevalence of HIV-1/HSV-2. They deduced
that HIV is an agent of HSV-2 transmission in the popula-
tion. However, another study led by Kouyoumjian et al. (2018)
discovered a robust association between HSV-2 and HIV-1,
with HSV-2 prevalence being consistently higher than HIV-1
in the global population. The data from this study suggests that
contracting one virus (either HSV-2 or HIV-1) will influence
the acquisition of the other. This highlights the importance for
data collation on HSV-2 and HIV-1 infected persons in South
Africa.

Limitations

The study is a retrospective study with the aim to determine
the prevalence of HSV-DNA in HIV-1 sera. However, there
were certain limitations. Primarily, the study population was
small when compared to the size of the general population.
In addition, the sera samples were collected exclusively from
North-West and KwaZulu-Natal Provinces, poses a challenge
to generalize the outcomes of the study to the South African
populace.

Conclusion

This study revealed a clustering variation of HSV-2 sequences.
The clustering differentiated the sequences from the promi-
nent sequence (SD90e) found in South Africa, which suggests
diversity in the transmission of the virus. Similarly, a differ-
ent HIV-1 sub-type was isolated from the study population, dif-
ferent from other HIV-1 sub-type C isolates in South Africa.
Despite the small sample size, a high prevalence of HSV-2/HIV-1
co-infection (68.2%) was recorded which shows that a positive
association exists between HSV-2 and HIV-1, suggesting that
an increase in one of the viruses may influence the spread of the
other. Thus, acknowledging that a relationship exists between
these two viruses, and to identify how the transmission of
one could affect the other, requires a larger cohort that is well
described with longitudinal measurements of HSV-1, HSV-2, and
HIV-1 as well as measurements of potential confounders such
as condom use, partner change and other sexually transmitted
diseases.

Data availability

Underlying data

SRA: gG sequencing of HSV-2 (sample G15), Accession
number SRX9590097: https://www.ncbi.nlm.nih.gov/sra/
term=SRX9590097

F1000Research 2021, 10:105 Last updated: 17 NOV 2021

SRA: gG sequencing of HSV-2 (sample G34), Accession
number SRX9590139: https://www.ncbi.nlm.nih.gov/sra/
2term=SRX9590139

SRA: gG sequence (sample G13), Accession number SRX9590098:
https://www.ncbi.nlm.nih.gov/sra/?term=SRX 9590098

SRA: HIV-1 sequencing targeting integrase region (sample G20),
Accession number SRX9531105: https://www.ncbi.nlm.nih.gov/
sra/7term=SRX9531105

Dryad: HSV AND HIV RAW DATA, https://doi.org/10.5061/dryad.
zs7h44j7g (Obisesan et al., 2020).

This project contains the following underlying data:
- CSV spreadsheet containing demographics and ELISA
and PCR results for all 44 sera samples.

Extended data
Dryad: F1000 SUPPLEMENTARY FILE, https://doi.org/10.5061/
dryad.zs7h44j7g (Obisesan et al., 2020).

This project contains the following extended data:
- Table A: Primers for the detection of HSV-1, HSV-2 and
HIV-1.

- Table B: PCR reaction mixture and thermocycling
conditions for HSV-1 and -2.

- Table C: Thermocycling conditions for HIV-1 PCR.

- Figure A: ELISA results of HSV as recorded on the
microplate reader.

- Figure B: Age variation and the frequency distribution
of HSV-1 in the study population

- Figure C: Age variation and the frequency distribution
of HSV-2 in the study population

Data are available under the terms of the Creative Commons
Zero “No rights reserved” data waiver (CCO 1.0 Public domain
dedication).

Acknowledgments

This research was supported by the Department of Microbiol-
ogy, North-West University, South Africa. We would also like
to appreciate Dr P. Moodley and Dr K. Msomi, University of
KwaZulu-Natal for their immense support with sample
collection, Dr L. Makhado, North-West University for his
guidance with literature review.

Page 8 of 19


https://www.ncbi.nlm.nih.gov/sra/?term=SRX9590097
https://www.ncbi.nlm.nih.gov/sra/?term=SRX9590097
https://www.ncbi.nlm.nih.gov/sra/?term=SRX9590139
https://www.ncbi.nlm.nih.gov/sra/?term=SRX9590139
https://www.ncbi.nlm.nih.gov/sra/?term=SRX9590098
https://www.ncbi.nlm.nih.gov/sra/?term=SRX9531105
https://www.ncbi.nlm.nih.gov/sra/?term=SRX9531105
https://doi.org/10.5061/dryad.zs7h44j7g
https://doi.org/10.5061/dryad.zs7h44j7g
https://doi.org/10.5061/dryad.zs7h44j7g
https://doi.org/10.5061/dryad.zs7h44j7g
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/

References

F1000Research 2021, 10:105 Last updated: 17 NOV 2021

Abbai NS, Wand H, Ramjee G: Socio-demographic and behavioural
characteristics associated with HSV-2 sero-prevalence in high risk women
in KwaZulu-Natal. BVIC Res Notes. 2015; 8: 185.

PubMed Abstract | Publisher Full Text | Free Full Text

Anaedobe CG, Ajani TA: Co-infection of herpes simplex virus type 2 and HIV
infections among pregnant women in Ibadan, Nigeria. / Glob Infect Dis.
2019; 11(1): 19-24.

PubMed Abstract | Free Full Text

Ayoub HH, Chemaitelly H, Abu-Raddad LJ: Characterizing the transitioning
epidemiology of herpes simplex virus type 1 in the USA: model-based
predictions. BMC Med. 2019; 17(1): 57.

PubMed Abstract | Publisher Full Text | Free Full Text

Barnabas RV, Celum C: Infectious co-factors in HIV-1 transmission herpes
simplex virus type-2 and HIV-1: new insights and interventions. Curr HIV
Res. 2012; 10(3): 228-237.

PubMed Abstract | Publisher Full Text | Free Full Text

Beydoun HA, Dail J, Ugwu B, et al.: Socio-demographic and behavioral
correlates of herpes simplex virus type 1 and 2 infections and co-infections
among adults in the USA. Int J Infect Dis. 2010; 14 Suppl 3: e154-e160.
PubMed Abstract | Publisher Full Text | Free Full Text

Bradley H, Markowitz LE, Gibson T, et al.: Seroprevalence of herpes simplex
virus types 1 and 2--United States, 1999-2010. / Infect Dis. 2014; 209(3):
325-333.

PubMed Abstract | Publisher Full Text

Celum C, Levine R, Weaver M, et al.: Genital herpes and human
immunodeficiency virus: double trouble. Bull World Health Organ. 2004; 82(6):
447-453.

PubMed Abstract | Free Full Text

Chemaitelly H, Nagelkerke N, Omori R, et al.: Characterizing herpes simplex
virus type 1 and type 2 seroprevalence declines and epidemiological
association in the United States. PLoS One. 2019; 14(6): 1-11.

PubMed Abstract | Publisher Full Text | Free Full Text

Daniels B, Wand H, Ramjee G: Prevalence of herpes simplex virus 2 (HSV-2)
infection and associated risk factors in a cohort of HIV negative women in
Durban, South Africa. BMC Res Note. 2016; 9(1): 510.

PubMed Abstract | Publisher Full Text | Free Full Text

Debrah O, Agyemang-Yeboah F, Asmah RH, et al.: SERO-prevalence of herpes
simplex virus type 1 and type 2 among women attending routine Cervicare
clinics in Ghana. BMC Infect Dis. 2018; 18(1): 378.

PubMed Abstract | Publisher Full Text | Free Full Text

Des Jarlais DC, Arasteh K, McKnight C, et al.: HSV-2 co-infection as a driver of
HIV transmission among heterosexual non-injecting drug users in New
York City. PLoS One. 2014; 9(1): e87993.

PubMed Abstract | Publisher Full Text | Free Full Text

Feng Z, Qiu Z, Sang Z, et al.: Modeling the synergy between HSV-2 and HIV
and potential impact of HSV-2 therapy. Math Biosci. 2013; 245(2): 171-187.
PubMed Abstract | Publisher Full Text

Forward KR, Lee SH: Predeominace of Herpes Simplex Virus Type 1 from
Patients with Genital Herpes in Nova Scotia. Can J Infect Dis. 2003; 14(2): 94-6.
PubMed Abstract | Publisher Full Text | Free Full Text

Freeman EE, Weiss HA, Glynn JR, et al.: Herpes simplex virus 2 infection
increases HIV acquisition in men and women: systematic review and
meta-analysis of longitudinal studies. AIDS. 2006; 20(1): 73-83.

PubMed Abstract | Publisher Full Text

Greninger AL, Roychoudhury P, Xie H, et al.: Ultrasensitive capture of human
herpes simplex virus genomes directly from clinical samples reveals
extraordinarily limited evolution in cell culture. mSphere. 2018; 3(3):
€00283-18.

PubMed Abstract | Publisher Full Text | Free Full Text

Grinde B: Herpesviruses: latency and reactivation-viral strategies and host
response. / Oral Microbiol. 2013; 5.
PubMed Abstract | Publisher Full Text | Free Full Text

Hladik F, McElrath MJ: Setting the stage: host invasion by HIV. Nat Rev
Immunol. 2008; 8(6): 447-457.

PubMed Abstract | Publisher Full Text | Free Full Text

Jaishankar D, Shukla D: Genital herpes: insights into sexually transmitted
infectious disease. Microb Cell. 2016; 3(9): 438-450.

PubMed Abstract | Publisher Full Text | Free Full Text

Johnston C, Corey L: Current concepts for genital herpes simplex virus
infection: diagnostics and pathogenesis of genital tract shedding. Clin
Microbiol Rev. 2016; 29(1): 149-161.

PubMed Abstract | Publisher Full Text | Free Full Text

Kolawole OM, Amuda OO, Nzurumike C, et al.: Seroprevalence and co-infection
of human immunodeficiency virus (HIV) and herpes simplex virus (HSV)
among pregnant women in Lokoja, North-Central Nigeria. Iran Red Crescent
Med J. 2016; 18(10): e25284.

PubMed Abstract | Publisher Full Text | Free Full Text

Kouyoumjian SP, Heijnen M, Chaabna K, et al.: Global population-level
association between herpes simplex virus 2 prevalence and HIV
prevalence. AIDS. 2018; 32(10): 1343-1352.

PubMed Abstract | Publisher Full Text | Free Full Text

Kurewa NE, Mapingure MP, Munjoma MW, et al.: The burden and risk factors
of sexually transmitted infections and reproductive tract infections among
pregnant women in Zimbabwe. BMC Infect Dis. 2010; 10: 127.

PubMed Abstract | Publisher Full Text | Free Full Text

Langmead B, Salzberg SL: Fast gapped-read alignment with Bowtie 2. Nat
Methods. 2012; 9(4): 357-9.
PubMed Abstract | Publisher Full Text | Free Full Text

Looker KJ, Elmes JA, Gottlieb SL, et al.: Effect of HSV-2 infection on subsequent
HIV acquisition: an updated systematic review and meta-analysis. Lancet
Infect Dis. 2017; 17(12): 1303-1316.

PubMed Abstract | Publisher Full Text | Free Full Text

Looker K|, Garnett GP: A systematic review of the epidemiology and
interaction of herpes simplex virus types 1 and 2. Sex Transm Infect. 2005;
81(2): 103-107.

PubMed Abstract | Publisher Full Text | Free Full Text

Looker KJ, Garnett GP, Schmid GP: An estimate of the global prevalence and
incidence of herpes simplex virus type 2 infection. Bull World Health Organ.
2008; 86(10): 805-812.

PubMed Abstract | Publisher Full Text | Free Full Text

Looker KJ, Magaret AS, Turner KME, et al.: Global Estimates of Prevalent and
Incident Herpes Simplex Virus Type 2 Infections in 2012. PLoS One. 2015;
10(5): e0128615.

PubMed Abstract | Publisher Full Text | Free Full Text

Lurie MN, Williams BG, Zuma K, et al.: The impact of migration on HIV-1
transmission in South Africa: a study of migrant and nonmigrant men and
their partners. Sex Transm Dis. 2003; 30(2): 149-156.

PubMed Abstract | Publisher Full Text

Mazzarello V, Ferrari M, Decandia S, et al.: Sunlight and herpes virus. In
Human Herpesvirus Infection-Biological Features, Transmission, Symptoms,
Diagnosis and Treatment. IntechOpen. 2018.

Publisher Full Text

McQuillan G, Kruszon-Moran D, Flagg EW, et al.: Prevalence of herpes simplex
virus type 1 and type 2 in persons aged 14-49: United States,

2015-2016. NCHS Data Brief. 2018; (304): 1-8.

PubMed Abstract

Modi S, Van L, Gewirtzman A, et al.: Single-day treatment for orolabial and
genital herpes: a brief review of pathogenesis and pharmacology. Ther Clin
Risk Manag. 2008; 4(2): 409-17.

PubMed Abstract | Publisher Full Text | Free Full Text

Mohraz M, Aghakhani A, Moayedi-Nia S, et al.: No role of herpes simplex virus
type 2 (HSV-2) infection on HIV progression in naive HIV patients. Iran
Biomed J. 2018; 22(2): 123-8.

PubMed Abstract | Publisher Full Text | Free Full Text

Munawwar A, Singh S: Human herpesviruses as copathogens of HIV
infection, their role in HIV transmission, and disease progression. / Lab
Pysicians. 2016; 8(1): 5-18.

PubMed Abstract | Publisher Full Text | Free Full Text

Nakku-Joloba E, Kambugu F, Wasubire J, et al.: Sero-prevalence of herpes
simplex type 2 virus (HSV-2) and HIV infection in Kampala, Uganda. Afr
Health Sci. 2014; 14(4): 782-789.

PubMed Abstract | Publisher Full Text | Free Full Text

Newman RM, Lamers SL, Weiner B, et al.: Genome sequencing and analysis
of geographically diverse clinical isolates of herpes simplex virus 2./ Virol.
2015; 89(16): 8219-8232.

PubMed Abstract | Publisher Full Text | Free Full Text

Nie T, Detorio M, Schinazi RF: Universal profiling of HIV-1 pol for genotypic
study and resistance analysis across subtypes. Antivir Ther. 2011; 16(8):
1267-75.

PubMed Abstract | Publisher Full Text | Free Full Text

Obisesan OS, Sithebe NP, Mufhandu HT, et al.: Hsv And Hiv Raw Data. Dryad
(dataset), 2020.
http://www.doi.org/10.5061/dryad.zs7h44j7g

Omori R, Abu-Raddad LJ: Sexual network drivers of HIV and herpes simplex
virus type 2 transmission. AIDS. 2017; 31(12): 1721-1732.
PubMed Abstract | Publisher Full Text | Free Full Text

Patel P, Bush T, Mayer KH, et al.: Prevalence and risk factors associated with
herpes simplex virus-2 infection in a contemporary cohort of HIV-infected
persons in the United States. Sex Transm Dis. 2012; 39(2): 154-60.

PubMed Abstract | Publisher Full Text | Free Full Text

Pebody RG, Andrews N, Brown D, et al.: The seroepidemiology of herpes
simplex virus type 1 and 2 in Europe. Sex Transm Infect. 2004; 80(3): 185-191.
PubMed Abstract | Publisher Full Text | Free Full Text

Schiffer JT, Mayer BT, Fong Y, et al.: Herpes simplex virus-2 transmission
probability estimates based on quantity of viral shedding. / R Soc Interface.
2014; 11(95): 20140160.

PubMed Abstract | Publisher Full Text | Free Full Text

Schmutzhard J, Riedel HM, Wirgart BZ, et al.: Detection of herpes simplex
virus type 1, herpes simplex virus type 2 and varicella-zoster virus in skin
lesions. Comparison of real-time PCR, nested PCR and virus isolation. / Clin
Virol. 2004; 29(2): 120-126.

PubMed Abstract | Publisher Full Text

Page 9 of 19


http://www.ncbi.nlm.nih.gov/pubmed/25940115
http://dx.doi.org/10.1186/s13104-015-1093-0
http://www.ncbi.nlm.nih.gov/pmc/articles/4423103
http://www.ncbi.nlm.nih.gov/pubmed/30814831
http://www.ncbi.nlm.nih.gov/pmc/articles/6380096
http://www.ncbi.nlm.nih.gov/pubmed/30853029
http://dx.doi.org/10.1186/s12916-019-1285-x
http://www.ncbi.nlm.nih.gov/pmc/articles/6410528
http://www.ncbi.nlm.nih.gov/pubmed/22384842
http://dx.doi.org/10.2174/157016212800618156
http://www.ncbi.nlm.nih.gov/pmc/articles/3563330
http://www.ncbi.nlm.nih.gov/pubmed/20418142
http://dx.doi.org/10.1016/j.ijid.2009.12.007
http://www.ncbi.nlm.nih.gov/pmc/articles/2921001
http://www.ncbi.nlm.nih.gov/pubmed/24136792
http://dx.doi.org/10.1093/infdis/jit458
http://www.ncbi.nlm.nih.gov/pubmed/15356938
http://www.ncbi.nlm.nih.gov/pmc/articles/2622854
http://www.ncbi.nlm.nih.gov/pubmed/31170140
http://dx.doi.org/10.1371/journal.pone.0214151
http://www.ncbi.nlm.nih.gov/pmc/articles/6553692
http://www.ncbi.nlm.nih.gov/pubmed/27955706
http://dx.doi.org/10.1186/s13104-016-2319-5
http://www.ncbi.nlm.nih.gov/pmc/articles/5154041
http://www.ncbi.nlm.nih.gov/pubmed/30086705
http://dx.doi.org/10.1186/s12879-018-3288-1
http://www.ncbi.nlm.nih.gov/pmc/articles/6081947
http://www.ncbi.nlm.nih.gov/pubmed/24498235
http://dx.doi.org/10.1371/journal.pone.0087993
http://www.ncbi.nlm.nih.gov/pmc/articles/3909306
http://www.ncbi.nlm.nih.gov/pubmed/23850537
http://dx.doi.org/10.1016/j.mbs.2013.07.003
http://www.ncbi.nlm.nih.gov/pubmed/18159431
http://dx.doi.org/10.1155/2003/168673
http://www.ncbi.nlm.nih.gov/pmc/articles/2094909
http://www.ncbi.nlm.nih.gov/pubmed/16327322
http://dx.doi.org/10.1097/01.aids.0000198081.09337.a7
http://www.ncbi.nlm.nih.gov/pubmed/29898986
http://dx.doi.org/10.1128/mSphereDirect.00283-18
http://www.ncbi.nlm.nih.gov/pmc/articles/6001610
http://www.ncbi.nlm.nih.gov/pubmed/24167660
http://dx.doi.org/10.3402/jom.v5i0.22766
http://www.ncbi.nlm.nih.gov/pmc/articles/3809354
http://www.ncbi.nlm.nih.gov/pubmed/18469831
http://dx.doi.org/10.1038/nri2302
http://www.ncbi.nlm.nih.gov/pmc/articles/2587276
http://www.ncbi.nlm.nih.gov/pubmed/28357380
http://dx.doi.org/10.15698/mic2016.09.528
http://www.ncbi.nlm.nih.gov/pmc/articles/5354570
http://www.ncbi.nlm.nih.gov/pubmed/26561565
http://dx.doi.org/10.1128/CMR.00043-15
http://www.ncbi.nlm.nih.gov/pmc/articles/4771215
http://www.ncbi.nlm.nih.gov/pubmed/28180012
http://dx.doi.org/10.5812/ircmj.25284
http://www.ncbi.nlm.nih.gov/pmc/articles/5286443
http://www.ncbi.nlm.nih.gov/pubmed/29794495
http://dx.doi.org/10.1097/QAD.0000000000001828
http://www.ncbi.nlm.nih.gov/pmc/articles/5991180
http://www.ncbi.nlm.nih.gov/pubmed/20492681
http://dx.doi.org/10.1186/1471-2334-10-127
http://www.ncbi.nlm.nih.gov/pmc/articles/2881092
http://www.ncbi.nlm.nih.gov/pubmed/22388286
http://dx.doi.org/10.1038/nmeth.1923
http://www.ncbi.nlm.nih.gov/pmc/articles/3322381
http://www.ncbi.nlm.nih.gov/pubmed/28843576
http://dx.doi.org/10.1016/S1473-3099(17)30405-X
http://www.ncbi.nlm.nih.gov/pmc/articles/5700807
http://www.ncbi.nlm.nih.gov/pubmed/15800084
http://dx.doi.org/10.1136/sti.2004.012039
http://www.ncbi.nlm.nih.gov/pmc/articles/1764655
http://www.ncbi.nlm.nih.gov/pubmed/18949218
http://dx.doi.org/10.2471/blt.07.046128
http://www.ncbi.nlm.nih.gov/pmc/articles/2649511
http://www.ncbi.nlm.nih.gov/pubmed/25992922
http://dx.doi.org/10.1371/journal.pone.0128615
http://www.ncbi.nlm.nih.gov/pmc/articles/4439167
http://www.ncbi.nlm.nih.gov/pubmed/12567174
http://dx.doi.org/10.1097/00007435-200302000-00011
http://dx.doi.org/10.5772/intechopen.82643
http://www.ncbi.nlm.nih.gov/pubmed/29442994
http://www.ncbi.nlm.nih.gov/pubmed/18728852
http://dx.doi.org/10.2147/tcrm.s1664
http://www.ncbi.nlm.nih.gov/pmc/articles/2504076
http://www.ncbi.nlm.nih.gov/pubmed/28688377
http://dx.doi.org/10.22034/ibj.22.2.123
http://www.ncbi.nlm.nih.gov/pmc/articles/5786658
http://www.ncbi.nlm.nih.gov/pubmed/27013807
http://dx.doi.org/10.4103/0974-2727.176228
http://www.ncbi.nlm.nih.gov/pmc/articles/4785766
http://www.ncbi.nlm.nih.gov/pubmed/25834483
http://dx.doi.org/10.4314/ahs.v14i4.2
http://www.ncbi.nlm.nih.gov/pmc/articles/4370054
http://www.ncbi.nlm.nih.gov/pubmed/26018166
http://dx.doi.org/10.1128/JVI.01303-15
http://www.ncbi.nlm.nih.gov/pmc/articles/4524243
http://www.ncbi.nlm.nih.gov/pubmed/22155908
http://dx.doi.org/10.3851/IMP1892
http://www.ncbi.nlm.nih.gov/pmc/articles/7733238
http://www.doi.org/10.5061/dryad.zs7h44j7g
http://www.ncbi.nlm.nih.gov/pubmed/28514276
http://dx.doi.org/10.1097/QAD.0000000000001542
http://www.ncbi.nlm.nih.gov/pmc/articles/5508852
http://www.ncbi.nlm.nih.gov/pubmed/22249305
http://dx.doi.org/10.1097/OLQ.0b013e318239d7fd
http://www.ncbi.nlm.nih.gov/pmc/articles/5476946
http://www.ncbi.nlm.nih.gov/pubmed/15170000
http://dx.doi.org/10.1136/sti.2003.005850
http://www.ncbi.nlm.nih.gov/pmc/articles/1744847
http://www.ncbi.nlm.nih.gov/pubmed/24671939
http://dx.doi.org/10.1098/rsif.2014.0160
http://www.ncbi.nlm.nih.gov/pmc/articles/4006256
http://www.ncbi.nlm.nih.gov/pubmed/14747031
http://dx.doi.org/10.1016/s1386-6532(03)00113-6

Seemann T: Prokka: rapid prokaryotic genome annotation. Bioinformatics.
2014; 30(14): 2068-2069.
PubMed Abstract | Publisher Full Text

Sheth PM, Sunderji S, Shin LYY, et al.: Coinfection with herpes simplex

virus type 2 is associated with reduced HIV-specific T cell responses and
systemic immune activation. J Infect Dis. 2008; 197(10): 1394-1401.

PubMed Abstract | Publisher Full Text

Smith JS, Robinson NJ: Age-specific prevalence of infection with herpes simplex
virus types 2 and 1: a global review. / Infect Dis. 2002; 186 Suppl 1(Suppl 1):
$3-528.

PubMed Abstract | Publisher Full Text

Sudenga SL, Kempf MC, McGwin G Jr, et al.: Incidence, prevalence, and
epidemiology of herpes simplex virus-2 in HIV-1-positive and HIV-1-negative
adolescents. Sex Transm Dis. 2012; 39(4): 300-5.

PubMed Abstract | Publisher Full Text | Free Full Text

Szpara ML, Gatherer D, Ochoa A, et al.: Evolution and diversity in human
herpes simplex virus genomes. J Virol. 2014; 88(2): 1209-1227.
PubMed Abstract | Publisher Full Text | Free Full Text

Todd J, Riedner G, Maboko L, et al.: Effect of genital herpes on cervicovaginal

F1000Research 2021, 10:105 Last updated: 17 NOV 2021

HIV shedding in women co-infected with HIV AND HSV-2 in Tanzania. PLoS
One. 2013; 8(3): e59037.
PubMed Abstract | Publisher Full Text | Free Full Text

United Nations Programme on HIV/AIDS Data. 2019; (Accessed September
22 2020).
Reference Source

Victéria JMN, Guimaraes ALS, da Silva LM, et al.: Polymerase chain reaction for
identification of herpes simplex virus (HSV-1), cytomegalovirus (CMV) and
human herpes virus-type 6 (HHV-6) in oral swabs. Microbiol Res. 2005; 160(1):
61-65.

PubMed Abstract | Publisher Full Text

von Wyl 'V, Kouyos RD, Yerly S, et al.: The role of migration and domestic
transmission in the spread of HIV-1 non-B subtypes in Switzerland. J Infect
Dis. 2011; 204(7): 1095-1103.

PubMed Abstract | Publisher Full Text

World Health Organisation: Globally, an estimated two-thirds of the
population under 50 are infected with herpes simplex virus type 1. 2015;
Accessed August 19 2020.

Reference Source

Page 10 of 19


http://www.ncbi.nlm.nih.gov/pubmed/24642063
http://dx.doi.org/10.1093/bioinformatics/btu153
http://www.ncbi.nlm.nih.gov/pubmed/18444797
http://dx.doi.org/10.1086/587697
http://www.ncbi.nlm.nih.gov/pubmed/12353183
http://dx.doi.org/10.1086/343739
http://www.ncbi.nlm.nih.gov/pubmed/22421698
http://dx.doi.org/10.1097/OLQ.0b013e318244a90f
http://www.ncbi.nlm.nih.gov/pmc/articles/3306602
http://www.ncbi.nlm.nih.gov/pubmed/24227835
http://dx.doi.org/10.1128/JVI.01987-13
http://www.ncbi.nlm.nih.gov/pmc/articles/3911644
http://www.ncbi.nlm.nih.gov/pubmed/23516595
http://dx.doi.org/10.1371/journal.pone.0059037
http://www.ncbi.nlm.nih.gov/pmc/articles/3596319
https://www.unaids.org/sites/default/files/media_asset/2019-UNAIDS-data_en.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15782939
http://dx.doi.org/10.1016/j.micres.2004.09.011
http://www.ncbi.nlm.nih.gov/pubmed/21881125
http://dx.doi.org/10.1093/infdis/jir491
http://www.who.int/news-room/detail/28-10-2015-globally-an-estimated-two-thirds-of-the-population-under-50-are-infected-with-herpes-simplex-virus-type-1

F1000Research 2021, 10:105 Last updated: 17 NOV 2021

Open Peer Review

Current Peer Review Status: ¥

Reviewer Report 11 November 2021

https://doi.org/10.5256/f1000research.78435.r97114

© 2021 Ndlovu B. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

v

Bongiwe Ndlovu
HIV Pathogenesis Programme, University of KwaZulu-Natal, Durban, South Africa

I am happy with the revised manuscript. Although, a few points should be addressed before the
study is indexed. Conclusions should be revised, the authors mentioned that "There is a significant
relationship between HSV-2 and HIV-1 in the study population". Are they referring to a positive
association? This should be clarified.

In sample collection criteria and study population, the authors mentioned that "six samples were
lysed and were excluded". This is confusing, are they referring to poor sample quality? This should
also be clarified. Which stop solution did they use to terminate ELISA experiments?

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: HIV Immunology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Author Response 15 Nov 2021
oluwafemi obisesan, North-West University, Mafikeng, South Africa

Dear Editors,

We would like to thank you for considering our manuscript (28105) entitled “Seroprevalence
and characterisation of herpes simplex virus from human immunodeficiency virus in
samples collected from two provinces in South Africa: a retrospective study” for publication
in your reputable journal. We also appreciate the reviewers' efforts, comments, and
concerns in making the manuscript better. We have gone through the reviewer's comments
and edited the manuscript accordingly in the revised manuscript. The inputs made in
response to the reviewer's comments are listed below.
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Reviewer’'s comments:
1. Conclusions should be revised, the authors mentioned that "There is a significant
relationship between HSV-2 and HIV-1 in the study population". Are they referring to
a positive association? This should be clarified.
Response: Yes, we are referring to a positive association. We have made the necessary
clarification to the conclusion section in the abstract.

1. In sample collection criteria and study population, the authors mentioned that "six
samples were lysed and were excluded". This is confusing, are they referring to poor
sample quality? This should also be clarified.

Response: We are referring to the quality of the six samples. The samples were lysed and were
excluded from the experiment. This is now clarified in the methods section on page 4.

1. Which stop solution did they use to terminate ELISA experiments?

Response: The Bio-Rad kit came with its own stop solution of 0.3M sulphuric acid. This was the
reason it was not mentioned in the previous version. It is now stated in methods section on page
4.
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The manuscript has been improved during the last revision. I commend the authors for carefully
addressing the reviewers' feedback. The manuscript can be accepted for indexing.
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I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 01 October 2021
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© 2021 Oksana D. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.
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Debrah Oksana
Department of Molecular Medicine, Kwame Nkrumah University of Science and Technology,
Kumasi, Ghana

General Comments:
The manuscript has been improved during the revision.
For the results section, I have some suggestions:
1. Due to small sample size, author should categorize age on three categories only: >20 years,
21-40 years & 41-60 years.

2. Table 1 & Table 2: kindly specify that the data is number of positive/ negative cases/ male &
female. You can put near the parameter “N".
Conclusion section should be revised. The sample size is very small to make the statement such as
“...HSV is highly prevalent, and women are mainly affected. Moreover, HSV-2 infection in the study
cohort was robustly associated with HIV-1". Similarly review the conclusion in Abstract.

Limitation section should be revised. Sample size is very small to make statement such as “The
study contributed to literature by exploring a broad group of participants between 11 to 60 years".

It is suggested that authors focused in their conclusion more on the sequencing analysis of the
viruses, and present the prevalence of co-infection as side data, due to small sample size.

Comments: Recommend for indexing after revisions are made.

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Infectious diseases of public health concern, medical biochemistry, chemical
pathology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
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significant reservations, as outlined above.

Author Response 12 Oct 2021
oluwafemi obisesan, North-West University, Mafikeng, South Africa

Dear Reviewer,

We appreciate the efforts, comments, and concerns in making the manuscript better. We
have gone through the comments and edited the manuscript accordingly in the revised
manuscript. The inputs made in response to your comments are listed below.

General comments:

1. Due to the small sample size, author should categorize age on three categories only:
<20 years, 21-40 years & 41-60 years.

Response: We have categorized the age as suggested in Tables 1 & 2 on pages 6 and 7 of the
revised manuscript.

1. Table 1 & Table 2: kindly specify that the data is number of positive/ negative cases/
male & female. You can put near the parameter “N".

Response: We have made clear demarcations of positive and negative HIV-1 and HSV infections
in Table 1. The same has been done for Table 2 to differentiate HSV-1 and HSV-2 PCR positive
males and females.

1. Conclusion section should be revised. The sample size is very small to make the
statement such as “...HSV is highly prevalent, and women are mainly affected.
Moreover, HSV-2 infection in the study cohort was robustly associated with HIV-1".
Similarly, review the conclusion in Abstract

Response: The conclusion section has been revised, focusing more on the sequence analysis of
the viruses as outlined on page 12.

1. Limitation section should be revised. Sample size is very small to make statement
such as “The study contributed to literature by exploring a broad group of
participants between 11-60 years

Response: Thank you for noting this. We have excluded the statement from the limitation section
on page 12.

Competing Interests: No competing interests to disclose.

Reviewer Report 14 April 2021
https://doi.org/10.5256/f1000research.31089.r80471
© 2021 Ndlovu B. This is an open access peer review report distributed under the terms of the Creative Commons

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.
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Bongiwe Ndlovu
HIV Pathogenesis Programme, University of KwaZulu-Natal, Durban, South Africa

Study Title: The title of the paper should be revised, it is unclear. The location of samples collected
should be removed from the title and properly explained in the Methods section.

The introduction: The authors should restructure the sentences. Some sentences are long and
they have typographical errors. Some statements are inaccurate, for example: they mentioned
that transmission is asymptomatic.

Methods: The methods section should be revised. The authors should indicate the type of
samples used for the study (blood, plasma, or serum), the country of origin, and the hospitals/
institutions where the samples were collected. They should also define convenience sampling.

Laboratory Analysis: The authors should restructure the sentences. They also used abbreviations
like EIA & PCR without describing them first/ writing in full.

ELISA method was not properly described. Which HIV-1/ HSV proteins did they use to measure
antibody responses?

The authors also did not specify which genes of interest and primers were used to amplify the HIV-
1 genome with nested PCR. This should be clearly explained and referred to supplementary
information.

Sequencing: It is not clear why G13, G15, G34 were sequenced with HSV-2 primers while G20 was
amplified with HIV-1 primers.

Results:
o Did you measure p24 antibody titers?

> Figure 1 is confusing, the authors used too many colors. They should consider simplifying
the figure by showing a bar graph with positive and negative responses for each age group.
The figure legend is too brief.

o The authors did HSV1/2 PCR. However, the results are not shown in the article. The bar
graphs are only shown in the supplementary information. These should be simplified and
added as figure 2 of the manuscript. Where is the figure that shows HIV-1/HSV co-
infections? These can be summarized clearly in a pie chart.

o The interpretation of the sequencing data needs improvement. Which HIV-1 subtypes
are HIV LC201873, 4533/11 and KU609428? Are they South African strains? What was the
aim of selecting these strains?

> HIV-1 LC022388 and 3793/15 KU609388) were used in constructing the phylogenetic tree.
However, it is not clear why these strains were selected for analysis.

> The relationships between age and HSV-1, HSV-2, and HIV-1 or HSV-1 and HSV-2 are not
clearly explained. Are they positive or negative associations?
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Discussion:
o The authors mentioned that HSV-1 is the most prevalent type of HSV as recorded by
previous studies. However, they did not cite those studies.

> In this study, they only found 4 patients with HSV-1. They should explain the differences
between these studies that could lead to this difference in the findings.

> The differences in HSV prevalence between males and females, could be due to their
anatomy? It is unclear whether the studies conducted by Cunningham 2006 and Ayoub 2019
were done on South African participants or not.

Conclusion: The conclusion should be revised. The study was done on a small sample size.

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: HIV Immunology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Reviewer Report 03 March 2021
https://doi.org/10.5256/f1000research.31089.r79452
© 2021 Oksana D. This is an open access peer review report distributed under the terms of the Creative

Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.
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Debrah Oksana

Department of Molecular Medicine, Kwame Nkrumah University of Science and Technology,
Kumasi, Ghana

General comments:

1. Majority of the sentences can be restructured for better representation and understanding
of information.

2. The text contains some grammatical and punctuation errors, they should be corrected
before indexing.

3. It is suggested that the authors focus more on the sequencing analysis of the viruses, and
present the prevalence of co-infection as side data, due to small sample size.

Specific comments:
Below are more specific comments by section:
1. Title: The title of the article should be revised to make it more specific. For example, the
country where the study took place should be included. This is an international journal and
it is important to know from the title where these provinces can be found.

2. Abstract: It is advised to revise the structure of the “Abstract” to improve the quality of the
paper (or example, background, conclusion etc.).

3. Introduction: Some sentences are very long and can be restructured for better
representation and understanding of information (for example, first and second
sentence, etc.). Objectives can be better expressed.

4. Methodology: Generally, this section can be improved. The details can be added to some
laboratory analysis, even though the publication was done and the authors used the
manufacturer’s instructions.

o Sample collection criteria and study population: this section needs clarification.
According to the authors, there was a retrospective study, but the methodology
states that the sample was collected from the patients using convince sampling
approach. Where later it was mentioned that the sample was collected blindly from
the facilities. Please, kindly write in details the sampling collection approach so that it
would be easy to understand. Secondly, why were different numbers of sera
samples collected from two provinces (20 sera samples from North-West and 24 from
KwaZulu-Natal Provinces)? It would be appropriate to explain the sampling approach
that was used.

Laboratory analysis: the structure of this paragraph can be improved.
o ELISA: It was mentioned that the kits used in research were not specific. This
statement needs some clarification, is it applied for HSV test kit or for HIV-1 test kit

also?

5. Results:
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o Table: Presentation can be improved (for example, in table 1 there was no data for age
group less than 10 years and etc.).

> Table 1 & figure 1 represent the same data. One should be removed, as it is a duplication of
data representation.

o It was mentioned in the methodology section, that the PCR was used to confirm the non-
specific ELISA method even for HIV-1. There is no data in the result section. Please, kindly
include this data.

Some information on result section should be sent to methodology section.

o Discussion: It is very difficult to draw the conclusion on the co-infection prevalence of HSV
type 1 and type 2 and HIV-1, due to the small sample size and small co-infection in the study
population.

References: Some references in the text were wrongly introduced, for example, Debrah et
al., 2018 was cited to present prevalence of HSV in Gambia, whereas Debrah and colleagues
did the research in Ghanaian population.

Limitation: The main limitation of the study is small sample size. This section mentioned
that the age of study participants is from 14-49 years, whereas the results (table 1)
introduce the data up to 60 years.

o Conclusion: It is very difficult to draw the conclusions with such small sample size. The
authors took a risk to make such conclusions.

Conclusion: major revision is needed.

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly
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