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Environmental factors were reported to increase the risk of human
herpesvirus 8 (HHV-8) transmission. In a population of men who
have sex with men (MSM), we found evidence that chemsex was
associated with human herpesvirus 8 seropositivity in vivo and
that poppers induced HHV-8 virion production in vitro. Our
finding may explain the higher HHV-8 transmission in MSM.

Keywords. HHV-8; MSM; HIV PrEP; poppers; chemsex;
HHV-8 production.

Human herpesvirus 8 (HHV-8) seroprevalence and transmis-
sion differ according to world region. In sub-Saharan Africa,
more than 50% is infected by HHV-8 with transmission
occurring in childhood [1]. In Western countries, HHV-8 se-
roprevalence is low in the general population (<5%) except
in men who have sex with men (MSM), in whom transmis-
sion was mainly linked to sexual risk factors such as human
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immunodeficiency virus (HIV) infection, history of sexually
transmitted infections (STIs), and oral-penile or oral-anal con-
tacts [2-5]. The reasons for these disparities are not yet eluci-
dated, but some environmental factors have been highlighted,
similar to Epstein-Barr virus-associated cancer development [6,
7]. Indeed, particularly in regions with soils rich in metals such
as aluminum, silica, or iron, the risk of transmission, as well as
the risk of Kaposi sarcoma development, have been reported
to be increased compared to other region [8-11]. Otherwise,
epidemiological studies report an increase of STI prevalence in
MSM because of changes in sexual behaviors [12, 13]. The new
era of HIV preexposure prophylaxis (PrEP) [14] possibly tends
to favor sexual practices unprotected by condoms and may con-
tribute to the spate of various STIs not covered by HIV PrEP.

Considering that in MSM, HHV-8 transmission likely occurs
during sexual activity and could lead to Kaposi sarcoma in subjects
without identifiable context of immunosuppression [15], we con-
ducted a study including HIV-negative PrEP users with high risk of
STIs to assess HHV-8 seroprevalence, HHV-8 anal and oral shed-
ding, and risk factors associated with its transmission.

MATERIALS AND METHODS

Between May 2017 and August 2018, we included MSM en-
rolled in an HIV PrEP program in the Infectious Diseases
Department of Pitié-Salpétriere Hospital. Metadata including
age, country of origin, PrEP use duration, number of different
partners per month, history of STIs, rate of condom-free anal
intercourse, and oral drug use during sex (“chemsex”) were col-
lected during their routine medical visits.

HHV-8 Serological and DNA Analysis

Anal and oral swabs and 1 serum sample were collected for each
patient. HHV-8 antibody status was determined by indirect im-
munofluorescence assay and the quantification of HHV-8 DNA by
real-time polymerase chain reaction as previously reported [16].

Drugs Effects on HHV-8 Replication

Twenty-five oral drugs, intravenous drugs, or inhaled pentyl ni-
trite (poppers), provided by the pharmacological-toxicological
department of Raymond Poincaré Hospital, Garches, France,
were tested on BC-3 cells (American Type Culture Collection
[ATCC], CRL-2277) (Supplementary Table 1).

Cell Viability Assays

The effect of the compounds on BC-3 and BCP-1 (ATCC, CRL-
2294) cell viability was assessed using cell viability assay based
on the CellTiter-Glo 2.0 assay (Promega). In brief, cells (10*
per well) were incubated in a 96-well microculture plate for 3
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hours and 48 hours at 37°C with different recreational drugs at
10 uM or with different concentrations of poppers (0.0001%,
0.001%, 0.01%, 0.1%, 0.5%, and 1%). Values were normalized to
the untreated cells (control). A Trypan blue (Sigma) exclusion
assay was also carried out in triplicate as in the CellTiter-Glo
2.0 assay. The half-maximal inhibitory concentration (IC, ) was
calculated with CellTiter-Glo data using GraphPad Prism ver-
sion 6.0 software.

HHV-8 Virion Production

BC-3 cells (10" per well) were incubated with recreational drugs
or poppers, as during the cytotoxicity test to obtain the same final
concentration, during 48 hours (recreational drugs) or 3 hours, 6
hours, and 24 hours (poppers). Some wells were left untreated as
negative control. Supernatant from each well was cleared by cen-
trifugation at 1500 rpm for 5 minutes followed by a second one at
3800 rpm for 30 minutes to remove cell debris [17]. After DNase
I treatment and DNA extraction, HHV-8 DNA amplification was
performed to quantify HHV-8 virion production; fold change of
HHV-8 DNA was determined by dividing HHV-8 DNA concen-
tration in supernatant of each condition by HHV-8 DNA concen-
tration obtained with negative control.

Statistical Analysis

Nonparametric tests were performed, specifically the Mann-
Whitney U test and Spearman rank test for quantitative data
and Fisher ¢ test for qualitative data.

Ethical Considerations

The study was carried out in accordance with the Declaration of
Helsinki. This work was a retrospective noninterventional study
with no addition to standard care procedures. Reclassification
of biological remnants into research material after completion
of the ordered virological tests was approved by the local inter-
ventional review board of Pitié-Salpétriére Hospital. According
to the French Public Health Code (CSP Article L.1121-1.1),
such protocols are exempted from individual informed consent.

RESULTS

Forty-one PrEP users were enrolled with a median age of 38 (in-
terquartile range [IQR], 29-42) years. The majority (73%) ori-
ginated from countries with low HHV-8 seroprevalence rates,
including 24 (58%) from France. Participants reported a me-
dian of 5 (IQR, 2-10]) different partners per month, about 40%
(IQR, 20%-72.5%) reported condom-free anal intercourse, and
13 (32%) used recreational oral drugs during sex (Table 1).

HHV-8 Seropositivity and HHV-8 DNA Shedding
Nine (22%) participants were HHV-8 seropositive, and HHV-8
DNA was detected in 4 (44%) of them in the oral site but never
in the anal site. Median HHV-8 DNA viral load was 3.54 (IQR,
2.79-4.06) log,  copies/10° cells.

Among HHV-8-seronegative participants, HHV-8 DNA
was not detected in either site except in the oral sample from

Table 1. Characteristics of the 41 Participants Under HIV Preexposure Prophylaxis, by Human Herpesvirus 8 Status

Characteristic Total HHV-8* HHV-8~ PValue
No. of participants 41 (100) 10 (24) 31 (76)
Age, y, median (IQR) 38 (29-42) 39 (35-42.5) 36 (26-42) 29%
Native country

Countries with low HHV-8 seroprevalence rates (<10%)? 30 (73) 6 (60) 24.(77)

Countries with intermediate HHV-8 seroprevalence rates (10%-20%)° 9(22) 3(30) 6(19)

Countries with high HHV-8 seroprevalence rates (>50%)° 2 (5) 1(10) 1(4)
PrEP use duration, mo, median (IQR) 0(0-6.1) 3.05 (0.0-7.1) 0 (0.0-4.5) .33*
No. of different partners per mo, median (IQR) 5 (2-10) 75 (4.3-10) 3.5 (2-9.5) 24*
Percentage of anal intercourse condom-free, median (IQR) 40 (20-72.5) 30 (20-62.5) 50 (20-77.5) .75%
Oral drug use during sex 13 (32) 6 (60) 7 (23) .048**
History of STls 26 (63) 7 (70) 18 (58) AR

Bacterial® 24 (59) 7(70) 17 (55)

Viral (herpes simplex virus) 1(2) 0 1(3)

Condyloma 7(17) 1(10) 6 (19)
Concurrent STls 7 (17) 2 (20) 5 (16) 1**

Bacterial® 6 (15) 2 (20) 4(13)

Viral (acute hepatitis A) 1(2) 0(0) 1(3)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: HHV-8, human herpesvirus 8; IQR, interquartile range; PrER preexposure prophylaxis; STI, sexually transmitted infection.

*Western Europe, North America, and Asia.
®Mediterranean Basin, Eastern Europe, and South America.
CAfrica.

4Treponema pallidum, Mycoplasma genitalium, Chlamydia trachomatis, and Neisseria gonorrhoeae.

*Mann-Whitney U test.
**Fisher ttest.
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1 participant who seroconverted for HHV-8 during the study
without clinical signs. In this participant at inclusion, HHV-8
serology was negative and a high HHV-8 DNA viral load (5.37
log,, copies/10° cells) was detected from oral swab. A second
serum sample collected 6 months later was HHV-8 seroposi-
tive and oral HHV-8 DNA viral load became undetectable. In
the peripheral blood compartment, HHV-8 DNA viral load
was undetectable at both sampling times.

Overall, HHV-8 seroprevalence was 24% (10/41): 6 ori-
ginated from countries with a low HHV-8 seroprevalence
rate, 2 from Eastern Europe (including the 1 having serocon-
verted during the study),1 from South America, and 1 from
sub-Saharan Africa.

No significant differences were found between HHV-8-posi-
tive and —negative participants except drug use during sex (odds
ratio, 5.14 [95% confidence interval, 1.21-19.01; P =.048; Table 1).

Effects of Drugs on HHV-8 Virion Production

None of the oral and intravenous drugs decreased the via-
bility of BC-3 cells after 48 hours of incubation. However,
we observed with the CellTiter-Glo 2.0 assay that poppers
reduced BC-3 cell viability in a dose-dependent manner. At 3
hours and 48 hours postincubation, 92%-100% of mortality
was detected with poppers from 0.1 to 1%. Remarkably, no
cytotoxicity of poppers was observed at 0.01% and below
(Figure 1A). Similar results were observed with the BCP-1
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Figure 1. A, Cytotoxic effects of poppers on BC-3 cell line. HHV-8-infected PEL cell line was incubated with various concentrations of poppers for 3 hours and 48 hours (x-axis).
Cell viability was assessed by CellTiter-Glo 2.0 and Trypan blue exclusion assays of triplicate cultures, expressed as a percentage of untreated control (y-axis). Data represent mean +
standard error of the mean for at least 2 independent experiments. B, Human herpesvirus 8 virion production in poppers-treated BC-3 cell line. This graph represents virus production
compared to untreated cells (fold change) (y-axis) according to different concentrations of poppers (x-axis). Abbreviation: PEL, primary effusion lymphoma.
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cell line (Supplementary Table 2). The IC_ values of poppers
against BC-3 and BCP-1 cell lines were 0.072% and 0.11%
at 3 hours and 0.014% and 0.024% at 48 hours, respectively.
The cytotoxicity of poppers after 3 hours and 48 hours was
also confirmed by a Trypan blue exclusion assay (Figure 1A).
At this stage, we were not able to determine whether the de-
cline of viability was due to a direct cytotoxicity of the pop-
pers or an induction of HHV-8 virion production leading to
cytolysis.

Compared to untreated BC-3 cells, an increased quantity of
HHV-8 DNA was observed from poppers-treated BC-3 cell su-
pernatant. At 3 hours postincubation, about 2.5-fold more vi-
rion particles were detected in the supernatants of BC-3 cells
treated with poppers at 0.0001% (2.6-fold), 0.001% (2.5-fold),
and 0.01% (2.2-fold), despite no cytotoxic effect of the pop-
pers (Figure 1B). These results showed that poppers induced in
vitro HHV-8 reactivation at early time of BC-3 cell incubation,
resulting in the production of virus particles (Supplementary
Table 3). In contrast, none of the oral or intravenous drugs
seemed to affect HHV-8 particle production.

DISCUSSION

Our results confirm that HHV-8 seroprevalence is high in
sexually active MSM compared to the general population in
Western countries (24% vs <5% according to the literature) [1].
Intermittent but frequent HHV-8 shedding in saliva, occurring
without clinical symptoms, probably contributes to HHV-8
transmission. In addition, the use of oral recreational drugs was
associated with HHV-8 infection.

Although the exact route of HHV-8 transmission remains
unknown in MSM, several sexual risk factors were reported
in the literature [2]. In this study, a trend of association be-
tween HHV-8 infection and longer PrEP use duration (3.5 vs
0 months, P = .33) or higher number of different partners (7.5
vs 3.5; P = .24) was found. Otherwise, since the number of par-
ticipants was limited, oral recreational drugs were associated
with HHV-8 infection, whereas in the literature mainly the as-
sociation between HHV-8 infection and injection drug users,
and therefore the risk of parenteral HHV-8 transmission, was
studied [18-20]. As MSM under HIV PrEP constitute a popula-
tion at high risk of STIs by frequenting dense sexual networks,
chemsex may increase their risky sexual behavior by increasing
their number of partners and sexual unprotected intercourse in
arestricted environment, as shown for other viral STIs (eg, HIV
or hepatitis A) and thus probably contributed to HHV-8 trans-
mission especially when oral HHV-8 shedding occurred.

We also hypothesized that some drugs might influence
HHV-8 virion production and promote oral shedding. The
evaluation of 25 different drugs, known to be used as recrea-
tional drugs, on BC-3 virion production in vitro invalidated this
hypothesis. However interestingly, we found that poppers were

able to increase release of HHV-8 virus particles in vitro after
3 hours of incubation. In vivo, inhaled poppers may promote
HHV-8 oral shedding in the MSM population by stimulating
directly and rapidly cells infected by HHV-8. Finally, our results
suggest an in vitro mechanism explaining that the use of pop-
pers in MSM was described as an independent risk factor for
HHV-8 infection in epidemiological studies [21-23].

The main limitation of our study is the low number of par-
ticipants, although we report similar results already described
in the literature. Furthermore, additional studies exploring
HHYV-8 viral particle infectivity or lytic gene expression in vitro
are required to definitively assess the effect of poppers on the
PEL cell line.

In conclusion, this study highlights a high HHV-8 seroprev-
alence in MSM and HHV-8 shedding in saliva contributing to
HHV-8 transmission. Chemsex, which increases sexual risk be-
havior, and poppers, which stimulate HHV-8 virion production
in the oral site, may explain the higher HHV-8 transmission in
the MSM population using these drugs.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility
of the authors, so questions or comments should be addressed to the
corresponding author.
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