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Abstract

Purpose Contemporary antiretroviral (ARV) medications are used by millions of men for HIV treatment worldwide. Limited
data exist on their direct effect on sperm motility. This pilot study hypothesizes that in vitro exposure to ARVs will reduce
sperm kinematic and motility parameter values.

Methods This laboratory-based experimental study analyzed sperm motility and kinematics after exposure to the ARVs
Dolutegravir, Tenofovir, and Emtricitabine, individually and in combination. Each participant (n =23) served as their experi-
mental control. The Microptic SCA® Computer Assisted Sperm Analysis (CASA) system, Barcelona, Spain was used to
generate quantitative data on sperm motility and the kinematics Straight-line velocity (VSL), Straightness index (STR),
Linearity Index (LIN), Beat cross frequency (BCF), and the oscillation index (WOB).

Results VSL, STR, LIN, and WOB of the non-progressive (grade c) spermatozoa were significantly decreased after ARV
treatment. BCF of the medium velocity progressive sperm population (grade b) was significantly increased 90 min after
exposure in the Tenofovir arm, and a significant decrease in the proportion of grade b spermatozoa was recorded at 90 min
in all the antiretroviral arms when compared to the control arm. No impaired sperm motility was observed within the first
30 min of exposure.

Conclusion Pharmacovigilance is a healthcare emergency as the fast-changing world of newer drugs leaves clinicians vul-
nerable. They must prescribe drugs whose long-term somatic and germline adverse effects are not fully understood. Guide-
lines and drugs are changing faster than we can monitor for side effects. Despite Dolutegravir being the only mainstream
integrase inhibitor first-line ARV in South Africa for five years, its replacement, Cabotegravir, is already being launched.
More research in this field is required, especially for commonly prescribed drugs. This preliminary pilot study concludes
that the current first-line ARVs used by HIV patients and HIV-negative patients on pre-exposure prophylaxis (PrEP) can
alter sperm motility and kinematics. Further research with a larger sample size is warranted to quantify its impact on human
fertility, addressing the limitations of this study, before a comprehensive conclusion of the effects of ARVs on human male
fertility can be drawn. Of particular importance would be to study the impact of ARV on reactive oxygen species levels in
semen and sperm DNA fragmentation.
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VCL  Curvilinear velocity

VSL Straight-line velocity

VAP  Average path velocity

ALH  Amplitude of lateral head displacement
BCF Beat cross frequency

STR Straightness index

LIN Linearity index

WOB  Oscillation index/wobble

MIX  Combination antiretroviral arm
Background

Introduction

A major public health issue globally is the Human Immu-
nodeficiency Virus (HIV) infection pandemic, which is
more prevalent in middle- and low-income countries. South
Africa has the largest number of people living with HIV [1].
Several advances in HIV treatment in recent years include
the roll-out of combination three-in-one first-line ARV pills
and the pre-exposure prophylaxis (PrEP) pill. The World
Health Organization and National Department of Health of
the Republic of South Africa are determined to fast-track the
roll-out of newer ARVs to halt new infections and control
the pandemic that has been raging for 4 decades [2-6].
Currently, patients on Efavirenz (EFV)-containing fixed-
dose combination pills are being transitioned to Dolutegravir
(DTG)-containing fixed-dose combination pills, owing to
better viral suppression and improved patient compliance
with DTG. Women of childbearing age are counseled about
the potential risks of neural tube birth defects when taking
DTG. The new fixed-dose combination pill includes DTG,
Lamivudine (3TC), and Tenofovir (TFV). Tenofovir is also
used in PrEP together with Emtricitabine (FTC) [2—4].
There have been concerns about the effect of ARVs on
human semen parameters [7]. A recent study showed a sig-
nificant increase in sperm deoxyribonucleic acid (DNA)
fragmentation after initiation of combination antiretroviral
therapy [8]. Most studies focusing on the effect of ARVs
on human sperm motility have been limited to older ARVs.
Some older ARVs, such as Efavirenz and Saquinavir, are
associated with impaired sperm motility [9, 10]. No semen
motility studies have been performed with FTC, while TFV
has only been studied in vivo by analyzing semen from
patients on TFV-based combination therapy. Confounding
factors, such as age, smoking exposure, comorbid status,
nutritional status, chronic medication use, dietary patterns,
body mass index, and co-infections with other sexually trans-
mitted diseases, are known to affect various semen param-
eters, often in conflicting ways that make interpretation of
in vivo study results difficult. To correct for this, in vitro
studies may be undertaken where the effects of ARVs on the
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motility of previously unexposed, healthy spermatozoa can
be studied in isolation. The focus on decreasing HIV trans-
mission via infected semen has provided data documenting
the therapeutic levels of contemporary ARVs in the semen of
users, using validated liquid chromatography tandem mass
spectrometry methods [11-15], but very limited research
has looked into what these therapeutic drug levels due to the
male human gamete.

Evolution of antiretroviral therapy

In the last three decades, more than 25 ARVs have been
developed for HIV targeting antiretroviral therapy. Treat-
ment guidelines have changed frequently and monotherapy
has given way to combination therapy, including once-daily
oral fixed-dose combination pills. The ever-changing land-
scape of antiretroviral therapy is guided not only by the
financial costs, drug efficacy, and side effects of ARVs; but
also to the viral resistance patterns and patient adherence to
ARV regimens [16]. Growing viral resistance to first-line
ARVs, such as Efavirenz (EFV) and Nevirapine, are forcing
governments to move swiftly to newer agents [17, 18].
One such newer ARV that can replace EFV is DTG,
which is combined with 3TC and TFV as a single daily pill,
abbreviated as TLD. Dolutegravir is an inexpensive highly
potent ARV with good tolerability, but, most importantly, it
has a higher genetic barrier to developing HIV drug resist-
ance [4, 6]. Delays in the roll-out of DTG was because of
fears of possible teratogenicity and neural tube birth defects
during pregnancy [19, 20]. The benefits of DTG to women
of childbearing age greatly outweigh the risks, so treatment
guidelines now recommend DTG as a first-line therapy to all
women, provided that they have been counseled about the
low potential risks for birth defects in pregnancy [4, 5, 21].

Antiretroviral therapy and male fertility

As the antiretroviral landscape evolves rapidly, little is
known about the effects of the newer ARVs on male fer-
tility. From multiple studies on men taking ARVs that
have recently fallen into disuse, we know that semen qual-
ity is affected by decreased semen volume, sperm count
and motility, and increased abnormal morphology docu-
mented [22-26]. Increased sperm DNA fragmentation and
a decrease in sperm mitochondrial DNA copies have also
been documented in men taking ARVs [27, 28].

In an in vitro study of the effects of ARVs on semen,
saquinavir (SQV) was shown to decrease sperm mitochon-
drial potential in a time- and dose-dependent manner [10].
In a decade-long prospective cohort study, a significant
association was found between impaired sperm motility
and EFV use in men [29]. Efavirenz may also contribute to
male infertility by elevating sex hormone-binding globulin
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(SHBG) levels, which in turn induces hypogonadism [30].
In animal studies, Lopinavir/Ritonavir has been shown to
impair semen parameters and cause oxidative damage to the
testis [31].

The results from TFV and FTC are conflicting. Labora-
tory-based animal studies and one in vitro study with human
semen have associated these two ARV's with sperm immobil-
ity [32-34]. However, human trials with men and women on
PrEP (TFV +FTC) have shown non-significant changes in
fertility and pregnancy outcomes of the ARV group com-
pared with the placebo group [35, 36]. It is worth noting that
in human trials, it may be difficult to draw conclusions on
semen parameter values from pregnancy outcomes of study
participants. Semen parameters are known to be altered by
a multitude of anatomical, genetic, medical, environmental,
and occupational factors [37]. Age, dietary patterns, alcohol
intake, caffeine intake, body mass index (BMI), cigarette
exposure, sexually transmitted infections (STI), and the pres-
ence of varicoceles in study participants are just a few of the
several well-documented variables that affect semen quality
[38—46]. Using an in vitro experimental study on sperma-
tozoa from the same participant (as his own control), many
of these variables can be eliminated. Changes in motility
measured by computer-aided semen analysis (CASA) can be
directly correlated with male fertility potential and warrants
an investigation for all newer ARVs [47, 48].

Quantifying ARV levels in human semen

It is known that the male genital tract may be a body com-
partment for HIV to replicate and develop resistance in, and
that the ability of ARVs to penetrate into, and be concen-
trated in, semen can be beneficial by decreasing both HIV
transmission and the development of resistance [49, 50].
This has led to several studies that quantified the ARV lev-
els in human semen when patients took the regular recom-
mended oral dosages of the same.

ARVs exist in their free, unmetabolized form in seminal
plasma. Cells take up free ARVs from plasma and phos-
phorylate the ARVs intracellularly into their active form.
Therefore, free TFV and free 3TC in seminal plasma exist as
TFV-diphosphate and 3TC-triphosphate inside cells. Emtric-
itabine (FTC) is structurally similar to 3TC and is phospho-
rylated to FTC-triphosphate, which has a longer elimination
half-life and is preferred when compliance is a problem [51,
52]. Both FTC and 3TC may be used interchangeably clini-
cally [51, 53]. Some ARVs, which are highly bound to blood
plasma proteins, are bound significantly less to seminal
plasma proteins. For DTG, which in blood plasma exists as
only a 0.45% free (unbound) form, in seminal plasma exists
in a 48% free (unbound) fraction [13, 14, 54-56].

Tenofovir has been documented to penetrate into seminal
plasma rapidly and achieve extracellular concentrations of

162-483 ng/mL. In seminal plasma, it can reach 19 times
the concentration in blood plasma [11, 13]. Lamivudine can
reach extracellular concentrations in seminal plasma more
than 6 times those in blood plasma, with a documented range
of 1460-4320 ng/mL [14, 57]. Structurally similar FTC also
reaches higher concentrations in seminal plasma, of between
258 and 3687 ng/mL [12, 13, 58, 59]. Dolutegravir can reach
total concentrations of 39-423 ng/mL and unbound concen-
trations of 13-203 ng/mL in seminal plasma [15, 56].

Aim and objectives

This is a pilot study of the fertility implications of contem-
porary ARVs used by millions of men worldwide. Sperm
motility and kinematics were analyzed during exposure to
ARVs, both individually and in combination, and compared
with the negative control (unexposed spermatozoa).

Methods
Ethics approval and consent to participate

Approval was granted by the Research Ethics Committee of
the Faculty of Health Sciences, University of Pretoria-Ref-
erence number 16/2021. The participants who volunteered
remained anonymous and were allocated a study number.
All contact sessions with them were in private. There was no
cost to the volunteer. All the information from the volunteer
was kept confidential. If medical abnormalities at screening
were detected, the volunteer was informed and referred for
treatment if appropriate. The blood for HIV serology was
collected before semen donation, to limit inconvenience to
the donor. Results were made available to the volunteers
upon request. Simple language was used to explain the study
and particulars of participation.

Study setting and design

The study was conducted at the Andrology Clinic at the
Department of Urology of Steve Biko Academic Hospital.
This was a laboratory-based experimental study. Informed
consent was obtained before enrollment of participants in
the study.

Sperm motility can be affected by environmental, life-
style, and medical factors listed in the exclusion criteria
of Table 1, as well as showing inter-participant variability.
Healthy, presumably unexposed motile spermatozoa for the
experiments were selected through a three-step procedure
to minimize the effect of confounding factors. Step one was
a screening questionnaire to the volunteers, and HIV test-
ing discussed in the section “Participant screening ques-
tionnaire”. The participants who met the eligibility criteria
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Table 1 Participant selection: inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Sex Male Social habits Tobacco user, smokers, marijuana users, recreational drug users,
and moderate or heavy alcohol consumption (more than 40 g per
day) [43, 44]

Age 18-30 years [41] Chronic medication ~Antihypertensives, diabetic medication, antiretrovirals, antico-

Sexual history Minimum 2-day and a maximum
3-day history of abstinence, not
on PrEP (pre-exposure prophy-

laxis)

Semen volume Atleast 1.5 ml

Semen parameters
values as per the World Health
Organization (WHO) 2010

Chronic conditions

Other conditions

Normal range of semen parameter Other Medication

agulants, antiepileptics, antipsychotics

Cardiovascular disease, heart attacks, stroke, diabetes, positive
HIV (Human Immunodeficiency Virus) status, tuberculosis,
epilepsy, psychosis

Previous or current sexually transmitted infection, Body Mass
Index more than 25 [39, 42, 45, 46]

Use of herbal supplements, fat burners, anabolic steroids, corti-
costeroids, vitamin supplements, or anti-inflammatories within
4 weeks of sample collection [37, 38]

went on to Step two of a basic semen analysis described in
the section “Semen collection and basic semen analysis”.
Step three involved a double-layer centrifugation process to
remove immotile spermatozoa, debris, and potential impuri-
ties from the semen sample described in the section “Sperm
preparation”. The experiments were performed on the pre-
pared spermatozoa in vitro in a standardized manner by the
same team, and the Microptic SCA® CASA system (Barce-
lona, Spain) was used to generate standardized quantitative
data on sperm motility and kinematics with high precision in
areproducible manner. A cross-over randomized-controlled
trial design ensured that the exposed spermatozoa were com-
pared with the unexposed control spermatozoa from the
same study participant.

Participant screening questionnaire

A questionnaire was used to screen for lifestyle factors and
medical conditions that affect human semen parameters. The
participants were screened for chronic medical conditions
(self-reported) and exposure to specific medications (self-
reported), and were offered voluntary HIV counseling and
testing. The participant selection took place according to the
criteria summarized in Table 1.

Semen collection and basic semen analysis

All semen samples were collected into a standard sperm-col-
lection cup at the Andrology department of Steve Biko Aca-
demic Hospital in a private room. The sample was collected
from the volunteers provided that they met the inclusion
criteria of having a minimum of 2 days and a maximum of
3 days of sexual abstinence. All volunteers were given clear
verbal and written instructions on how to collect the speci-
men with emphasis on collecting a complete sample. All
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samples were collected by masturbation and ejaculation into
a clean wide-mouthed, non-spermicidal plastic container
that was labeled and incubated at 37°C for 30 to 40 min
to allow the semen to liquefy. Once liquefied, a standard
semen analysis was done according to WHO 2010 guide-
lines, which starts with the assessment of seminal physical
characteristics, including appearance, viscosity, volume,
and pH. Sperm numbers and concentration were checked in
Marienfeld Neubauer's improved bright-line haemocytom-
eter at 40 X magnification with trypan blue stain to highlight
the sperm heads. Sperm motility was assessed on a wet prep-
aration by placing 22 pl semen in a prewarmed 20-pm-deep,
two chamber Leja® counting chamber (Leja Products B.V.,
Nieuw-Vennep, The Netherlands) and using the Microptic
Sperm Class Analyzer (SCA) CASA system (Barcelona,
Spain). The specimen was screened for leucocytes, erythro-
cytes, bacteria, and cell agglutinates. Round cell counts had
to be under 5 million/mL and leucocytes under 1 million/
mL for enrollment in the study. As total motility levels below
50% excluding the sample from the study, vitality studies,
mixed anti-globulin reaction test, and sperm morphology
smears were not a part of screening [60—63].

Sperm preparation

While an aliquot of the liquefied and mixed semen was
screened, the remainder was prepared to increase the yield of
functionally and morphologically normal spermatozoa and
to separate debris, lymphocytes, dead spermatozoa, reactive
oxygen species, and non-germ cells from the live sperma-
tozoa. This process improves sperm survival time and for
this study provided standardized semen parameters for the
control and test samples. Spermatozoa were prepared within
1 h of ejaculation by the author and andrology laboratory
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support staff. It ran parallel to the screening process to pre-
vent any delay [61, 64].

From 2.5 to 3 mL liquefied and mixed semen was placed
over equal proportions of Vitromed V Grad 40® and Vit-
romed V Grad 80® (Vitromed GmbH, Jena, Germany) in
a 15 mL Falcon centrifuge tube, which was centrifuged at
300X g for 20 min in a bench centrifuge (Eppendorf Centri-
fuge 5804R, Eppendorf Ibérica SLU, Madrid, Spain). The
supernatant was discarded and the sperm pellet washed with
5 ml Kitazato® Gamete Buffer (Kitazato Corporation, Shi-
zuoka, Japan) and centrifuged at 200X g for 5 min to remove
particles of colloidal silica. The final sperm pellet obtained
was re-suspended in a new tube by gentle pipetting with Vit-
romed V Sperm Wash® (Vitromed GmbH, Langenfeld, Ger-
many), containing Human Serum Albumin (HSA) 5 mg/mL;
then, sperm concentration and motility were determined.
Eleven microliters of this sperm suspension was placed in a
Leja® counting chamber to assess concentration and motil-
ity. Calculations were made and further dilutions in buffer
made to achieve four test aliquots of 200 uL with a concen-
tration of 10-20 million sperm/200 pL buffer [61, 65, 66].

Preparation of working drug solutions

The study arm entailed four prepared sperm aliquots of 200
uL that were diluted in 800 uL working solutions of the
ARVs under study. The final samples for the sperm motil-
ity experiments comprised 1 mL mixture of 10-20 million
spermatozoa in sperm-friendly buffer, and the ARV in the
desired concentration. One sample served as the nega-
tive control and was diluted in 800 puL buffer only, and
the remaining three were diluted in 800 uL DTG, TFV, or
DTG +FTC+ TFV working solutions. Rounding the con-
centrations to the nearest 100 ng/mL ensured standardized
solutions that could be prepared frequently during the study.
For DTG and TFV, the final concentration was 300 ng/mL;
FTC, 3000 ng/mL. All the standardized concentrations are
well within the documented limits in the literature.

Stock solutions: Fresh batches of pure Active Pharmaco-
logical Ingredients (API) working solutions were prepared
each day of the study. Certified reference standards of the
APIs were purchased from Clearsynth, Mumbai, India. Stock
solutions of the API were kept in the laboratory refrigera-
tor. As the drugs were stored in the laboratory as high con-
centration stock solutions, they were diluted to working
drug solutions to achieve the desired final concentrations.
Dolutegravir and Emtricitabine are soluble in 95% metha-
nol, while Tenofovir is soluble in water. Dolutegravir and
Tenofovir were stored as 1 mg/mL concentration stock solu-
tions, while Emtricitabine was stored as a 15 mg/mL stock
solution. Because of daily dilution of the API stock, the final
methanol concentration the semen specimens were exposed
to was 0.03%. Methanol is not injurious to spermatozoa in

concentrations as high as 15% and is commonly used in
semen cryopreservation [10, 67-72].

Working solutions: To prepare the working drug solution
of DTG, 10 pL of the 1 mg/mL DTG stock solution was
mixed with 10 mL Kitazato® Gamete Buffer (final concen-
trationl pg/mL); 300 pL of this was mixed with 500 uL
buffer; and later with 200 pL of prepared sperm suspension
in buffer (final concentration 300 ng/mL). The same calcu-
lations were used to prepare the 300 ng/mL TFV working
solution from its 1 mg/mL its aqueous stock solution. For
the ARV combination working solution, a 15 mg/mL FTC
in methanol stock solution was diluted 1:1000 by dissolving
10 uL in 10 mL Kitazato® Gamete Buffer (final concentra-
tion 15 pg/mL FTC); 200 pL of this was mixed with 200 puL
prepared spermatozoa, 300 uL 1 pg/mL DTG, and 300 pL
1 pg/mL TFV, and the resultant combination ARV solution
had 300 ng/mL DTG + 300 ng/mL TFV 43000 ng/mL FTC
per ml of working solution. This mimics the combination
ARV levels expected in the semen of a user of the new fixed-
dose combination tablet. Emtricitabine was only studied in
combination as it is never used as monotherapy in clinical
practice.

Exposure of prepared spermatozoa to working
solutions

The four prepared sperm samples entered the study arms
with each containing 200 pl containing 10-20 motile mil-
lion spermatozoa. Each aliquot was then mixed with 800 uL
of pre-prepared drug working solutions to achieve a final
concentration of 10-20 million sperm/mL in all the study
arm samples. The negative control was mixed with 800 pL
buffer. Of the remaining three samples, one was exposed
to DTG working solution (final concentration 300 ng/mL)
with prepared spermatozoa; another was exposed to the
TFV working solution (final concentration 300 ng/mL) with
prepared spermatozoa; the other was exposed to 800 uL. of
the combined ARV working solution (final concentration
300 ng/mL DTG+ 300 ng/mL TFV 43000 ng/mL FTC). All
four specimens were incubated at 37°C for 2 h. Samples of
33 uLL were taken from each specimen into a Leja® counting
chamber at 0, 30, 60, and 90 min after exposure for motility
assessment [10, 67, 68].

Motility assessments on Microptic® Sperm Class
Analyzer

High-precision quantitative data on sperm motility and
kinematics were documented for all 4-study arm aliquots
at 30-min intervals. The Microptic Sperm Class Ana-
lyzer (SCA) CASA system version 6.5.0.91 was initiated,
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and the database was opened. The sample identification
details were entered and saved, and a new spermiogram
initiated. The microscope stage and the 20 um-deep,
four-chamber Leja® counting chambers (Leja Products,
The Netherlands) were prewarmed to 37 °C. Thereafter,
11 pl from each of the study aliquots was loaded into the
Leja® counting chambers. Live video mode at 50 frames
per second was initiated to perform data acquisition. A
minimum of 200 and up to 500 motile spermatozoa were
assessed in five or more microscopic fields per chamber
under 200 X magnification. Curvilinear Velocity (VCL) is
a measure of cell vigor and measures the average velocity
of a sperm head along its curvilinear path. Straight-line
Velocity (VSL) measures the average velocity traveled by
a sperm head along a straight-line path that joins the posi-
tions it was first and last detected in Average Path Veloc-
ity (VAP) is calculated from the average path obtained
by smoothing the curvilinear path of the sperm head.
Amplitude of Lateral Head displacement (ALH) meas-
ures the magnitude of displacement of the sperm heads
from the average path on one side. Finally, Beat Cross fre-
quency (BCF) measures the rate at which the curvilinear
path crosses the average path [61]. The derived values of
straightness index (STR) which is calculated as VSL/VAP,
linearity index (LIN) which is VSL/VCL, and oscillation
index/wobble (WOB) which is VAP/VCL are expressed as
percentages [73, 74].

A total of 16 experimental arm observations were
made per participant as the four aliquots per participant
(Buffer only control, DTG, TFV, DTG + TFV + FTC)
were assessed at four times (0, 30, 60, and 90 min). Each
observation contained the percentages of the different
sperm motility categories described below, and provided
the average values for the multiple kinematic param-
eters described above. The combination arm comprising
DTG+ TFV + FTC is referred to as the MIX arm. Data
were captured on both an Excel® sheets and Sperm Class
Analyzer® spermiograms. An example of a spermiogram
is shown in Figs. 1, 2, 3. The spermiogram provides aver-
age values for the above kinematic parameters for three
of the four sperm motility categories: rapid progressive
motile with VSL >25 pum s~! (or grade a), medium pro-
gressive motile with 5 <VSL <25 pum s~! (or grade b),
and non-progressive motile sperm with VSL <5 pm s~!
(or grade c). The picture at the bottom of the spermiogram
shows a video screenshot of a grade a spermatozoa with
red tracks, grade b with blue tracks, and grade c as yel-
low circles. The fourth category of immotile (or grade d)
sperm is only measured as a percentage of the total sperm
population but has no kinematic parameter. The WHO cat-
egorization of sperm motility grades reverted to the older
grade a—d system after temporarily halting that terminol-
ogy between 2010 and 2021 [75, 76].
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Statistical analysis of data

To assess factors associated with progression and time, we
utilized linear regression, since the outcomes were continu-
ous. A power analysis, to assess the statistical power needed
to detect an effect, was done in Stata after the study was
completed. Our sample size of 368 observations has 78%
power, assuming a 5% significance level.

The study enrolled 23 out of the 43 volunteers who
met the inclusion criteria, passed the basic semen analysis
screening, and whose specimens completed the sperm prep-
aration and exposure experiments with no errors or miss-
ing values. Mean semen parameter values at the screening
of these 23 participants are shown in Table 2. Descriptive
statistics were summarized using means and interquartile
ranges. Sixteen observations (four treatment levels at four-
time points) for each participant resulted in 368 observations
in 23 participants. The data from the spermiograms were
uploaded into an Excel spreadsheet and imported on STATA
17 software (Texas, USA) for subsequent analysis.

Continuous variables were used. The data from this
within-participant study were analyzed by linear regression
to assess factors associated with progression at times 0, 30,
60, and 90 min. Of importance was comparing treatment
levels and changes from baseline to follow-up times. All
tests were conducted at the 5% level of significance using
Stata Release 17.

Results

The within-participant experimental design assessed sperm
motility under four treatment levels (control with buffer only,
DTG, TFV, and DTG + TFV + FTC) at four times (base-
line-0 min, 30 min, 60 min, and 90 min). Semen from 23
volunteers successfully passed all stages of the study includ-
ing questionnaire screening, basic semen analysis, the sperm
preparation procedure, and the exposure to the ARVs out of
the 30 recruited. The data are presented in Tables 2 and 3.

On broadly analyzing the data, no significant change
was noted in the proportions of the various sperm motility
subpopulations (the motile grades a—c versus the immotile
grade d) during the duration of the study. However, a trend
of decreasing motility and increasing proportion of immotile
sperm in the drug-exposed arms compared with the control,
though non-significant, is worth mentioning. On analyzing
the motility and kinematic parameters of the sperm subpopu-
lations, no significant changes were noted in the grade a dur-
ing the study. Only the slower spermatozoa showed changes
in motility parameter values.

Straight-line velocity (VSL) of grade ¢ spermatozoa
showed a significant decrease in the Tenofovir arm at O min
and in all the ARV arms at 60 min compared with the control
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Dolutegravir 0 20% , Combination ARV
10-20 million sperm in -~Y MILoN Sperm 1n 10-20million sperm
ImL of 300ng/mL DTG 1mL of 300ng/mL TFV inlmL of 300ng/mL

DTG +300ng/mL TFV +
3000ng/mL FTC

Abbreviations: DTG-Dolutegravir, TFV-Tenofovir, FTC-Emtricitabine, ARVs-Antiretrovirals.

Fig. 1 Flow diagram summarizing the workflow that was followed during this study. DTG Dolutegravir, TFV Tenofovir, FTC Emtricitabine,
ARVs Antiretrovirals
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Curvilinear path

Straight-line path

e

Fig.2 Diagram demonstrating CASA parameters. VCL curvilinear velocity, VAP average path velocity, VSL Straight-line velocity, ALH Ampli-

tude of lateral head displacement

arm. A similar decrease was noted in the Dolutegravir arm
at 90 min of exposure. The straightness index (STR) and
Linearity Index (LIN) of the same non-progressive grade
¢ spermatozoa showed a significant decrease at 0, 60, and
90 min after exposure in most ARV arms, while the Oscilla-
tion index (WOB) of the same non-progressive sperm sub-
population was significantly decreased in the Tenofovir arm,
and in the combination ARV arm at 0 and 90 min. This could
be an early sign of aberrant behavior and change in path in
the exposed sperm.

Beat cross frequency (BCF) of the grade b sperm popula-
tion showed a significant increase at 90 min after exposure in
the Tenofovir arm, and a significant decrease in the propor-
tion of grade b sperm was also recorded at 90 min in all the
antiretroviral arms.

Discussion and limitations

In recent years, there has been a documented increase
in the incidence of various reproductive disorders often
attributed to chronic exposure to endocrine-disrupting
chemicals (EDCs). Male factor infertility is a public health
concern as its prevalence is increasing and abnormal
sperm quality is linked to prenatal and postnatal patholo-
gies [80]. EDCs can impair sperm fertilizing potential by
altering their motility, causing sperm hyperactivation and
acrosomal exocytosis [81]. Chronic medication, including
ARVs, is increasingly being studied for their EDC effects
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[82]. Across continents, the common trend is HIV infec-
tion becoming a major health problem of youth entering
their reproductive years [83—85]. As tens of millions of
HIV-positive youth on treatment, and HIV-negative youth
on PrEP, take antiretrovirals through their reproductive
years, investigating the relationship between ARVs and
male fertility becomes imperative.

The study results show a consistent decrease in values of
VSL, STR, LIN, and WOB and an increase in BCF under
Tenofovir treatment, possibly pointing to premature sperm
hyperactivation. This is consistent with the previous studies
documenting Tenofovir-induced changes in sperm motility
and kinematics. Hyperactivated spermatozoa are likely to
exhaust their energy reserves by traveling circular paths and
being unable to advance toward the oocyte. The results also
indicate increasing impairment of sperm motility impair-
ment with time of exposure, with non-progressive sperma-
tozoa showing abnormal behavior at 0, 60, and 90 min after
exposure and medium progressively motile spermatozoa
starting to show changes at 90 min. The trend of decreas-
ing motility and increasing proportion of immotile sperm in
the drug-exposed arms compared with the control, though
non-significant, could point to a build-up of reactive oxy-
gen species. Reactive oxygen species like superoxide anion,
hydrogen peroxide, and nitric oxide are byproducts of mito-
chondrial oxidative metabolism and have different concen-
tration-dependent effects on sperm. At low levels, they can
trigger capacitation and hyperactivation, while at higher
levels, they impair sperm motility [86].
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Velocity and progressivity Total % M/mL M/Sample
Rapid progressive 504 45,61 7,99 7,99
Medium progressive 323 29,23 512 5,12
Non progressive 164 14,84 2,60 2,60
Immotile 114 10,32 1,81 1,81

Progression Velocity Velocity and progressivity 0
10,32% 10,32% 10,32%
14,84% 7,60% 14,84%
7,96%
74,84 74,12%
29,23
B rog e (PR) B Rrapid B Rrapid pre
M Non-progressive (NP B Medium B Medium proc
B immotile (IM) B sow B Non progressive
B immotile (1M) B immotile
Average Immotile (IM) Slow Medium Rapid Units
Head area 4,63 5,17 4,65 4,85 4,37 um?
Concentration Total %
Round cells 0,00 M/mL Circular tracks 492 44,52 %
Spe Analyzer® 172

Fig. 3 Example of spermiogram capture of observations for participant S19’s Dolutegravir exposure arm at 0 min

The lack of any significant motility changes by 30 min in
all sperm treatments is intriguing. ARVs have been shown to
generate reactive oxygen species in other parts of the body
[87, 88]. Oxidative stress is now believed to be an important
cause of male infertility by impairing sperm motility and
other sperm functions, with antioxidants shown to reverse
these changes [89, 90]. Taurine, which is present in the
semen extender Vitromed V Sperm Wash®, is a potent anti-
oxidant with a protective influence on sperm motility [73].
This could explain the preserved motility parameters seen
at 30 min. Another postulate is a biphasic response in sperm
motility and other parameters on exposure to Human Tubal
fluid, which is another component in the semen extender
Vitromed V Sperm Wash®, where a temporary rise in motil-
ity at 30 min is lost at 60 min [79]. Only the slower sperma-
tozoa showed changes in motility parameter values, and no
significant change was noted in the grade a sub-population.
This differential response of sperm subpopulations is due
to the high oxidative stress and poor membrane integrity in
low-motility sperm, making them more susceptible to the

media they are exposed to [77-79]. Any behavior change
may, therefore, first be flagged in grade b and c categories.

A trend of increasing deviation of parameter values from
the control with time is noted in our study. This would sug-
gest the possibility of greater changes with a longer expo-
sure time. However, interpreting the results after 60 min of
ejaculation would be challenging as sperm motility is known
to decline in healthy men, while after 120 min, sperm viabil-
ity drops [91, 92]. As this study needed additional time for
sperm preparation before exposure to drugs, it was deemed
unnecessary to study motility 90 min post-exposure. Addi-
tionally, this pilot study's cost and logistical limitation lim-
ited the study duration to 90 min of exposure, preventing
parameters such as reactive oxygen species (ROS), Mito-
chondrial Membrane potential, Acrosome reaction, and
sperm DNA fragmentation from being assessed.

Sperm motility and kinematics have been tied to fertil-
ity potential. Greater values for ALH, VSL, VCL, VAP,
STR, WOB, and LIN are associated with better reproduc-
tive success, while the reverse is true for BCF [93]. In this
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Avg. values of speed

Non progressive Medium progresRapid progressiv. Units

Curve speed - VCL 72,71 12,71 88,01 82,42 um/s
Avg. value - VAP 40,64 5,68 41,09 51,73 um/s
Linear speed - VSL 32,13 2,67 23,12 47,49 um/s
Straightness index - STR 72,07 46,80 54,65 91,46 %
Linearity index - LIN 43,05 20,94 27,40 60,27 %
Oscillation index - WOB 56,46 44,93 48,29 65,45 %
Avg. values of other parameters Motile Medium progressive  Rapid progressive Units
Amplitude lateral head - ALH 2,02 2,72 2,05 pum
Beat frequency - BCF 17,86 15,76 23,41 Hz
Total % (Motile) % (Total) M/mL M/Sample
Hyperactive 42 4,24 3,80 0,67 0,67
Mucous penetration 417 42,08 37,74 6,61 6,61

Fig.3 (continued)

Table 2 Basic semen parameter
values of donor samples used in
this investigation (n=23)

@ Springer

Variable Shapiro—Wilk W test P Mean (SD) OR Median (IQR)
value

Volume (ml) <0.001 3.5 (2.8—5)

pH 0.001 7.5(7.2—1.5)

Sperm count (mil/ml) 0.001 80.32 (48.5—110.79)

Sperm per sample (mil) 0.146 367.4 (262.4)

Motility a (%) 0.983 55.7 (16.3)

Motility b (%) 0.586 23.3(8.4)

Motility ¢ (%) 0.006 8 (3—15)

Motility (a+b+c) (%) 0.005 93 (81—97)

Progressive motility (a+b) (%) 0.225 79.1 (12.7)

Round cells (10"6/ml) <0.001 3.75 (1.75—10)

ENTZ pus cells(1076/ml) 0.007 0.25 (0—0.75)

Means and standard deviations (SD) are reported for normally distributed data as per the Shapiro—Wilk test
P value, while medians and interquartile ranges (IQR) are reported for non-normally distributed data
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Table 3 Results from linear regression models on the impact of the intervention on outcomes at the observed time intervals. Significant changes

are highlighted in red
Variable description 0 min 30 min 60 min 90 min
Coefficient P value Coefficient P value Coefficient P value Coefficient P value
(95% CI) (95% CI) (95% CI) (95% CI)
Progression (%)
Progressive (PR)
DTG —3.44 (—12.52; 0454 —-0.21(-9.4;899) 0965 —2.46(—11.83; 0.604 —-2.61 (—11.96; 0.580
5.64) 6.91) 6.74)
MIX —2.96 (—12.04; 0.519  0.11(-9.08;9.31) 0981 —3.72(-13.09; 0432 -0.49 (-9.84; 0.918
6.12) 5.65) 8.86)
TFV —4.49 (-13.57; 0.328 —-0.61 (-9.81; 0.895 —4.19 (—13.56; 0.377 -0.87 (-10.22; 0.853
4.59) 8.58) 5.18) 8.48)
Non-progressive (NP)
DTG —0.23(—4.23;3.76) 0907 0.15(-3.78;4.09) 0.938 —0.02 (—4.09; 0.993 -0.86(—4.9;3.19) 0.675
4.05)
MIX —0.74 (—4.74;3.25) 0.713  —1.03 (—4.96; 0.606  —0.05 (—4.12; 0.981 —1(-5.05;3.04) 0.623
2.91) 4.02)
TFV 0.93 (-3.06;4.93) 0.644 —0.48 (—4.41; 0.809 0.29(-3.78;4.36) 0.887 —1.2(-5.25;2.84) 0.556
3.45)
Immotile (IM)
DTG 3.67 (=2.25;9.6) 0.221  0.05(-5.77;5.88) 0986 248 (-3.46;8.41) 0.409 3.47(-2.69;9.62) 0.266
MIX 3.7 (-2.22;9.62) 0.218 0.92(—491;6.74) 0.755 3.77(-2.16;9.71) 0.210 1.49(-4.67;7.65) 0.631
TFV 3.56(-2.37,9.48) 0.236 1.09(-4.73;6.92) 0.710 3.89(-2.04;9.83) 0.196 2.08 (—4.08; 8.23)  0.505
Motile
DTG -3.67 (-9.6;2.25) 0.221  —0.05 (-5.88; 0.986  —2.48 (-8.41; 0409 —3.47 (-9.62; 0.266
5.77) 3.46) 2.69)
MIX —3.7(-9.62;2.22) 0.218 -0.92 (-6.74; 0.755 =3.77 (-9.71; 0.210  —1.49 (-7.65; 0.631
4.91) 2.16) 4.67)
TFV —3.56(—-9.48;2.37) 0.236 —1.09 (—6.92; 0.710  —3.89 (-9.83; 0.196  —2.08 (—8.23; 0.505
4.73) 2.04) 4.08)
Velocity (%)
Rapid
DTG —2.55 (—11.86; 0.587 —-0.06 (-9.41; 0.990 —-1.51(-11;798) 0.752 —0.6 (-10.21; 0.902
6.75) 9.29) 9.02)
MIX —-0.9 (-10.2;8.41) 0.849 0.15(-9.2;9.5) 0975 -2.83 (-12.31; 0.555 1.68(=7.94;11.29) 0.730
6.66)
TFV —-24(-11.7;6.91) 0.610 —0.34 (-9.69; 0.943  -3.15(-12.64; 0.511  1.09 (-8.53;10.7) 0.823
9.01) 6.33)
Medium
DTG —1.25(-3.73; 1.23) 0.318 -0.16(-1.7;1.38) 0.835 —1.34(-3.09;0.4) 0.130 -2.65(—4.8; —0.5) 0.016
MIX —2.51 (—4.99; 0.047 -0.43 (-1.97, 0.579  —1.29 (-3.04; 0.147  —2.42 (-4.57; 0.027
—0.04) 1.11) 0.46) —0.28)
TFV —1.65(—4.13;0.82) 0.188 —0.58 (-2.11; 0458 —-1.55(-3.3;0.19) 0.081 —2.14 (—4.29; 0.051
0.96) 0.01)
Slow
DTG 0.13(-3.01;3.28) 0.934  0.17 (-2.96; 3.3) 0914  0.38(-2.68;3.43) 0.807 -0.22(-3.36; 0.890
2.92)
MIX —0.29 (—3.43;2.86) 0.856 —0.64 (-3.77, 0.687 0.34 (-2.71;3.4) 0.824  —-0.75 (-3.89; 0.637
2.49) 2.39)
TFV 0.49 (-2.65;3.64) 0.757 —0.18 (-3.31; 0.910 0.81(-2.24;3.86) 0.599 —1.02 (—4.16; 0.518
2.95) 2.11)
Immotile
DTG 3.67 (=2.25;9.6) 0.221  0.05(-5.77;5.88) 0.986 2.48(-3.46;8.41) 0.409 3.47(-2.69;9.62) 0.266
MIX 3.7 (-2.22;9.62) 0218 0.92(—491;6.74) 0.755 3.77 (-2.16;9.71) 0.210 1.49(—4.67;7.65) 0.631
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Table 3 (continued)

Variable description 0 min 30 min 60 min 90 min
Coefficient P value Coefficient P value Coefficient P value Coefficient P value
(95% CI) (95% CI) (95% CT) (95% CT)
TFV 3.56(-2.37;9.48) 0.236 1.09(-4.73;6.92) 0.710 3.89(-2.04;9.83) 0.196  2.08 (—4.08;8.23) 0.505
Velocity and progressivity (%)
Rapid progressive
DTG —0.05 (=6.57;6.47) 0.988  1.62(-5.23;8.48) 0.639 —0.23 (=7.09; 0.948  1.06 (—6.06;8.18)  0.769
6.64)
MIX 0.71 (-5.81;7.22) 0.830 0.5(-6.36;7.35)  0.886 —1.04 (-7.91; 0.763  1.7(-5.42;8.81)  0.637
5.82)
TFV -0.42 (-6.94;6.09) 0.898  1.58(-5.28;8.43) 0.649 —1.78 (-8.65; 0.607  1.97 (-=5.14;9.09) 0.583
5.08)
Medium progressive
DTG -3.39(-8.08;1.3) 0.155 -1.83(-6.31; 0.417  —=2.23(=7.35; 0.389  —3.67 (-8.22; 0.113
2.64) 2.89) 0.89)
MIX —3.67 (—8.36; 1.03) 0.124  —0.39 (—4.86; 0.863 —2.68(-7.8;2.44) 0301 —2.18(-6.74; 0.343
4.08) 2.37)
TFV —4.07 (-8.76; 0.62) 0.088  —2.19 (—6.66; 0333 —2.4(-7.52;2.71) 0353 -2.85(-7.4;1.71) 0.218
2.28)
Non-progressive
DTG —0.23 (—4.23;3.76) 0.907  0.15(=3.78;4.09) 0.938  —-0.02 (—4.09; 0993 —0.86(-4.9;3.19) 0.675
4.05)
MIX —0.74 (—4.74;3.25) 0.713  —1.03 (—4.96; 0.606  —0.05 (-4.12; 0981 —1(-5.05;3.04) 0.623
2.91) 4.02)
TFV 0.93 (=3.06;4.93) 0.644 —0.48 (-4.41; 0.809 0.29(-3.78;4.36) 0.887 —1.2(-5.25;2.84) 0.556
3.45)
Immotile
DTG 3.67 (—2.25;9.6) 0221  0.05(=5.77;5.88) 0.986 2.48(-3.46;8.41) 0.409 3.47(-2.69;9.62) 0.266
MIX 3.7 (-2.22;9.62) 0218 0.92(-491;6.74) 0.755 3.77(-2.16;9.71) 0.210  1.49 (-4.67;7.65) 0.631
TFV 3.56 (—2.37;9.48) 0.236  1.09 (-4.73;6.92) 0.710 3.89(-2.04;9.83) 0.196 2.08 (—4.08;8.23)  0.505
Circular tracks (%)
DTG -3.71(-9.82;2.4) 0231 -2.12(-7.8;3.56) 0.460 —-2.58(-8.56;3.4) 0393 —-2.57(-7.69; 0.321
2.55)
MIX —1.73 (-7.84;4.37) 0.574 —1.07 (-6.75; 0.709 —3.48(-9.46;2.5) 0.251 —0.89 (-6.01; 0.731
4.61) 4.23)
TFV —1.86 (=7.97;4.25) 0547 —3.04 (-8.72; 0290 -3.17(-9.15;2.8) 0.294 -0.98 (-6.1;4.14) 0.705
2.64)
Avg. value of speed (Motile)
Curve speed—VCL (um/s)
DTG —-2.3(-9.97;537) 0.553 -2.83(-10.03; 0437 —-1.7(-8.56;5.15) 0.623 —-1.3(—-8.43;5.83) 0.718
4.37)
MIX -1.11 (-8.78;6.56) 0.774  —3.32(-10.51; 0362 —4.33(-11.18; 0.213  —0.87 (-8; 6.26) 0.809
3.88) 2.52)
TFV —1.47 (-9.14;6.2) 0.705 —-2.72(=9.92; 0.454  —-2.23(-9.09; 0519  —0.16 (=7.29; 0.963
4.48) 4.62) 6.97)
Avg. value—VAP (um/s)
DTG —0.87 (=4.51;2.77) 0.638 —0.63 (—4.12; 0.723  —-0.32(-3.83; 0.856  —0.17 (-3.88; 0.928
2.87) 3.19) 3.54)
MIX —0.51 (—4.15;3.13) 0.783  —0.93 (-4.43; 0599  —1.54 (=5.05; 0.385 0.04 (=3.67;3.75) 0.983
2.57) 1.97)
TFV —0.73 (—4.37;2.91) 0.692 —0.54 (—4.03; 0.761  —0.87 (—4.38; 0.625 0.33(-3.38;4.03) 0.862
2.96) 2.64)
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Table 3 (continued)
Variable description 0 min 30 min 60 min 90 min
Coefficient P value Coefficient P value Coefficient P value Coefficient P value
(95% CI) (95% CI) (95% CI) (95% CI)
Linear speed—VSL (um/s)
DTG —0.47 (-3.58;2.64) 0.764 —-0.01 (-3.1;3.09) 0.996 —0.03 (-3.24; 0986 0.22(-3.16;3.59) 0.898
3.18)
MIX —0.26 (-3.37;2.85) 0.869  —0.45 (-3.54; 0.774 —1(-4.21;2.21) 0.537  0.28 (-3.10;3.66) 0.869
2.65)
TFV —0.53 (-3.64;2.58) 0.735 0.12(-2.97;3.22) 0937 -0.71(-3.92;2.5) 0.662 0.62 (-2.75;4.00) 0.715
Straightness index—STR (%)
DTG —0.95(—4.12;2.22) 0.552 0.7 (-2.07;3.48) 0.616  —0.71 (—4.09; 0.676  —0.62 (—3.64; 0.681
2.67) 2.39)
MIX —1(—4.17;2.17) 0.532  0.54(-2.23;3.32) 0.698 —1.2(-4.57;2.18) 0.483 —0.8(-3.82;2.21) 0.598
TFV —2.29(-5.46;0.88) 0.155 0.88 (—1.9;3.66) 0530 —1.5(-4.88;1.88) 0.380 —0.42(-3.43; 0.783
2.59)
Linearity index—LIN (%)
DTG —1.01 (—4.38;2.37) 0.555 0.74 (-2.18;3.66) 0.616  —0.51(—4.02;3) 0.774  —1.23 (-4.56;2.1) 0.465
MIX —-1.6(-4.97;1.78) 0349  0.89 (——2.04; 0.548  —0.77 (—4.28; 0.662  —1.15(—4.48; 0.494
3.81) 2.73) 2.18)
TFV —2.47(-5.85;09) 0.149 1.07(-1.85;4) 0467 —1.42(-4.93; 0422  —0.95 (—4.27, 0.574
2.09) 2.38)
Oscillation index—WOB (%)
DTG —0.96 (—3.46; 1.53) 0.444  0.44 (—1.81;2.7) 0.697  —0.08 (—2.64; 0949  —0.99 (-3.5; 1.51) 0.433
2.48)
MIX -1.57(-4.07;0.92) 0.213 0.88(-1.37;3.13) 0440 -0.16(-2.72;2.4) 0.904 —-0.88(v3.38;1.63) 0.488
TFV —1.85(—4.35;0.64) 0.144 0.73(-1.52;2.99) 0.519 -0.86(-3.42;1.7) 0.508 —0.97 (-3.47; 0.444
1.53)
Avg. value of speed (Non prog.)
Curve speed—VCL (um/s)
DTG 0.11 (-=0.7; 0.92) 0.787 0.16 (-0.61;0.93) 0.676 —-0.1(-0.91;0.71) 0.808 —0.06 (—0.85; 0.886
0.73)
MIX —0.06 (—0.87;0.76) 0.892  0.25(-0.51;1.02) 0.513 -0.1(-0.91;0.7) 0.798 0.34(-0.45;1.13) 0.393
TFV —0.18 (—0.99; 0.63) 0.660  0.12 (—0.65;0.89) 0.760  —0.27 (—1.08; 0.513  0.31(-048;1.1) 0.437
0.54)
Avg. value—VAP (um/s)
DTG —0.28 (—0.91;0.35) 0375 —0.09 (-0.61; 0.731  —0.24 (-0.75; 0.339  —-0.27 (-0.8;0.26) 0.311
0.43) 0.26)
MIX —0.41 (-1.05;0.22) 0.196 0.2 (—=0.32;0.72) 0456  —0.24 (-0.75; 0.345 —0.1(-0.63;0.43) 0.699
0.26)
TFV -0.48 (—1.11;0.15) 0.135  0.06 (-0.46;0.58) 0.818 —0.32(-0.83; 0.206  —0.13 (-0.66; 0.4) 0.635
0.18)
Linear speed—VSL (um/s)
DTG —0.41 (-0.92;0.11) 0.120  —0.03 (-0.39; 0.868  —0.33 (—0.65; 0) 0.049 —0.4(-0.79; 0.042
0.33) —-0.02)
MIX —0.47 (-0.98;0.05) 0.075 0.13(-0.24;0.49) 0.493 —0.34 (—0.66; 0.041 —-0.35(-0.74; 0.077
—-0.01) 0.04)
TFV —0.58 (—1.09; 0.028 0.04 (-0.32;041) 0.816 —0.32(-0.65; 0) 0.051 —0.34 (-0.72; 0.089
—0.06) 0.05)
Straightness index—STR (%)
DTG —4.91 (-9.08; 0.021 —0.55(-3.71; 0.732  -3.35(-6.25; 0.024  -3.64 (-7.04; 0.036
—0.75) 2.62) —0.44) —0.25)
MIX —4.04 (-8.21;0.12) 0.057 0.38(-2.78;3.55) 0.810 —3.68 (—6.58; 0.014 —5.24 (-8.64; 0.003
—0.78) —-1.85)
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Table 3 (continued)

Variable description 0 min 30 min 60 min 90 min
Coefficient P value Coefficient P value Coefficient P value Coefficient P value
(95% CI) (95% CI) (95% CI) (95% CI)
TFV —6.05 (-10.21; 0.005 -0.04(-3.2;3.13) 0981 —2.33(-5.24; 0.114  —4.61 (—8.01; 0.008
-1.89) 0.57) -1.22)
Linearity index—LIN (%)
DTG —4.68 (-9.19; 0.042 —1.11 (-4.05; 0.456 -3.17 (-6.01; 0.029 —4.6 (-8.37; 0.017
-0.17) 1.83) -0.32) —0.83)
MIX —5.24 (-9.75; 0.023 0.53(-2.41;3.47) 0.723 -3.36 (—6.2; 0.021 -5.02 (-8.78; 0.010
—0.73) —0.52) -1.25)
TFV —6.02 (—-10.53; 0.009 —0.15 (-3.09; 0920 -3(-5.84; -0.16) 0.039 -5.03 (-8.8; 0.009
-1.51) 2.79) -1.27)
Oscillation index—WOB (%)
DTG —3.75(=7.66; 0.17) 0.061 —1.69 (—4.69; 0.267 —=2.17 (-5.03; 0.133  —3.29 (—6.68; 0.056
1.31) 0.68) 0.09)
MIX —4.62 (-8.54; 0.021  0.51(-2.5;3.51) 0.739  -2.31 (-5.16; 0.111  -3.48 (—6.86; 0.044
—0.7) 0.54) -0.1)
TFV —4.49 (-8.41; 0.025 -0.3(-3.3;2.7) 0.844  -2.52 (-5.37; 0.083  —-3.87 (-7.26; 0.025
—0.57) 0.33) -0.49)
Avg. value of speed (Med. prog.)
Curve speed—VCL (um/s)
DTG 0.37(-9.58;10.32) 0.941 —4.14(-12.9; 0.350 —1.77 (—10.69; 0.693  0.09 (—8.47;8.64) 0.984
4.62) 7.14)
MIX 1.58 (-8.37; 11.53) 0.753 -7.34(-16.1; 0.099 =52 (-14.11; 0.250  -0.72 (-9.27; 0.868
1.42) 3.72) 7.83)
TFV 3.97(-5.99;13.92) 0431 —4.72(-13.47; 0.288  —0.46 (—9.38; 0919 0.7 (-7.85;9.26) 0.870
4.04) 8.46)
Avg. value—VAP (um/s)
DTG 0.32(-3.15;3.79) 0.855 —0.96 (-3.88; 0.517  0.01(=2.99;3.01) 0.996 0.68 (-2.03;3.38) 0.621
1.97)
MIX 0.37 (-3.1; 3.83) 0.834 —1.87 (—4.79; 0.208  —0.96 (—3.96; 0.528  0.53(-2.17;3.24) 0.696
1.06) 2.04)
TFV 1.23 (-2.23; 4.7) 0482 —1.25(-4.17, 0.397 0.54 (-2.46;3.54) 0.720 0.64 (-2.06; 3.35) 0.637
1.67)
Linear speed—VSL (um/s)
DTG 0.23(-1.92;2.39) 0.830 -0.3(-2.22;1.62) 0.754 0.19(-1.8;2.17) 0.853  0.73(-1.02;2.49) 0.408
MIX —0.03 (-2.18;2.13) 0.980 —-0.67 (—2.59; 0.489  —0.16 (-2.15; 0.873 0.7 (-1.06; 2.45) 0.433
1.25) 1.83)
TFVv 0.39 (-1.77;2.55) 0.721 -0.4(-2.31;1.52) 0.683 0.42(-1.57;2.4) 0.678  0.75(—1;2.5) 0.397
Straightness index—STR (%)
DTG —0.51(-3.71;2.69) 0.752 0.56 (-1.92;3.05) 0.653 —0.17(-2.65;2.3) 0.890 —0.67 (—3.27; 0.611
1.93)
MIX —2.08 (=5.29; 1.12) 0.200  0.48 (-2;2.96) 0.702 0.1 (-2.38;2.57) 0.938 —0.43 (-3.03; 0.744
2.17)
TFV —2.46 (-5.67;0.74) 0.130 0.32(-2.16;2.81) 0.796 —0.43 (-2.91; 0.731  —0.65 (-3.26; 0.618
2.05) 1.95)
Linearity index—LIN (%)
DTG —0.99 (—4.24;2.27) 0.548 0.71 (-1.51;2.94) 0.526 —0.16 (-2.46; 0.892 —1.26 (—4.14; 0.387
2.14) 1.62)
MIX —2.68 (—5.93;0.58) 0.106 1.43(-0.79;3.66) 0.204 0.45(-1.85;2.75) 0.700 —1.28 (-4.16;1.6) 0.380
TFV —3.23(-6.48;0.03) 0.052 0.66 (—1.57;2.88) 0.558 —0.43 (-2.73; 0.709  —1.34 (—-4.22; 0.358
1.87) 1.54)
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Table 3 (continued)
Variable description 0 min 30 min 60 min 90 min
Coefficient P value Coefficient P value Coefficient P value Coefficient P value
(95% CI) (95% CI) (95% CI) (95% CI)
Oscillation index—WOB (%)
DTG —0.71 (-3.58;2.17) 0.626  0.99 (—1.36;3.33) 0.405 0.45(-1.94;2.85) 0.708 —-0.62 (-3.42; 0.664
2.19)
MIX —2(—4.87;0.88) 0.171  1.86(-0.48;4.2) 0.118 1.11(-1.29;3.51) 0.361 -0.71(-3.52; 0.615
2.09)
TFV -2.39(-5.27;0.48) 0.101  0.79 (—1.55;3.14) 0.502  0.17 (-2.23;2.57) 0.888 —0.91 (-3.72; 0.519
1.89)
Avg. value of speed (Rapid prog.)
Curve speed—VCL (um/s)
DTG —2.04 (-9.45;5.37) 0.586  —2.49 (—10.08; 0.517 —-0.41 (-7.46; 0.909 —2.24 (-9.13; 0.519
5.11) 6.64) 4.65)
MIX -2.76 (-10.17, 0461  —3.26 (-10.85; 0.396  —3.47 (-10.52; 0.331  -2.67 (-9.56; 0.443
4.65) 4.34) 3.58) 4.22)
TFV —1.88(-9.29;5.53) 0.615 —-2.01(-9.6;5.58) 0.600 —0.95(-8;6.1) 0.790  -2.11 (-9.00; 0.544
4.78)
Avg. value—VAP (um/s)
DTG —0.94 (—4.17;2.28) 0.563  —0.77 (—4.09; 0.647  0.09 (-3.27;3.46) 0956 —0.97 (—4.18; 0.548
2.55) 2.23)
MIX —1.45(—4.68;1.78) 0374 —1.52(—4.84; 0367 —1.53(-4.9;1.84) 0369 —-1.13(—4.33; 0.487
1.81) 2.08)
TFV —0.77 (-3.99; 2.46) 0.638 —0.52(-3.84;2.8) 0.756 —0.47(-3.84;2.9) 0.784 -0.81 (—4.02; 0.615
2.39)
Linear speed—VSL (um/s)
DTG —0.89(-3.92;2.13) 0.560 —0.66 (—3.74; 0.674  0.04 (-3.22;3.29) 0982 —-0.81(-3.94; 0.607
2.43) 2.31)
MIX —1.35(—4.38;1.68) 0378 —1.46 (—4.55; 0.348 —1.42(-4.68; 0.388  —0.99 (—4.12; 0.531
1.62) 1.83) 2.14)
TFV —0.64 (—3.66;2.39) 0.677 —0.44 (-3.52; 0.777  —-0.54(-3.8;2.72) 0.743 -0.70 (-3.82; 0.659
2.64) 2.43)
Straightness index—STR (%)
DTG —0.05 (-0.87;0.77) 0.909  0.06 (-0.77;0.88) 0.895 —-0.11(-1.14; 0.829  0.16 (-0.85; 1.16)  0.755
0.92)
MIX —0.06 (—0.88;0.76) 0.889  —0.22 (—1.04; 0.606 —0.1(-1.13;0.93) 0.842 0.11(-0.90;1.11) 0.833
0.61)
TFV 0.1 (-0.72; 0.92) 0.812  0.07 (-0.76;0.89) 0.872 —0.27(-1.3;0.76) 0.600 0.11(-0.90; 1.11)  0.832
Linearity index—LIN (%)
DTG 0.28 (-2.07;2.64) 0.812 0.61(-1.69;291) 0.599 0.22(-2.52;2.96) 0.874 0.49(-1.97;2.95) 0.694
MIX 0.13(-2.23;2.48) 0914 0.09 (-2.21;2.39) 0.936 0.2 (-2.54;2.94) 0.885 0.55(-1.91;3.01) 0.656
TFV 0.2 (-2.16; 2.56) 0.867 0.78 (—1.52;3.08) 0.503 —0.07 (-2.81; 0961 0.43(-2.03;2.89) 0.730
2.67)
Oscillation index—WOB (%)
DTG 0.35(—1.82;2.52) 0.748 0.66 (—1.45;2.76) 0.537 0.33(-2.08;2.75) 0.784 0.46 (—1.70;2.62) 0.671
MIX 0.18 (-1.99;2.35) 0.871 0.27(-1.83;2.37) 0.800 0.34(-2.07;2.76) 0.778  0.56 (—1.60;2.72) 0.611
TFV 0.17 (-2; 2.34) 0.875 0.82(-1.28;2.92) 0439 0.11(-2.3;2.53) 0.926  0.43(-1.73;2.59) 0.696
Avg. value of other parameters (Motile)
Amvp. lateral head—ALH (um/s)
DTG —0.06 (—0.28; 0.16) 0.568  —0.08 (—0.29; 0.409  —0.05 (-0.25; 0.592  —0.04 (-0.23; 0.661
0.12) 0.14) 0.15)
MIX —0.04 (—0.26;0.18) 0.745  —0.09 (-0.29; 0402 -0.12 (-0.31; 0.234  -0.03 (-0.21; 0.775
0.12) 0.08) 0.16)
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Table 3 (continued)

Variable description 0 min 30 min 60 min 90 min
Coefficient P value Coefficient P value Coefficient P value Coefficient P value
(95% CI) (95% CI) (95% CI) (95% CI)
TFV —-0.05 (—0.27;0.17) 0.664  —0.08 (—0.28; 0433 —0.06 (-0.26; 0.524  -0.01(-0.2;0.17) 0.897
0.12) 0.13)
Beat frequency—BCF (Hz)
DTG —0.13 (-1.64;1.38) 0.865 —0.07 (—1.6;1.46) 0.927 —0.21 (—1.86; 0.797  0.24(-1.45;1.92) 0.783
1.43)
MIX 0.18 (-1.33; 1.69) 0.814 —-0.08 (-1.61; 0917 —0.4(-2.04;1.25) 0.635 0.24(-1.45;1.93) 0.778
1.45)
TFV —0.13 (—1.64; 1.39) 0.870  0(-1.53;1.53) 0998 —-0.5(-2.15;1.14) 0.544 045(-1.24;2.14) 0.599
Avg. value of other parameters (Med. prog.)
Amp. lateral head—ALH (um/s)
DTG 0.01(-0.29;0.31) 0.929 —0.13 (-0.39; 0333 —0.07(-0.34;0.2) 0.604 0(-0.25;0.26) 0.992
0.13)
MIX 0.05 (-0.24;0.35) 0.717 -0.22(-0.48; 0.090 —-0.16(-0.43;0.1) 0.229 -0.03 (-0.29; 0.816
0.04) 0.23)
TFV 0.12(-0.18; 042) 0426 —-0.14(-0.4;0.12) 0.280 —0.03(-0.3;0.24) 0.820 0.01 (-0.24;0.27) 0.914
Beat frequency—BCF (Hz)
DTG 0.22 (-0.42;0.87) 0493  0.03(-0.51;0.58) 0.899 0.25(-0.29;0.8) 0352 0.55(-0.08;1.19) 0.085
MIX 0.23(-0.42;0.88) 0.478 0.03(-0.52;0.57) 0.925 0.47(-0.07;1.01) 0.090 0.56 (—0.07; 1.19) 0.083
TFV 0.47 (-0.18; 1.12)  0.154  0.12(-0.42;0.66) 0.659 0.37(-0.17;0.91) 0.173  0.65 (0.02; 1.29) 0.043
Avg. value of other parameters (Rapid prog.)
Amp. lateral head—ALH (um/s)
DTG —0.04 (-0.27;0.19) 0.736  —0.05 (—0.29; 0.664  0(-0.23;0.23) 0.997  —0.05 (-0.27; 0.630
0.19) 0.17)
MIX —-0.07 (-0.3; 0.16) 0.561 —0.05(-0.3;0.19) 0.661 —0.07 (-0.29; 0.572  —0.06 (-0.28; 0.581
0.16) 0.16)
TFV —0.06 (—0.29; 0.17) 0.594 —0.04 (-0.28;0.2) 0.746  —-0.01 (-0.24; 0952  —0.05 (-0.27; 0.672
0.22) 0.17)
Beat frequency—BCF (Hz)
DTG —0.08 (—-1.21; 1.05) 0.888 —0.37 (—1.65; 0.565 —0.45(-1.84; 0.522  —0.07 (-1.52; 0.924
0.91) 0.94) 1.38)
MIX 0.13 (—1; 1.26) 0.819 —-0.44 (-1.73; 0492  —-0.46 (—1.85; 0512 —0.12 (-1.58; 0.866
0.84) 0.93) 1.33)
TFV 0.12 (-1.01; 1.26)  0.829  —-0.23 (—1.51; 0.728  —0.32 (-1.71; 0.645 —0.04 (-1.50; 0.954
1.06) 1.06) 1.41)
Hyperactive % (Motile)
DTG —0.64 (-3.07; 1.79) 0.601 —1.5(-3.9;0.9) 0218 —0.54 (-2.82; 0.637 —-1.27(-3.27, 0.211
1.73) 0.73)
MIX —0.69 (-3.12; 1.74) 0.573  —-2.05 (—4.45; 0.093  —1.21(-3.48; 0296  —1.38 (—3.38; 0.175
0.35) 1.07) 0.63)
TFV —0.33(-2.76;2.1) 0.786  —1.38 (—3.78; 0256  —0.44 (-2.72; 0.700 -1.2(-3.21;0.8) 0.237
1.02) 1.83)
Mucous penetration % (motile)
DTG 1.04 (-3.98;6.07) 0.681 1.96(-3.39;7.31) 0.469 0.70 (-4.59;6.00) 0.792  2.37(-3.22;7.96) 0.402
MIX 1.89(-3.13;6.92) 0.456 0.83(-4.52;6.18) 0.758 —0.09 (-5.38; 0975  2.66(-2.93;8.24) 0.347
5.21)
TFV 1.11 (-3.91;6.14)  0.661  1.66 (-3.69;7.02) 0.538 —0.78 (—6.08; 0.771  2.95(-2.64;8.53) 0.298
4.52)
Hyperactive % (total)
DTG -0.61 (-2.77; 1.55) 0.573 —1.25(-3.25; 0217  —0.56 (-2.45; 0561 —1.13(-2.78; 0.178
0.75) 1.34) 0.52)
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Table 3 (continued)
Variable description 0 min 30 min 60 min 90 min
Coefficient P value Coefficient P value Coefficient P value Coefficient P value
(95% CI) (95% CI) (95% CI) (95% CI)
MIX —0.72 (-2.88; 1.44) 0.509 —1.76 (—3.76; 0.083 —1.13(-3.02; 0.239  —-1.16 (—2.81; 0.167
0.23) 0.76) 0.49)
TFV —0.42(-2.58;1.74) 0.700 —1.22 (-3.22; 0.227 -0.52 (-2.42; 0.583  —1.03 (-2.69; 0.217
0.77) 1.37) 0.62)
Mucous penetration % (total)
DvTG —0.26 (=5.77;5.26) 0.927 1.63 (—4.34;7.6) 0.589 —0.12 (-5.87; 0.967 1.17 (—4.80;7.14)  0.698
5.64)
MIX 0.35(-5.16;5.87) 0.899 048 (-5.49;6.45) 0.873 —0.82(—6.58; 0.777  1.86(—4.11;7.83) 0.537
4.93)
TFV —0.24 (-5.75;5.28) 0.932  1.28(—-4.69;7.25) 0.670 —1.46(-7.22; 0.615  2.00(-=3.96;7.97) 0.506
4.29)

DTG dolutegravir exposure, TFV tenofovir exposure, MIX combination antiretroviral exposure, CI confidence interval, VCL curvilinear velocity,
VAP average path velocity, VSL straight-line velocity, Rapid prog rapid progressive sperm, Med prog medium progressive sperm, Non prog non-
progressive sperm, ALH amplitude of lateral head displacement, BCF beat cross frequency

study, sperm exposed to contemporary first-line antiretro-
virals, both individually and in combination, showed the
opposite effect in the 90 min of the analysis. Changes in
the above sperm motility, kinematic parameters, and the
proportion of motile sperm seen in this study may also
point to the possibility of sperm DNA damage [94]. Sup-
pose mutations and epimutations are found in exposed
sperm. On further investigation, a generational toxicologi-
cal investigation that investigates the risk of future genera-
tions' exposure to intergenerational and transgenerational
diseases is another possibility to look into [95, 96].

The findings of this study are similar to the conclusions
of other laboratory-based studies that found contemporary
antiretrovirals like tenofovir, emtricitabine, and dolutegra-
vir have deleterious effects on sperm function just like
older antiretrovirals [10, 29, 31-34, 97]. The reproduc-
tive toxicity of antiretrovirals may not just be from their
build-up in semen but also as early as spermatogenesis, as
antiretrovirals easily cross the blood—testis barrier [98].
This conflicts with the findings of in vivo studies with
many participants that randomly assigned serodiscordant
couples to placebo and antiretroviral arms and compared
pregnancy incidence [35, 36]. The risk of bias in these
studies due to funding from a foundation and a pharma-
ceutical company that promotes pre-exposure prophylaxis
antiretrovirals is not unnoticed. The short median duration
of follow-up of the couples of 17-21 months, the lack of
paternity data, the use of the same nine sites in Uganda
and Kenya for data collection in both studies, and the lack
of control for demographic and clinical factors of the cou-
ples do not allow for a complete assessment of the multi-
factorial fertility implication and intergenerational safety
of chronic use of these drugs.

Conclusion

Pharmacovigilance is a healthcare emergency, as the fast-
changing world of newer drugs leaves clinicians vulnerable,
as they must prescribe drugs whose long-term somatic and
germline adverse effects are not fully understood. Guide-
lines and drugs are changing faster than we can monitor
for side effects. Despite being the only mainstream first-line
ARV in South Africa for 5 years, Dolutegravir’s replacement
integrase inhibitor, Cabotegravir, is already being launched.
More research in this field is required, especially for com-
monly prescribed drugs. This preliminary pilot study con-
cludes that the current first-line ARVs used by HIV patients
and HIV-negative patients on pre-exposure prophylaxis
(PrEP) can alter sperm motility and kinematics [99-102].
This is the first in vitro study to document sperm motil-
ity changes by Dolutegravir alone and in combination with
other ARVs. Further research with a larger sample size is
warranted to quantify its impact on human fertility, address-
ing the limitations above, before a comprehensive conclu-
sion of the effects of ARVs on human male fertility can
be drawn. Of particular importance would be to study the
impact of ARVs on reactive oxygen species levels in semen
and sperm DNA fragmentation.
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