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AbsTrACT
Objective To provide insight on viral kinetics and 
genetic diversity of hiV in seminal plasma at baseline 
and 1 month after initiating antiretroviral therapy (arT).
Patients and methods Blood and seminal samples 
from patients with newly diagnosed hiV were obtained 
before arT initiation (T0) and 1 month after arT 
initiation (T1). hiV env genetic diversity was studied 
using deep sequencing nextera and V3 chemistry 
in a Miseq illumina platform. The number of viral 
quasispecies (5% cut- off) and shannon index were used 
to analyse diversity.
results Forty- seven arT- naive patients were recruited 
between september 2016 and november 2018. at 
enrolment, the number of quasispecies in blood (median 
4 (iQr 2–5)) was lower than in the seminal compartment 
(median 6, (iQr 4–8)) (p<0.01); the shannon index 
was also higher (p<0.001) in the seminal compartment 
than in blood (1.77 vs 0.64). at T1, for the 13 patients 
with detectable hiV in both blood/seminal plasma, 
viral diversity remained higher (p=0.139) in seminal 
plasma (median 2 (iQr 1–4.5)) than in blood (median 
1 (iQr 1–1.5)) integrase inhibitors (ini)- based regimens 
achieved higher levels of undetectability and led more 
frequently to lower variability (p<0.001) than protease 
inhibitors (Pi) or non- nucleoside reverse transcriptase 
inhibitors (nnrTi).
Conclusion We provide here further evidence of 
a larger genetic diversity in seminal plasma, both at 
diagnosis and short term after arT initiation. Our results 
strengthen previous findings on hiV diversity in seminal 
plasma. in addition, inis decrease variability more rapidly 
than Pi and nnrTi in both blood and seminal plasma.

InTrOduCTIOn
Infection with the HIV is one of the epidemics 
affecting the global population. Sexual route, 
followed by parenteral route, are the main transmis-
sion routes of HIV, and semen is the vector respon-
sible for majority of sexual transmissions globally. 
Currently, quantification of viral load in blood is 
used in clinical practice to assess therapy effective-
ness and disease control. However, it is known that 
the kinetics of the HIV viral replication in the blood 
compartment differs from its kinetics in the seminal 

compartment. Several authors have reported the 
presence of viral DNA in seminal fluid with unde-
tectable viral load in blood.1 2 The HIV DNA can be 
found in seminal leucocytes as non- integrated with 
linear or circular form or as integrated provirus.3 
Nevertheless, cell- free HIV in seminal plasma seems 
to be actually infective1 and infectivity is based on 
viral load. The presence of virus in this compart-
ment can be intermittent, regardless of the time 
lapse from a negative result in the blood sample.4 
Similarly, seminal positive result for HIV RNA was 
found despite a negative result for HIV RNA was 
found in blood.5

Gene sequencing of proviral protease and DNA 
envelope genes has shown different variants in 
seminal plasma and blood.1

The presence of HIV in seminal plasma seems 
to depend on various factors that may influence 
its presence in this compartment, even when it 
is undetectable in blood. Thus, the presence of a 
symptomatic sexually transmitted disease, such 
as acute urethritis,6 cytomegalovirus infection7 or 
herpes simplex virus type 2,8 increases the risk of 
HIV transmission without showing association 
with previous or asymptomatic urethritis. Similarly, 
seropositivity to herpes simplex virus type 2, the 
increase in cytokines in seminal plasma, the increase 
in activation of mucosal T cells and the number 
of compartmentalised viral quasiespecies1 seem 
to influence the presence of the virus in seminal 
plasma.

Time to virological suppression varies based on 
the ART regimen and compartment; being integrase 
inhibitors (INIs) and rilpivirine- based ART regi-
mens the best ones in seminal plasma9 10 followed 
by protease inhibitors (PI).

Despite the above described, the seminal compart-
ment is not well understood to date. Therefore, in 
the present study, we investigated viral kinetics and 
quasispecies in patients with HIV- infection initi-
ating antiretroviral therapy (ART).

PATIenTs And meThOds
Inclusion criteria and ethics statement
The inclusion criteria of our study were: male sex, 
HIV infected, ART- naive and over 18 years of age 
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patients. All approached patients agreed to participate in the 
study. Before entering the cohort, ethics approval was obtained 
from the Ethics Committee of San Cecilio University Hospital in 
Granada (Spain) (1184 N-16). Patients signed a written informed 
consent to participate in the study. No patient had other sexually 
transmitted diseases at the time of this study.

methods
Blood and seminal samples were obtained before ART initiation 
(T0) and 1 month (T1) after ART initiation. At diagnosis, age, 
sex, concomitant sexually transmitted infections, HIV viral load 
(RNA copies/mL), baseline resistance and CD4 cell count (cells/
µL) were recorded (retrieved from their medical records). Treat-
ment regimen was recorded at the study entry (T0). HIV viral 
load, CD4 count and HIV env diversity were recorded at T0 
and at T1.

All blood and seminal plasma were obtained by venipunc-
ture and masturbation, respectively, and stored at −80°C until 
transfer to the laboratory. Quantitative nucleic acid test for use 
on the Cobas 6800/8800 Systems (Roche Diagnostics) with a 
limit of detection 20 copies/mL was used for HIV RNA viral 
load test in both blood and seminal plasma. The diversity of 
HIV was studied in all viraemic samples using an in house, deep 
sequencing protocol, using the Nextera and V3 chemistry in a 
MiSeq Illumina platform. We amplified a 500 bp of the HIV type 
1 (HIV-1) env C2V3C3 region for these studies.11 We selected 
env because this is the HIV gene with the largest variability.12–15 
Briefly, HIV RNA was extracted from blood and seminal 
plasma samples using the Magna Pure Compact System (Roche) 
following the manufacturer’s instructions. This system is based 
on a magnetic- bead technology. RNA was eluted into 50 µL of 
the kit buffer from sample volumes of 400 or 1000 µL according 
to availability. Seminal plasma was obtained from semen samples 
by centrifugation at 2500 rpm for 10 min. After extraction, RNA 
was purified using Ampure Agencourt RNAClean XP (Beckman 
Coulter) before cDNA synthesis. Quantification was performed 
with a NanoDrop ND-1000 spectrophotometer (Thermo Fisher 
Scientific, Delaware, USA). The nucleic acid yield was deter-
mined by measuring absorbance ratios spectrophotometrically. 
The measurement included A260/280 nm for protein contami-
nation and A260/230 nm for salt and phenol contamination.

The Transcriptor One- Step RT- PCR (Roche) kit was used for 
cDNA synthesis. All PCRs were performed in 25 µL reaction 
volumes containing 12.5 µL 2X KAPA HiFi Hotstart ready mix 
(KAPA Biosystems, Woburn, Massachusetts, USA), 5 µL of each 
forward and reverse primers (1 µM) and 2.5 µL of extracted 
RNA (10 ng). The PCR conditions were the following: initial 
denaturation at 95°C for 3 min, followed by cycles of denatur-
ation at 95°C for 30 s, annealing at 55°C for 30 s and elonga-
tion at 72°C for 30 s, with a final extension at 72°C for 5 min. 
PCR clean- up was performed using AMPure XP beads (Beckman 
Coulter, Indianapolis, Indiana, USA) to purify the env amplicon 
away from free primers and primer dimer species. Then, the 
next step was the index PCR, which attaches dual indices and 
Illumina sequencing adapters using the Nextera XT Index Kit 
(Illumina, San Diego, California, USA). The conditions of the 
second PCR were the following: 95°C for 3 min; 8 cycles of 95°C 
for 30 s, 55°C for 30 s, 72°C for 30 s; 72°C for 5 min and hold at 
4°C. The pooled PCR products were purified using AMPure XP 
beads (Beckman Coulter) before quantification. The resulting 
amplicons were sequenced at MiSeq Platform (Illumina), using a 
paired- end (2×300 nt) sequencing system. All experiments were 
run on an equimolar concentration of amplicons.

The FASTA files obtained were demultiplexed to obtain a 
FASTA file for each sample and for the strand. Ugene tool16 was 
used for quality assessment of raw reads, which were assembled, 
aligned and screened based on the minimum length of 200 bp 
and a maximum length of 500 bp. Sequences were filtered and 
chimaera were removed using Usearch,17 accepting only those 
with Q>30 and a seed cluster of 30. Finally, the number of 
quasispecies in each sample was investigated using BLAST. Only 
the quasispecies representing more than 5% of the population 
were recorded; this limit was used to skew any method error, 
since this is the standard limit for resistance analysis.18

The diversity of the HIV quasispecies was calculated using 
the Shannon Index as previously reported19 using the entropy 
tool from Los Alamos HIV (https://www. hiv. lanl. gov/ content/ 
sequence/ ENTROPY/ entropy_ one. html). This numerical score 
is a representative number and relative frequency of the HIV 
quasispecies found in each sample.

We were able to investigate HIV viral tropism using the HIV 
genotopheno tool20 because our env fragment encompassed the 
V3 loop. The number and location of potential N- linked glyco-
sylation sites for each sequence were estimated using the N- G-
LYCOSITE web tool from the Los Alamos HIV database (http://
www. hiv. lanl. gov/ content/ sequence/ GLYCOSITE/ glycosite. 
html).

Normality of the variables has been analysed using the 
Shapiro- Wilks test for the statistical analysis. Baseline character-
istics are expressed as proportions for categorical variables and 
as medians and IQR for continuous variables. Mann- Whitney 
U non- parametric test has been used to compare differences in 
the number of quasispecies between blood and seminal plasma. 
Wilcoxon test was used for the differences in the number of 
quasispecies before and after therapy. Wilcoxon test was applied, 
correcting the p value obtained by the number of comparisons, 
to analyse whether the decrease in the number of quasispecies 
was significant based on the type of regimen. Pearson χ² test 
was used for qualitative variables. To correlate the number of 
quasispecies with initial viral blood load (T0) and the nadir CD4 
T- cell count, the Spearman’s correlation coefficient was used. 
A p<0.05 was considered significant. Data have been analysed 
using the IBM SPSS software Statistics 19.

resulTs
Forty- seven ART- naive patients with HIV- infection from the 
different participating locations (Virgen del Rocio University 
Hospital, Virgen de las Nieves University Hospital, San Cecilio 
University Hospital and Jaén University Hospital) were recruited 
for the study between September 2016 and November 2018. 
Patients had a median age of 30 years, a mean viral load of 29 
2513 copies (log 4.56) and a mean CD4 count of 494 cells/µL. 
At enrolment (T0), 4 patients (8.51%) had clinical signs of acute 
HIV infection, 6 (12.8%) patients initiated a non- nucleoside 
reverse transcriptase inhibitors (NNRTI)- based regimen, 10 
(21.3%) patients initiated a PI- based regimen and 31 (65.6%) 
patients initiated an INI- based regimen. Table 1 shows the base-
line characteristics of the patients.

At baseline, we were able to sequence 47 blood and seminal 
samples. The mean number of sequences studied in blood was 
68 458 (range 58 307–79 352). The mean number of sequences 
studied in seminal plasma was 65 435, (range 54 675–73 669). 
Using the prespecified 5% cut- off, the number of quasispecies in 
blood was lower than in the seminal compartment (p<0.01). In 
fact, a median of 4 (IQR 2–5) different quasispecies was found in 
the blood compartment, while a median of 6 (IQR 4–8), different 
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Table 1 Baseline characteristics of patients

n=47

Age* (years) 30 (26–41)

Acute HIV Infection, n (%) 4 (8.51%)

Viral load (Log copies/mL)* 4.48 (3.98–5.06)

CD4 count (cells/µL)* 494.5 (301.75–641.5)

HIV Treatment, n (%)

  NNRTI- based 6 (12.8%)

  PI- based 10 (21.3%)

  INI- based 31 (65.6%)

Previous infections

  Chlamydia 4 (8.7%)

  Syphilis 9 (19.1%)

  Gonorrhoea 0 (0%)

  HCV 2 (4.3%)

  HPV 10 (21.3%)

*Median (IQR, 25th–75th percentile).
HCV, hepatitis C virus; HPV, human papillomavirus; INI, integrase inhibitors; NNRTI, 
non- nucleoside reverse transcriptase inhibitors; PI, protease inhibitors.

Table 2 Virological characteristics in blood and seminal plasma

blood, n=47 seminal plasma, n=47 P value

Quasispecies* 4 (2–5) 6 (4–8) <0.001

Shannon Index* 0.64 (0.41–1.01) 1.77 (1.21–2.32) <0.001

Tropism 0.789

  CXCR4 9 (19.1%) 8 (17%)

  CCR5 38 (80.9%) 39 (83%)

Sequences studied* 68 963 (57 699–79 352) 62 577 (54 335–73 669) 0.155

*Median (IQR, 25th–75th percentile).
CCR5, chemokine coreceptor type 5; CXCR4, chemokine receptor type 4.

Table 3 Number of viral quasispecies in each of the 33 patients from 
whom paired T0- baseline and T1-1 month after baseline- blood and 
seminal samples were available

Patient

T0 T1
Antiretroviral 
regimen

blood
seminal 
plasma blood

seminal 
plasma

1 3 6 1 2 TDF+FTC+RPV

2 5 7 0 0 TDF+FTC+RPV

3 4 6 1 1 TDF+FTC+RPV

4 1 3 1 1 TDF+FTC+RPV

5 2 4 1 2 TDF+FTC+DRV/rtv

6 4 7 2 4 TDF+FTC+DRV/rtv

7 7 10 3 6 TDF+FTC+DRV/rtv

8 3 4 1 1 TDF+FTC+DRV/rtv

9 4 5 1 1 TDF+FTC+DRV/rtv

10 2 3 0 0 TDF+FTC+DRV/rtv

11 5 8 0 0 TDF+FTC+EVG/c

12* 2 4 0 0 TAF+FTC+EVG/c

13 2 3 0 0 TAF+FTC+EVG/c

14 3 6 0 0 TAF+FTC+EVG/c

15 2 3 1 2 TAF+FTC+EVG/c

16 1 2 0 0 TAF+FTC+EVG/c

17 3 6 1 2 TAF+FTC+EVG/c

18 2 7 0 0 TAF+FTC+EVG/c

19 8 11 0 6 TAF+FTC+EVG/c

20 4 2 0 1 TAF+FTC+EVG/c

21 3 5 0 0 TAF+FTC+EVG/c

22* 7 11 3 5 TAF+FTC+EVG/c

23* 3 6 0 5 TAF+FTC+EVG/c

24 2 4 1 6 TAF+FTC+EVG/c

25 5 7 0 3 TAF+FTC+DRV/c

26 6 11 0 0 3TC+ABC+DTG

27 3 6 0 0 3TC+ABC+DTG

28 3 5 0 0 3TC+ABC+DTG

29 5 8 0 0 3TC+ABC+DTG

30* 6 9 0 0 3TC+ABC+DTG

31 1 2 0 0 3TC+ABC+DTG

32 4 8 0 0 3TC+ABC+DTG

33 2 4 1 1 3TC+ABC+DTG

*Patients with acute infection. 0: undetectable viral load, no quasispecies were 
detected.
ABC, abacavir; DRV/rtv, darunavir/ritonavir; DTG, dolutegravir; DTG, dolutegravir; 
EVG/c, elvitegravir/cobicistat; FTC, emtricitabine; RPV, rilpivirine; TAF, tenofovir 
alafenamide; 3TC, lamivudine; TDF, tenofovir disoproxil fumarate.

quasispecies were found in the seminal tract. All patients except 
one showed a higher number of quasispecies in seminal plasma 
than in the blood compartment. No statistically significant 
differences in viral diversity were found between patients with 
and without acute HIV infection. Similarly, the Shannon Index 
was higher (p<0.001) in the seminal compartment than in blood 
(1.77 vs 0.64). Patients were infected predominantly with CCR5 
viruses (80.9% in blood and 83% in seminal plasma). Inter-
estingly, we found a different tropism from blood to seminal 
samples in two patients. These data are shown in table 2.

Secondary analysis showed no relationship between viral 
diversity in blood and initial viral load (p=0.196), nadir CD4 
T- cell count (p=0.119) or acute HIV infection (p=0.594). Simi-
larly, no relationship was found between acute HIV infection 
and viral diversity in seminal plasma (p=0.652). Likewise, in 
11 patients for whom we could analyse the seminal viral load, 
no relationship was found between viral diversity and the initial 
viral load (p=0.382).

To further characterise the evolution of viral diversity in both 
the seminal and the systemic compartment, we studied env 
quasispecies in 33 patients for whom paired T0 and T1 samples 
from blood and seminal plasma were available. Table 3 shows 
the number of viral quasispecies for each patient and the median 
of these values. At T1 (1 month after ART treatment), a signif-
icant decrease (p<0.001) in both blood (T0: 3 (2–5) vs T1: 0 
(0–1)) and seminal plasma (T0: 6 (4–7.5) vs T1: 0 (0–2)) was 
found. HIV- RNA was undetectable in both blood and seminal 
plasma in 16 patients (48.5%). Discordant results were found in 
4/33 patients (12.1%) characterised by detectable HIV-1 RNA 

in the seminal plasma but undetectable HIV-1 RNA in the blood 
plasma.

Patients treated with INI were more likely to reach undetecta-
bility in both blood and seminal plasma (p<0.001) than patients 
treated with a PI or with an NNRTI- based regimen, even from 
viral blood loads (T0) higher than other regimens (INI 47 423 
(4502–339 750), IP 8220 (4730–42 700), NNRTI 46 300 (32 
050–83 650)). Table 4 shows the quasispecies according to the 
prescribed treatment regimen regarding the 33 patients, we 
found that INI led to a decrease in the number of quasispecies 
in both samples (p<0.001); this decrease was not found with PI 
or with NNRTI. Regarding the number of quasispecies at T1 in 
the 13 patients with positive viral load in seminal plasma and 
blood, viral diversity remained higher in seminal plasma (median 
2 (IQR 1–4.5)) than in blood (median 1 (IQR 1–1.5)), p=0.139.
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Key messages

 ► There is a greater viral HIV diversity in seminal plasma than 
in blood before treatment.

 ► There is a greater viral HIV diversity in seminal plasma than 
in blood 1 month after treatment.

 ► Integrase inhibitors decrease the viral load in seminal plasma 
more rapidly than protease inhibitors or non- nucleosides, 
regardless of the viral load found before starting treatment.

Table 4 Number of quasispecies according to the prescribed 
treatment regimen

n T0* T1*

Blood 33

  INI 22 3 (2–5) 0 (0–0.25)

  PI 7 4 (2–5) 1 (0–2)

  NNRTI 4 3.5 (1.5–4.75) 1 (0.25–1)

Seminal plasma 33

  INI 22 6 (3.75) 0 (0–2)

  PI 7 5 (4–7) 2 (0–4)

  NNRTI 4 6 (3.75–6.75) 1 (0.25–1.75)

n T0* T1* P value

Blood 33

  INI 22 3 (2–5) 0 (0–0.25) <0.001

  PI 7 4 (2–5) 1 (0–2) 0.051

  NNRTI 4 3.5 (1.5–4.75) 1 (0.25–1) 0.327

Seminal plasma 33

  INI 22 6 (3.75–8) 0 (0–2) <0.001

  PI 7 5 (4–7) 2 (0–4) 0.051

  NNRTI 4 6 (3.75–6.75) 1 (0.25–1.75) 0.204

*Median (IQR, 25th–75th percentile).
INI, integrase inhibitors; NNRTI, non- nucleoside reverse transcriptase inhibitors; PI, 
protease inhibitors.

dIsCussIOn
Understanding HIV viral genetic diversity in seminal plasma of 
patients with HIV infection is of utmost importance to elucidate 
HIV sexual transmission. To our knowledge, our study is one of 
the largest studies analysing paired blood and seminal plasma 
samples from ART- naive patients with HIV-1 infection. We 
found a consistent larger number and variability of HIV-1 env 
viral quasispecies in seminal plasma than in blood by using deep 
sequencing. After starting first- line treatment, we also found that 
HIV-1 env viral diversity was higher in seminal plasma than in 
blood, and HIV remained detectable in seminal plasma in more 
patients than in blood.

Sexual contact is currently the main route of transmission 
of HIV-1. The male genital tract has been characterised as a 
reservoir,21 22 a compartment23 and a drug sanctuary.24 HIV 
compartmentalisation and diversity in seminal plasma has been 
previously studied using various methodologies. Ghosn et al25 
analysed the genotypic resistance pattern in patients with HIV 
established on ART with a median of seven previous antiret-
roviral treatments (range 3–15), showing different genotypic 
resistance patterns in the blood and genital compartments of six 
patients. Interestingly, phylogenetic analysis of clones of HIV 
protease gene showed that viral strains could originate from 
local production in seminal plasma. Pillai et al26 analysed HIV-1 
env sequences derived from paired blood and seminal plasma 
samples from Los Alamos HIV Sequence Database, suggesting 
the male genital tract as a selective environment contributing to 
the genetic bottlenecks associated with the sexual transmission 
of HIV-1.26 In consistency with our study, Jiao et al27 reported a 
higher genetic diversity of HIV-1 in the seminal compartments 
and blood of seven men who have sex with men (MSM) with 
early HIV-1 infection.

It is well known that HIV can remain positive in the seminal 
plasma after starting ART for longer periods than in blood.10 28 
Du et al3 described how amounts of HIV RNA and HIV DNA 
remained high in seminal plasma of Chinese patients with HIV 
infection after 6 months undergoing an ART, even when HIV 

RNA was undetectable in blood. In addition, we evaluated 
longitudinally the genetic diversity in the seminal plasma after 
1 month of initiating first- line ART. To our knowledge, this is 
the first study reporting a higher genetic diversity in the seminal 
plasma even after initiation of first- line ART.

Similarly, several studies have addressed HIV-1 shedding in 
the rectal and vaginal tracts. Although using different methods 
and measures to address diversity, similarly to our study, HIV 
diversity was consistently higher in these compartments than in 
blood. García- Payá et al29 reported a higher HIV-1 RNA rectal 
shedding in virologically suppressed MSM, suggesting that blood 
HIV-1 RNA measurements may not necessarily reflect the viral 
concentrations at the rectal reservoir. No certain explanation to 
the greater viral diversity in seminal plasma than in the blood 
is available to date; a possible cause could be a lower immune 
selection in the genitourinary tract compared with blood and, 
therefore, a lower purifying selection in the seminal plasma.

One of the major advantages of preventing HIV transmission 
are presented in the final report of the PARTNER study. In this 
study, Rodger et al30 suggested that the risk of HIV transmission 
in gay couples through condomless sex when HIV viral load is 
suppressed is effectively zero. Our findings in seminal plasma, 
along with the above- mentioned studies conducted in seminal 
plasma and in rectal mucosa must be interpreted with caution.

Our study has several limitations, the short- term (1 month) 
follow- up being its main limitation. Although our study was 
longitudinal, our follow- up was only extended 1 month after 
ART initiation. Finding a larger variability in seminal plasma 
than in blood at this follow- up, despite being relevant, must not 
be interpreted as a caveat for HIV spread, especially after the 
results of the PARTNER study, where patients had been on ART 
for a median (IQR) of 4.3 (1.8–9.3) years. Together with the 
short- term follow- up, our sample size was also limited. Finally, 
although our study would have been strengthened if full- genome 
sequencing had been available, we chose the env gene, which in 
the absence of full- genome is the gold standard to study HIV 
variability.

Viral load in seminal plasma has been shown to become nega-
tive earlier after treatment with INI and rilpivirine than with PI.9 
The influence of the various therapeutic regimens on variation 
in the number of quasispecies in blood or seminal plasma is still 
unknown. In our study, we found a significant decrease in the 
number of quasispecies in T1 compared with T0 in both blood 
and seminal plasma with INI, but no significant decrease was 
found with PI or with NNRTI.

In summary, we provide here strong evidence of a larger 
genetic variability in seminal plasma than in blood at diagnosis 
and short term after ART initiation. Our results strengthen 
previous findings on HIV diversity in seminal plasma. Further-
more, INIs decrease the number of quasispecies more efficiently 
than PI and NNRTI in both blood and seminal plasma.
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