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Abstract
Introduction According french legislation, sperm freezing/
thawing procedures are used to prevent ART contamina-
tions in couple with HIV-1 infected men. We determined
sperm nuclear fragmentation rate before and after selection
and freezing/thawing in HIV-1 14 patients.

Methods Two groups of patients were studied: 20 control
patients with normal sperm (group 1) and without viral
infection and 20 fertile treated HIV-1 patients (group 2).
DNA fragmentation was evaluated using terminal uridine
nick end labeling, before and after gradient selection, and
after cryopreservation and thawing procedures.
Results DNA fragmentation rates in fresh semen were
increased in HIV patients (6.38% vs 3.39%) (p<0.05)
compared with control patients. After sperm migration,
fragmentation rates were significantly lower (p<0.0001) in
the two groups compared with fresh sperm rates. After
freezing/thawing, values were similar to those of fresh
semen with an increased rate (p<0.01) for HIV-1 patients,
with respectively 3.40% and 5.18% rates in control and
infected patients. HIV-1-infected patients treated by anti-
retroviral therapy showed a significant increase in sperm
DNA fragmentation in fresh sperm and also after freezing/
thawing procedures, but these two fragmentation rates were
not significantly different.
Conclusion So, freezing/thawing procedures do not seem to
impair sperm DNA and preserve probability of conception
for couples with HIV-1 infected men.
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Introduction

According to French legislation, sperm contaminated with
human immunodeficiency virus type 1 (HIV-1) must be
frozen after migration on a density gradient, in order to
check the absence of HIV-1 viral RNA, in either seminal
plasma or sperm fraction or these combined, by reverse-
transcriptase polymerase chain reaction (RT-PCR) [1–3]. In
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most reports, density gradient centrifugation has been shown
to considerably reduce viral load in the migrated sperm
fraction of HIV-1-infected patients [4–8]. This method was
proposed to prevent infection of spouse and fetus.

After thawing, impairment of sperm progressive motil-
ity and vitality [8, 9] is observed and this phenomenon is
accentuated in oligozoospermia [9, 10] whether sperm is
selected beforehand by migration on a density gradient or
by swim-up. Sperm cryopreservation seems to impair
sperm DNA integrity, particularly when sperm parameters
are altered [9, 11–14]. Furthermore, patients infected with
chronic viral diseases like HIV-1 can be exposed to
reactive oxygen species, as released in all patients
suffering inflammatory reactions [15]. These patients
might have reduced defenses against oxidative stress
[15–20]. On the other hand, a pre-existing reduction of
progressive motility was evident in sperm of patients
treated by reverse transcriptase nucleoside inhibitors [21,
22]. This deterioration could be linked to drugs which
damage mitochondrial DNA of sperm tails [22]. Moreover,
antiretroviral treatments, in particular reverse transcriptase
nucleoside inhibitors, could increase nuclear sperm DNA
alterations and sensitize sperm to the freezing/thawing
technique [23].

The aim of this study was to evaluate nuclear fragmen-
tation rates in sperm before and after selection with density
gradient centrifugation and freezing/thawing, in HIV-1-
infected men and in a control group.

Materials and methods

Patients

Forty patients consulting for assisted reproductive techni-
ques (ARTs) at the Bichat/Claude Bernard Hospital were
included in the study and divided into two groups: a control
group of uninfected patients and a group of HIV-1-infected
patients. Patient characteristics and sperm parameters (total
sperm count, progressive motility, vitality and typical
forms), defined according to the World Health Organization
(WHO) and the DAVID classification, are described in
Table 1. Prior to the study, the patient’s informed consent
was obtained. Sperm was bacteria-free before cryopreser-
vation in all patients, and the leukocyte count was under the
WHO threshold (<1 million/ml).

Group 1 Control group, 20 patients of mean age 38.07±
5.93 years who were not infected by HIV-1 (tested within
the last year) and whose normal sperm (according to WHO
criteria) was to be used for vitro fertilization for their
partners infertility. 53% of patients had a history of
smoking (about 10 cigarettes/day) and/or alcohol abuse.

Group 2 20 HIV-1-infected fertile patients of mean age
41.44±5.80 years treated with antiretroviral therapy (two or
three drugs for more than 6 months), with a viral load
undetectable by RT-PCR, and plasma CD4+ T lymphocyte
count measured by flow cytometry above 200/mm3 (mean
645±72/mm3), according to French protocol of cryopreser-
vation for HIV-1 patients. These patients did not present
any clinical sign of their disease and ARTs were indicated
to prevent viral infection of their partner. 66% of patients
had a history of smoking (about 10 cigarettes/day) and/or
alcohol abuse. Sperm samples for HIV-1-infected patients
were collected after at least 70 days of spermatogenesis
(after two cycles of spermatogenesis).

For both groups, alcohol abuse was stopped at least
2 years before inclusion and sperm was bacteria-free.

Sperm preparation for freezing/thawing and DNA
fragmentation analysis

A first fresh sperm fraction was centrifuged (1,500 rpm for
5 min). The pellet was washed twice with distilled water,
fixed in acetic Carnoy and stored at −20°C for DNA
fragmentation analysis. The second sperm fraction was
treated by a density Puresperm® gradient (45%, and 90%).
Progressive motility, vitality as well as a sperm count were
estimated in the final sperm fraction. Half of the final
fraction obtained was fixed by acetic Carnoy (ethanol 3
volumes: acetic acid 1 volume) and stored at −20°C for
DNA nuclear fragmentation analysis.

The second part of the final sperm fraction pellet was
mixed with Sperm-Freeze (Médicult)®, transferred into
0.3 ml high-safety straws (Cryo-Bio-System®) and frozen
(freeze control CL 2200®, Cryologic). After storage (at
least 24 h), straws were then thawed at ambient temperature
over 10 min. Thawed pellets were resuspended in IVFm®
and fixed in acetic Carnoy after progressive motility and
vitality estimation. DNA nuclear fragmentation was then
estimated.

Viral load (HIV-1) was determined in fresh seminal
plasma of infected patients by RT-PCR.

Nuclear sperm DNA fragmentation analysis

Sperm nuclear DNA fragmentation rate was evaluated by
the terminal uridine nick end labeling (TUNEL) in situ
technique (In Situ Cell Death Detection Kit, Roche®).
Suspension (5 µl) was spread over a degreased Super-
frost® glass slide and, after air drying, immersed in a
10% SDS and 0.1% citrate solution for 15 min, rinsed
twice for 3 min in PBS, and air dried. A hybridization
mixture was dropped onto the sample, a coverslip
applied, and incubation followed for 2 h at 37°C. Slides
were then rinsed twice for 3 min and counterstained with
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DAPI (Vysis-Abott®). An optical fluorescence micro-
scope (Olympus® BX60/BX 41) equipped with DAPI
(blue) and FITC (green) filters was used. Only sperma-
tozoa with DAPI counterstaining were considered (sper-
matozoa not counterstained with DAPI being considered
necrotic). Four hundred spermatozoa were observed for
each sample.

Statistical analysis

Global comparisons of rates (or of change in rates) between
the two groups and in same groups between fresh, migrated
sperm and freezing/thawing procedure were performed using
the nonparametric Kruskal-Wallis test. When this test was
significant, pairwise comparisons were tested according to the
TukeyHSD procedure. Statistical analyses were done with the
R statistical language R Development Core Team (2005). R:
A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. ISBN
3-900051-07-0, URL: http://www.R-project.org.

Results

Fresh sperm motility and typical forms were statistically not
different in groups 1 and 2 with, respectively, 43.00±2.46%
and 42.87±3.68% for group 1 and 35.57±3.72% and 32.33±
2.41% for group 2. Mean total sperm count fell above the
WHO threshold in these two groups.

Sperm nuclear fragmentation rate was increased (p<
0.05) in group 2 (HIV-1-infected patients) compared with
the control group (respectively 6.38±1.36% and 3.39±
0.43%).

In group 2, no correlation was found between the CD4+
T lymphocyte count and sperm nuclear fragmentation rates.
No correlation was found between treatment duration and
fresh sperm fragmentation rates. In the whole population,
fragmentation rates were similar for patients with and
without toxic (smoking and alcohol) exposure (3.35%
versus 3.44%). Furthermore, there was no correlation

between sperm DNA fragmentation rate and sperm charac-
teristics: total sperm count, progressive motility or vitality.

Fragmentation rates after migration and freezing/thawing
are shown in Fig. 1.

After migration on a density gradient, nuclear DNA
fragmentation was similar in the two groups, respectively
1.50% and 2.62% for groups 1 and 2. These rates were
significantly decreased (p<0.05) compared with those of
initial fresh semen.

After thawing, nuclear DNA fragmentation was similar
to that observed in fresh semen, respectively, 3.40% and,
5.18% in groups 1 and 2.

Progressive motility (Fig. 2) and vitality in groups 1 and
2 were significantly improved after migration (p<0.05)
with, respectively, 74.00±16.28% and 75.87±12.23% for
group 1 and 66.67±17.91% and 72.60±15.36% for group
2, and decreased after freezing/thawing with, respectively,
40.57±16.23% and 40.93±15.72% for group 1 and 27.44±
16.11% and 36.92±13.52% for group 2.

Fig. 1 DNA fragmentation rates in two groups at different stages of
the technique. Statistical value: Group 1: -p<0.0001: Fresh sperm/
after migration. -p<0.0001: After migration/after thawing. -p=; NS:
Fresh sperm/after thawing. Group 2: -p<0.005: Fresh sperm/after
migration. -p<0.005: After migration/after thawing. -p=NS: Fresh
sperm/after thawing

Groups Control (group 1) (n=20) HIV-1 (group 2) (n=20)
Characteristics

Age (years) 38.07±5.93 41.44±5.80

Previous paternity (n=) 12 (46.1%) 10 (47.6%)

Toxic exposure 11 (53.00%) 13 (66.00%)

Total sperm count (106) 417.24±62.75 289.73±56.09

Motility (a + b) (%) 43.00±2.46 35.57±3.72

Vitality (%) 73.15±2.80 65.76±2.69

Typical forms (%) 42.87±3.68 32.33±2.41

Table 1 Characteristics of the
population

Statistical value:

Motility: -Group 2 versus
1: N.S.

Typical forms: -Group 2 versus
1: N.S.

Total sperm count: -Group 2
versus 1: NS
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Discussion

We used the in situ TUNEL technique to analyze DNA
fragmentation rates in freezing/thawing of sperm with or
without viral contamination. Cell count was determined on
400 cells as described previously [24–27] and interpretation
criteria were similar to those described by Barosso [24].
This technique, used in cases of severe oligospermia, is
sensitive, specific, and reproducible [22], but only explores
the final stage of apoptosis and probably underestimates the
real DNA damage in each cell.

Fragmentation rate and viral infection

The sperm DNA fragmentation rates in HIV-infected
patients (6.38%) were statistically increased compared with
control (3.39%) (p<0.05). These results agree with these
found by only one author [28], to the best of our
knowledge, who used the same slide technique to analyze
sperm DNA fragmentation in HIV-1 infected patients. In
this previous study, sperm DNA fragmentation rates were
higher than ours, but no details on sperm parameters were
indicated. These data could be explained by several
hypotheses: (1) direct effects of HIV-1 viruses on sperm
nuclear structure, (2) indirect effects of HIV-1 by cytokine
secretion, (3) direct drugs effects, (4) decrease in CD4+ T
lymphocyte count, (5) toxic habits.

1- HIV-1 viruses induce free radical production (reactive
oxygen species) [15], and reduce defenses against
oxidative stress, [15–20, 29]. Moreover, some RNA
retroviruses have been shown to impair spermatogen-

esis. First, the porcine reproductive and respiratory
syndrome virus (arteriviridae) directly impairs sper-
matogenesis and DNA of sperm nuclei, as shown in
pigs [30]. This retrovirus is functionally similar to
human retroviruses, like HIV-1. The contamination
route is similar, through the mucosa or blood [31].
Virus proliferation can occur in tissue macrophages of
the genital tract, or in lymph nodes and pass through
the blood to the genital tract [30, 32]. Secondly, simian
immunodeficiency virus could also be responsible for
direct effects on the testis [31, 34], but these data are
controversial, and some authors think that retroviruses
could affect germinal cells by interaction with the
alternative HIV receptor GalCer [35] and could induce
apoptosis of germinal cells via seminal epithelium
desquamation [30] or directly by cytokine secretion
[30, 33].

2- Such retroviruses can be localized in the prostate,
seminal vesicle, epididymis, and testis and are charac-
terized by secretion of interleukins like Il10, InFγ,
TNF α, and Il1 β. These cytokines could be produced
locally by leukocytes and play a role in regulation of
immune response in retroviral infections, but could
induce an inflammatory environment in all male genital
tracts. [33]. Furthermore, some other authors think that
infected macrophages/lymphocytes could interact with
Leydig cells, be responsible for a decrease in testoster-
one level by inhibition of steroidogenesis or dysfunc-
tion of the pituitary axis [36], and could induce
degeneration of the seminal epithelium. In our study,
sperm was bacteria-free in both groups before cryo-
preservation, and the leukocyte count was under the
WHO threshold (<1 million/ml).

3- Sperm characteristics were similar in our two groups, as
has been previously demonstrated in treated patients and
untreated patients [37]. But it has been shown that
antiviral drugs reduce sperm progressive motility,
especially when reverse transcriptase nucleoside inhib-
itors are used [21, 22]. Deterioration could be explained
by drug-induced damage in mitochondrial DNA in the
sperm tail [22]. All patients in our study were treated for
more than 6 months and antiretroviral therapy was
maintained during sperm cryopreservation to lower the
viral load in the seminal plasma to undetectable levels.
To explain DNA fragmentation rate in HIV-1 patients,
we can hypothesize that antiretroviral treatments, in
particular reverse transcriptase nucleoside inhibitors,
modify the sperm nucleus and increase sperm nuclear
apoptosis, as they modify fetal heterochromatin when
used alone or in combination with other drugs [23].

4- A recent study [38] showed that the number of CD4+ T
lymphocytes is positively correlated with slow progres-
sive motility (component ‘b’) in ejaculated sperm, and

Fig. 2 Progressive motility in the two groups at different stages of the
technique. Statistical values: Group 1: -Motility: Fresh sperm/after
migration: p<0.0001. -Motility: After migration/after thawing.: p<
0.0001. -Motility: Fresh sperm/after thawing.: p=N.S. Group 2: -
Motility: Fresh sperm/after migration: p<0.0005. -Motility: After
migration/after thawing.: p<0.0005. -Motility: Fresh sperm/after
thawing.: p=N.S.
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we can hypothesize that nuclear DNA sperm may be
altered too. In this study, minimal CD4+ T lymphocyte
counts were lower than 26/mm3 and thus, at this stage of
the disease, frequency of opportunistic local or general
infections can be increased [39, 40] and indirectly
correlated with increasing oxidative stress caused by
inflammation. A decrease in sperm count was also
observed when CD4+ T lymphocyte counts were lower
than 200/mm3 [38]. However, in our study, CD4+ T
lymphocyte counts were higher than 200/mm3 in all
HIV-1-infected patients, with a frequency of opportu-
nistic infections similar to that in the control population.
This could explain the absence of correlation between
plasma CD4+ T lymphocyte counts and sperm apoptosis
rates in our study.

5- Even if we cannot exclude an impact of the history of
toxic exposure and infertility on sperm DNA fragmen-
tation rate, we can notice that HIV-1 patients had
normal sperm characteristics according to WHO crite-
ria and that toxic habit frequency was not statistically
different in our population compared with the control
group. Finally, fragmentation rate were similar for
patients with or without toxic exposure (3.35% versus
3.44%, NS).

Finally, according to our results and the type of
population, we can hypothesize that both direct and indirect
HIV-1 effects can alter sperm nuclear DNA, but some
antiretroviral drugs could also damage it.

Effects of freezing and thawing on sperm fragmentation
rates

As previously reported [10, 11, 24, 25, 41, 42], migration
on a density gradient improved progressive motility, vitality
and percentage of typical forms, because sperm migration
gradient eliminates sperm with no or low motility or with
atypical forms. We also observed a decrease of fragmenta-
tion rate after migration, whatever the viral status of the
patients. This is probably explained by the efficient
selection of spermatozoa by this technique.

As previously reported [11], the freezing/thawing of
spermatozoa significantly decreased total sperm count,
progressive motility and vitality, and increased nuclear
fragmentation rate in comparison with the migrated
fraction. This could be explained by the fact that the
freezing/thawing technique weakens some spermatozoa and
activates apoptosis. Taken together, migration and freezing/
thawing techniques do not modify nuclear fragmentation
rate in all groups. However, initial sperm characteristics are
important. Some authors [43, 44] report that sperm DNA
was altered in infertile patients and in cases of oligospermia
[11, 45, 46]. A reduction of mitochondrial membrane

potential analyzed by rhodamine (R123) was also observed
after thawing in this category of patient [45]. Other studies
showed that among control patients, sperm apoptosis rates
increased only moderately after thawing [47].

No deleterious effects on sperm DNA fragmentation
were seen in HIV-1 patients after freezing/thawing. We can
suggest that HIV-1 infection is compatible with good ART
results. In England, an 18.8% pregnancy rate was observed
per intrauterine insemination (IUI) cycle [48], with migrat-
ed but not frozen sperm. This resembles the results of
French ART centers which currently practice I.UI with
cryopreserved sperm from donors (mean 15%–20% preg-
nancy rate per I.U.I. cycle) [49]. Similarly, the European
network CREAThE (Centres for REproductive Assistance
Techniques in HIV in Europe) [50] records 15% pregnan-
cies per cycle (3,359 cycles in 2002). Sperm profiles of the
HIV-1-infected patients are generally normal.

In this study, therefore, we show that sperm nuclear
DNA fragmentation is increased in fresh sperm of HIV-1
patients treated by antiretroviral therapy compared with the
control group, but not modified by the combined migration
and freezing/thawing procedures. A direct deleterious effect
of HIV-1 virus, or of antiretroviral therapy, could explain
the increase in nuclear DNA damage in fresh sperm of HIV-
1 patients. On the other hand, we can hypothesize that the
deleterious effect of freezing/thawing procedures is bal-
anced by the selection effect of migration. This hypothesis
should be confirmed by other studies with an enhanced
effective group. Sperm DNA fragmentation with freezing/
thawing techniques in cases of HCV infection would also
be interesting to analyze.
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