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Abstract

Background: The study sought to determine whether hepatitis B infection in females and males plays a role in the outcome of the
IVF/ICSI cycle. Methods: We performed a retrospective analysis of data collected from IVF/ICSI cycles carried out from January 2011
to December 2019 at the University Medical Centre Ljubljana. The data was analyzed using Pearson’s chi-square test, Fisher’s exact test,
and Kruskal-Wallis test in order to determine the differences between the groups. Results: This study included 117 cycles with a past
female hepatitis B infection (HF group), 91 cycles with couples with a past male hepatitis B infection (HM group), and 10,216 cycles with
no past male or female hepatitis B infection (control group). There was no difference in sperm concentration, but total sperm motility
was significantly higher in the HF and control groups compared to the HM group (p = 0.008 and p < 0.001). Also, sperm morphology
was significantly higher in the control group, compared to both, the HM group (p < 0.001) and the HF group (p = 0.004). Furthermore,
the rate of fertilized oocytes per number of retrieved oocytes was significantly higher in the HF (p < 0.001) and control groups (p =
0.003) compared to the HM group, but on the contrary, the rate of immature oocytes was lower in the HM (p = 0.009) and control groups
(» =0.001) compared to the HF group. The number of obtained embryos, blastocyst, and embryo utilization rates were similar between
the groups, although the rate of cryopreserved embryos was higher in the HF (p = 0.007) and the HM groups (p = 0.027) compared to the
control group. No significant difference was observed in the pregnancy and live birth rate per embryo transfer, while a trend towards a
lower birth rate per aspiration was observed in the HM and in HF groups, which can be explained with a significantly higher miscarriage
rate observed in the HM (p < 0.001) and HF groups (p = 0.042) compared to the control group. Gestational age was similar for all groups,
although we observed a strong trend towards a higher birth weight of singletons in the HF group (p = 0.043) compared to the control
group. Conclusions: The results indicate that hepatitis B infection could have a detrimental influence on sperm motility and morphology
and cycle outcome, especially in terms of a higher miscarriage rate.
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1. Introduction HBYV in semen can impair sperm concentration, morphol-
ogy, viability, and motility [6,7]. It can integrate into hu-
man spermatozoa chromosomes, where it increases chro-
mosomal instability, and can be vertically transmitted to its
offspring [8,9]. Furthermore, it has been shown that abnor-
mal IL-17 and IL-18 expression, induced by oxidative stress

during HBV infection can be causing male infertility [10].

Hepatitis B virus (HBV) infection is a health prob-
lem prevalent in Southern Europe, Africa, Asia, and Latin
America. It is a viral infection that affects the liver and
can manifest in both acute and chronic disease. Chronic
hepatitis in female patients is manifested as fatigue, weak-
ness, irritability, dizziness; less frequent symptoms are nau-

sea and vomiting. One of the possible signs of infection
isendocrinopathy, which probably explains why women ex-
perience irregular menstrual cycles with heavy menstrua-
tions that were then replaced with short infrequent men-
strual cycles, or even with the absence of a menstrual cycle.
There seems to be a tendency toward changes in reproduc-
tive organs such as ovarian cysts and hysteromioma, dif-
fuse mastopathy, an adhesive process in the lower pelvis,
and even endometriosis [1]. So these changes alone, during
the infectious phase of HBYV, raise questions if this could
present any long-term consequences to fertility. Since we
know that HBV has also been found in ovaries [2], where
it can be present in the ovum and granulosa cells [3,4], and
testes [5], the answer is affirmative. It was revealed that

Infertility is defined as a couple trying to unsuccess-
fully conceive for at least a year. When all other treat-
ment options are exhausted and the couple is planned to
undergo in vitro fertilization (IVF), they are tested for sex-
ually transmitted diseases, including HBV. If one or even
both partners are HBV seropositive, there are several pre-
treatment recommendations. Firstly, female partners are
recommended to get vaccinated if the male partner is in-
fected with HBV, and the IVF is initiated after she devel-
ops immunity; secondly, they should undergo IVF treat-
ment when the viral load is low [11]. Despite following
all these recommendations, it is not clear whether such in-
fection plays a role on the outcome of the IVF or ICSI (in-
tracytoplasmic sperm injection) cycle. Some studies have
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indicated that such condition does not significantly influ-
ence the outcome of the IVF/ICSI cycle [12—14], while on
the other hand, some studies have shown that these patients
could have significantly impaired outcomes [15,16]. The
reason for such differences in outcomes may be in a low
number of included patients in some studies, which were
mostly single institutional. For example, the study by Cito
et al. [12] had 134 infertile couples included, where 66 cou-
ples had HBsAg-seropositive men and 68 were controls; the
study by Bu et al. [13] had 277 couples, where 20 men were
HBC seropositive; the study by Lubis et al. [15] had 101 in-
cluded patients, with 17 males in the HBV group and 84 in
the control group. On the other hand, studies by Wang et al.
[14] and Lin et al. [16] had a higher number of included pa-
tients. To be exact, there were 681 couples included in the
study by Wang et al. [14], where there were 227 couples
with male HBV and 504 included patients in the study by
Lin et al. [16] with 199 seronegative, and 305 seropositive.
While this topic is still open to questions and without final
conclusions, we can offer a data analysis with a higher num-
ber of included patients compared to most aforementioned
studies We carried out a retrospective analysis of data col-
lected in the last ten years from IVF/ICSI cycles performed
at our IVF centre. We compared the outcomes of cycles of
the control group, with outcomes where women or men pre-
viously had a hepatitis B infection in terms of sperm quality,
oocytes, embryos, pregnancy and live birth rate, and birth-
weight.

2. Materials and Methods

We performed a retrospective analysis of IVF/ICSI cy-
cles of couples where females (HF group- 117 cycles) or
males (HM group- 91 cycles) had serological reactivity to
HBsAg or anti-HBc and compared the data to the control
group (10,216 cycles) where both partners were seroneg-
ative for HBV. All three groups included patients treated
at the clinic in the time period from January 2011 to De-
cember 2019 that underwent controlled ovarian stimula-
tion protocols and had fresh semen sample used for oocyte
fertilization. What is more, this analysis excluded cou-
ples who had spontaneous cycles, used vitrified/warmed
oocytes, used cryopreserved ejaculated semen, used TESE
(testicular sperm extraction) derived spermatozoa for fertil-
ization, and who underwent PGT (preimplantation genetic
testing).

Ovarian stimulation protocols and laboratory proto-
cols were performed as described in details previously [17].
Data were analyzed to determine the differences between
the groups using statistical program IBM SPSS Statistics
version 21 (IBM, Armonk, NY, 10504-1722, USA).

The differences in percentages between the groups
were analysed using Pearson’s chi-square test and Fisher’s
exact test, while other non-parametric data were analysed
using Kruskal-Wallis test (nonparametric one-way ANOVA
on ranks). The normality of data was analysed using the

Shapiro-Wilk test. A p < 0.05 value was considered statis-
tically significant.

According to Slovene legislation the study did not
have to be approved by the Slovenian National Medical
Ethics Committee, as it was a register-based study where
all participants signed individual personal approval and per-
mission before undergoing the treatment (Personal Data
Protection Act, Official Gazette of the Republic of Slovenia
No 94/07,2004). Additionally, as per Slovenian legislation,
healthcare providers are obligated to collect the data about
assisted reproduction procedures and monitor the success
rates (Healthcare Databases Act, Official Gazette of the Re-
public of Slovenia No 65/00, 2000; No 47/15,2015; 31/18,
2018).

3. Results

Sperm quality characteristics are presented in Table 1,
general information on the cycles performed in Table 2, and
the outcome of cycles in Table 3.

There was no difference in sperm concentration, but
total sperm motility and sperm morphology were statisti-
cally significantly different when comparing all groups to-
gether (HF group vs. HM group vs. control group; 56.5
£ 24.6 vs. 449 + 28.5 vs. 56.6 £ 24.6, p < 0.001; 12.8
+ 108 vs. 11.5 £ 11.8 vs. 17.1 £ 13.3, p < 0.001 re-
spectively). A post hoc analysis of the differences between
individual groups revealed that the total sperm motility was
significantly higher in the HF and control group compared
to the HM group (p = 0.008 and p < 0.001). The difference
in morphology arose from the significantly higher sperm
morphology in the control group, compared to both, the HM
group (p < 0.001) and the HF group (p = 0.004).

The mean age of women in the HF, HM, and control
group was similar, as was the mean number of retrieved
oocytes per cycle (Table 2).

Significant difference was observed in the rate of fer-
tilized oocytes per number of retrieved oocytes (54.6% vs.
46.4% vs. 51.9%, per number of retrieved oocytes respec-
tively, p = 0.003), rate of immature oocytes (12.5% vs.
17.0% vs. 16.4%, respectively p = 0.004), rate of degen-
erated oocytes per number of retrieved oocytes (11.2% vs.
12.8% vs. 9.2%, respectively, p < 0.001), and rate of cry-
opreserved embryos (27.7% vs. 27.8% vs 22.7%, respec-
tively, p = 0.002), between the HF, HM, and control group
respectively.

The post hoc analysis revealed that there was a statis-
tically different rate of fertilized oocytes (per number of re-
trieved oocytes) (54.6% vs. 46.4%, p < 0.001), and imma-
ture oocytes (12.5% vs. 17.0%, p =0.009) between the first
two groups, HF and HM, respectively. When comparing
the HM and control group we observed a statistically lower
rate of fertilized oocytes (per number of retrieved oocytes)
(46.4% vs. 51.9%, p =0.003), but a statistically higher rate
of degenerated oocytes (% per number of retrieved oocytes)
(12.8% vs. 9.2%, p = 0.001) and rate of cryopreserved
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Table 1. The results of basic sperm quality assessment of samples included into study. Statistically significant differences are marked with an asterisk (p value < 0.05).

Hepatitis female group (HF)  Hepatitis male group (HM)  Control group (CG) p value
Sperm concentration (x 106/mL + SD) 60.1 + 37.5 53.5+38.9 613 +42.2 0.309
<0.001*
115 0,
Total motility (% + SD) 56.5 +24.6 44.9 +28.5 56.6 + 24.6 (HF vs. HM = 0.008*: HM vs. CG <0.001%: HF vs. CG = 1.000)
<0.001*
Sperm morphology (% + SD) 12.8 +10.8 11.5+11.8 17.1 £ 133 (HF vs. HM = 1.000; HM vs. CG = 0.000%; HF vs. CG = 0.004%)

SD, standard deviation; *, statistically significant difference.

Table 2. The outcome of the in vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI) cycles in terms of oocytes and embryos. Statistically significant differences are marked
with an asterisk (p value < 0.05).

Hepatitis female group(HF)  Hepatitis male group (HM)  Control group (CG) p value
Number of cycles 117 91 10,216
Number of couples 56 40 5398
Female mean age (+ SD) 33.8 +£4.1 344+43 348+ 4.6 0.136
Number of retrieved oocytes (mean number per cycle 4= SD) 991 (8.5+6.4) 741 (8.1 £ 6.1) 83,017 (8.1 £6.2) 0.715

0.003*
Rate of fertilized oocytes (per number of retrieved oocytes) 54.6% 46.4% 51.9%
(HF vs. HM <0.001; HM vs. CG = 0.003;

HF vs. CG = 0.089)
0.004*

Number and rate of immature oocytes (%) 124 (12.5%) 126 (17.0%) 13,610 (16.4%)
(HF vs. HM = 0.009; HM vs. CG = 0.655;
HF vs. CG =0.001)
. <0.001*
Number and rate of degenerated oocytes (% per number of retrieved oocytes) 111 (11.2%) 95 (12.8%) 7669 (9.2%)
(HF vs. HM = 0.303; HM vs. CG =0.001;
HF vs. CG =0.034)
Number and rate of polyploidies (% per number of retrieved oocytes) 39 (3.9%) 22 (3.0%) 3791 (4.6%) 0.075
Number of normal zygotes 541 344 43,069
Number and proportion of embryos (% per zygotes) 527 (97.4%) 338 (98.3%) 41,885 (97.3%) 0.511
Mean number of embryos per cycle (mean number 4+ SD) 45+43 3.7+34 4.1+3.6 0.291
Number of embryos cultured until day 5/6 492 300 33,369
Number and rate of blastocysts (% per embryos cultured until day 5/6) 202 (41.1%) 129 (43.0%) 15,279 (45.8%) 0.072
Number and rate of embryo utilization (transferred plus frozen embryos) 281 (53.3%) 193 (57.1%) 22,260 (53.1%) 0.348
Number of cycles with at least one blastocyst 65 (55.6%) 42 (46.2%) 5403 (52.9%) 0.370
Number and rate of cryopreserved embryos (% of all embryos) 146 (27.7%) 94 (27.8%) 9527 (22.7%) 0.002*
(HF vs. HM = 0.973; HM vs. CG = 0.027;
HF vs. CG =0.007)
Number and proportion of cycles with embryo cryopreservation 44 (37.6%) 27 (29.7%) 3065 (30.0%) 0.203
Number and proportion of cycles with freezing without ET 7 (6.0%) 8 (8.8%) 427 (4.2%) 0.061
Number and proportion of cycles without freezing/without ET 16 (13.7%) 14 (15.4%) 1310 (12.8%) 0.741

SD, standard deviation; ET, embryo transfer; *, statistically significant difference.
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Table 3. Clinical outcome of IVF/ICSI cycles. Statistically significant differences are marked with an asterisk (p value < 0.05).
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Hepatitis female group (HF)  Hepatitis male group (HM)  Control group (CG) p-values
Number of all fresh ETs 94 69 8463
Mean number of transferred embryos (+ SD) 14+0.5 144+0.5 1.5+0.5 0.221
Number of pregnancies (% per ET) 32 (34.0%) 23 (33.3%) 2768 (32.7%) 0.957
Number of pregnancies (% per oocyte aspiration) 27.4% 25.3% 27.1% 0.925
Live births (% per ET) 19 (20.2%) 10 (14.5%) 2001 (23.6%) 0.152
Live births (% per aspiration) 16.2% 11.0% 19.6% 0.080
. . <0.001*
Miscarriages 12 (+ 1EU) (37.5%) 13 (56.5%) 690 (24.9%)
(HF vs. HM = 0.244; HM vs. CG <0.001*; HF vs. CG = 0.042%)
Gestational age (all births) 38.8 +4.1 378 +43 384 +2.7 0.330
Gestational age for singletons 38.8 +4.1 397+ 1.5 38.8+24 0.395
Birth weight of singletons (g) 35924 +£511.4 3300.7 £ 373.9 3220 4+ 639.2 0.050
(HF vs. HM = 0.700; HM vs. CG = 1.000; HF vs. CG = 0.043*)
Twins 0 3 (30.0%) 232 (11.6%) 0.126

SD, standard deviation; ET, embryo transfer; *, statistically significant difference.
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embryos (22.7% vs. 27.8%, p = 0.027) in the HM group.
When comparing the HF group to the control we discovered
a statistically higher rate of immature oocytes (%) (16.4%
vs. 12.5%, p=0.001), and a significantly lower rate of cry-
opreserved embryos (27.7% vs. 22.7%, p = 0.007) in the
control group.

When comparing HF, HM, and control groups to-
gether for ETs, pregnancies, live births, miscarriages, ges-
tational age, birth weight, and the number of twins, we have
observed that there was a statistically significant difference
in miscarriages and birth weight of singletons. There was
a statistically higher rate of miscarriages in the HM group
compared to the control group (56.5% vs. 24.9%, p <
0.001), as was for the HF group compared to the control
(37.5% vs. 24.9%, p = 0.042). The birth weight of single-
tons (g) was statistically higher in the HF group compared
to the control group (3592.4 & 511.4 vs. 3220 £ 639.2,p=
0.043).

4. Discussion

In recent years we treated many infertile couples that
were infected with HBV at some point in their lives before
undergoing IVF treatment. Due to safety precautions, only
couples with cleared HBV infection can be included in such
treatment. Despite having recovered, the data from the liter-
ature suggests that the infection could leave long-term con-
sequences, which can manifest in impaired fertility or can
impact the outcome of IVF/ICSI cycles, and even neona-
tal outcomes. Such negative effect was confirmed with our
analysis. Our data show that HBV seropositive males have
lower total motility and lower sperm morphology compared
to the HF and control groups, although on average, motil-
ity and sperm morphology were still in the range of normal
values according to the WHO (World Health Organization)
manual [18]. Additionally, there was a higher rate of mis-
carriages in the HM and HF groups compared to controls.
When we compared the birth weight of singletons we dis-
covered that the birth weight of singletons in the HF group
is much higher compared to the HM and control groups, the
lowest being in the control group.

Similar to our findings, Karamolahi et al. [7] found
that HBV-infected men had decreased sperm morphology
(3.23% £ 3.27% vs. 4.51% = 3.15%), lower sperm count
(100.95 x 105 4 118.59 x 10 vs. 166.27 x 10° £ 151.25
x 100), and progressive sperm motility (30.97% =+ 25.88%
vs. 40.87% =+ 23.37%) compared to the control group. In
addition to these impaired sperm quality parameters, it was
suggested that HBV infection also negatively affects se-
men volume (3.02 mL + 1.07 mL vs. 2.61 mL + 1.04
mL; infertile male patients without hepatitis B virus infec-
tion vs. infertile male patients with hepatitis B virus infec-
tion) and increased seminal malondialdehyde concentration
[10]. Furthermore, Han ef al. [19] indicated that sperm
chromatin structure fragmented when exposed to the HBV
surface protein (HBs), sperm viability lowered, and sperm
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fertilizing capacity declined with increasing concentrations
of HBs. When determining the status of sperm membrane
integrity when exposed to HBs, Kang et al. [20] concluded
that there was a rise in reactive oxygen species (ROS), lipid
peroxidation, activation of caspases, and DNA fragmenta-
tion, which translated to a loss of integrity in sperm mem-
brane, increased apoptosis, and sperm dysfunction. This
could explain our observation of a lower fertilization rate
in the HM group. A similar effect was previously observed
by Lubis ef al. [15], who had 17 couples in a study group
of patients comparable to ours, even though we included 91
couples, and also by Shi ef al. [21] who included 136 cou-
ples, and Zhou et al. [22], who included 457 couples for
comparison. Nevertheless, some caution is needed in the
interpretation of the results, because the study by Lubis et
al. [15] indicates that the number of fertilized oocytes was
lower in the male HBV seropositive group (5.58 + 3.58 vs.
7.85 + 3.97), however, the rate of fertilization was sim-
ilar as in the control group (74.54 + 24.79 vs. 76.69 +
17.21). Some studies had a similar number of included pa-
tients compared to ours and did not show any negative ef-
fect on fertilization rates from this perspective [12,14]. A
negative effect on the outcome of IVF/ICSI cycles was to
some extent observed in the aforementioned studies observ-
ing impaired fertilization [15,21,22]. It was found that the
implantation rate (OR: 0.57, 95% CI: 0.48-0.99, p = 0.044)
[22] and clinical pregnancy rates ((OR: 0.66, 95% CI: 0.45—
0.95, p = 0.036) [22], (23.52% vs. 51%; p = 0.037) [15])
can be significantly lower in a group of couples with hep-
atitis seropositive males. On the contrary, despite impaired
fertilization (80.2% vs. 82.8%, p < 0.05), Shi et al. [21]
did not observe a negative impact on the clinical pregnancy
rate (58.1% vs. 53.7%; HBV male seropositive vs. nega-
tive matched control), although based on their other results
they suggested that such infection is an important risk factor
for infertility. No differences in implantation rates, clini-
cal pregnancy rate, miscarriage rate, or live birth rates were
observed in some other studies [12—14,23], even though
an impaired quality of semen was observed in some stud-
ies (a trend toward significantly lower progressive motility
(35.0% vs. 55.0%; p < 0.05) in male seropositive group
[12], significantly lower sperm viability (74.1 4+ 13.7 vs.
77.0 + 12.8, p < 0.01), and significantly decreased sperm
motility in HBV positive men in comparison to the control
group (32.5 £ 14.6 vs. 35.5 £ 12.9, p < 0.05) [14], signifi-
cantly reduced sperm motility in the male HBV group (36.3
£ 11.6% vs. 45.3 £+ 14.4%, p = 0.003) [23]).

Furthermore, male hepatitis virus B serostatus was not
correlated with gestational age at delivery, whereas female
hepatitis B virus serostatus was [16], since it decreased ges-
tational age at delivery. Nevertheless, similarly to observed
results in studies focusing mainly on hepatitis B seroposi-
tive males, conflicting results were also presented in studies
with only hepatitis B seropositive females. To illustrate, it
was suggested that IVF/ICSI cycle outcomes in terms of the
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oocyte, embryos, implantation rates, and live births rates
are similar between female seropositive and seronegative
groups [24-26]. On the contrary, it was observed that the
implantation rate (35.7% vs. 38.7%; p = 0.013) is signif-
icantly lower in the female HBV seropositive group, al-
though this does not lead to a difference in clinical preg-
nancy rate, miscarriage rate, live birth rate, neonatal out-
comes, and pregnancy complications [27]. Interestingly,
one study suggested that the pregnancy rate (53.3% vs.
24.2% per cycle with embryo transfer) and live birth rate
(43.3% vs. 18.4%) is even higher in the HBV seropositive
group as in controls [28]. According to our data, there is no
difference in the pregnancy rate, live birth rate, and gesta-
tional age at delivery. However, we have observed a higher
miscarriage rate (37.5% vs. 24.9%, p = 0.042), and differ-
ent neonatal outcomes in terms of singleton birth weight,
which was higher in the female HBV seropositive group
(35924 g + 511.4 g vs. 3220 g + 639.2 g; p = 0.043)
compared to controls. In cases of higher miscarriage rate
(56.5%) in the male HBV seropositive group, it can be sug-
gested that this is due to impaired semen quality, while there
is no obvious reason for a higher miscarriage rate in the fe-
male HBV seropositive group. Observed vertical transmis-
sion of HBV from the ovum to the embryo could explain
the phenomenon [29-31], or from sperm to embryo [30,31],
however, this is just an assumption. Interestingly, the rate
of HBV-positive embryos seems to be similar regardless of
whether female, male, or both parents are HBV seroposi-
tive. In patients with high serum levels of HBV DNA the
rate of HBV-positive oocytes and embryos seems to be sig-
nificantly higher and the same is true for oocytes derived
from women, whose mothers were also HBV positive [31].
The higher rate of HBV positive oocytes in patients with
higher serum levels of HBV DNA go hand in hand with
the suggestion that viral replication in follicles is stimulated
during IVF/ICSI cycle and in these cases the levels of HBV
DNA can be even higher in follicular fluid than in serum
from the same patients [32]. All these data indicate that cur-
rent approaches in preventing vertical transmission of HBV
should be more effective.

5. Conclusions

The results of this retrospective analysis do not sug-
gest that IVF/ICSI cycle treatment for patients infected with
HBYV should be adjusted. It has shown that HBV infection
can have a negative effect on the quality of semen and fer-
tilization rate, but it does not negatively affect the blasto-
cyst rate, pregnancy, and live birth rate which is the main
goal of an IVF treatment. However, results have shown an
increased miscarriage rate in both, male and female HBV
seropositive groups. However, we should still use sperm-
washing techniques and use closed-system vitrification de-
vices to prevent cryopreserved material from coming into
direct contact with liquid nitrogen.
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