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Abstract

Objective: To evaluate the results of ART (clinical pregnancies and baby
home rates) in couples infected with HBV, HCV, HIV or mixed in a Referral
center. Patients: The study is a retrospective case-control study comprising
1587 cycles/1064 couples in the control group and 237 cycles/164 couples in the
infected group, submitted to in vitro fertilization, intracytoplasmic sperm injec-
tion and embryo transfer. Two branches from the infected group were created:
the HIV subgroup, comprising couples with one or both partners infected with
HIV-1 (84 cycles/67 couples), and the HCV subgroup, including at least one
partner infected with HCV (45 cycles/29 couples). Results: The infected group
presented higher infertility duration (P < 0.001) and so did the HCV subgroup
(P < 0.001). Tubal infertility was increased in the infected group (2 < 0.001),
and in the HIV (2 < 0.001) and HCV (2 = 0.01) subgroups. Oocytes and oo-
cytes in metaphase II numbers were lower in the infected group, but not in the
HIV and HCV subgroups. Clinical pregnancy rate was lower in the infected
group (25.74%) when compared to the control (34.66%), probably due to the
contribution of HCV individuals (17.78%), but not of HIV (28.57%). Baby
home rate was lower in the infected group (21.52%) relative to the control
group (28.42%), but no differences were found in the HIV (27.38%) and HCV
(15.56%) subgroups. Conclusions: Despite the low clinical pregnancy rate in
the HCV subgroup, baby home rates did not change from control. These data
seem promising for couples with viral infections who wish to conceive.

Keywords
Viral Infections (HIV, HBV and HCV), ART

1. Introduction

The United Nations AIDS Report [1] estimated that around 37 million people
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are infected with the human immunodeficiency virus (HIV) worldwide and
around 17 million people undergo highly active antiretroviral treatment (HAART).
The World Health Organization report [2] predicted that about 80 million
people live with chronic hepatitis C (HCV). Furthermore, about 257 million
people were estimated to be living with hepatitis B (HBV) in 2015 [3].

The advance of antiretroviral therapies has allowed seropositive people to live
with higher expectancy and better quality of life, and adequate treatment allows
infected couples to conceive without the risk of infecting the offspring [4] [5]
[6]. Nowadays, almost no horizontal or vertical infection occurs in couples sub-
mitted to assisted reproductive technologies (ART) [6] [7] [8] [9]. An interesting
study performed by Del Romero and collaborators [10] reported that in the ab-
sence of fertility problems, it is possible for serodiscordant couples to conceive
naturally under controlled conditions in terms of safety and effective reproduc-
tion. The same authors showed that 66% of couples achieved at least one preg-
nancy [10]. However, most couples face issues other than the risk of infection
and these include infertility which resulted from the infection, regardless of
whether couples are serodiscordant or seroconcordant [11] [12] [13]. The data
available so far are very disperse, but some studies state that couples infected
with HIV present higher infertility rates and duration [13] [14]. Indeed, it was
found that women infected with HIV presented lower number of retrieved oo-
cytes [14]. Another case-control study reported that women infected with HCV
presented a poorer ovarian response as they need more follicle-stimulating
hormone (FSH) administration to obtain an equal number of oocytes [15].
Couples infected with HCV show a significant decrease of the pregnancy rate
even after administration of higher doses of gonadotrophins, without changing
the duration of stimulation [12]. Also, Terriou and collaborators [16] observed
that equal pregnancy rates in HIV-positive women were achieved when a longer
duration of stimulation was applied. An interesting finding by Coll and col-
leagues [17] showed that the rate of pregnancy was higher in HIV-positive
women when oocytes were donated by healthy women. These HIV-positive
women faced ovarian resistance to hyperstimulation because higher doses of
gonadotrophins were needed to stimulate them adequately [17].

Overall, the above-mentioned data reported that the difficulties to conceive
may reside in the aggravation of infertility, and adequate gonadotrophin stimu-
lation as well as the duration of treatment should be taken into consideration.

In view of the evidence thus established, we aim at assessing the results of IVF
cycles of our group infected with HBV, HCV and HIV-1 compared with a con-

trol group of uninfected couples.

2. Material and Methods

2.1. Patients and Inclusion Criteria

This study is a retrospective and case-control study with data collected from

February 2013 to May 2019. Couples attended the Reproductive Department of
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the Maternity Dr. Alfredo da Costa, Centro Hospitalar Universitario Lisboa
Central, Lisbon, Portugal, for assisted reproduction. Our hospital is the only
public unit for couples with viral infections and serves as a referral center in
Portugal.

Two main groups were created in this study: the control group, which com-
prises uninfected couples who searched for assisted reproduction to conceive,
and the infected group that includes couples in which at least one partner is in-
fected with HIV-1, HIV-2, HCV and HBV. Two branches from the infected
group were created: the HIV subgroup, which comprises couples with one (17
women and 39 men) or both partners infected with HIV-1 (28 couples), and the
HCV subgroup, which includes at least one partner infected with HCV (12
women and 33 men). The study comprised 1587 cycles/1064 couples in the con-
trol group, 237 cycles/164 couples in the infected group, 84 cycles/67 couples in
the HIV subgroup, and 45 cycles/29 couples in the HCV subgroup.

HIV and HCV individuals were included in this study if the detection by re-
verse polymerase chain reaction (PCR) was positive. Viruses’ antibodies were
detected in serum using enzyme-linked immunosorbent assay (ELISA) or West-
ern blot. For HIV-1-positive women, CD4 cell counts should be higher than 200
cells/mm?® and the plasma HIV-RNA of women who are under HAART must be
below the detection limit before ART. Patients were followed until the pregnan-
cy test by our center and, if positive, the results of the pregnancy were collected
at the end of the gestation.

The following parameters were analyzed in all groups and subgroups: tobacco
use, duration of infertility, progeny prior to treatment and types of infertility
(tubal, male, and mixed).

Patients were considered suitable for assisted reproduction treatment if their
clinical, immunological, and virological criteria were compatible for pregnancy

outcome, and the risk of vertical transmission was minimal.

2.2. Procedures

Both partners were evaluated. The antral follicles count and the antimiillerian
hormone values (AMH) were determined before stimulation. ART included the
techniques of in vitro fertilization (IVF) or intracytoplasmic sperm injection
(ICSI) and, in some cases, testicular epididymal sperm extraction was performed.
Total doses of gonadotrophins included the recombinant FSH and either human
menopausal gonadotrophins (hMG) or luteinizing hormone (LH). Ovarian sti-
mulation started on day 3 of the menstrual cycle and levels of FSH and estradiol
(E») were assessed. The stimulation protocol was adjusted in order to achieve the
best ovarian response. Follicle development was examined by ultrasound and by
plasma E; levels. Ovulation was triggered with human chorionic gonadotrophin
(hCG) when at least 3 follicles had reached 17 mm and oocyte retrieval was per-
formed 35 - 37 hours after triggering ovulation. The number of oocytes and oo-

cytes in metaphase II, and the number of embryos were determined.
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Clinical pregnancy was determined by transvaginal ultrasound through posi-

tive fetal heart pulsation at 6 weeks of gestational age.

2.3. Statistical Analysis

Statistical significance was assessed comparing the total infected group with the
control group. Each branch of the infected group, HIV and HCV subgroups, was
also individually compared with the control group. Mann-Whitney post-hoc test
or Fisher’s exact test was used as indicated in the table’s notes and figure legends.
Data are expressed as mean values + standard deviation, proportion in percen-
tage + average amplitude of the 95% confidence interval, or proportion in per-
centage. Data were considered statistically significant when P < 0.05. All statis-
tical analyses were performed using IBM® SPSS® v24.

Data were collected anonymously, and the study was approved by the local

Institutional Review Board.

3. Results

3.1. Sample Group and Sociodemographic Characterization of the
Infected Group

The average ages of both female and male individuals were similar despite the
statistical significance observed in the infected group when compared to control.
Female body mass index (BMI) differences were statistically significant between
the infected group and the control. We believe that this difference is not relevant
in our study. The smoking status was not different in the infected group (Table 1).

Infertility was assessed in both groups by determining its duration as well as
its etiology. Our results stated that duration of infertility was augmented in the
infected group. No differences were observed in the average progeny measured
in both groups. However, tubal-related infertility was significantly higher in the
infected group whereas the male-related infertility was significantly lower (Table
1).

No differences were observed in the numbers of antral follicles, or on the av-
erage of FSH and antimiillerian hormone (AMH) in the infected and control
groups (Table 1).

3.2. Cycle Parameters of the Infected Group

The amount of total gonadotrophins administered was similar when we com-
pared the infected group with the control. Similarly, the duration of ovarian sti-
mulation, E, levels at the hCG administration day, and pregnancy rate/transfer did
not show statistically significant differences. However, absolute numbers of oo-
cytes, oocytes in metaphase II and embryo counts were significantly lower in the
infected group (Table 1).

3.3. Clinical Pregnancy and Baby Home Rates in the Infected
Group

Clinical pregnancy rate was found to be significantly lower in the infected group
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Table 1. Demographic characteristics and cycle results of control and viral infected pop-

ulation.
Criteria Control Infected group Pvalue
Number of cycles 1587 237
Age F (years) 34.42 + 3.82 35.27 + 3.32 0.0007
Age M (years) 36.56 + 5.05 38.57 + 5.19 <0.001
BMI F (kg/m?) 23.92 + 3.60 24.88 £ 3.91 0.0006
BMI M (kg/m?) 26.60 + 7.75 26.19 + 3.47 0.62
Tobacco F 1.68 + 4.09 2.14 + 4.87 0.64
Tobacco M 4.06 +7.28 5.11 + 8.40 0.14
Infertility (years) 5.19 £ 2.54 6.05 + 3.43 0.0001
With progeny 0.07 £ 0.29 0.09 +£0.33 0.14
Tubal (%) 7.50 20.68 <0.001
Male (%) 46.12 29.54 <0.001
Mixed (%) 27.35 25.74 0.61
Antral follicle counts 14.73 +£7.94 13.81 £7.05 0.11
FSH (IU/mL) 7.00 £+ 4.45 7.02 £2.33 0.40
AMH (ng/mL) 2.09 £2.21 1.93 + 1.82 0.41
Total dose of gonadotrophins (IU) 2267.10 + 1273.92 2257.47 + 1263.52 0.85
Stimulation (days) 10.06 + 1.99 9.96 + 2.26 0.29
E: (pg/mL) 1490.00 + 765.88 1482.48 + 887.32 0.38
Oocytes count 7.69 + 4.56 7.16 £ 5.19 0.03
Metaphase II 6.22 + 3.87 5.78 + 4.43 0.02
Embryo counts 3.98 +2.85 3.57 £ 3.18 0.002
Pregnancy rate/transfer (%) 36.17 30.93 0.15

Note: Groups are represented as: Control (uninfected population), n = 1587; and Infected population (at
least one partner infected with HIV, HBV and HCV), n = 237. AMH: Antimiillerian hormone; BMI: Body
mass index; E,: Estradiol levels at the hCG administration day; F: Female individuals; FSH: Fol-
licle-stimulating hormone; M: Male individuals. Data are represented as mean values * standard deviation
using Mann-Whitney post-hoc test or as proportion in percentage using Fisher’s exact test. Statistical signi-
ficance was set for £ < 0.05.

(25.74% + 5.57%; 95% CI: 20.17 - 31.30; P = 0.006) when compared to the con-
trol group (34.66% + 2.34%; 95% CI: 32.32 - 37.00) (Figure 1(A)). Baby home
rate was also altered in the infected group, showing lower values (21.52% =+
5.23%; 95% CI: 16.29 - 26.75; P = 0.006) than control (28.42% + 2.22%; 95% CI:
26.20 - 30.64) (Figure 1(B)).

3.4. Sample Group and Sociodemographic Characterization of
HIV- and HCV-Infected Subgroups

After establishing IVF cycle results, clinical pregnancy, and baby home rates in the

infected group population, we also aim at determining whether these parameters
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Figure 1. Clinical pregnancy and baby home rates of infected group population. Clinical
pregnancy (A) and baby home rates (B) were obtained from control (uninfected individ-
uals; n = 1587) and infected group (at least one partner infected with HIV, HCV and
HBV; n = 237). Data are represented as proportion in percentage + average amplitude of
the 95% confidence interval and statistical significance were set for P < 0.05 using Fisher’s
exact test.

were altered in two subgroups belonging to this group, the HIV and HCV. Here,
each subgroup was compared to controls.

Female and male individuals from HCV subgroup were older than the respec-
tive controls. BMI was not different among groups. Again, we believe that these
differences will not interfere with our analysis. Smoking status was increased in
all individuals belonging to the HCV subgroup (Table 2).

The duration of infertility was significantly higher only in the HCV subgroup,
but the average progeny of both HIV and HCV was not different from control
(Table 2).

Results regarding infertility etiology showed that both HIV and HCV sub-
groups have higher tubal-related infertility than controls. As for male-related
and mixed infertilities, they were reduced only for the HIV subgroup (Table 2).

No differences were observed for antral follicles count and FSH amount for both

subgroups. However, AMH was decreased only in the HIV subgroup (Table 2).

3.5. Cycle Parameters of HIV- and HCV-Infected Subgroups

Total doses of gonadotrophins, duration of stimulation, levels of E, at the hCG
administration day, numbers of oocyte and oocytes in metaphase II, and embryo
counts of each subgroup (HIV or HCV) did not differ from controls. On the
other hand, pregnancy rate/transfer was significantly decreased in HCV sub-
group (Table 2).

3.6. Clinical Pregnancy and Baby Home Rates in HIV- and
HCV-Infected Subgroups

After observing a decrease in clinical pregnancy rate in the total infected group,
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Table 2. Demographic characteristics and cycle results of control and of the two sub-
groups belonging to the infected population, HIV and HCV.

Subgroups of the infected population

Control
Criteria HIV HCV
Result Result Pvalue Result Pvalue
Number of cycles 1587 84 45
Age F (years) 34.42 + 3.82 35.15 +3.29 0.08 36.76 +£ 1.98 <0.001
Age M (years) 36.56 + 5.05 37.68 £ 5.70 0.16 39.36 + 4.44 0.0001
BMI F (kg/m?) 23.92 + 3.60 24.65 + 3.84 0.08 24.46 + 3.82 0.45
BMI M (kg/m?) 26.60 £ 7.75 25.88 +£3.17 0.42 25.45 + 3.43 0.09
Tobacco F 1.68 + 4.09 0.81 +2.54 0.02 4.15 + 7.09 0.006
Tobacco M 4.06 +£7.28 3.90 + 8.08 0.48 11.16 £ 9.53 <0.001
Infertility (years) 5.19 +£2.54 5.12 +3.46 0.74 7.66 + 4.68 0.0006
With progeny 0.07 £ 0.29 0.10 = 0.30 0.14 0.09 + 0.36 0.75
Tubal (%) 7.50 23.81 <0.001 17.78 0.01
Male (%) 46.12 27.38 <0.001 33.33 0.09
Mixed (%) 27.35 10.71 <0.001 40.00 0.06
Antral follicle counts 14.73 £7.94 12.93 £ 6.12 0.07 13.95+7.58 0.42
FSH (IU/mL) 7.00 £ 4.45 7.13 +2.45 0.51 7.44 +2.10 0.09
AMH (ng/mL) 2.09 +2.21 1.13 £ 1.39 0.02 1.48 + 1.09 0.37

Total dose of
R 2267.10 £ 1273.92 2161.02 £ 1141.03  0.98 2230.28 + 1059.97 0.68
gonadotrophins (IU)

Stimulation (days) 10.06 +1.99 9.86 £ 2.27 0.87 9.78 £2.26 0.29

E: (pg/mL) 1490.00 + 765.88  1500.65 + 107699 025  1262.62 % 669.63  0.06
Oocytes count 7.69 £ 4.56 7.31 £ 5.67 0.18 7.11 £4.83 0.29
Metaphase II 6.22 + 3.87 6.08 £ 5.46 0.13 5.95+4.35 0.45
Embryo counts 3.98+2.85 376 3.63 006  3.82+3.65 0.28
P
regnancy 36.17 40.00 0.55 20.51 0.04

rate/transfer (%)

Note: Groups are represented as: Control (uninfected population), n = 1587; HIV subgroup, n = 84; and
HCV subgroup, n = 45. Data are represented as mean values + standard deviation using Mann-Whitney
post-hoc test or as proportion in percentage using Fisher’s exact test. Statistical significance was set for P <
0.05.

we ought to determine if it might be due to the contribution of HIV and/or HCV
subgroups. No differences were observed between HIV (28.57% + 9.66%; 95%
CI: 18.91 - 38.23; P = 0.251) and the control (34.66% + 2.34%; 95% CI: 32.32 -
37.00). On the other hand, clinical pregnancy rate was significantly reduced in
HCV subgroup (17.78% = 11.17%; 95% CI: 6.61 - 28.95; P = 0.019) (Figure
2(A)).

Neither HIV (27.38% + 9.54%; 95% CI: 17.84 - 36.92; P = 0.843) nor HCV
(15.56% + 10.59%; 95% CI: 4.97 - 26.15; P = 0.058) baby home rates differed sig-
nificantly from control (28.42% + 2.22%; 95% CI: 26.20 - 30.64) (Figure 2(B)).
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Figure 2. Clinical pregnancy and baby home rates of HIV and HCV subgroups belonging
to the infected group. Clinical pregnancy (A) and baby home (B) rates were obtained
from control (uninfected individuals; n = 1587), HIV (at least one partner infected with
HIV-1; n = 84) and HCV (at least one partner infected with HCV; n = 45). Data are
represented as proportion in percentage + average amplitude of the 95% confidence in-
terval and statistical significance were set for P < 0.05 using Fisher’s exact test.

4. Discussion

In this study, we aimed at determining IVF cycle results from a Portuguese in-
fected group which resorted to ART to conceive. We also sought to analyze
HIV- and HCV-infected couples individually, two major subgroups of this in-
fected group. The main findings of the present study reside in lower baby home
and clinical pregnancy rates in total infected group. In particular, we verified
that the clinical pregnancy rate was very low in the HCV subgroup, suggesting
that HCV individuals within the infected group contributed the most to this re-
duction. However, the reduction in baby home rates was only statistically signif-
icant for the infected group and not for each subgroup. This could be explained
by the high variability observed in both HIV and HCV subgroups when analyzed
separately.

The development of HAART provides an increase in life expectancy and qual-
ity of life. Administration of specific HAART solutions makes it possible for in-
fected couples to conceive [18] [19]. Furthermore, vertical transmission is al-
most inexistent when couples undergo ART [7] [8] [9], although they may face
infertility-related issues caused by the diseases.

The data provided in the present work was obtained from the only Portuguese
Public Health Hospital that provides free of charge fertility care to couples with
viral infections.

Our findings revealed that the pregnancy rate was decreased in HCV sub-
group. Pieces of evidence demonstrated that HCV serodiscordant couples face
difficulties in conceiving [12] [15]. These impairments included poorer ovarian
response to stimulation, which could be associated with low ovarian reserve, re-
sulting in an increment of cancelled cycles [15]. Additionally, when there was a

response to stimulation, low levels of E, and reduced number of antral follicles
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were observed [12]. Our numbers did not differ from control regarding stimula-
tion duration, doses of gonadotrophins administered and E, levels. Also, we did
not find any differences in the number of antral follicles, or in FSH and AMH
levels. Most likely, the HCV group might have required an increased duration of
stimulation to reach equivalent pregnancy rates to control. One study pointed
out that HCV-infected women required more gonadotrophins doses to obtain
similar peak levels of E,, but lower numbers of embryos were obtained [15]. The
present data suggest that tubal causes of infertility might be the reason behind
low pregnancy rates. Another possible reason to explain low pregnancy rates
could be the decreased pregnancy rate/transfer as implantation might not have
occurred after embryo transfer. Hanafi and collaborators [12] found a decrease
in implantation rates in women infected with HCV, but another study showed
that HCV did not have any influence in this parameter [15]. We propose that the
presence of the disease alongside other infertility outcomes may increase the dif-
ficulty of couples to conceive. In fact, male individuals carrying HIV, HCV or
HBYV present reduced semen volume, sperm count and motility, and increased
abnormal sperm morphology [20] [21] [22] [23]. It has also been demonstrated
that HIV and HBV can increase the prevalence of unilateral and bilateral tub-
al-related, and uterine infertilities [13] [16] [24]. Another parameter that could
interfere with pregnancy rate is smoking habits as we observed a significant in-
crease in tobacco use in HCV couples. In fact, women who smoke have a high
prevalence of poorer ovarian reserves and lower pregnancy rates [25] and men
have lower sperm count, motility, and viability [26]. These effects, in association
with the disease, may aggravate the impairment to conceive.

We observed that the rate of clinical pregnancy did not significantly change in
the HIV subgroup. Other studies corroborate ours, observing that HIV did not
have any effect in the total dose of administered gonadotrophins, the duration of
stimulation, E, levels, or in the number of mature follicles, oocytes, and em-
bryos. The number of clinical pregnancies in HIV-positive women also did not
change [13] [27]. In a similar line of study, another group did not find any dif-
ferences in AMH levels and antral follicles count between HIV-1-positive and
non-infected women [28]. These authors did not note any differences in ovarian
stimulation, duration, total gonadotropins units administered, except for a dif-
ference in E; levels, but lower pregnancy rates were observed [28], in line with
the results we obtained in this work. Except for AMH levels that were reduced in
HIV subgroup, no other differences were observed for the number of antral fol-
licles and the concentrations of FSH in relation to controls, which suggests that
all groups possess similar ovarian reserve. Gonadotrophin’s administration and
duration of stimulation did not differ in the HIV subgroup. However, the num-
ber of oocytes, the number of oocytes under metaphase II and the number of
embryos were reduced in the infected group, but not specifically in the HIV
subgroup. Once again, we propose that ovarian stimulation is not compromised
by HIV-1.
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Baby home rates were significantly lower in total infected group, but it did not
differ across the subgroups. Vankerkem and colleagues [14] did not see any dif-
ferences in delivery rates in serodiscordant (HIV-positive women or HIV-positive
male partners) or in seroconcordant couples. Curiously, clinical pregnancy and
baby home rates in the HIV subgroup matched those of the control group. In
contrast, Ohl and collaborators [29] showed that the rate of newborns was re-
duced in HIV- and HBV-infected women, but no differences were observed in
HCV-infected women. The number of individuals in the HCV group [29] was
drastically smaller than that in subgroups HIV and HBV, and it did not offer a
solid estimate of the number of newborns. In this study, we also present a low
number of individuals within the HIV and HCV subgroups. In 2015, the rate of
HIV and HCV in Portugal were 9.5 and 1.1 per 100,000 population, respectively
[30] [31], so higher numbers of infected individuals undergoing ART should not
be expected. Moreover, no evidence is available regarding the incidence of in-
fected individuals who are assisted in private health centers that could help us to
establish a comparison with our data. However, of the 10 HCV-positive women
with negative male partners belonging to the HCV subgroup, only one woman
had a clinical pregnancy that ended in a miscarriage in the first trimester. In fact,
one study showed a substantial decrease of live-birth rates in HIV-infected

women with age above 35 years [32].

5. Conclusion

The present work reveals that the group with viral infection presented a similar
response to stimulation. Despite the HCV subgroup presenting lower clinical
pregnancy rate (17.78% vs. 34.66% in the control group), the baby home rate

was similar to the uninfected control group.

Capsule Summary

ART results from couples with viral infections (HBV, HCV, HIV or mixed) in a
Portuguese public hospital. Despite low pregnancy rates, promising results on

baby home rates were observed.
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