Report on viral infections in ART
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ABSTRACT

Human immunodeficiency virus (HIV), hepatitis B virus (HBV) and hepatitis C virus (HCV) are widespread infectious agents.
In developed countries, effective therapies have turned potentially lethal HCV, HBV and HIV infections info chronic dis-
eases with a good quality of life, also in terms of reproductive chances. Serodiscordant status is the condition in which
only one partner is HIV, HBV and/or HCV positive. In fertile serodiscordant couples, natural conception should be encour-
aged following specific prophylactic strategies, while infertile serodiscordant couples should be referred for treatment
performed using assisted reproduction technology (ART). ART centers working with serodiscordant couples must set up
an infernal management and control system to guarantee the safety of operators, uninfected patients, gametes and em-
bryos, and also of the fetus, especially during the cryopreservation step.

Herein we summarize general features of HIV, HBV and HCV infection, their possible impact on human reproduction, and
laboratory recommendations to achieve safe management of serodiscordant couples seeking pregnancy through ART.
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Introduction

Human immunodeficiency virus (HIV), hepatitis B virus
(HBV) and hepatitis C virus (HCV) are widespread infectious
agents. In Italy, over one million people are estimated to be
infected by HCV, 332,000 by HBV, and almost 4,000 by HIV.
Nevertheless, anti-viral therapies have turned potentially lethal
HIV,HBYV and HIV infections into chronic diseases with a good
quality of life, also in terms of reproductive chances. Serodis-
cordant status is the condition in which only one of the partners
in a couple is positive to one or more of these viruses. Sero-
discordant status has social and psychological implications; in
particular, it limits sexuality and can undermine the couple’s
welfare, causing feelings of bewilderment, fear, guilt, respon-
sibility, and inadequacy, and leading to breakdowns in commu-
nication. Serodiscordant couples therefore need psychological
support, especially after the discovery of the infection !"!. For-
tunately, fertile serodiscordant couples can nowadays seek a
pregnancy by natural conception thanks to several therapeutic
strategies for both the infected partner and the non-infected one
(231 Infertile serodiscordant couples should instead be offered
treatment involving assisted reproduction technology (ART).
Even though serodiscordant status is not a discriminatory fac-
tor for access to infertility treatments, specific procedures are
required to protect operators, healthy patients, and the future
fetus. A higher risk of cross-contamination and infection may
be present during cryopreservation and gamete donation, as
suggested by literature data reporting the transmission of vi-
ruses and other microorganisms via liquid nitrogen . For this
reason, screening and suitable operating procedures are man-
datory in order to avoid contamination between cryopreserved
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samples and safeguard the health of patients and the future un-
born child.

In this report we summarize recommendations, outcomes,
and good laboratory practices allowing safe management of se-
rodiscordant couples seeking pregnancy by ART.

HCV

HCYV is a blood-borne RNA virus responsible for hepati-
tis C. It is transmitted primarily through parenteral exposure
(blood products, shared needles, needle stick injuries), al-
though it may also be found in other biological fluids such as
saliva, urine, semen, vaginal secretions, and breast milk. Sex-
ual and vertical transmission are considered secondary modes
of transmission "', HCV infects over 1% of the world’s popu-
lation, with intravenous drug users, hemophiliacs, homosexual
men, sex workers and sexual partners of HCV-infected subjects
being the categories at highest risk . The virus is highly path-
ogenic: 80% of infected patients develop chronic liver disease,
35% develop cirrhosis, and 5% of the 35% will progress to
hepatocellular carcinoma . There is no vaccine available.

In the ART field, HCV can be transmitted both to operators
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and to healthy patients, for example via semen. Good manage-
ment of HCV serodiscordant couples should begin with coun-
seling aimed at informing the infected partner about the risk of
infecting their healthy partner, members of the healthcare team,
and the fetus. To prevent HCV infection during ART, sperm
washing is strongly recommended in order to reduce the vi-
ral load in the semen sample ). Moreover, in serodiscordant
couples with male infection, employment of elective intracyto-
plasmic sperm injection (ICSI) is recommended even though
conventional IVF has also been demonstrated to reduce the risk
of HCV transmission !,

Data on the impact of HCV on ART outcomes are discord-
ant. Several studies suggest an adverse effect of viral infection
on sperm parameters, hormone levels, and pregnancy rates """
141 while others show no differences in ART results between
serodiscordant couples and negative ones > . Other studies
investigating ART outcomes in serodiscorsant couples with an
HCV-positive female partner suggest that the virus may affect
ovarian response to stimulation, fertilization, implantation, and
pregnancy rates; however, data are contradictory ['81°),

HBV

HBYV is a double-stranded DNA virus responsible for hep-
atitis B, a major cause of acute and chronic hepatitis, cirrho-
sis, and hepatocellular cancer. With about 350 million infected
people worldwide, HBV is one of the world’s most common
infectious diseases. The virus can be parenterally, sexually and
vertically transmitted. Moreover, HBV can be transmitted via
mucosal exposure (blood, semen, vaginal secretions, and sali-
va) and during ART 22, Several efficient strategies for pre-
vention of HBV transmission are today available. The HBV
vaccine, introduced in 1982, is the most important method of
preventing the spread of HBV, both in the general population
and among healthcare workers 2. Good evidence is available
supporting the administration, within 12 hours of birth, of HBV
immunoglobulins and vaccine in infants born to HBsAg-pos-
itive patients, and an appropriate immunoprophylaxis allows
breastfeeding of babies born to infected patients !>,

In the safe management of serodiscordant couples seeking
pregnancy by ART, any treatment should be started only after
vaccination of the negative partner, documented by the pres-
ence of anti-hepatitis B surface antibodies " Sperm washing is
not required if the female partner is immunized against HBV.

HBYV infection in the ART setting is an important issue not
only for the risk of transmission, but also for the possible ef-
fects on gamete competence. Several reports suggest an asso-
ciation between the presence of this virus and a poor reproduc-
tive prognosis both in natural and in assisted conception due
to increased chromosomal instability in sperm, even without
worsening of semen parameters. Sperm progressive motility
and fertilization rate both seem to be significantly lower in pa-
tients affected by HBV. For these reasons, in serodiscordant
couples with an HBV-positive male partner, a mixed (half ICSI,
half IVF) approach could be proposed in the first ART cycle,
with the aim of evaluating the possible impact of the virus on
sperm competence and HBV could be also detected in the oo-
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cytes or ovarian tissue. The impact of HBV on ART outcomes
such as embryo development, implantation rate, and pregnancy
rate are currently under investigation 1>*27),

HIV

HIV is a retrovirus that depletes CD4+ T cells and is re-
sponsible for acquired immune deficiency syndrome (AIDS).
HIV is characterized by a single-stranded RNA and by the pres-
ence of reverse transcriptase, an enzyme that allows RNA to be
copied into DNA. HIV in fact uses a DNA “copy” to infect the
host. The first step in the infection is fusion of HIV with the
host cell. Then, the viral RNA is converted into DNA and the
virus uses the host cell’s machinery to replicate itself by reverse
transcription. New copies of HIV leave the host cell and go on
to infect other cells. There are nearly 37 million people living
with HIV/AIDS around the world, the vast majority in devel-
oping countries, and more than half are women. Two-thirds of
all people newly infected with HIV live in Sub-Saharan African
countries, where three-quarters of all AIDS-linked deaths occur
(28291 'HIV is mainly transmitted via unprotected sexual inter-
course and facilitated by infections and ulceration of the genital
tract, trauma or bleeding during sexual practices, and absence
of male circumcision ™. HIV transmission is directly associat-
ed with peripheral blood viral load, with a lower risk in subjects
with peripheral viral loads <10,000 copies/mL B!, Interesting-
ly, the seminal HIV viral load roughly correlates with the plas-
ma one, but is much more variable and isolable. It should also
be stressed that infected men with low or undetectable viral
loads could have HIV copies in their seminal plasma 5234,

In the ART field, several women were infected with HIV
after donor insemination between 1980 and 1984, before strict
donor screening and semen quarantine practices were imple-
mented. Moreover, a significant reduction of the infection has
been documented following sperm-wash via density gradient
centrifugation and swim-up allowing separation of motile
sperm from round cells and seminal plasma P56, In the safe
management of HIV serodiscordant couples with a positive
male partner, there is good evidence supporting the efficacy of
sperm-wash in significantly reducing the risk of infection. In
addition, the non-infected partner must be checked periodically
for HIV during the treatment and during any resulting pregnan-
cy. Moreover, the storing of HIV-infected samples (i.e., semen,
oocytes and embryos) in specially designed tanks is now a
widespread practice, making it possible to significantly reduce
the risk of viral transmission via liquid nitrogen. Finally, ver-
tical transmission can be reduced thanks to the use of antiret-
roviral drugs during pregnancy and/or labor, elective cesarean
section, and avoidance of breastfeeding. These measures can
reduce the risk of HIV transmission to less than 2% 1373,

Discussion

In developed countries, effective therapies have allowed
lethal infections like HCV, HBV and HIV to be turned into
chronic diseases associated with good life expectations, also
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in terms of reproductive chances. For fertile serodiscordant
couples, natural conception following specific prophylactic
strategies should be encouraged, while infertile serodiscord-
ant couples should be offered treatment with ART. In recent
years, serodiscordant couples have increasingly turned to ART
centers. Their desire for parenthood is identical to that of any
other couple, even though their management must involve spe-
cific counseling and recommendations. Counseling is crucial to
inform patients about the risk of sexual and vertical transmis-
sion of the infection; it should include information on safe sex-
ual practices, such as the use of condoms during the infertility
treatment and the pre- and post-pregnancy period, as well as
guidance on appropriate lifestyle choices. Moreover, in sero-
discordant couples, serial diagnostic testing of the uninfected
partner is important, also during the first year following the
child’s birth. A clear and explicit informed consent process is
essential, in which it must be made clear that the risk of trans-
mission cannot be entirely eliminated, even when all the neces-
sary precautions are taken and the best risk reduction strategies
are implemented. Appropriate psychological, medical and ob-
stetric assistance should ideally be provided by a multidiscipli-
nary medical team, for the protection of patients, and also of
the future unborn child.

In the management of serodiscordant couples seeking preg-
nancy by ART, is important to remember that a risk of viral
contamination has been documented in ART clinics and blood
banks. Even though this risk can be reduced, it cannot be en-
tirely eliminated. For this reason, ART centers working with se-
rodiscordant couples must set up an internal management and
control system designed to guarantee the safety of operators
and uninfected patients, and also of the fetus. Correct and safe
management of serodiscordant couples should follow recom-
mendations, such as the treatment of infected samples in a sep-
arate laboratory or in a designated space within the main lab-
oratory to minimize the risk of cross-contamination. The risk
of cross-contamination during ART is probably greatest during
the cryopreservation step because viruses and other microor-
ganisms can survive in liquid nitrogen. In order to protect the
cryopreserved samples against the risk of cross-contamination,
the use of separate tanks and sterile nitrogen is strongly recom-
mended. Other possible strategies to avoid cross-contamination
via liquid nitrogen are the use of “closed” freezing devices or
the use of “double enveloping”. Another possibility is to store
cryopreserved samples in nitrogen vapor, although the litera-
ture is conflicting with regard to this approach as it has been
demonstrated that contaminants persist in the vapor phase 44,

An important aspect of ART in serodiscordant couples, re-
cently discussed by Borges er al. 9, is the cost of microbial
contamination during infertility treatment. Although data on
the economic impact of microbial contamination in the global
ART industry are scarce, this impact is found to be considera-
ble when estimated on the basis of the prevalence of contami-
nation (about 0.7%, according to literature), the number of IVF
cycles per year, and the cost of the procedure. For instance, of
the approximately 285,000 IVF cycles performed in the USA
in 2017, nearly 2000 cycles presented microbial contamination
and a decline in cell quality, without successful embryo trans-
plantation in most cases. This translates into a mean cost per
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patient of US$ 10,000 (according to current US market prices)
and an overall cost of about US$ 20 million per year, excluding
the ancillary costs linked to couples who do not achieve preg-
nancy due to potentially undetectable contamination of embryo
cultures. Similarly, in 2017, over 75,000 cycles of IVF were
carried out in 119 licensed ART clinics across the UK where
the cost of IVF is around £5000 (US$ 6500) per cycle of treat-
ment. Applying the same parameters used to estimate the cost
of microbial contamination in the USA, the overall cost in the
UK corresponded to about US$ 3.4 million. In Brazil, each IVF
cycle costs, on average, R$ 15,000 (US$ 4000). On the basis of
the 36,370 IVF cycles reported in 2017 and the estimated 4.8%
rate of microbial contamination reported in national registers,
the total annual cost of microbiological contamination in ART
laboratories and clinics reaches nearly R$ 26.1 million (US$7
million), a non-negligible cost for IVF clinics and patients.

Of greater concern, IVF failure has the potential to be an
emotionally and financially exhausting experience for patients.
This has enormous implications for couples of increasingly
higher age, when compared to the mean age of the women un-
dergoing ART procedures. Furthermore, longitudinal studies
should be carried out to identify possible adverse effects of the
presence of microorganisms in contact with embryos conceived
in vitro, and the possible implications for adult life. Meanwhile,
there is also a need to discuss new ways to improve or modify
the preparation and cryopreservation of gametes. These discus-
sions should be developed with a view to improving the safety
of ART by reducing the impacts, both subtle and overt, of con-
tamination in the embryo culture and cryopreservation steps.

References

1. Practice Committee of American Society for Reproductive Medicine.
Recommendations for reducing the risk of viral transmission during
fertility treatment with the use of autologous gametes: a committee
opinion. Fertil Steril. 2013;99(2):340-6.

2. Baza MB, Jerénimo A, Rio I, et al. Natural conception is safe for
HIV-serodiscordant couples with persistent suppressive antiretro-
viral therapy for the infected partner. J Womens Health (Larchmt).
2019;28(11):1555-62.

3. Bazzi AR, Leech AA, Biancarelli DL, Sullivan M, Drainoni ML. Ex-
periences using pre-exposure prophylaxis for safer conception among
HIV serodiscordant heterosexual couples in the United States. AIDS
Patient Care STDS. 2017;31(8):348-55.

4. Cobo A, Bellver J, de los Santos MJ, Remohi J. Viral screening of
spent culture media and liquid nitrogen samples of oocytes and embry-
os from hepatitis B, hepatitis C, and human immunodeficiency virus
chronically infected women undergoing in vitro fertilization cycles.
Fertil Steril. 2012;97(1):74-8.

5.  Englert Y, Lesage B, Van Vooren JP, et al. Medically assisted repro-
duction in the presence of chronic viral diseases. Hum Reprod Update.
2004;10(2):149-62.

6.  Parmegiani L, Accorsi A, Bernardi S, Arnone A, Cognigni GE, Filicori
M. A reliable procedure for decontamination before thawing of human
specimens cryostored in liquid nitrogen: three washes with sterile lig-
uid nitrogen (SLN,). Fertil Steril. 2012;98(4):870-5.

7. Bresters D, Mauser-Bunschoten EP, Reesink HW, et al. Sexual trans-
mission of hepatitis C virus. Lancet. 1993;342(8865):210-1.

8. MacDonald M, Crofts N, Kaldor J. Transmission of hepatitis C virus:
rates, routes, and co-factors. Epidemiol Rev. 1996;18(2):137-48.

35



Anastasi A et al.

10.

11.

12.

14.

15.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

36

Strader DB, Wright T, Thomas DL, Seeff LB; American Association
for the Study of Liver Diseases. Diagnosis, management, and treatment
of hepatitis C. Hepatology. 2004;39(4):1147-71.

Pasquier C, Daudin M, Righi L, et al. Sperm washing and virus nucleic
acid detection to reduce HIV and hepatitis C virus transmission in sero-
discordant couples wishing to have children. AIDS. 2000;14(14):2093-9.
Mencaglia L, Falcone P, Lentini GM, et al. ICSI for treatment of human
immunodeficiency virus and hepatitis C virus serodiscordant couples
with infected male partner. Hum Reprod. 2005;20(8):2242-6.

Durazzo M, Premoli A, Di Bisceglie C, et al. Alterations of seminal
and hormonal parameters: An extrahepatic manifestation of HCV in-
fection? World J Gastroenterol. 2006;12(19):3073-6.

Hofny ER, Ali ME, Taha EA, et al. Semen and hormonal parameters in
men with chronic hepatitis C infection. Fertil Steril. 2011;95(8):2557-9.
Lorusso F, Palmisano M, ChironnaM, et al. Impact of chronic viral
diseases on semen parameters. Andrologia. 2010;42(2):121-6.

Moretti E, Federico MG, Giannerini V, Collodel G. Sperm ultrastruc-
ture and meiotic segregation in a group of patients with chronic hepati-
tis B and C. Andrologia. 2008;40(3):173-8.

Pasquier C, Daudin M, Righi L, et al. Sperm washing and virus nucleic
acid detection to reduce HIV and hepatitis C virus transmission in sero-
discordant couples wishing to have children. AIDS. 2000;14(14):2093-9.
Bourlet T, Levy R, Maertens A, et al. Detection and characterization of
hepatitis C virus RNA in seminal plasma and spermatozoon fractions
of semen from patients attempting medically assisted conception. J
Clin Microbiol. 2002;40(9):3252-5.

Levy R, Tardy JC, Bourlet T, et al. Transmission risk of hepatitis C virus
in assisted reproductive techniques. Hum Reprod. 2000;15(4):810-6.
Hanafi NF, Abo Ali AH. Abo el kheir HF. ICSI outcome in women
who have positive PCR result for hepatitis C virus. Hum Reprod.
2011;26(1):143-7.

Berry W, Gottesfeld R, Alter H, Vierling J. Transmission of hepatitis B
virus by artificial insemination. JAMA. 1987;257(8):1079-81.

Mosley JW. The epidemiology of viral hepatitis: an overview. Am J
Med Sci. 1975;270(2):253-70.

Lemon SM, Alter MJ. Viral Hepatitis. Sexually transmitted diseases.
Third edition. New York: McGraw-Hill; 1999:361-84.

Mast EE, Weinbaum CM, Fiore AE, et al; Advisory Committee on
Immunization Practices (ACIP) Centers for Disease Control and Pre-
vention (CDC). A comprehensive immunization strategy to eliminate
transmission of hepatitis B virus infection in the United States: rec-
ommendations of the Advisory Committee on Immunization Practic-
es (ACIP) Part II: immunization of adults. MMWR Recomm Rep.
2006;55(RR-16):1-33; quiz CE1-4.

QianW, Tan Y, Chen Y, et al. Rapid quantification of semen hepatitis B
virus DNA by real-time polymerase chain reaction. World J Gastroen-
terol. 2005;11(34):5385-9.

Huang J, Huang T, Qiu H, et al. Effects of hepatitis B virus infection on
human sperm chromosomes. World J Gastroenterol. 2003;9(4):736-40.
Ye F, Yue Y, Li S, et al. Presence of HBsAg, HBcAg, and HBVDNA in
ovary and ovum of the patients with chronic hepatitis B virus infection.
Am J Obstet Gynecol. 2006;194(2):387-92.

Oger P, Yazbeck C, Gervais A, et al. Adverse effects of hepatitis B virus
on sperm motility and fertilization ability during IVF. Reprod Biomed
Online. 2011;23(2):207-12.

UNAIDS. Core Epidemiology Slides, July 2018. Available at: https://
www.unaids.org/en/resources/documents/2018/core-epidemiolo-

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

gy-slides. Accessed June 12,2023.

Royce RA, Sefia A, Cates W Jr, Cohen MS. Sexual transmission of
HIV. N Engl J Med. 1997;336(15):1072-8.

Galvin SR, Cohen MS. The role of sexually transmitted diseases in
HIV transmission. Nat Rev Microbiol. 2004;2(1):33-42.

Quinn TC, Wawer MJ, Sewankambo N, et al, Viral load and hetero-
sexual transmission of human immunodeficiency virus type 1. Rakai
Project Study Group. N Engl J Med. 2000;342(13):921-9.

Coombs RW, Speck CE, Hughes JP, et al. Association between cultura-
ble human immunodeficiency virus type 1 (HIV-1) in semen and HIV-1
RNA levels in semen and blood: evidence for compartmentalization of
HIV-1 between semen and blood. J Infect Dis. 1998;177(2):320-30.
Anderson DJ, O’Brien TR, Politch JA, et al. Effects of disease stage
and zidovudine therapy on the detection of human immunodeficiency
virus type 1 in semen JAMA. 1992;267(20):2769-74.

Zhang H, Dornadula G, Beumont M, et al. Human immunodeficiency
virus type 1 in the semen of men receiving highly active antiretroviral
therapy. N Engl J Med. 1998;339(25):1803-9.

Politch JA, Xu C, Tucker L, Anderson DJ. Separation of human im-
munodeficiency virus type 1 from motile sperm by the double tube
gradient method vs other methods. Fertil Steril. 2004;81(2):440-7.
Wortley PM, Hammett TA, Fleming PL. Donor insemination and hu-
man immunodeficiency virus transmission. Obstet Gynecol. 1998;
91(4):515-8.

Connor EM, Sperling RS, Gelber R, et al. Reduction of maternal-infant
transmission of human immunodeficiency virus type 1 with zidovudine
treatment. Pediatric AIDS Clinical Trials Group Protocol 076 Study
Groupent. N Engl ] Med. 1994;331(18):1173-80.

Savasi V,Mandia L, Laoreti A, Cetin I. Reproductive assistance in HIV
serodiscordant couples. Hum Reprod Update. 2013;19(2):136-50.

C Cobo A, Romero JL, Pérez S, de los Santos MJ, Meseguer M, Re-
mohi J. Storage of human oocytes in the vapor phase of nitrogen. Fertil
Steril. 2010;94(5):1903-7.

Lim J, Shin T, Song S, Bak C, Yoon T, Lee D. Effect of liquid nitrogen
storage vapor storage on the motility, viability, morphology, deoxyri-
bonucleic acid integrity, and mitochondrial potential of frozen-thawed
human spermatozoa. Fertil Steril. 2010;94(7):2736-41.

Barnes A, Riche D, Mena L, et al. Efficacy and safety of intrauterine
insemination and assisted reproductive technology in populations se-
rodiscordant for human immunodeficiency virus: a systematic review
and meta-analysis. Fertil Steril. 2014;102(2):424-34.

Parmegiani L, Troilo E, Arnone A, et al. Efficiency of aseptic open
vitrification and hermetical cryostorage of human oocytes. Current
Trends in Clinical Embriology. 2014;1(1):17-22.

Bielanski A. Experimental microbial contamination and disinfection of
dry (vapour) shipper dewars designed for short-term storage and trans-
portation of cryopreserved germplasm and other biological specimens.
Theriogenology. 2005;63(7):1946-57.

Morris GJ. The origin, ultrastructure, and microbiology of the sedi-
ment accumulating in liquid nitrogen storage vessels. Cryobiology.
2005;50(3):231-8.

Parmegiani L. Vitrification with UV-sterilized supercooled air. Fertil
Steril. 2011;95(7):e43; author reply e44.

Borges ED, Berteli TS, Reis TF, Silva AS, Vireque AA. Microbial
contamination in assisted reproductive technology: source, prevalence,
and cost. J Assist Reprod Genet. 2020;37(1):53-61

Res Inn Views Embyol Reprod 2024; 1(1):33-36





