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Summary

Viruses cause many diseases in humans, from self-resolving diseases to acute fatal dis-
eases. New antiviral drugs are registered and the efficacy and safety of other medicines 
are evaluated in clinical trials. Antiviral therapy significantly reduces the morbidity and 
mortality of patients, but may cause numerous adverse effects. The aim of this study is 
to discuss the mechanism, selected adverse effects of available antivirals and their safety 
during pregnancy and lactation. The authors refer to the classification of drugs used dur-
ing pregnancy and recommendations for breastfeeding, which, for example, definitely 
prohibit the use of ribavirin. The authors also pay attention to the monitoring of selected 
diagnostic parameters to improve the treatment results. Clinicians should limit adverse 
effects through an individual, specific to the patient treatment regimen. Physicians should 
pay special attention to the use of antiviral drugs in pregnant and breast-feeding women. 
Clinical trials should be continued to increase knowledge about the adverse effects of 
antiviral medicines.
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replication in infected cells, inhibition of cell prolifer-
ation and immunomodulatory actions such as stimula-
tion of macrophage phagocytic activity or stimulation 
of cytotoxic activity of lymphocytes against target cells. 
Each of these mechanisms consists in the therapeutic 
effect of interferon [45].

Type I interferons are associated with a unique heter-
odimeric receptor consisting of an interferon alpha 1/2 
receptor (IFNAR1/IFNAR2). It leads to the activation of 
signal paths and the subsequent induction of a large 
number of ISGs. Proteins encoded by ISGs mediate the 
antiviral activity of interferons. IFNAR1 and IFNAR2 
are associated with Janus activated kinases (JAKs) 
tyrosine kinase 2 (TYK2) and JAK1, respectively. Bind-
ing type I IFNs with their receptors leads to activation 
of JAKs, which in turn triggers tyrosine phosphoryla-
tion in the signal transducer and activator of transcrip-
tion 2 (STAT2) and Signal transducer and activator 
of transcription (STAT1). STAT1/STAT2 migrates into 
the nucleus and associates with IFN regulatory factor  
9 (IRF9), forming the STAT1–STAT2–IRF9 complex also 
known as Interferon-Stimulated Gene Factor 3 (ISGF3). 
This complex binds the IFN-stimulated response ele-
ments (ISREs) inside DNA to initiate the transcription 
of hundreds of different ISGs. These genes help both to 
remove virus from infected cells and to protect neigh-
bouring, non-infected cells [45].

The genes induced by IFN I also include Protein Kinase R 
(PKR), which by means of phosphorylation of the eukar-
yotic initiation factor 2α (elF2α), inhibits the translation 
of virus proteins [45].

Interferons also have another important role to play. Type 
I IFNs can promote T cell proliferation, prevent T cell 
apoptosis, stimulate the activation of the Natural Killer 
Cell (NKC) and stimulate the maturation of Dendritic Cells 
(DCs). They can also regulate the synthesis of major his-
tocompatibility complex (MHC) and major class I tissue 
compatibility systems, and promote the T-helper-1 phe-
notype over the T-helper-2 phenotype [45]. 

Some of the most common side effects include: gastro-
intestinal disorders, upper respiratory tract infections, 
coughing, dyspnoea, depression, mood changes, visual 
impairment, tachycardia, peripheral oedema, alopecia, 
muscle and joint pain, ear pain, fainting, dermatitis, 
impotence and fever [80].

Because of the low levels in milk and poor oral absorp-
tion by the infant, it is unlikely that interferon use by  
a nursing mother presents any serious risk to the breast-
fed infant. Mothers with hepatitis B are encouraged to 

INTRODUCTION

Viruses cause many diseases in humans, from self-
resolving diseases to acute fatal diseases. Future antivi-
rals are being developed due to the high risk of patient’s 
mortality. In recent years, there have been drugs with 
new mechanisms of action that have been unused, and 
the effectiveness and safety of other drugs is being 
evaluated in clinical trials. Antiviral therapy signifi-
cantly reduces the morbidity and mortality of patients, 
but is associated with complications in various body 
systems. Risk factors and the frequency of occurrence 
of selected adverse effects of pharmacological treat-
ment are collected and documented. Identifying spe-
cific causes related to epidemiology, pathogenesis and 
the prevention of viral diseases is necessary for a clini-
cian. Nevertheless, attention should be paid to select-
ing appropriate, individual treatment, especially 
during pregnancy and lactation, taking into account the 
adverse effects of the antiviral drugs used. The publica-
tion is a review and its aim is to discuss the available 
drugs that are used in the treatment of viral diseases, 
with the focus on their selected adverse effects. The 
safety of antiviral therapy during pregnancy and lacta-
tion deserve particular attention. 

Table 1 presents the current range of antiviral sub-
stances divided into drug groups, taking into account 
their use in the therapy of individual viral diseases.

Interferons (IFNs) are a family of cytokines secreted by 
host cells in response to various pathogens, including 
viruses, bacteria and fungi. To protect our body from 
virus pathogen infestations, interferons activate the 
transcription of multiple Interferon-Stimulated Genes 
(ISGs) and thus promote a broad spectrum of antiviral 
responses. Hepatitis C Virus (HCV) is both a hepato-
tropic and a lymphotropic virus associated with several 
chronic infectious diseases. Among chronically infected 
patients, 20% to 35% suffer from cirrhosis and have  
a high risk of developing hepatocellular carcinoma. The 
extrahepatic manifestations of HCV infection include 
autoimmune diseases, hematologic diseases, and rheu-
matic diseases. Currently, the treatment of hepatitis C is 
based on a combination of interferon (IFN) or pegylated 
interferon (PEG-IFN α-2a or α-2b, peginterferon) and 
ribavirin (RBV) [47]. Three Nonstructural Protein 3-4A 
(NS3-4A) protease inhibitors are also used: telaprevir 
(TVR), boceprevir (BOC) and one RNA polymerase 
inhibitor dependent on NS5B RNA (RdRp) sofosbuvir 
(SOF). Interferons initiate a sequence of intracellular 
events, including the induction of specific enzymes. 
This process at least partly determines the different cell 
responses to interferon, including inhibition of virus 
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Table 1. Drugs used in various viral diseases

Interferon alfa

Hepatitis B Virus, Hepatitis C Virus, Herpes Simplex Virus, Epstein-
Barr Virus, Human Papilloma Virus

[47, 54, 135, 136]

 Antimetabolites (polymerase inhibitors)

 analogue of adenosine

adefovir Hepatitis B Virus

 analogues of guanosine

ganciclovir
Cytomegalovirus,
Herpes Simplex Virus, Epstein-Barr Virus, Hepatitis B Virus, 
Varicella Zoster Virus

[18, 33, 66, 90, 111, 124, 
136]

valganciclovir
Cytomegalovirus, Herpes Simplex Virus, Epstein-Barr Virus, 
Varicella Zoster Virus

[68, 111, 127]

acyclovir Varicella Zoster Virus, Herpes Simplex Virus [90, 131]

valacyclovir Varicella Zoster Virus, Herpes Simplex Virus, Cytomegalovirus [58, 131]

famciclovir
Herpes Simplex Virus, Varicella Zoster Virus, Epstein-Barr Virus, 
Hepatitis B Virus

[9, 66, 131]

penciclovir Herpes Simplex Virus [118]

 analog of cytosine

cidofovir
Cytomegalovirus,
Herpes Simplex Virus

[18, 114]

lamivudine Hepatitis B Virus [92]

analogues of thymidine

trifluridine Herpes Simplex Virus [90]

brivudine
Herpes Simplex Virus,
Varicella Zoster Virus

[123]

 Inhibitor of the terminase complex

letermovir Cytomegalovirus [11]

 Another antimetabolities

ribavirin
Hepatitis C Virus,
Respiratory Syncytial Virus, Arenaviruses, Adenoviruses, 
Flaviviruses

[62, 73, 78, 91, 99]

foscarnet
Hepatitis B Virus, Cytomegalovirus,
Herpes Simplex Virus

[18, 26, 130]

imiquimod Human Papilloma Virus [88]

 Nonstructural 5A (NS5A) protein inhibitors

daclatasvir, ledipasvir, ombitasvir, elbasvir, velpatasvir Hepatitis C Virus [35, 46, 61, 82, 126]

 NS5B polymerase inhibitors

sofosbuvir, dasabuvir Hepatitis C Virus [35, 61, 82, 107]

 Inhibitors of the HBV polymerase

entecavir, tenofovir Hepatitis B Virus [66, 92, 128]

 NS3 protease inhibitors

paritaprevir, asunaprevir, grazoprevir Hepatitis C Virus [38, 55, 57]

 Neuraminidase inhibitors

oseltamivir, zanamivir Influenza viruses A and B [53, 93]
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infertility in 40 men treated for HCV in 2008–2015. The pos-
sible effects of interferon on fertility hormones and semen 
parameters were evaluated. Fertility hormones such as Fol-
licle Stimulating Hormone (FSH), Luteinizing Hormone 
(LH) and testosterone were measured. Of the forty HCV 
patients who received interferon, only 14 (35%) have chil-
dren and 26 (65%) could not conceive. After treating HCV 
in HCV-positive patients there was a significant change in 
the level of FSH and LH. In particular, testosterone levels 
decreased. Treatment of HCV also significantly reduced the 
number of sperm and their motility [58].

The type-III subset of the IFN family was co-discov-
ered by two independent research groups in 2003. It 
includes three members: IFN-λ1, -λ2 and -λ3, also 
known as IL-29, IL-28A and IL-28B, respectively. Like 
type-I IFNs (IFN-α/β), the type-III IFNs induce antivi-
ral activity in cells that express IFN-λ receptors. IFN-α 
(type-I IFN) and IFN-λ (type-III IFN) signal through 
distinct receptor complexes, but activate the same 
intracellular signaling pathway. IFN-λ binds to a dis-
tinct receptor complex composed of the IFN-λ receptor 
chain (IFN-λR1) and IL-10R2 chains [29].

Expression of IFN-λ receptors is largely restricted to 
cells of epithelial origin such as keratinocytes, bronchial 
epithelial cells and hepatocytes, which suggesting that 
recombinant IFN-λ induce the hematopoietic and neuro-

breastfeed after their infants receive these preventa-
tive measures [7]. Hepatitis C is not transmitted through 
breastmilk and breastmilk has been shown to inactivate 
hepatitis C virus (HCV). However, the Centers for Disease 
Control recommends that mothers with HCV infection 
should consider abstaining from breastfeeding if their 
nipples are cracked or bleeding [19, 81, 125]. The levels 
of interferon beta-1a in breastmilk are minuscule. In 
addition, because interferon is poorly absorbed orally, 
it is not likely to reach the infant’s bloodstream. A small 
number of nursing mothers receiving interferon beta-
1a while partially breastfeeding their infants and one 
woman exclusively breastfed her infant while taking 
interferon beta-1b and reported no adverse effects [49].

A 26-year-old woman was diagnosed with acute hepatitis 
C in the 16th week of pregnancy. She received a total dose 
of 72 million units of interferon alfa-2b during a 2 1/2 
month period. Although the therapy was discontinued 
due to adverse effects, a complete biochemical and viro-
logic response was obtained. Premature labor occurred 
and healthy, but growth-restricted, twin infants were 
born transvaginally. At 18 months of age, they had normal 
development, with a negative hepatitis C serology [77]. 

Clinicians assess the side effects of antiviral drugs mainly 
during the treatment period, ignoring side effects in the 
future. Bukhari et al. conducted a retrospective study on 

Interferon alfa

peramivir Influenza viruses A and B [69]

 Inhibitors of the M2 proton channel

rimantadine Influenza Virus A [5]

 Nucleoside reverse-transcriptase inhibitors (NRTIs)

zidovudine, didanosine, stavudine Human Immunodeficiency Virus [27]

lamivudine Human Immunodeficiency Virus, [66]

abacavir Human Immunodeficiency Virus [27]

emtricitabine Human Immunodeficiency Virus, Hepatitis B Virus [27, 64]

 Nucleotide reverse-transcriptase inhibitors (NtRTIs)

tenofovir  Human Immunodeficiency Virus, Hepatitis B Virus [66, 92]

adefovir Hepatitis B Virus [66, 135]

 Non-nucleoside reverse-transcriptase inhibitors (NNRTIs)

nevirapine, efavirenz, etravirine, rilpivirine Human Immunodeficiency Virus [27]

 HIV protease inhibitors

saquinavir, ritonavir, indinavir, nelfinavir, lopinavir, tipranavir, 
fosamprenavir, atazanavir, darunavir

Human Immunodeficiency Virus [27]

 Entry inhibitors: fusion inhibitors and CCR5 antagonists

enfuvirtide, maraviroc Human Immunodeficiency Virus [28]

 Integrase strand transfer inhibitors (INSTIs)

raltegravir, elvitegravir, dolutegravir Human Immunodeficiency Virus [102]
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iridae, order Mononegavirales. Structurally, human res-
piratory syncytial virus is an enveloped, spherical virus 
with a diameter of approximately 150 nm. Respiratory 
syncytial virus (RSV) infection is a significant cause of 
hospitalization of children in North America and one 
of the leading causes of death in infants younger than  
1 year of age worldwide, second only to malaria. Despite 
its global impact on human health, there are relatively 
few therapeutic options available to prevent or treat 
RSV infection. There are currently only two antivi-
rals for RSV available, palivizumab for prevention and 
ribavirin for treatment. Numerous blinded trials of 
RSV-infected patients have demonstrated faster RSV 
clearance, decreased viral shedding, and shorter hos-
pitalization stays with the use of ribavirin to treat RSV 
infection. Palivizumab is a humanized monoclonal anti-
body that is directed to RSV fusion protein expressed 
on the surface of the RSV virion [93]. Palivizumab is not 
indicated for use in adults. There are no data on fertility, 
pregnancy and breastfeeding [104].

Table 2 presents adverse reactions related to biochemi-
cal parameters caused by antiviral drugs, occurring at  
a frequency equal to or greater than 1:100. 

DNA and RNA polymerase inhibitors are a group of 
drugs used in the treatment of many viral diseases. 
They inhibit the replication of virus genetic material. 
This group includes ganciclovir. Ganciclovir is a potent 
inhibitor of viruses of the herpes family, including cyto-
megalovirus (CMV), which are pathogenic for humans 
and animals. Ganciclovir’s main mechanism of action 
against CMV is the inhibition of viral DNA replication 
by ganciclovir 5’-triphosphate (ganciclovir-TP), by selec-
tive and strong inhibition of viral DNA polymerase [28]. 
Puliyanda et al. described the use of ganciclovir to treat 
CMV infection in a fetus at 22 weeks’ gestation. The 
mother had received a renal transplant before preg-
nancy and had been treated for CMV infection subse-
quent to a blood transfusion. Although the mother had 
no signs or symptoms of infection, an amniocentesis 
at 21 weeks’ gestation suggested fetal CMV infection. 
Oral administration of ganciclovir at a dose of 3g/day 
was started in the 22nd week of pregnancy. At 25 weeks, 
a repeat amniocentesis revealed that the CMV-DNA 
level had decreased to within the negative range. The 
minimum inhibitory concentration for CMV was 3µM, 
whereas the amniotic fluid concentration of ganciclovir 
was 14.5 µM. A cesarean section at 36 weeks delivered 
a healthy female infant with no signs or symptoms of 
CMV infection. At 3 years of age, the child had no signs 
of neurological, opthalmological, or developmental 
abnormalities [67]. Animal data indicate that ganciclo-
vir is secreted into the milk of nursing rats. Therefore, 
breastfeeding must be discontinued during treatment 
with ganciclovir. Some of the most common side effects 
of ganciclovir use include: gastrointestinal disorders, 
septicaemia, inflammation of the connective tissue, 
infection of the urinary tract, anorexia, depression, anx-
iety, entanglement, paraesthesia, seizures, taste distur-

logic adverse reactions less. IFN-λ-induced antiviral activ-
ity has been demonstrated against many different viruses, 
including the encephalomyocarditis virus (EMCV), vesicu-
lar stomatitis virus (VSV) and influenza virus. IFN-λ has 
also been shown to inhibit replication of hepatitis B virus 
(HBV) in a differentiated murine hepatocyte cell line and 
to inhibit replication of both subgenomic and full-length 
HCV replicons in the human hepatoma cell line [29].

Only chronic HCV infection benefits from interferon-
lambda (IFN-λ) therapy. IFN-λ treatment induced more-
rapid viral suppression compared with IFN-α during the 
first 12 weeks. However, at week 24, the rates of viral 
suppression are almost identical for IFN-λ and IFN-α. 
The difference between IFN-λ and IFN-α treatment has 
been evident in the incidence of side effects, because 
IFN-λ induces limited side effects. Furthermore numer-
ous studies have clearly demonstrated the involvement 
of IFN-α in the pathogenesis of autoimmune diseases 
in contrasts to the findings associated with IFN-λ.  
A low incidence of autoimmune thyroid disease has been 
recently described in chronic HCV patients treated with 
IFN-λ, which contrasts with IFN-α [60].

The mechanism of action of ribavirin (RBV), which is used 
to treat viral hepatitis, is unclear. Soota et al. suggest that 
one of the possible mechanisms through which ribavi-
rin acts synergistically with IFN in HCV therapy is pas-
sive haemolysis. It deliveres the heme to hepatocytes and 
Kupffer-Browicz cells. The heme is then metabolized and 
detoxified by heme oxygenase 1 (HMOX1) to carbon mon-
oxide (CO), biliverdin and free iron. The heme metabolites 
obtained have anti-inflammatory and antioxidant proper-
ties. HMOX1 plays an important antioxidant, anti-inflam-
matory and cytoprotective role, especially in Kupffer cells 
and hepatocytes. HMOX1 has been found to have antiviral 
activity in hepatitis C infected cell lines. Moreover, it has 
been shown to enhance the response to IFN-α by restor-
ing interferon-stimulated genes (ISGs) [99].

In one of their studies, Sinclair et al. assessed the effect 
of ribavirin on the fetus. Exposure to RBV was classified 
as direct exposure to RBV during pregnancy or 6 months 
before conception, or indirectly to women exposed to 
sexual contact, 6 months before or during pregnancy, 
with a man who had been taking or receiving RBV dur-
ing the previous 6 months. Women were observed until 
delivery and for one year during the development of 
infants. There were 272 pregnant women with 180 liv-
ing newborns in the register: among 85 directly exposed 
women there were seven cases of congenital malforma-
tions [7/85 (8.2%)] and four cases of congenital malforma-
tions among 95 indirectly exposed women [4/95 (4.2%)]. 
Out of 11 infants, nine had structural anomalies and two 
had chromosomal anomalies [97]. It is not known whether 
ribavirin penetrates into breast milk [87]. 

Human respiratory syncytial virus types A and B of the 
species human respiratory syncytial virus are found 
within the genus Orthopneumovirus, family Pneumov-
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Table 2. Adverse reactions related to biochemical parameters caused by antiviral drugs, occurring at a frequency equal to or greater than 1:100 [3, 6, 8, 14, 17, 20, 
22, 24, 30, 31, 32, 34, 36, 37, 38, 41, 43, 48, 50, 51, 65, 76, 84, 87, 89, 95, 100, 103, 104, 105, 108, 109, 110, 115, 117, 119, 120, 122, 132, 133]

Interferon alfa Hypothyroidism, hypothyroidism

Antimetabolites (polymerase inhibitors)

ganciclovir
Increased activity of alkaline phosphatase (ALP) in blood, abnormal liver function, increased aspartate 
transaminase (AspAT) activity, kidney function disorders, decreased creatinine clearance, increased creatinine 
concentration in blood

valganciclovir
Disorders of liver function, increased activity of ALP, increased activity of AspAT, reduction of creatinine 
clearance, impairment of kidney function, increased concentration of creatinine in blood 

famciclovir Abnormal liver function tests 

cidofovir Proteinuria, increased concentration of creatinine in blood 

Another antimetabolities

ribavirin Hypothyroidism, hypothyroidism, virilism 

NS5B polymerase inhibitors

sofosbuvir Increased concentration of bilirubin in blood 

Inhibitor of the HBV polymerase

entecavir Increased activity of aminotransferases 

NS3 protease inhibitors

asunaprevir Increase in ALT

Neuraminidase inhibitors (NAIs)

peramivir  Increased activity of lactate dehydrogenase in blood

Nucleoside reverse-transcriptase inhibitors (NRTIs)

zidovudine
Excessive concentration of lactic acid, increased activity of liver enzymes, increased concentration of bilirubin 
in blood 

stavudine Lipoatrophy, lipodystrophy, asymptomatic hyperlactatemia 

emtricitabine
Hypertriglyceridaemia, hyperglycaemia, increased amylase activity including increased pancreatic amylase 
activity, increased serum lipase activity, increased activity of AspAT and/or increased acitivity of alanine 
transaminase (ALT), hyperbilirubinemia, increased activity of creatine kinase (CK)

lamivudine Increased activity of ALT, increased activity of CK 

Nucleotide reverse-transcriptase inhibitors (NtRTIs)

tenofovir Hypophosphatemia, increased activity of transaminases 

adefovir Hypophosphatemia, increased concentration of creatinine in blood 

Non-nucleoside reverse-transcriptase inhibitors (NNRTIs)

nevirapine Increased activity of ALT, AspAT, γ-glutamyltransferase (GGT), hypertransaminasemia 

efavirenz Hypertriglyceridaemia, increased activity of AspAT, ALT and GGT 

etravirine Diabetes, hyperglycaemia, hypercholesterolemia, hypertriglyceridaemia, hyperlipidemia 

rilpivirine
Increased total cholesterol, increased LDL cholesterol, increased triglyceride concentration, increased pancreatic 
amylase activity, increased aminotransferases activity, increased concentration of bilirubin in blood

 HIV protease inhibitors 

darunavir
Diabetes, hypertriglyceridaemia, hypercholesterolemia, hyperlipidemia, increased blood amylase activity, 
increased activity of ALT 

atazanavir Jaundice 

ritonavir
Hypercholesterolemia, hypertriglyceridaemia, gout, hepatitis (including increased activity of AspAT, ALT GGTP), 
increased concentration of bilirubin in blood (including jaundice), pancreatitis, increased activity of CK, increased 
concentration of creatinine in blood, increased amylase activity, decreased free and total thyroxine concentration
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nity [88]. It is not recommended for pregnant women. 
Moreover, it is not known whether topically applied 
imiquimod is excreted in breast milk [40].

Foscarnet is a pyrophosphate analogue with activity 
against herpes viruses, human immunodeficiency virus 
(HIV), and other RNA and DNA viruses. Foscarnet inter-
feres with the exchange of pyrophosphate from deox-
ynucleoside triphosphate during viral replication by 
binding to a site on the herpesvirus DNA polymerase or 
HIV reverse transcriptase [21].

A case describing the use of a foscarnet during human 
pregnancy has been located. A 21-year-old woman at 18 
weeks’ gestation was treated with an 8-day course of fos-
carnet for severe, genital acyclovir-resistant Herpes sim-
plex virus type 2 (HSV type 2). The patient, who also had 
a 3-year history of HIV, was being treated with saquina-
vir, lamivudine and zidovudine. After being discharged 
from hospital, repeat cultures yielded HSV type 2 sensi-
tive to acyclovir. The woman was treated with oral doses 
of acyclovir until the end of pregnancy. The woman gave 
birth to a healthy, HIV-negative child who was develop-
ing normally at 1 year of age [4].

Foscarnet has low bioavailability after oral administra-
tion, therefore it must be administered intravenously. 
Adalsteinsson et al. presented the case of a 29-year-
old man with acute myeloid leukemia who was treated 
in CMV prophylaxis. Three weeks after switching to  
a foscarnet due to neutropenia, two painful, symmet-
ric ulcers appeared on the lower side of the penis glans. 
The cultures of viruses and bacteria were negative. Two 
weeks after the infusion was stopped, the ulcers disap-
peared without any additional treatment. It is important 
that doctors are not only able to diagnose the potential 
complications of foscarnet correctly, but above all that 
they know how to prevent this. In addition to genital 

bances, insomnia, macular edema, retinal detachment, 
eye pain, ear pain, dyspnoea, cough, dermatitis, joint 
and muscle pains, fever and fatigue [22].

Cytomegalovirus (CMV) is a major cause of morbid-
ity and mortality in immunocompromised patients. 
CMV infection remains a common complication after 
allogeneic hematopoietic-cell transplantation. Avail-
able antivirals are subject to adverse effects and risk 
of the development of CMV resistance. Letermovir is  
a novel antiviral in the late stages of drug development 
for the treatment and prevention of CMV. Letermovir 
is an antiviral drug that inhibits the CMV–terminase 
complex. Only five adverse events were considered as 
possibly being related to letermovir including gastro-
enteritis, nasopharyngitis, dyspnea, dyspepsia, and 
increased creatinine  [11]. It is not known whether 
letermovir is excreted in human milk. Available data 
from animal studies indicate that letermovir pene-
trates into milk [83].

The imidazoquinoline, imiquimod, is a low molecular 
weight, synthetic immune response modifier that is used 
for the treatment of external genital and perianal warts. 
This therapy has shown good efficacy and safety in the 
treatment of external genital and perianal warts caused 
by human papillomavirus (HPV) infection. The antiviral 
mechanism of action of this compound is unlike any other 
approved antiviral therapy in that it induces the produc-
tion of antiviral cytokines and cytokines that enhance cel-
lular immunity believed to be necessary for the control or 
elimination of HPV infection. Imiquimod does not exert 
its antiviral effects directly on virus-infected cells. Pre-
clinical data demonstrate in vitro and in vivo that imiqui-
mod directly induces antiviral and immunomodulating 
cytokines from monocytes, macrophages and dendritic 
cells. These immunomodulating cytokines have been 
shown to potentiate type 1 helper T (Th1) cells immu-

Interferon alfa Hypothyroidism, hypothyroidism

saquinavir
Increase in blood cholesterol concentration, increase in blood triglycerides, diabetes, increase activity of 
ALT, AspAT, increase in low-density lipoprotein concentration, increased concentration of bilirubin in blood, 
increase in amylase activity, increased concentration of creatinine in blood

indinavir Isolated asymptomatic hyperbilirubinemia, increased activity ofALT and AspAT 

fosamprenavir
Increase in blood cholesterol concentration, increase in blood triglycerides concentration, increase activity of 
ALT and AspAT, increase in lipase activity 

tipranavir Hypertriglyceridaemia, hyperlipidemia 

Entry inhibitors: fusion inhibitors and CCR5 antagonists

maraviroc Increased activity of ALT and AspAT 

enfuvirtide Increased concentration of triglycerides in blood, diabetes 

Integrase strand transfer inhibitors (INSTIs)

raltegravir
Increased activity of ALT and AspAT, increase in blood triglycerides concentration, increase in lipase activity, 
increased activity of pancreatic amylase 

dolutegravir Increased acitivity of ALT and (or) AspAT, increased activity of creatine phosphokinase (CPK)
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Hepatitis B virus (HBV) polymerase and human immu-
nodeficiency virus (HIV) reverse transcriptase are struc-
turally related. However, the HBV enzyme has a protein 
priming activity absent in the HIV enzyme. Approved 
nucleoside/nucleotide inhibitors of the HBV polymerase 
include lamivudine, adefovir, entecavir and tenofovir. 
Although most of them target DNA elongation, guano-
sine and adenosine analogs (e.g. entecavir and tenofovir, 
respectively) also impair protein priming [70].

Entecavir is a guanosine analogue and it inhibits HBV 
polymerase. It is phosphorylated to the active form of 
triphosphate (TP). By competing with the natural sub-
strate deoxyganosine triphosphate, entecavir-TP inhib-
its three viral polymerase activities: DNA replication, 
reverse transcription of negative DNA strand and syn-
thesis of positive DNA strand [63].

There were 10 cases of exposure to entecavir (9 in the 
first trimester and 1 in the second trimester) in combi-
nation with other antiretroviral drugs. There were no 
congenital malformations [12]. It is not known whether 
the entecavir penetrates into human milk. Danger to 
children cannot be excluded. Breastfeeding should be 
discontinued during entecavir treatment [8].

The most common side effects caused by entecavir are 
headache, fatigue, dizziness and nausea. Song JH et al. 
presented a case of peripheral neuropathy, which prob-
ably occurred after treatment with entecavir in a patient 
with hepatitis B. The possibility of this side effect should 
be carefully considered when the patient is taking a high 
dose of entecavir for an extended period of time or when 
the patient has risk factors for neuropathy development 
at the time of initiation of entecavir treatment [98].

The NS3/4A hepatitis C virus (HCV) protease is an impor-
tant target for antiviral therapy. Several NS3/4A protease 
inhibitors are currently used to treat chronic hepatitis C, 
and others are under clinical development. The names of 
non-structural protein 3/4A inhibitors end with “previr”. 
Inhibition of protease activity may block RNA replication. 
Telaprevir and boceprevir are two first-generation oral HCV 
NS3/4A protease inhibitors. The role of the NS3/4A HCV 
protein is to form HCV proteins after the translation pro-
cess. Additionally, NS3/4A protease causes the Interferon-β 
Promotor Stimulator-1 (IPS-1) to split. This causes IFN 
type 1 activation. Inhibiting the NS3/4A protease not only 
disrupts the life cycle of the virus, but also restores the 
congenital immune response. Paritaprevir (PRV) and asu-
naprevir (ASV) also inhibit HCV NS3/4A. It is not known 
whether asunaprevir is excreted in human milk [6, 55, 57].

Influenza is a major health problem worldwide. Both sea-
sonal influenza and pandemics have a significant impact 
on the health and economy of countries. Influenza virus is  
a single-stranded RNA (ssRNA) virus belonging to the Ortho-
myxoviridae family. There are 3 major types of influenza 
virus: types A, B and C, of which types A and B are responsible 
for most of the infections globally observed in humans [86].

ulcerations, nephrotoxicity, electrolyte disturbances, 
nausea and convulsions are often reported as severe 
side effects. Other side effects include arrhythmias or 
epileptic seizures, which may be the result of a tempo-
rary reduction in serum calcium ion concentration [1].

The non-structural 5A (NS5A) HCV enigmatic protein 
has various functions in the HCV replication cycle: it 
binds the HCV RNA, interacts with the host cellular 
proteins, it is necessary in virion production, and it 
is postulated that it can play a role in the phenome-
non of interferon resistance. NS5A protein inhibitors 
are a key element of effective treatment regimens, but 
the genetic heterogeneity of HCV reduces the efficacy 
of these drugs and mutations lead to resistance. The 
names of medicines belonging to this group end with 
“asvir”. These include: ledipasvir (LDV), daclatasvir 
(DCV) and ombitasvir (OBV), elbasvir (EBV) and vel-
patasvir (VEL) [24, 46, 61, 82, 126]. Some of the most 
common side effects of daclatasvir include insomnia, 
dizziness, migraine, nausea, diarrhea, joint and muscle 
pains and fatigue [110].

There are no data on the use of daclatasvir in pregnant 
women. Animal studies on daclatasvir have shown its 
embryotoxic and teratogenic effects. The risk to people is 
not known. In one study, daclatasvir was excreted in the 
milk of lactating animals at concentrations 1.7- to 2 times 
higher than maternal plasma concentrations [78, 101].

The non-structural 5B (NS5B) HCV protein is the RNA-
dependent RNA polymerase responsible for the com-
plete copy of the RNA viral genome and is the target 
of choice for the development of anti-HCV drugs. The 
names of nucleoside and non-nucleoside NS5B polymer-
ase inhibitors end with “buvir”. One of them is sofos-
buvir, which is a nucleotide analogue. SOF is converted 
intracellularly into the active metabolite of sofosbuvir – 
triphosphate. NS5B protein is viral phosphoprotein, and 
its inhibition prevents replication of viral RNA HCV in 
all HCV genotypes [61, 79, 82].

The most common side effects of sofosbuvir include: naso-
pharyngitis, insomnia, depression, headaches, shortness of 
breath, coughing, constipation, nausea, alopecia, itching, 
joint and muscle pains, fever, fatigue and irritability [100].

Little is known regarding the use of sofosbuvir in preg-
nant women. The outcomes of fewer than 300 pregnan-
cies are mentioned in the product characteristics reports 
of the European Medical Agency, but no data about those 
outcomes are available in the Pubmed database. In stud-
ies conducted on animals (rats and rabbits), sofosbuvir 
metabolites crossed the placenta and entered the milk of 
lactating animals. However, this process did not appear 
to significantly affect the viability or the development 
of embryos or fetuses. The FDA classified sofosbuvir in 
Pregnancy Category B when used alone or with ledipas-
vir, and in Pregnancy Category X when used in combina-
tion with Ribavirin [101]. 
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inhibitors stops this process  [71]. The most common 
side effects caused by rimantadine are: insomnia, nerv-
ousness, dizziness, headaches, fatigue, nausea, vomiting, 
anorexia, abdominal pain, dry mouth, and weakness. The 
drug should not be used during pregnancy, nor should the 
drug be used during breastfeeding [5].

Table 3 shows adverse reactions of the blood and lym-
phatic system caused by antiviral drugs, occurring at  
a frequency equal to or greater than 1:100.

The first cases of AIDS were reported in the United States 
37 years ago. Since then, >77 million people have been 
infected worldwide, resulting in over 35 million deaths. 
Currently, there are 36.9 million people living with HIV. 
Every year, 1.8 million new infections and nearly 1 mil-
lion AIDS-related deaths occur [94].

Infections with the human immunodeficiency virus 
(HIV) are typically treated with drug combinations con-
sisting of at least three different antiretroviral drugs. 
Highly active antiretroviral therapy (HAART) includes: 
HIV protease inhibitors (PIs), non-nucleoside and nucle-
oside reverse transcriptase inhibitors (NNRTIs and 
NRTIs), integrase strand transfer inhibitors (INSTIs) 
and entry inhibitors: fusion inhibitors (FIs) and CCR5 
antagonists. Currently, the following combinations are 
preferred for use: two NRTIs and one NNRTI or two 
NRTIs and one PI. The choice of a treatment regimen for  
a given individual is based on: expected side effects, con-
venience, comorbidities, interactions with concomitant 
medications and genotypic drug resistance testing [113].

Efavirenz (EFV), etravirine (ETR), nevirapine (NVP) and 
rilpivirine (RPV) are medicinal substances which are 
included in the NNRTI group. All of these are registered 
by the Food and Drug Administration (FDA), and all except 
for delavirdine (DLV) have been approved by the European 
Medicines Agency (EMA). NNRTIs drugs prevent HIV-1 
replication by noncompetitively inhibiting reverse tran-
scriptase (RT) [113]. The mechanism is based on binding 
the inhibitor at the allosteric side, followed by the three-
dimensional shape of the active site necessary for tran-
scription of the viral RNA changes and inhibits the action 
of the enzyme [75]. This group is not active against HIV-1 
strains in group O, HIV-2 or animal retroviruses [113].

Women using this group of drugs during pregnancy 
should continue with the exception of efavirenz, but it is 
advisable to use zidovudine during childbirth to prevent 
infection of the newborn [12]. In developed countries 
breastfeeding by HIV carriers woman is not recom-
mended, whereas in developing countries breastfeeding 
occurs despite the risk, as there is no access to inexpen-
sive mother’s milk substitutes [71].

The next group of drugs used in HIV infections is 
NRTI. This group includes: abacavir (ABC), didanosine 
(ddI), emtricitabine (FTC), lamivudine (3TC), stavu-
dine (d4T), tenofovir (TFV) and zidovudine (AZT). All 

Influenza virions have three surface proteins, the hemag-
glutinin (HA), neuraminidase (NA), and the Matrix-2 (M2) 
protein. There are two major classes of antivirals for the 
treatment and prevention of influenza: the M2 protein 
inhibitors and the NA inhibitors (NAIs). M2 protein inhib-
itor: rimantadine and amantadine act only on influenza  
A viruses, whereas influenza A and B viruses are suscepti-
ble to NA inhibitors: oseltamivir and zanamivir [69].

HA binds to the terminal sial acids at the cellular recep-
tors, after which the virus is endocytised. After rep-
lication, the NA catalyses the cut-off of the sialic acid 
residues from the glycoproteins and glycolipids of the 
external part of the host cell membrane and from the 
newly formed viral particles. Any disturbance to this 
process during the use of neuraminidase inhibitors 
results in the binding of haemagglutinin to sialic acid, 
which leads to the formation of cellular-virus aggre-
gates. In such cases, the release of progeny virions from 
the surface of the membrane is hindered [53, 62].

The most common side effects caused by oseltamivir are: 
bronchitis, herpes, upper respiratory infections, head-
ache, insomnia, coughing, sore throat, nausea, vomiting, 
conjunctivitis, and otitis media [105].

In a report from 2009, Tanaka et al. summarized the safety 
of neuraminidase inhibitors in pregnant and breastfeed-
ing women. The data, which came from two Japanese 
teratogen information services, involved 90 pregnant 
women exposed during the 1st trimester to therapeutic 
doses of oseltamivir (75 mg twice a day for up to 5 days). 
The outcomes of the pregnancies were three spontane-
ous abortions, one elective abortion, four preterm births, 
seven infants with low birth weight, and one major mal-
formation (ventricular septa-defect) [106]. 

Data on breastfed children receiving oseltamivir and 
the secretion of oseltamivir into breast milk are very 
limited. Limited data indicate that oseltamivir and the 
active metabolite were detected in breast milk, but their 
concentrations were so low that the dose in a breastfed 
infant would be sub-therapeutic. Taking into account 
the above information oseltamivir may be considered 
if there are significant potential benefits for the breast-
feeding mother [105].

The M2 protein – ion channel protein is an integral mem-
brane protein that forms tetramers in the lipid envelope 
of the virus. It has a trans-membrane domain and a cyto-
plasmic amphipatic helix. The amino acids His37 and 
Trp41, located in the domain building the ion channel, are 
important elements for the transport of protons. Trp41 
has a Ph close to neutral and creates a gate that closes 
the channel. This channel opens at a low pH due to TM 
information changes. Lowering the pH results in His37 
protonation, which increases the flow of protons through 
the ion channel. Then, the interior of the virion becomes 
acidic. This allows the release of RNA into the cytoplasm 
and initiation of replication. Therapy using M2 protein 
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Oral use of zidovudine in the perinatal period is well 
tolerated. It provides a 38% reduction in early, vertical 
HIV-1 infection despite breastfeeding [23]. HIV-positive 
women are advised not to breastfeed to avoid mother-
to-child transmission of HIV [16].

Tenofovir (TFV) and adefovir (ADV) belong to nucleotide 
reverse transcriptase inhibitors (NtRTIs) [116].

medical substances from this group work in a similar 
way to AZT. The substance administered to the patient 
must undergo three phosphorylation reactions, and 
after these processes one of NRTI acts as an alterna-
tive substrate/competitive inhibitor with respect to 
the natural substrates (deoxythymidine triphosphate 
Dttp, deoxycytidine triphosphate Dctp, deoxyadeno-
sine triphosphate Datp, deoxyguanosine triphosphate 
Dgtp) in the RT reaction [27].

Table 3. Adverse reactions of the blood and lymphatic system caused by antiviral drugs, occurring at a frequency equal to or greater than 1:100 [3, 6, 8, 14, 17, 20, 
22, 24, 30, 31, 32, 34, 36, 37, 38, 41, 43, 48, 50, 51, 65, 76, 84, 87, 89, 95, 100, 103, 104, 105, 108, 109, 110, 115, 117, 119, 120, 122, 132, 133]

Interferon alfa  leukopenia, thrombocytopenia, anemia

Antimetabolites (polymerase inhibitors)

ganciclovir neutropenia, anemia, thrombocytopenia, leukopenia, pancytopenia

valganciclovir neutropenia, anemia, thrombocytopenia, leukopenia, pancytopenia

cidofovir neutropenia

Another antimetabolities

ribavirin anemia, neutropenia, thrombocytopenia, lymphadenopathy, lymphopenia

NS5B polymerase inhibitors

sofosbuvir decrease in haemoglobin concentration, anemia

NS3 protease inhibitors

asunaprevir anemia, thrombocytopenia

Neuraminidase inhibitors (NAIs)

peramivir  decrease in neutrophils count

Nucleoside reverse-transcriptase inhibitors (NRTIs)

zidovudine anemia, neutropenia and leukopenia

emtricitabine neutropenia

Non-nucleoside reverse-transcriptase inhibitors (NNRTIs)

nevirapine granulocytopenia

etravirine anemia, thrombocytopenia

rilpivirine decrease in leukocyte count, decrease in haemoglobin concentration, decrease in platelet count

HIV protease inhibitors

ritonavir
decrease in white blood cells count, decrease in haemoglobin concentration, decrease in 
neutrophils count, increase in eosinophils count, thrombocytopenia

saquinavir
decrease in platelet count, anaemia, decrease in haemoglobin concentration, decrease in 
lymphocyte count, decrease in leukocyte count

indinavir increase in mean corpuscular volume (MCV),  decrease in neutrophils count

Entry inhibitors; CCR5 inhibitor

maraviroc anemia

enfuvirtide lymphadenopathy

Integrase strand transfer inhibitors (INSTIs)

raltegravir atypical lymphocytes
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One of the largest studies conducted by Karolinska 
University Hospital did not indicate that dolutegra-
vir had teratogenic effects [10]. No published informa-
tion is available on the use of raltegravir, elvitegravir, or 
dolutegravir during breastfeeding.

Apo3G, an intrinsic human protein capable of restrict-
ing HIV-1, is a promising candidate for future anti-HIV 
therapeutics. Apo3G is a powerful DNA-mutating enzyme 
thath blocks the replication of HIV-1 virus in the abscence 
of its viral infectivity factor (vif) protein [96]. The innate 
immune system is a key line of defense against human 
immunodeficiency virus type 1 (HIV-1), reducing viral 
replication and protecting neighboring cells from infec-
tion. Key in this battle between host and virus are cyto-
solic host cell proteins with antiretroviral activities, 
termed restriction factors. The apolipoprotein B (apo 
B) messenger RNA (mRNA)-editing, catalytic polypep-
tide-like 3 (APOBEC3) family of proteins are known to 
be potent restriction factors and to counteract infection 
by HIV-1. While the seven APOBEC3 proteins have vary-
ing levels of potency, in in vitro tissue culture APOBEC3G 
(A3G) exhibits the highest activity against HIV-1 that 
lacks the vif gene. APOBEC3G can counteract HIV infec-
tion in at least two ways: by inducing lethal mutations 
on the viral cDNA; and by blocking steps in reverse tran-
scription and viral integration into the host genome. As 
a protein, APOBEC3G has the advantage that it can be 
genetically encoded, while small molecules cannot [44].

It should be noted that some drugs have been with-
drawn by the FDA from the treatment antiviral scheme, 
mainly due to severe adverse effects. Boceprevir, tel-
aprevir, fomivirsen, telbivudine, zalcitabine, ampre-
navir, vidarabine, idoxuridine and simeprevir are no 
longer used in therapy [112].

Table 4 shows the Food and Drug Administration (FDA) 
classification of medicines used during pregnancy and 
recommendations for breastfeeding. It is worth not-
ing SMV combined therapy with RBV and peginter-
feron alpha, because such a therapeutic scheme is 
classified in category X.

CONCLUCIONS

The adverse effects that occur during antiviral therapy 
remain a significant problem in patients with viral dis-
eases, which affect their quality of life. Individual treat-
ment is crucial for therapy and determining effective 
methods for monitoring adverse reactions. Based on sci-
entific data, physicians should prevent their occurrence. 
Monitoring specific diagnostic parameters is important 
to improve the results of treatment. When using IFN 
alpha, blood morphology should be ordered and car-
diac function should be monitored. The use of polymer-
ase inhibitors may be associated with the appearance 
of respiratory inflammations and eye inflammations. 
To identify the etiology of the infection, swabs must be 
taken for microbiological examination and a biochem-

HIV-1 protease is a 99 amino acid aspartyl protease which 
functions as a homodimer with only one active site [13]. 
HIV-1 protease cleaves the viral encoded Gag/Pol poly-
proteins to generate the structural proteins required for 
virion formation and enzymes required for viral replica-
tion [59]. PIs inhibit HIV-1 protease and prevent the cleav-
age of the precursor polyprotein, which is required for 
the formation of the mature viral proteins needed for the 
infectivity of the progeny virions. PIs include: atazanavir 
(ATV), darunavir (DRV), fosamprenavir (F-APV), indinavir 
(IDV), lopinavir (LPV), nelfinavir (NFV), ritonavir (RTV), 
saquinavir (SQV), tipranavir (TPV) [27].

A retrospective review was carried out in six centres in 
the United States and Puerto Rico to assess the effect 
of the use of protease inhibitors during pregnancy on 
maternal and neonatal safety. 89 women took part in 
the study. In neonates, no other adverse effects were 
observed except those previously noticed in diseased 
mothers. The most common side effect was anaemia 
(12%). Protease inhibitors seemed to be generally safe 
for mothers and infants [74].

Enfuvirtide is a fusion inhibitor, which interferes with 
penetration of HIV-1 in the cells. Enfuvirtide exhibits 
potent and selective inhibition of membrane of viral 
and cells [56]. Enfuvirtide blocks HIV GP41 fusion to the 
extracellular membrane of host cells [28]. Marawiroc is 
a CCR5 antagonist. Before fusion of the HIV viral enve-
lope and host cell membrane can occur, an HIV glyco-
protein complex consisting of glycoproteins gp41 and 
gp120 must bind with the CD4 receptor on the mem-
brane of the host cell. This binding causes conforma-
tional changes in gp120 that expose coreceptor binding 
sites. These sites bind to coreceptor CCR5 or CXCR4 on 
the membrane of the host cell, an event that initiates 
steps that culminate in the fusion of the HIV envelope 
with the host cell membrane and entry of viral contents 
into the host cell. Maraviroc binds to and changes the 
shape of coreceptor CCR5 so that it is not recognized by 
the gp120 coreceptor binding sites [129].

Jeantils V et al. studied seven cases in France that sug-
gest the enfuvirtide is safe. All infants were without 
abnormalities [52].

The last group comprises INSTIs. After the reverse tran-
scription is complete, integrase (IN) assembles on the 
viral DNA forming the preintegration complex (PIC). 
IN processes the viral DNA ends creating a free 3’ OH, 
which is the nucleophile for the strand transfer reaction 
in which IN covalently links the viral DNA with the host 
DNA. INSTIs block the process of integration by binding 
free 3’ OH. HIV-1 DNA is subject to metabolism by several 
cellular processes which can degrade the DNA or recom-
bine and repair the viral ends forming circles. By means 
of these cellular processes the metabolism of the viral 
DNA results in an irreversible block to the HIV-1 infec-
tion process [42]. Raltegravir, elvitegravir and dolutegra-
vir present the group described above [102].
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fewer adverse effects than M2 protein inhibitors. Most 
frequently these cause nausea and vomiting. It is worth 
evaluating the patient’s nutritional status by performing 
anthropometric tests, e.g. BMI. The assessment of albu-
min concentrations may also be crucial. Treatment with 
M2 protein inhibitors, special attention should be paid 
to the assessment of the patient’s mental condition. The 
use of drugs in HIV therapy is associated with a wide 
spectrum of adverse effects. When using HAART ther-
apy, the following should be monitored: blood count, 
lipid profile, fasting blood glucose level or random 
(casual) blood glucose level with the symptoms of dia-
betes and also moreover parameters such as: bilirubin, 
ALAT, ASPAT, GGTP and uric acid. When taking NNRTI 
into account, the acid-base balance of the patient should 
be assessed by examining the pH of blood, the concen-
tration of inorganic phosphorus, bicarbonates, and the 
value of the anion gap should be determined. 

The long-term benefits of antiviral therapy are associated 
with adverse reactions in various body systems. The clini-
cians should limit them by an individual, patient-specific 
treatment scheme. Physicians should pay special attention 
to the use of antiviral drugs in pregnant and breast-feed-
ing women. Clinical trials should be continued to increase 
knowledge about the adverse effects of antivirals.

ical study must be commissioned with the determina-
tion of C-reactive protein (CRP) and procalcitonin. When 
the patient has symptoms of anaemia, blood morphol-
ogy should be ordered immediately. It is worth noting 
the complications related to the thyroid gland, which 
are due to the inclusion of ribavirin in therapy. The 
concentration of TSH, fT4 should be monitored in the 
patient and in case of abnormal values, the thyroid func-
tion should be immediately investigated by ultrasonog-
raphy. In patients with suspected cardiac dysfunction, 
clinicians may have ECG and UKG examined, and in the 
event of symptoms of cardiovascular failure, appropri-
ate drugs may be necessary. When using some nucleo-
tide analogues and pyrophosphate analogues, kidney 
function should be monitored. It is advisable to have  
a general urinalysis or 24-hour urine collection. Ther-
apy with NS5B polymerase inhibitors requires control of 
blood cell parameters. Protease inhibitors used to treat 
HCV infections cause many adverse effects. These may 
include: hypothyroidism, problems with the visual and 
hearing organs requiring the ophthalmologic or lar-
yngologic intervention, as well as skin or cardiovascu-
lar diseases. Boceprevir can cause erectile dysfunction 
in men, which may require pharmacological interven-
tion to improve the quality of life. Neuraminidase inhib-
itors used in therapy or prophylaxis of influenza have 

Table 4. Effect of antivirals in pregnancy and Food and Drug Administration Pregnancy Categories [2, 3, 6, 8, 12, 14, 17, 20, 22, 24, 30, 31, 32, 34, 36, 37, 38, 39, 41, 
43, 48, 50, 51, 65, 76, 84, 87, 88, 89, 95, 100, 103, 104, 105, 108, 109, 110, 115, 117, 119, 120, 121, 122, 132, 133].

Names of substance FDA pregnancy categories Breastfeeding recommendation

Interferon alfa C Limited Human Data – Probably Compatible

Ganciclovir C No Human Data – Potential Toxicity

Valganciclovir C Contraindicated

Aciclovir B Compatible

Valacyclovir B Compatible

Famciclovir B No Human Data – Potential Toxicity

Penciclovir B No Human Data – Probably Compatible

Cidofovir C Contraindicated

Brivudine NA No Human Data – Potential Toxicity

Trifluridine C No Human Data – Potential Toxicity

Ribavirin X No Human Data – Potential Toxicity

Letermovir NA No Human Data – Potential Toxicity

Imiquimod C No Human Data – Potential Toxicity

Foscarnet C No Human Data – Potential Toxicity 

Daclatasvir NA No Human Data – Potential Toxicity

Ledipasvir NA No Human Data – Potential Toxicity

Ombitasvir B No Human Data – Potential Toxicity

Elbasvir NA No Human Data

Velpatasvir NA No Human Data

Sofosbuvir B No Human Data – Potential Toxicity
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Names of substance FDA pregnancy categories Breastfeeding recommendation

Dasabuvir B No Human Data – Potential Toxicity

Entecavir C Contraindicated 

Asunaprevir NA No Human Data – Potential Toxicity

Paritaprevir B No Human Data – Potential Toxicity

Grazoprevir B No Human Data

Oseltamivir C Compatible

Zanamivir C No Human Data – Probably Compatible

Peramivir NA No Human Data – Potential Toxicity

Amantadine C Contraindicated

Rimantadine C No Human Data – Potential Toxicity

Zidovudine C Contraindicated

Didanosine B Contraindicated

Stauvudine C Contraindicated

Lamivudine C Contraindicated

Abacavir C Contraindicated

Adefovir C Contraindicated

Tenofovir B Contraindicated

Emtricitabine B Contraindicated

Nevirapine C Contraindicated

Efavirenz C Contraindicated

Etravirine B Contraindicated

Rilipivirine B Contraindicated

Saquinavir B Contraindicated

Ritonavir B Contraindicated

Indinavir C Contraindicated

Nelfinavir B Contraindicated

Lopinavir C Contraindicated

Tipranavir C Contraindicated

Fosamprenavir C Contraindicated

Atazanavir B Contraindicated

Darunavir B Contraindicated

Enfuvirtide B Contraindicated

Maraviroc B Contraindicated

Raltegravir C Contraindicated

Elvitegravir B Contraindicated

Dolutegravir B No Human Data – Potential Toxicity

Meaning of symbols: NA: Not available, B category – No risk in other studies: Animal reproduction studies have failed to demonstrate a risk to the fetus and there are 
no adequate and well-controlled studies in pregnant women OR Animal studies have shown an adverse effect, but adequate and well-controlled studies in pregnant 
women have failed to demonstrate a risk to the fetus in any trimester.
C category – Risk not ruled out: Animal reproduction studies have shown an adverse effect on the fetus and there are no adequate and well-controlled studies in 
humans, but potential benefits may warrant use of the drug in pregnant women despite potential risks.
X category – Contraindicated in pregnancy: Studies in animals or humans have demonstrated fetal abnormalities and/or there is positive evidence of human fetal risk based on 
adverse reaction data from investigational or marketing experience, and the risks involved in use of the drug in pregnant women clearly outweigh potential benefits. 



504

Postepy Hig Med Dosw (online), 2019; tom 73: 491-507

REFERENCES

[1] Adalsteinsson J.A., Pan M., Kaushik S., Ungar J.: Foscarnet-in-
duced genital lesions: An overview with a case report. Dermatol. 
Reports, 2018; 10: 7749

[2] Aldara – Summary of Product Characteristics. https://www.ema.
europa.eu/en/documents/product-information/aldara-epar-pro-
duct-information_en.pdf (10.05.2019)

[3] Alpivab – Summary of Product Characteristics. https://www.ema.
europa.eu/documents/product-information/alpivab-epar-product-
-information_en.pdf (10.08.2018)

[4] Alvarez-McLeod A., Havlik J., Drew K.E.: Foscarnet treatment of genital 
infection due to acyclovir-resistant herpes simplex virus type 2 in a pre-
gnant patient with AIDS: case report. Clin. Infect. Dis., 1999; 29: 937–938

[5] Alves Galvão M.G., Rocha Crispino Santos M.A., Alves da Cunha 
A.J.: Amantadine and rimantadine for influenza A in children and the 
elderly. Cochrane Database Syst. Rev., 2014; 2014: CD002745

[6] Asunaprevir - Summary of Product Characteristics. http://www.
medicines.org.au/files/bqpsunve.pdf (10.08.2018)

[7] Balsat M., Etienne M., Elhamri M., Hayette S., Salles G, Thomas X.: 
Successful pregnancies in patients with BCR-ABL-positive leukemias 
treated with interferon-alpha therapy during the tyrosine kinase 
inhibitors era. Eur. J. Haematol., 2018; 101: 774–780

[8] Baraclude – Summary of Product Characteristics. 
https://ec.europa.eu/health/documents/community-regi-
ster/2017/20170303137253/anx_137253_en.pdf (10.08.2018)

[9] Berenguer M., Prieto M., Rayón M., Bustamante M., Carrasco D., 
Moya A., Pastor M.A., Gobernado M., Mir J., Berenguer J.: Famciclo-
vir treatment in transplant recipients with HBV-related liver dise-
ase: disappointing results. Am. J. Gastroenterol., 2001; 96: 526–533

[10] Bornhede R., Soeria-Atmadja S., Westling K., Pettersson K., Navér 
L.: Dolutegravir in pregnancy-effects on HIV-positive women and 
their infants. Eur. J. Clin. Microbiol. Infect. Dis., 2018; 37: 495–500

[11] Bowman L.J., Melaragno J.I., Brennan D.C.: Letermovir for the 
management of cytomegalovirus infection. Expert Opin. Investig. 
Drugs, 2017; 26: 235–241

[12] Briggs G.G., Freeman R.K.: Drug in Pregnancy and Lactacion: A 
Reference Guide to Fetal and Neonatal Risk. Lippincott Williams and 
Wilkins, Philadelphia 2014

[13] Brik A., Wong C.H.: HIV-1 protease: mechanism and drug disco-
very. Org. Biomol. Chem., 2003; 1: 5–14

[14] Brivudine - Information for the user. http://mri.cts-mrp.eu/
download/DE_H_0343_001_FinalPI_2of3.pdf (10.08.2018)

[15] Bukhari S.A., Ahmed M.M., Anjum F., Anwar H., Naqvi S.A., Za-
hra T., Batool U.: Post interferon therapy decreases male fertility 
through gonadotoxic effect. Pak. J. Pharm. Sci., 2018; 31: 1565–1570

[16] Carpenter C.C., Fischl M.A., Hammer S.M., Hirsch M.S., Jacobsen 
D.M., Katzenstein D.A., Montaner J.S., Richman D.D., Sáag M.S., Schooley 
R.T., Thompson M.A., Vella S., Yeni P.G., Volberding P.A.: Antiretroviral 
therapy for HIV infection in 1996. Recommendations of an internatio-
nal panel. International AIDS Society-USA. JAMA, 1996; 276: 146–154

[17] Celsentri - Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/celsentri-epar-
-product-information_en.pdf (10.08.2018)

[18] Chou S., Ercolani R.J., Derakhchan K.: Antiviral activity of ma-
ribavir in combination with other drugs active against human cy-
tomegalovirus. Antiviral Res., 2018; 157: 128-133

[19] Cottrell E.B., Chou R., Wasson N., Rahman B., Guise J.M.: Redu-
cing risk for mother-to-infant transmission of hepatitis C virus: a 
systematic review for the U.S. Preventive Services Task Force. Ann. 
Intern. Med., 2013; 158: 109–113

[20] Crixivan - Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/crixivan-epar-
-product-information_en.pdf (10.08.2018)

[21] Crumpacker C.S.: Mechanism of action of foscarnet against viral 
polymerases. Am. J. Med., 1992; 92: 3S–7S

[22] Cymevene - Summary of Product Characteristics. https://www.
ema.europa.eu/en/documents/referral/cymevene-article-30-refer-
ral-annex-iii_en.pdf (10.08.2018)

[23] Dabis F., Msellati P., Meda N., Welffens-Ekra C., You B., Manigart 
O., Leroy V., Simonon A., Cartoux M., Combe P., Ouangré A., Ramon 
R., Ky-Zerbo O., Montcho C., Salamon R., Rouzioux C., Van de Perre P., 
Mandelbrot L.: 6-month efficacy, tolerance, and acceptability of a short 
regimen of oral zidovudine to reduce vertical transmission of HIV in 
breastfed children in Côte d’Ivoire and Burkina Faso: a double-blind 
placebo-controlled multicentre trial. DITRAME Study Group. DImi-
nution de la Transmission Mère-Enfant. Lancet, 1999; 353: 786–792

[24] Daklinza - Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/daklinza-epar-
-product-information_en.pdf (10.08.2018)

[25] Das K., Aramini J.M., Ma L.C., Krug R.M., Arnold E.: Structures 
of influenza A proteins and insights into antiviral drug targets. Nat. 
Struct. Mol. Biol., 2010; 17: 530-538

[26] De Clercq E.: Selective anti-herpesvirus agents. Antivir. Chem. 
Chemother., 2013; 23: 93–101

[27] De Clercq E.: The nucleoside reverse transcriptase inhibitors, non-
nucleoside reverse transcriptase inhibitors, and protease inhibitors in the 
treatment of HIV infections (AIDS). Adv. Pharmacol., 2013; 67: 317–358

[28] De Clercq E., Li G.: Approved antiviral drugs over the past 50 
years. Clin. Microbiol. Rev., 2016; 29: 695–747

[29] Donnelly R.P., Dickensheets H., O’Brien T.R.: Interferon-lambda 
and therapy for chronic hepatitis C virus infection. Trends Immu-
nol., 2011; 32: 443–450

[30] Edurant - Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/edurant-epar-
-product-information_en.pdf (10.08.2018)

[31] Emtriva - Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/emtriva-epar-
-product-information_en.pdf (10.08.2018)

[32] Exviera – Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/exviera-epar-pro-
duct-information_en.pdf (10.08.2018) 

[33] Faith S.C., Durrani A.F., Jhanji V.: Cytomegalovirus keratitis. Curr. 
Opin. Ophthalmol., 2018; 29: 373–377

[34] Famciclovir –Summary of Product Characteristics. http://chpl.
com.pl/data_files/2011-07-14_004_FAM250_SPC_PL_final_clean.docx 
(10.08.2018)

[35] Ferenci P., Bernstein D., Lalezari J., Cohen D., Luo Y., Cooper C., 
Tam E., Marinho R.T., Tsai N., Nyberg A., Box T.D., Younes Z., Enayati 
P., Green S., Baruch Y., et al.: ABT-450/r-ombitasvir and dasabuvir with 
or without ribavirin for HCV. N. Engl. J. Med., 2014; 370: 1983–1992

[36] Fuzeon – Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/fuzeon-epar-pro-
duct-information_en.pdf (10.08.2018)

[37] Genvoya – Summary of Product Characteristics. https://ec.europa.
eu/health/documents/community-register/2017/20170324137350/
anx_137350_en.pdf (10.08.2018) 

[38] Griffiths C., Drews S.J., Marchant D.J.: Respiratory syncytial virus: 
Infection, detection, and new options for prevention and treatment. 
Clin. Microbiol. Rev., 2017; 30: 277–319



505

Dyrka K. et al. – Drugs used in viral diseases...

fosbuvir-based treatment of patients with chronic genotype-1 HCV 
infection and cirrhosis: results from two Phase II studies. Antivir. 
Ther., 2016; 21: 679–687

[62] Lee H.L., Phong T.V., Rohani A.: Effects of ribavirin and hydro-
xyurea on oral infection of Aedes aegypti (L.) with dengue virus. 
Southeast Asian J. Trop. Med. Public Health, 2012; 43: 1358–1364

[63] Leung N., Peng C.Y., Hann H.W., Sollano J., Lao-Tan J., Hsu C.W., 
Lesmana L., Yuen M.F., Jeffers L., Sherman M., Min A., Mencarini 
K., Diva U., Cross A., Wilber R., Lopez-Talavera J.: Early hepatitis B 
virus DNA reduction in hepatitis B e antigen-positive patients with 
chronic hepatitis B: A randomized international study of entecavir 
versus adefovir. Hepatology, 2009; 49: 72–79

[64] Lim S.G., Ng T.M., Kung N., Krastev Z., Volfova M., Husa P., Lee 
S.S., Chan S., Shiffman M.L., Washington M.K., Rigney A., Anderson 
J., Mondou E., Snow A., Sorbel J., Guan R., Rousseau F.: A double-blind 
placebo-controlled study of emtricitabine in chronic hepatitis B. 
Arch. Intern. Med., 2006; 166: 49–56

[65] Lonsurf – Summary of Product Characteristics. https://ec.europa.
eu/health/documents/community-register/2016/20160425134472/
anx_134472_en.pdf (10.08.2018)

[66] Masgala A., Nikolopoulos G., Tsiodras S., Bonovas S., Sitaras 
N.M.: Antiviral drugs in the prophylaxis of HBV infection. Curr. Med. 
Chem., 2012; 19: 5940–5946

[67] Matthews T., Boehme R.: Antiviral activity and mechanism of 
action of ganciclovir. Rev. Infect. Dis., 1988; 10: S490–S494

[68] Maximova N., Antonio P., Marilena G., Rovere F., Tamaro P.: 
Complete remission of VZV reactivation treated with valganciclo-
vir in a patient with total lymphocyte depletion and acute kidney 
injury after allogeneic bone marrow transplantation. APMIS, 2015; 
123: 77–80

[69] McKimm-Breschkin J.L.: Influenza neuraminidase inhibitors: 
antiviral action and mechanisms of resistance. Influenza Other Re-
spir. Viruses, 2013; 7: 25–36

[70] Menéndez-Arias L., Álvarez M., Pacheco B.: Nucleoside/nucle-
otide analog inhibitors of hepatitis B virus polymerase: mechanism 
of action and resistance. Curr. Opin. Virol., 2014; 8: 1–9

[71] Minakami H., Kubo T., Nakai A., Saito S., Unno N.: Pregnancy 
outcomes of women exposed to laninamivir during pregnancy. Phar-
macoepidemiol. Drug Saf., 2014; 23: 1084–1087

[72] Mofenson L.M., McIntyre J.A.: Advances and research directions 
in the prevention of mother-to-child HIV-1 transmission. Lancet, 
2000; 355: 2237–2244

[73] Moreno H., Grande-Pérez A., Domingo E., Martín V.: Arenavi-
ruses and lethal mutagenesis. Prospects for new ribavirin-based 
interventions. Viruses, 2012; 4: 2786–2805

[74] Morris A.B., Cu-Uvin S., Harwell J.I., Garb J., Zorrilla C., Vajara-
nant M., Dobles A.R., Jones T.B., Carlan S., Allen D.Y.: Multicenter 
review of protease inhibitors in 89 pregnancies. J. Acquir. Immune 
Defic. Syndr., 2000; 25: 306–311

[75] Nikolenko G.N., Kotelkin A.T., Oreshkova S.F., Il’ichev A.A.: Me-
chanisms of HIV-1 drug resistance to nucleoside and non-nucle-
oside reverse transcriptase inhibitors. Mol. Biol., 2011; 45: 108–126

[76] Olysio – Summary of Product Characteristics. https://ec.europa.
eu/health/documents/community-register/2018/20180111139762/
anx_139762_en.pdf (10.08.2018)

[77] Ozaslan E., Yilmaz R., Simsek H., Tatar G.: Interferon thera-
py for acute hepatitis C during pregnancy. Ann. Pharmacother., 
2002; 36: 1715–1718

[78] Park U.J., Hyun S.K., Kim H.T., Cho W.H., Han S.Y.: Successful 
treatment of disseminated adenovirus infection with ribavirin and 
intravenous immunoglobulin in an adult renal transplant recipient: 
a case report. Transplant. Proc., 2015; 47: 791–793

[39] Guclu E., Karabay O.: Choice of drugs in the treatment of chronic 
hepatitis B in pregnancy. World J. Gastroenterol., 2013; 19: 1671–1672

[40] Gupta A.K., Cherman A.M., Tyring S.K.: Viral and nonviral uses 
of imiquimod: a review. J. Cutan. Med. Surg., 2004; 8: 338–352

[41] Harvoni - Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/harvoni-epar-
-product-information_en.pdf (10.08.2018)

[42] Hazuda D.J.: HIV integrase as a target for antiretroviral therapy. 
Curr. Opin. HIV AIDS, 2012; 7: 383–389

[43] Hepsera - Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/hepsera-epar-
-product-information_en.pdf (10.08.2018)

[44] Hosseini I., Mac Gabhann F.: APOBEC3G-augmented stem cell 
therapy to modulate HIV replication: A computational study. PLoS 
One, 2013; 8: e63984

[45] Huang M., Jiang J.D., Peng Z.: Recent advances in the anti-HCV 
mechanisms of interferon. Acta Pharm. Sin. B., 2014; 4: 241–247

[46] Hussar D.A., Tidwell W.P.: Elbasvir/grazoprevir, Velpatasvir/sofos-
buvir, and Eteplirsen. J. Am. Pharm. Assoc., 2017; 57: 129–132

[47] Hwang Y., Kim W., Kwon S.Y., Yu H.M., Kim J.H., Choe W.H.: In-
cidence of and risk factors for thyroid dysfunction during peginter-
feron α and ribavirin treatment in patients with chronic hepatitis 
C. Korean J. Intern. Med., 2015; 30: 792–800

[48] Intelence - Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/intelence-epar-
-product-information_en.pdf (10.08.2018)

[49] Interferon Beta. https://www.ncbi.nlm.nih.gov/books/
NBK501168/(10.05.2019)

[50] Invirase - Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/invirase-epar-
-product-information_en.pdf (10.08.2018)

[51] Isentress - Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/isentress-epar-
-product-information_en.pdf (10.08.2018)

[52] Jeantils V., Alloui C., Rodrigues A., Bentata M., Peytavin G., Car-
billon L.: Use of enfurvitide in pregnancy in HIV positive women in 
seven cases. Gynecol. Obstet. Fertil., 2009; 37: 396–400

[53] Jefferson T., Jones M.A., Doshi P., Del Mar C.B., Hama R., Thomp-
son M.J., Spencer E.A., Onakpoya I., Mahtani K.R., Nunan D., Howick 
J., Heneghan C.J.: Neuraminidase inhibitors for preventing and tre-
ating influenza in healthy adults and children. Cochrane Database 
Syst. Rev., 2014; 2014: CD008965

[54] Jøraholmen M.W., Basnet P., Acharya G., Škalko-Basnet N.: PE-
Gylated liposomes for topical vaginal therapy improve delivery of 
interferon alpha. Eur. J. Pharm. Biopharm., 2017; 113: 132–139

[55] Kanda T., Nakamoto S., Nakamura M., Jiang X., Miyamura T., Wu 
S., Yokosuka O.: Direct-acting antiviral agents for the treatment of 
chronic hepatitis C virus infection. J. Clin. Transl. Hepatol., 2014; 2: 1–6

[56] Kapić E., Becić F., Zvizdić S.: Enfuvirtide, mechanism of action 
and pharmacological properties. Med. Arh., 2005; 59: 313–316

[57] Keating G.M.: Ombitasvir/Paritaprevir/Ritonavir: A review in 
chronic HCV genotype 4 infection. Drugs, 2016; 76: 1203–1211

[58] Khalil A., Jones C., Ville Y.: Congenital cytomegalovirus infec-
tion: management update. Curr. Opin. Infect. Dis., 2017; 30: 274–280

[59] Laco G.S.: HIV-1 protease substrate-groove: Role in substrate 
recognition and inhibitor resistance. Biochimie, 2015; 118: 90–103

[60] Lasfar A., Zloza A., Cohen-Solal K.A.: IFN-lambda therapy: current 
status and future perspectives. Drug Discov. Today, 2016; 21: 167–171

[61] Lawitz E., Poordad F., Hyland R.H., Wang J., Liu L., Dvory-Sobol 
H., Brainard D.M., McHutchison J.G., Gutierrez J.A.: Ledipasvir/so-



506

Postepy Hig Med Dosw (online), 2019; tom 73: 491-507

[98] Song J.H., Kim S.Y., Shin J.K., Hong S.D., Rim K.S., Park H.N., Lee 
J.H., Lee Y.B., Oh S.H., Hwang S.G.: A case of severe peripheral po-
lyneuropathy occurring after entecavir treatment in a hepatitis B 
patient. Korean J. Gastroenterol., 2016; 67: 216–219

[99] Soota K., Maliakkal B.: Ribavirin induced hemolysis: a novel me-
chanism of action against chronic hepatitis C virus infection. World 
J. Gastroenterol., 2014; 20: 16184–16190

[100] Sovaldi – Summary of Product Characteristics. https://ec.europa.
eu/health/documents/community-register/2014/20140116127595/
anx_127595_en.pdf (10.08.2018)

[101] Spera A.M., Eldin T.K., Tosone G., Orlando R.: Antiviral therapy 
for hepatitis C: Has anything changed for pregnant/lactating wo-
men? World J. Hepatol., 2016; 8: 557–565

[102] Stock I.: Integrase inhibitors - new challenges for the treatment 
of HIV-1 infections. Med. Monatsschr. Pharm., 2013; 36: 448–459

[103] Sustiva – Summary of Product Characteristics. https://ec.europa.
eu/health/documents/community-register/2017/20171215139633/
anx_139633_en.pdf (10.08.2018)

[104] Synagis – Summary of Product Characteristics. https://www.
ema.europa.eu/en/documents/product-information/synagis-epar-
-product-information_en.pdf (10.05.2019)

[105] Tamiflu – Summary of Product Characteristics. https://ec.europa.
eu/health/documents/community-register/2017/20170420137664/
anx_137664_en.pdf (10.08.2018)

[106] Tanaka T., Nakajima K., Murashima A., Garcia-Bournissen F., 
Koren G., Ito S.: Safety of neuraminidase inhibitors against novel 
influenza A (H1N1) in pregnant and breastfeeding women. CMAJ, 
2009; 181: 55–58

[107] Tatum H., Thuluvath P.J., Lawitz E., Martorell C., DeMicco M., 
Cohen S., Rustgi V., Ravendhran N., Ghalib R., Hanson J., Zamparo 
J., Zhao J., Cooney E., Treitel M., Hughes E.: A randomized, placebo-
-controlled study of the NS5B inhibitor beclabuvir with peginterfe-
ron/ribavirin for HCV genotype 1. J. Viral. Hepat., 2015; 22: 658–664

[108] Telzir – Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/telzir-epar-pro-
duct-information_en.pdf (10.08.2018)

[109] Tivicay – Summary of Product Characteristics. https://ec.europa.
eu/health/documents/community-register/2014/20140116127569/
anx_127569_en.pdf (10.08.2018) 

[110] Tivicay – Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/tivicay-epar-pro-
duct-information_en.pdf (10.08.2018)

[111] Touhami S., Qu L., Angii M., Bojanova M., Touitou V., Lehoang 
P., Rozenberg F., Bodaghi B.: Cytomegalovirus anterior uveitis: Clini-
cal characteristics and long-term outcomes in a French series. Am. 
J. Ophthalmol., 2018; 194: 134–142

[112] U.S. Food and Drug Administration. https://www.fda.gov 
(10.05.2019)

[113] Usach I., Melis V., Peris J.E.: Non-nucleoside reverse transcrip-
tase inhibitors: a review on pharmacokinetics, pharmacodynamics, 
safety and tolerability. J. Int. AIDS Soc., 2013; 16: 1–14

[114] Usoro A., Batts A., Sarria J.C.: Intravenous foscarnet with topical 
cidofovir for chronic refractory genital herpes in a patient with AIDS. 
J. Investig. Med. High Impact Case Rep., 2015; 3: 2324709615621095

[115] Valganciclovir – Summary of Product Characteristics. http://
leki.urpl.gov.pl/files/30_ValganciclovirTeva_450.pdf (10.08.2018)

[116] van Hemert F.J., Berkhout B., Zaaijer H.L.: Differential binding 
of tenofovir and adefovir to reverse transcriptase of hepatitis B vi-
rus. PLoS One, 2014; 9: e106324

[117] Vemilidy – Summary of Product Characteristics. 
http://ec.europa.eu/health/documents/community-regi-
ster/2018/20180528141192/anx_141192_en.pdf (10.08.2018)

[79] Patil V.M., Gupta S.P., Samanta S., Masand N.: Current perspective 
of HCV NS5B inhibitors: a review. Curr. Med. Chem., 2011; 18: 5564–5597

[80] Pegasys – Summary of Product Characteristics. https://www.
ema.europa.eu/en/documents/product-information/pegasys-epar-
-product-information_en.pdf (10.08.2018)

[81] Pfaender S., Heyden J., Friesland M., Ciesek S., Ejaz A., Steinmann 
J., Steinmann J., Malarski A., Stoiber H., Tsiavaliaris G., Bader W., Jah-
reis G., Pietschmann T., Steinmann E.: Inactivation of hepatitis C virus 
infectivity by human breast milk. J. Infect. Dis., 2013; 208: 1943–1952

[82] Premji R., Roopnarinesingh N., Qazi N., Nylen E.S.: New-on-
set diabetes mellitus with exposure to ledipasvir and sofosbuvir. 
J. Investig. Med. High Impact Case Rep., 2015; 3: 2324709615623300

[83] Prevymis – Summary of Product Characteristics. https://www.
ema.europa.eu/en/documents/product-information/prevymis-
-epar-product-information_en.pdf (10.05.2019)

[84] Prezista – Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/prezista-epar-
-product-information_en.pdf (10.08.2018)

[85] Puliyanda D.P., Silverman N.S., Lehman D., Vo A., Bunnapradist 
S., Radha R.K., Toyoda M., Jordan S.C.: Successful use of oral gancic-
lovir for the treatment of intrauterine cytomegalovirus infection 
in a renal allograft recipient. Transpl. Infect. Dis., 2005; 7: 71–74

[86] Raj R.S., Bonney, E.A., Phillippe M.: Influenza, immune system, 
and pregnancy. Reprod. Sci., 2014; 21: 1434–1451

[87] Ribavirin - Summary of Product Characteristics. http://ec.europa.
eu/health/documents/community-register/2016/20161114136472/
anx_136472_en.pdf (10.08.2018)

[88] Richwald G.A.: Imiquimod. Drugs Today, 1999; 35: 497–511

[89] Ritonavir - Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/ritonavir-mylan-
-epar-product-information_en.pdf (10.08.2018)

[90] Roozbahani M., Hammersmith K.M.: Management of herpes sim-
plex virus epithelial keratitis. Curr. Opin. Ophthalmol., 2018; 29: 360–364

[91] Sargel C.L., Aboud M., Forster A., Langman L.J., Tansmore J., 
Mueller B.A., Smoyer W.E., Auletta J.J.: Intravenous ribavirin for 
parainfluenza and respiratory syncytial virus in an infant receiving 
extracorporeal membrane oxygenation and continuous renal re-
placement therapy. J. Pediatr. Pharmacol. Ther., 2018; 23: 337–342

[92] Sarmati L., Andreoni M., Antonelli G., Arcese W., Bruno R., Cop-
pola N., Gaeta G.B., Galli M., Girmenia C., Mikulska M., Pane F., Perno 
C.F., Picardi M., Puoti M., Rambaldi A., Svicher V., Taliani G., Gentile 
G.: Recommendations for screening, monitoring, prevention, pro-
phylaxis and therapy of hepatitis B virus reactivation in patients 
with haematologic malignancies and patients who underwent ha-
ematologic stem cell transplantation-a position paper. Clin. Micro-
biol. Infect., 2017; 23: 935–940

[93] Sato M., Honzumi K., Sato T., Hashimoto K., Watanabe M., Miy-
azaki K., Kawasaki Y., Hosoya M.: Sequential influenza B viral load 
and susceptibility in children treated with oseltamivir and zanami-
vir. Pediatr. Infect. Dis. J., 2014; 33: e168–e172

[94] Schwetz T.A., Fauci A.S.: The extended impact of human im-
munodeficiency virus/AIDS research. J. Infect. Dis., 2019; 219: 6–9

[95] Sebivo – Summary of Product Characteristics. http://ec.europa.
eu/health/documents/community-register/2017/20170623138045/
anx_138045_en.pdf (10.08.2018)

[96] Sheehy A.M., Gaddis N.C., Choi J.D., Malim M.H.: Isolation of a 
human gene that inhibits HIV-1 infection and is suppressed by the 
viral Vif protein. Nature, 2002; 418: 646–650

[97] Sinclair S.M., Jones J.K., Miller R.K., Greene M.F., Kwo P.Y., Mad-
drey W.C.: The ribavirin pregnancy registry: An interim analysis of 
potential teratogenicity at the mid-point of enrollment. Drug Saf., 
2017; 40: 1205–1218



507

Dyrka K. et al. – Drugs used in viral diseases...

[129] Yost R., Pasquale T.R., Sahloff E.G.: Maraviroc: a coreceptor 
CCR5 antagonist for management of HIV infection. Am. J. Health 
Syst. Pharm., 2009; 66: 715–726

[130] Yu Y.Y., Zhang D.Z., Miao X.H., Zhu C.L., Zhou X.Q., Yu H., Si 
C.W.: Foscarnet sodium for treatment in patients with severe chro-
nic hepatitis B. Zhonghua Gan Zang Bing Za Zhi, 2006; 14: 814–816

[131] Zandi S., Bodaghi B., Garweg J.G.: Review for disease of the year: 
Treatment of viral anterior uveitis: a perspective. Ocul. Immunol. 
Inflamm., 2018; 26: 1135–1142

[132] Zeffix – Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/zeffix-epar-pro-
duct-information_en.pdf (10.08.2018)

[133] Zepativer – Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/zepatier-epar-
-product-information_en.pdf (10.08.2018) 

[134] Zerit – Summary of Product Characteristics. https://www.ema.
europa.eu/documents/product-information/zerit-epar-product-
-information_en.pdf (10.08.2018)

[135] Zhang K., Cao H., Liang J., Shu X., Sun H., Li G., Xu Q.: CON-
SORT: Effects of adding adefovirdipivoxil to peginterferon alfa-2a 
at different time points on HBeAg-positivepatients: A prospective, 
randomized study. Medicine, 2016; 95: e4471

[136] Zhong L., Wang W., Ma M., Gou L., Tang X., Song H.: Chronic 
active Epstein-Barr virus infection as the initial symptom in a Janus 
kinase 3 deficiency child: Case report and literature review. Medici-
ne, 2017; 96: e7989

The authors have no potential conflicts of interest to 
declare.

[118] Vere Hodge R.A., Field H.J.: Antiviral agents for herpes simplex 
virus. Adv. Pharmacol., 2013; 67: 1–38

[119] Viekirax – Summary of Product Characteristics. https://www.
ema.europa.eu/documents/product-information/viekirax-epar-
-product-information_en.pdf (10.08.2018)

[120] Viramune – Summary of Product Characteristics. https://
www.ema.europa.eu/documents/product-information/viramune-
-epar-product-information_en.pdf (10.08.2018)

[121] Viregyt K – Summary of Product Characteristics. http://leki.
urpl.gov.pl/files/Viregyt_K_kaps_100mg.pdf (10.05.2019)

[122] Vistide – Summary of Product Characteristics. https://ec.europa.
eu/health/documents/community-register/2005/200506249862/
anx_9862_en.pdf (10.08.2018)

[123] Wilhelmus K.R.: Antiviral treatment and other therapeutic in-
terventions for herpes simplex virus epithelial keratitis. Cochrane 
Database Syst. Rev., 2015; 1: CD002898

[124] Wimmersberger Y., Gervaix A., Baglivo E.: VZV retinal vasculitis 
without systemic infection: diagnosis and monitoring with quanti-
tative polymerase chain reaction. Int. Ophthalmol. 2010; 30: 73–75

[125] Workowski K.A., Bolan G.A.: Sexually transmitted diseases 
treatment guidelines, 2015. MMWR Recomm. Rep., 2015; 64: 1–137

[126] Wyles D.L., Ruane P.J., Sulkowski M.S., Dieterich D., Luetke-
meyer A., Morgan T.R., Sherman K.E., Dretler R., Fishbein D., Gathe 
J.C. Jr, Henn S., Hinestrosa F., Huynh C., McDonald C., Mills A., et al.: 
Daclatasvir plus sofosbuvir for HCV in patients coinfected with HIV-
1. N. Engl. J. Med., 2015; 373: 714–725

[127] Yager J.E., Magaret A.S., Kuntz S.R., Selke S., Huang M.L., Corey 
L., Casper C., Wald A.: Valganciclovir for the suppression of Epstein-
-Barr virus replication. J. Infect. Dis., 2017; 216: 198–202

[128] Yan Z., Qiao B., Zhang H., Wang Y., Gou W.: Effectiveness of telbi-
vudine antiviral treatment in patients with hepatitis B virus-associated 
glomerulonephritis: A 104-week pilot study. Medicine, 2018; 97: e11716


