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ABSTRACT
Human immunodeficiency virus (HIV)-hepatitis C virus (HCV) coinfection is a major health problem around worldwide. One-third of the HIV-infected
patients suffer from chronic hepatitis (HCV). The risk factors of coinfected patients are very high while compared to the monoinfected patients; they are
having higher HCV viral load is associated with a severe liver damage. The use of highly active antiretroviral therapy (HAART) dramatically increases
the survival of HIV/HCV-coinfected patients by preventing the depletion of CD4 cell counts and delaying the progression of fibrosis which reduces
the complications related to end-stage liver damage. Reverse-transcriptase inhibitors and protease inhibitors are very commonly used drugs for the
treatment of coinfection. Combination drugs and synthetic drugs are playing a pivotal role in the coinfection therapy. Under HAART, the coinfected
patients are affected by many adverse effects such as mitochondrial toxicity, hypersensitivity, and lipodystrophy syndrome. However, the adverse
effects of most herbal drugs are relatively less frequent when the drugs are used properly compared with synthetic drugs; it may help to protect the
patients from severe adverse effects. This review collates to the importance of plant-derived drugs for the treatment of HIV-HCV coinfection.
Keywords: Human immunodeficiency virus-hepatitis C virus coinfection, Dietary compounds, Antiretroviral therapy, Transcriptase inhibitors, Side
effects, Genotype.
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INTRODUCTION

EPIDEMIOLOGY

Acquired immune deficiency syndrome (AIDS) is caused by the
human immunodeficiency virus (HIV). It affects the immune system
by the depletion of CD4 cell counts; human body dramatically loses
its immune power fights against infection [1]. With CD4 counts
<200 cells/μl, patients are at high risk for developing opportunistic
infections such as hepatitis, tuberculosis, and etcetera [2]. Most of the
HIV-infected patients were affected chronic hepatitis C virus (HCV), a
coinfection which is rapidly emerging as a major cause of morbidity
and mortality throughout the world. HCV is a leading cause of chronic
liver disease [3], long-term complications of HCV infection include
cirrhosis, end-stage liver disease, and hepatocellular carcinoma [4].
The most common mode of transmission was sexual promiscuity
(79%), followed by spouse positivity (15%) and history of blood
transfusion (6%) [5]. The widespread of highly active antiretroviral
therapy (HAART), since 1996 has radically changed the natural history
of HIV infections, given in the reduction of HIV/HCV pathogenicity. The
gradual progress of CD4 counts and undetectable HIV plasma viral load
is associated with a slower rate of liver fibrosis progression in HIV/HCVcoinfected patients [5], in spite of disturbed glutathione redox status
and decreased antioxidant levels seem to persist even during HAART
[6]. Before the availability of antiretroviral therapy (ARVT), median
survival after diagnosis of AIDS was 12–18 months [2]. Unfortunately,
up to 25% of patients discontinue their initial HAART regimen because
of treatment failure (inability to suppress HIV viral replication to
below the current limit of detection, 50 copies/ml) [7]. 12–25% of
patients discontinued therapy early (12 weeks) because of either cost
or severe adverse effects [8]. In contrast to modern medicines, herbal
medicines are frequently used to treat chronic diseases. Combinations
with chemically defined as active substances or isolated constituents
are not considered to be herbal medicines. However, the adverse effects
of phytotherapeutic agents are less frequent compared with synthetic
drugs, several regulatory models for herbal medicines are currently
available, including prescription drugs, over-the-counter substances,
traditional medicines, and dietary supplements [9].

HCV is the cause of more than three-quarters of liver-related deaths
in HIV-seropositive participants, and it is incredible that at present
roughly one-quarter of HIV-infected contributors in Europe and the US
have HCV coinfection. HIV/HCV-coinfected patients, who are more likely
to develop cirrhosis, had an improved risk of developing AIDS, of HIVassociated ailment and of overall mortality [10]. How HCV may have an
impact on the direction of HIV contamination will not be well known
even though it used to be prompt that HCV co-contamination is capable
to develop immune activation and to sensitize CD4+T-cells closer to
apoptosis in the absence of an HIV remedy [10]. The most predominant
HCV genotypes among coinfected individuals were type 1 (80%),
3 (12%), and 4 (6%). There is no case bearing genotype 2 [11]. There
is a lot of evidence that suggests the simultaneous presence of HIV
contamination accelerates the liver damage from HCV favoring the
evolution to cirrhosis in cocontaminated sufferers. HIV growing of
TNF-alpha liver construction and of HCV replication in peripheral
blood lymphomonocytes is the mechanisms on the groundwork of this
phenomenon. HAART had a constructive result of HIV/HCV coillness;
in any other case, it does no longer appear to entirely proper the
adversarial result of HIV illness on HCV-related outcomes [10].

Global scenario
Globally, a predicted ratio of HIV patients are 40 million and HCV
patients are 130 million. In HIV-contaminated persons, an estimated
4–5 million have HCV co-contamination. HCV and HIV share original
routes of transmission, but they differ in their occurrence with the
aid of geographic vicinity and the effectivity by which targeted types
of exposures transmit them. Among HIV optimistic people studied
from Western Europe and the US, power HCV infection has been found
in 25–30% of HIV-positive persons total 72–95% of injection drug
customers, 1–12% of men who have sex with men, and 9–27% of
heterosexuals [12].

HIV-HCV occurrence varies extensively among risk groups, with
a prevalence of 59% in cohorts of injection drug use (IDU) in the
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US and Europe [13] and as much as 85% in hemophiliacs with
HIV [14]. A hepatic disease has become the leading non-AIDS intent
of morbidity and mortality among HIV-contaminated participants
after the availability of antiretroviral (ART) medication grew to be
fashionable in useful resource adequate areas of the world. In a 2006,
multinational cohort of more than 25,000 HIV-infected individuals
in the USA and Europe, 14% of the deaths have been liver associated
and, of those, 66% passed off in people with concomitant HCV
infection [15]. In the United States, approximately 80% of the HIVHCV-coinfected patients were influenced by HCV genotype 1 [16],
and end-stage liver disease is an important cause of death [17,18].
Similar HCV prevalence rates have been demonstrated among
HIV-contaminated populations in France, Germany, Switzerland,
and Greece [10]. Observation among urban IDU found coinfection
prevalence rates of 84% and 88% [19‑21].

Indian scenario
The first HIV estimation in India was done by the National AIDS Control
Organization and Ministry of Health and Family welfare [22]. In India,
coinfection with hepatitis C has been found to be associated with
almost an 8-fold increased risk of disease progression [23], the rates
of coinfection with HIV and HCV are reported to be 6–33% [23,24].
The mean survival time of Indian patients after diagnosis of HIV
is 92 months [2]. The Eastern state of Manipur 92% of HIV-positive
intravenous drug users (IVDUs), were coinfected with hepatitis C [25].
Slum areas in Chennai IVDUs are 28 times more likely to be HCV
infected than those denying IDU [26]. In a predominantly non-IVDU
population, HIV-HCV coinfection rates have been reported between
4.8 and 21.4% [27]. The first HIV estimation in India was done by
the National AIDS Control Organization and Ministry of Health and
Family welfare [22]. The prevalence in high-risk groups came to over
5% by 1990 [28]. According to UNDPs 2010 report, India had 2.395
million individuals living with HIV toward the end of 2009, up from
2.27 million in 2008. Grown-up commonness additionally ascended
from 0.29% in 2008 to 0.31% in 2009 [29]. Two studies from Lucknow
and Chennai showed relatively low rates of coinfection of 1.61% and
2.2%, respectively [30,31]. Both these studies were done in patients
with a low incidence of IVDU. However, a report from Imphal studied
coinfection of HIV and HCV in injecting IVDUs and found a very high
rate of 52.4% [32].
RISK FACTORS OF HIV/HCV COINFECTION

Once, a person affected by HIV, the virus enters the white blood cells
called CD4 lymphocytes and starts to replicate itself. Human body tries
to defend itself against HIV by producing antibodies. These cells help to
get rid of some virus. After an acute HIV injection, body continuously
produces an enormous rate of antibodies to fight infection. Even though
human body still has an HIV infection, the usual blood tests will be
normal. However, during this time the virus is still attacking the lymph
nodes (centers of the body’s immune system). Over 10–15 years, HIV
would kill so many CD4 cells that a human body could no longer fight off
infections. At this point, the person is diagnosed as having AIDS [33]. The
reduction of CD4 cell counts is at high risk for developing opportunistic
infections like hepatitis [2]. Most of the HIV/HCV-coinfected patients
have abnormal levels of transaminases; it leads to liver fibrosis on
biopsy. A normal rate of alanine aminotransferase does not allow the
progression of liver fibrosis [5]. Compared to monoinfected patients,
the treatment procedure of coinfected peoples is a complicated one.
Majority of coinfected individuals drops their treatment because
of severe anemia and an adverse effect of retroviral therapy [2,34].
Cryptococcal meningitis is a common threat to HIV patients which
caused by Cryptococcus neoformans; it is most commonly affect the
immunocompromised (people have an impaired or weakened immune
system) patients [35]. In some occasion, HIV infection becomes severe
when the rapid rises in plasma viremia with a concomitant drop of
the CD4 count within 3–6 weeks [5]. Pregnant women and diabetic
patients, who under the treatment of dialysis affected more due to the
severity of coinfection [36].
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THERAPEUTIC IMPLICATIONS
HAART (a combination of at least three drugs) plays an important
role in the treatment of HIV/HCV-coinfected patients [37]. Three
classes of drugs are used to treat HIV such as protease inhibitor (PI),
nucleoside reverse transcriptase inhibitors, and non-nucleoside
reverse transcriptase inhibitors [33]. In 1996, PI therapy became
widely available only after the cytarabine trial [38,39]. Combination
regimens of pegylated interferons (PEG-IFN) and ribavirin induce a
sustained response in 42–82% of patients with chronic hepatitis C,
depending on genotype [40,41]. It is an optimal therapy for chronic
hepatitis C among HIV-infected patients [42]. The use of anti-HCV
PI drugs, boceprevir, and telaprevir in coinfected persons seems to
illustrate a greater antiviral efficacy within the HIV/HCV coinfected
population [43]. Different combination regimens reduce the risk of
liver-related complications, sustained virological rates between 27%
and 44% [5,44]. There is no cure for the HIV which causes AIDS, but
a combination of drugs can keep the virus away from replicating and
damaging the immune system [33]. Combination regimens given to the
patients depend on the types of hepatitis C genotypes. Some regimens
were listed in Table 1 [45].
SIDE EFFECTS OF ARVT

ART toxicity is a major issue in the management of coinfected patients.
In general, HAART has been shown to be safe and well effective at
increasing the lifespan of HIV/HCV-coinfected patients. Similarly,
patients under the medication of HAART face severe adverse effects
and toxicities including vomiting, fatigue, irritability, depression,
anemia, hepatitis, pancreatitis, peripheral neuropathy, lipoatrophy,
lipodystrophy, Stevens–Johnson syndrome (SJS), leukopenia, diarrhea,
and weight loss [5,46,47]. The risk of side effects varies from drug
to drug and from patients to patients [25]. Lipodystrophy was
noted primarily in patients with stavudine-based HAART, whereas
hypersensitivity syndrome, hepatitis, and SJS were associated with
the use of nevirapine [2]. Leukopenia and thrombocytopenia are
shown a dose-related adverse effect of PEG-IFN, granulocyte colonystimulating factor used in the drug formation it improves diarrhea [48].
Didanosine (DDI) has been associated with severe mitochondrial
toxicity, leading to pancreatitis, hepatic failure, and death [5].
Unconjugated hyperbilirubinemia can occur with a PI, indinavir.
Drugs, Invirase and Norvir, lead to an abnormal heart rhythm. Notably
approved PIs have gastrointestinal side effects [33]. More recently,
two animal studies reveal tenofovir disoproxil fumarate (TDF)-based
Table 1: Various potential DDA oral combination regimens used
for treatment based on the types of hepatitis C genotypes

Different types of
hepatitis C genotypes

Potential DDA oral combination
regimens

Genotype 1

Elbasvir/grazoprevir

Genotype 2
Genotype 3
Genotype 4
Genotype 5 or 6
DDA: Direct drug activity

Ledipasvir/sofosbuvir
Paritaprevir/ritonavir/
ombitasvir+dasabuvir
Simeprevir+sofosbuvir
Sofosbuvir/velpatasvir
Daclatasvir+sofosbuvir
Daclatasvir with sofosbuvir
Sofosbuvir/velpatasvir
Elbasvir/grazoprevir+sofosbuvir
Daclatasvir with sofosbuvir
Sofosbuvir/velpatasvir
Paritaprevir/ritonavir/ombitasvir
Sofosbuvir/velpatasvir
Elbasvir/grazoprevir
Ledipasvir/sofosbuvir
Sofosbuvir/velpatasvir
Ledipasvir/sofobuvir
Elbasvir/grazoprevir
31
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Table 2: Different combination regimens of NRTIs and their toxic effects
NRTIs

Common side effects

Ziagen (abacavir)
Combivir (lamivudine+zidovudine)
Videx, or Videx‑EC (didanosine or ddl)
Emtriva (emtricitabine)
Epzicom (abacavir+lamivudine)
Epivir (lamivudine)
Zerit, Zerit XR (stavudine, d4T)

Hypersensitivity reaction
Anemia
Diarrhea, abdominal pain, neuropathy, nausea, vomiting, pancreatitis
Rash and skin darkening of palms or soles, numbness, tingling, or burning sensation
Nausea, vomiting, upset stomach, diarrhea, fatigue, chills, dizziness, insomnia
Nausea, vomiting, upset stomach, diarrhea, fatigue, dizziness, headaches, insomnia
Peripheral neuropathy, headache, chills and fever, diarrhea, nausea, fat loss in arms,
legs, or face
Mild nausea, vomiting, loss of appetite, upset stomach
Anemia, nausea, stomach pain, diarrhea, constipation, vomiting, dizziness,
insomnia, fatigue, muscle aches, hypersensitivity reaction
Mild nausea, vomiting, loss of appetite, rash, darkening of palms or soles, tingling,
numbness or burning sensation
Nausea, diarrhea
Anemia, nausea, vomiting
Insomnia, headache, fatigue

Viread (tenofovir)
Trizivir (abacavir+zidovudine+lamivudine)
Truvada (tenofovir+emtricitabine)

Stribild (tenofovir+emtricitabine+elvitegravir)
Retrovir (AZT, zidovudine)
Triumeq (abacavir+lamivudine+dolutegravir)
NRTIs: Nucleoside reverse‑transcriptase inhibitors

Table 3: Different combination regimens of NNRTIs and their
toxic effects

NNRTIs

Common side effects

Edurant (rilpivirine)

Depression, difficulty sleeping, headache,
rash
Vivid dreams, anxiety, rash, nausea,
insomnia
Skin rash, fever, headache, nausea,
diarrhea

Sustiva (efavirenz)

Viramune (nevirapine)

NNRTIs: Non‑nucleoside reverse‑transcriptase inhibitors

Table 4: Commonly used PIs for HIV/HCV coinfection and their
adverse effects
PIs

Toxic effects

Saquinavir (SQV)
Ritonavir (RTV)

Nausea, diarrhea
Peripheral paresthesia, nausea, diarrhea,
flushing
Renal calculi, hyperbilirubinemia, reflux
esophagitis, retinoid effects, hemolytic
anemia
Diarrhea, nausea, GI upset
Hypersensitivity, perioral paresthesia
Elevation of liver enzyme levels
GI toxic effects, elevation of liver enzyme
levels

Indinavir (IDV)

Nelfinavir (NFV)
Amprenavir (APV)
Invirase (INV)
Fortovase (FTV)

PIs: Protease inhibitors, HIV: Human immunodeficiency virus, HCV: Hepatitis C
virus, GI: Gastrointestinal

ART causes mtDNA depletion and mitochondrial dysfunction. TDFrelated (tenofovir+lamivudine+nevirapine regimen) renal impairment
considered as an incessant inconvenience during treatment with TDF.
Risk factors for developing renal impairment incorporate increasing
age and CD4>200 cells [49]. Even though non-nucleotide reversetranscriptase inhibitors such as nevirapine, stavudine, DDI, and
tipranavir indistinct had been related to the progress of hepatotoxicity,
all ARVs are associated with some risk of hepatotoxicity. Some other
regimens lead to the elevation of transaminases, which result in more
than five times upper to cause the liver harm including viral hepatitis
and other liver related diseases [50].
HCV-associated immune reconstitution inflammatory syndrome
can arise after ART initiation, but it is a diagnosis of exclusion [47].
Hypersensitivity is an erythematous and confluent rash with or

without fever; it is most prominent in the body and arms and usually
begins after 1–3 weeks therapy. SJS or toxic epidermal necrolysis
develops in less than 0•5% of patients but has not been reported
with abacavir [37]. Lipodystrophy syndrome is a cause of peripheral
fat loss (presumed lipoatrophy in the face, limbs, and buttocks) and
central fat accumulation (within the abdomen, breasts, and over
the dorsocervical spine (so-called “buffalo hump),” as well as other
lipomata [7,51]. Neither cytarabine nor regimens of one or two reversetranscriptase inhibitors affect the course of progressive multifocal
leukoencephalopathy in patients infected with the HIV [52]. A list of
some reverse-transcriptase inhibitors (RTIs) and their medication side
effects are presented in Table 2 [53] and 3 [54].
Like transcriptase inhibitors, many PIs (HIV1 PI) are available in the
market for the treatment of coinfection such as saquinavir, ritonavir,
and etcetera. These PIs also possess different kinds of side effects
depend on the dose prescribed, age, and severity of illness. Some kind
of PI and its side effects listed in Table 4 [37,54].
MEDICINAL PLANTS IN AVRT

Many medicinal plants have antiviral properties, from these few plants
which have high anti-HIV activity. The trend in the domestication,
production and biotechnological studies and genetic improvement of
medicinal plants, instead of the use of plants harvested in the wild,
will offer great advantages since it will be possible to obtain uniform
and high-quality raw materials which are fundamental to the efficacy
and safety of herbal drugs [9]. Epigallocatechin-3-gallate (EGCG), one
of the components of green tea, has been suggested to have antiviral
activity; EGCG strongly inhibited the replication of HIV. Glutamine is an
antioxidant nutritional supplement extracted from herbs can increase
body weight, cell mass, and intracellular water when compared with
placebo in HIV patients. Hyssop has antiviral activity against herpes
simplex and HIV. Licorice, Rooibos tea, Echinacea herb, and Catuaba (an
Amazonian plant) may have some anti-HIV activity. Olive leaf extract
prevents the cell-cell transmission of HIV. Korean red ginseng helps
to increase the count of CD4 cells. Bovine colostrums may reduce the
severity of diarrhea in HIV patients. Fish oils reduce the HIV infection to
reduce triglycerides and also prevent cardiovascular disease [33].
Thailand and China introduced an herbal drug called SH instant,
which strengthen the immune systems of people with HIV and help
to control the viral replication. It is a combination of five different
medicines, from these three medicinal herbs from are China and two
from Thailand. Chinese herbs are Yinchen, Huanggi, and Gancho with
pluak rak mon (part of the mulberry root) and Dok kham foi (extracted
from safflowers) [33]. Silybim marianum (milk thistle), Glycyrrhiza
glabra, Picrorhiza kurroa, and Phyllanthus amarus are confirmed as
safe and hepatoprotective herbals used for repairing liver function,
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Table 5: List of active dietary molecules has anti‑HIV‑HCV properties and their plant
S. No

Active dietary molecules

Plant source

Types of metabolites

1
2
3
4
5
6
7
8

Silymarin/Silibinin/Silybin
EGCG ((−)‑Epigallocatechin‑3‑gallate)
Ladanein
Naringenin
Piperine
Quercetin
Honokiol
3‑hydroxy caruilignan C

Silybum marianum
Camellia sinensis
Marrubium peregrinum L.
Grapefruit
Piper nigrum
Embelia ribes
Magnolia grandiflora
Swietenia macrophylla

Flavonolignan isomers
Flavonoid
Fhenolic compounds
Flavonoid
Alkaloids
Flavonoid
Lignan compounds

16

Carnosol

Excoecaria agallocha L.
Perilla frutescens L., Ocimum basilicum L., Mentha arvense L.
Allium cepa
Vitis vinifera, Vaccinium vitis‑idaea, etc.
Vegetables and fruits
Citrus limon, Citrus sinensis
Raspberries; strawberries; cranberries; walnuts; pecans;
pomegranates
Rosmarinus officinalis L. (leaves)
Glycine max (soybean)

Polyphenols
Polyphenols
Alkylthiols
Flavonoid
Carotenoid
Flavonoid
Polyphenol

9
10
11
12
13
14
15
17
18

Excoecariphenol D Corilagin
Rosmarinic acid
Allyl Mercaptan
Myricetin
Lutein
Hesperetin
Ellagic acid
Daidzein

Apigenin

Matricaria recutita

including cirrhosis. A clinical trial with Phyllanthus niruri significantly
reduces the chronic toxicity by maintaining the level of transaminases
[55]. Orange juice is considered as a rich dietary source of antioxidants
for patients with hepatitis C under antiviral therapy [56]. Medicinal
herbs have a wide range of therapeutic use and are suitable for chronic
treatments; the occurrence of undesirable side effects seems to be
less frequent with herbal medicines, but well-controlled, randomized
clinical trials have revealed that they also exist; they usually cost less
than synthetic drugs [9]. Following table contains some examples
of active dietary molecules, which possess the anti-HIV and HCV
properties (Table 5) [57,58].
CONCLUSION

Synthetic drugs and combination regimens are most commonly used
to treat coinfected patients. However, prolonged treatment with
combination regimens can be difficult to sustain because of problems
with adherence and toxic effects [59]. Instead of synthetic compounds,
natural compounds reduce the risk of side effects and also possess
antiviral activity. Natural substances work against HIV through
other mechanisms as well. The bioactive components of dietary
phytochemicals most often show to be effective against HIV/HCV, by
their potential in preventing HIV/HCV through modifying genetic
and epigenetic targets.Comparing with synthetic medicine the course
of herbal regimen is extended [9]. Hence, the future aims to find out
many lead compounds from dietary phytochemicals that can exhibit the
pathogenic role of both HIV and HCV. It will protect the people from the
severe adverse effects of HIV-HCV coinfection medication. This study
will promote the scientific study of dietary supplements for maintaining
health and preventing chronic diseases.
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