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Abstract

Today, the comorbidity of infection caused by the human immunodeficiency virus (HIV) is an important problem
due to the complexity of the selection of the optimal antiretroviral therapy and the diagnosing of associated
pathological conditions. The study of the comorbidity of HIV-infection and allergy is an important area of
research. This article presents a literature review on different types of comorbidity. Special attention is paid to the
development of allergic reactions to antiretroviral drugs. The presence of an allergic reaction in a patient can cause
low adherence to therapy and subsequent development of HIV resistance to the treatment. The review provides
information on the possible causes of the development of hypersensitivity in HIV-infected patients. The data on
the development of hypersensitivity reactions in response to treatment with the main classes of antiretroviral
drugs (nucleoside and non-nucleoside reverse transcriptase inhibitors, synthesis inhibitors, protease inhibitors,
integrase inhibitors, cysteine-cysteine chemokine receptor 5 inhibitors) are presented. The most common allergic
reactions to these drug classes are itching and rash, as well as increasing hepatic transaminase levels and cough.
The existing scientific data on allergic reactions to drugs prescribed for other concurrent conditions (tuberculosis,
fungal diseases) is also considered. The examples of studies reflecting the relevance of using immunogenetic and
molecular genetic approaches in the study of comorbidity of HIV-infection and allergy are given. The identification
of immunogenetic markers of the development of the hypersensitivity to therapy will optimize the diagnostic and

treatment algorithms, especially in complex comorbid conditions.
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Introduction. Human immunodeficiency virus
(HIV) infection is an acute socially significant
problem. It is a chronic infection primarily caused
by HIV type 1 (HIV-1). A much smaller number
of cases are associated with HIV type 2 (HIV-2),
which is registered mainly in West Africa and is
less pathogenic than HIV-1 [1].

However, HIV infection is rarely limited to
a single disease. In HIV infection, polymorbidity is
often noted, manifested by the presence of concom-
itant tuberculosis [2], hepatitis C [3, 4], hepatitis B
[5], diabetes mellitus [6, 7], hypertension [7], aller-
gies [8—10], and other pathological conditions. Each
form of polymorbidity has several characteristics
that are important to consider not only in the diag-
nostics of HIV infection but also in the selection of
antiretroviral therapy and management of patients.

The problem of HIV infection and allergy co-
morbidity is under-investigated. However, com-
prehension of the mechanisms of the concurrence

of these types of pathologies can improve under-
standing of the pathogenetic aspects of the course
of HIV infection and optimize diagnostic and treat-
ment algorithms.

Critical analysis of modern views on HIV in-
fection and allergy comorbidity. An allergic re-
action usually proceeds according to the following
scenario. At the initial contact of an allergen with
a macroorganism, the allergen comes into contact
with an antigen-presenting cell that processes and
presents the allergen to type 2 T-helpers. The acti-
vation of the latter leads to the active synthesis of
interleukins-4 and 10, which ensure the differenti-
ation of naive B-cells and the production of class
E immunoglobulins specific to the presented aller-
gen. The synthesis of interleukin-4 inhibits the ac-
tivity of type 1 T-helpers, which leads to a decrease
in the activity of the cellular link of immunity and
resistance of the macroorganism to the intracellu-
lar parasites [10].
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Table 1. Hypersensitivity reactions to some antiretroviral drugs.

Group of drugs Represet;tra:lll\rf)es of the Described hypersensitivity reactions
) ) Abacavir Maculopapular and urticarial rash (2.3%-9% of cases) [22]
Nucleoside reverse-transcriptase -
inhibitors Tenofovir Maculopapul.a.r and vesicular rash (5%—7% of cases) [23],
photodermatitis [24]
Non-nucleoside reverse- Nevirapine Maculopapular rash (15%-32% of cases) [25]
transcriptase inhibitors Efavirenz Mild-to-moderate skin rash [23]
Atazanavir Rash, hyperbilirubinemia (6% of cases) [27]
Darunavir Rash, increased hepatic aminotransferase levels (6.7%
Protease inhibitors of cases) [28]
Lopinavir Rash, increased hepatic aminotransferase levels (2%—4%
P of cases) [29]
N .
Fusion inhibitors Enfuvirtide Extremely rare (<1% of cases), isolated cases have been
described [30]
Inhibitors of the cysteine— . .
cysteine-receptor of chemokine 5 Maraviroc Extremely rare, possible rash, and cough [31, 32]
1 0, 1 0/ 0,
Raltegravir Increased sweating (4% of cases), pruritus (2.3%—6.7%
of cases) [22]
Integrase inhibitors Dolutegravir Drug hypersensitivity reactions are extremely rare (<1%
of cases) [33]
Elvitegravir Rare allergic reactions [34, 35]

The development of allergic reactions in pa-
tients with HIV infection can be associated with
several causes. The main cause is the chronic na-
ture of HIV infection. Long-term persistence of
HIV in the human body can become a specific trig-
ger for the development of allergies [8].

Moreover, allergies in patients with HIV infec-
tion may be caused by a genetic predisposition to
the development of allergic reactions. Researchers
have found several significant genetic predictors
of allergy development [11-13], such as the R576
(IL-40) mutant allele, /L4RA (IL-4 receptor) poly-
morphism, and the ADAM33, PHF11, DPPI0, and
GPRA genes.

There is also an assumption that allergic reac-
tions in patients with HI'V infection can result from
helminthic invasion [8, 14, 15]. This is confirmed
by a study that indicated the presence of eosino-
philia in such patients and symptoms of eosinophi-
lic inflammation of various localizations [10].

The study of HIV infection and helminthic in-
vasion comorbidity is the subject of a separate re-
view; however, several important aspects should
be noted. A high helminthic load correlates with
a high viral load of HIV, and successful anthelmin-
thic treatment leads to a significant decrease in the
HIV viral load [16]. Moreover, anthelmintic thera-
py in patients with HIV infection does not lead to
a significant improvement in immune status indi-
cators and is not mandatory in non-endemic areas
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[17,18]. Allergic syndrome with helminthic in-
vasion often manifests as urticaria, pruritus, and
eruption [19].

In the context of HIV infection and allergy co-
morbidity, it is important to investigate the mani-
festations of drug hypersensitivity in response to
antiretroviral therapy. Thus, more than 50% of pa-
tients with HIV infection develop skin eruption
of varying severities in response to antiretroviral
therapy [20] and other forms of allergic reactions
to certain antiretroviral drugs [21]. Several groups
of antiretroviral drugs are used to treat HIV infec-
tion, namely, nucleoside and non-nucleoside re-
verse-transcriptase inhibitors, protease inhibitors,
synthesis inhibitors, integrase inhibitors, and inhi-
bitors of the cysteine—cysteine receptor of chemo-
kine 5. Table 1 presents information on the main
reactions to antiretroviral drugs.

Nucleoside reverse-transcriptase inhibitors can
cause allergic reactions manifested as maculopa-
pular or urticarial rash. These phenomena are more
common with the use of abacavir and tenofovir [22,
23]. Cases of photodermatitis have been described
for tenofovir [24].

Nevirapine can cause maculopapular rash,
which emerges in the period from 10 days to 6
weeks from the start of drug administration, which
usually has a mild course and resolves independent-
ly without withdrawal of the drug [25,26]. Efa-
virenz is often included in antiretroviral therapy,
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and it can cause a skin rash that appears on week 2
of drug intake, with possible itching. The above-
described characteristics of a mild-to-moderate
rash do not require drug withdrawal, and it resolves
after 4 weeks of taking antihistamines or glucocor-
ticoids [23]. Nevirapine and efavirenz are the most
commonly used representatives of non-nucleoside
reverse-transcriptase inhibitors.

Protease inhibitors are also used in antiretro-
viral therapy. Atazanavir can cause rash and hy-
perbilirubinemia [27]. Darunavir can cause rash
and elevated hepatic aminotransferase levels [28].
Lopinavir is an antiretroviral coformulated drug
that can cause rash and elevated hepatic amino-
transferase levels [29].

Fusion inhibitors rarely cause allergic reactions.
Cases of hypersensitivity to the administration of
enfuvirtide in the presence of hepatotoxic syn-
drome have been described [30]. Generally, inhi-
bitors of the cysteine—cysteine-receptor chemokine
5 (maraviroc) do not cause allergic reactions; how-
ever, there were reports of rash and coughing with
maraviroc intake [31, 32].

Patients taking raltegravir have presented in-
creased sweating and itching in rare cases [22].
The intake of dolutegravir does not induce allergic
reactions (less than 1% of drug hypersensitivity
cases were noted when dolutegravir was also in-
cluded in the treatment regimen [33]). Elvitegravir
is used as a component of antiretroviral complex
of drugs. Its allergic reactions develop two times
less frequently than with regimens containing efa-
virenz [34, 35].

In addition to antiretroviral drugs, other drugs
used in comorbid conditions can cause hypersensi-
tivity reactions. Antibacterial drugs are used in the
prevention and treatment of tuberculosis, which,
with the history of allergic conditions, can cause
severe allergic reactions in patients with HIV infec-
tion. In the past, thioacetazone was used to treat tu-
berculosis, and its study revealed the development
of hypersensitivity reactions in patients with HIV
infection compared with patients with seronega-
tive results (22% vs. 1% of cases, respectively) [36].

With the prophylactic use of isoniazid, adverse
reactions may occur in 0.25% of cases, including
pruritic eruptions in 4.3%—8.3% of cases [37]. Iso-
lated cases of drug-induced erythroderma while
taking isoniazid were described [38]. When pyra-
zinamide is prescribed to patients with eosinophi-
lia, an allergic rash may occur [39]. These adverse
events were described without taking into account
the comorbidities of HIV infection.

When prescribing therapy for patients with HIV
infection, the doctor should remember the possibi-
lity of allergic reactions in response to antifungal

drugs. Thus, fluconazole may induce maculopa-
pular rash, diffuse erythema, angioderma, and Ste-
vens—Johnson syndrome [40], which is important to
consider when prescribing therapy for patients with
HIV infection.

The study of HIV infection comorbidities is an
important and promising field of scientific research
that should be performed using molecular gene-
tic and immunogenetic methods. Research on HIV
infection and allergic reaction comorbidity in the
context of molecular genetics is promising to iden-
tify causally significant genetic markers.

A study [41] showed a relationship between the
development of hypersensitivity reactions in re-
sponse to abacavir and the rs2395029 (*57:01) vari-
ant in the HLA-B gene [41]. Another study revealed
that hypersensitivity to nevirapine is associated
with HLA-Cw8 and HLA-B14 antigens [42]. In pa-
tients taking nevirapine and efavirenz, a relation-
ship was established between the HLA-DRB101*01
allele and rash appearance [43].

Conclusion. Comorbid conditions in HIV infec-
tion remain an urgent scientific problem requiring
detailed investigation. HIV infection and allergy
comorbidity may be caused by the long-term pre-
sence of the virus in the body, genetic predictors of
allergy development, and concomitant helminthic
invasion. The phenomenon of drug allergy should
be closely monitored, which manifests itself in the
use of antiretroviral therapy and must be taken into
account when choosing therapy for patients with
HIV infection. Allergic reactions are also possible
when taking drugs for other conditions associated
with HIV infection.

The scientific community is showing particu-
lar interest in investigating hypersensitivity reac-
tions in HIV infection, since solving the problem
of HIV infection and allergy comorbidity will op-
timize diagnostics and treatment of HI'V infection
and other combined pathological conditions.

The use of immunogenetic and molecular ge-
netic methods is promising in identifying markers
of the development of hypersensitivity in patients
with HIV infection and various comorbidities.
These methods were used in some of the articles
mentioned in this review.
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