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ABSTRACT

To describe the presence of mutations and the ART
resistance profile in PLHIV in Belém, Para. Methods:
This is a cross-sectional, descriptive and retrospective
study, where 189 genotyping reports of individuals
were included, regardless of age or sex and who were
seen in the period from 2013 to 2015. Results: Most
individuals had a high viral load (93%), low TCD4+
lymphocyte levels (97%) and the most prevalent HIV
subtype was B (78%). We observed in this study a high
presence of mutations in all classes of drugs used in
ART with emphasis on M184V (ITRNN), K103N
(ITRNN) and L63A/P/T/Q (PI), demonstrating that
many mutations can contribute to the profile of viral
resistance. Conclusion: The results presented show the
importance of genotyping testing not only for
choosing therapeutic and surveillance regimens, but
also to contribute to patient adherence to antiretroviral
treatment.
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AIDS has promoted a major epidemiological impact worldwide. Over 40 years, about 77.3 million
people became infected with HIV and 35.4 million died of AIDS (SEYLER L, et al., 2018). In Brazil the
epidemiological picture is alarming, from 2007 to 2021 about 381,793 cases of HIV infection in the country

were reported to the Sistema de informacao de agravos de notificacdo (SINAN), with the southeast region
having the highest prevalence (43.3%) and the central-west region the lowest (7.7%) (BRASIL, 2021).
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Antiretroviral therapy (ART) is one of the ways employed in the control of the HIV epidemic, which

aims to delay and prevent disease progression, thus improving patient survival. However, it requires
rigorous monitoring, which encourages adherence to treatment and consequently prevents the appearance
of drug resistance mutations used in this therapy. The monitoring of patients consists mainly in the analysis
of CD4 + T lymphocyte levels and viral load (CV) that are essential parameters to assess the evolution of
the disease, the treatment and possible virological failures, as well as the risks related to the onset of AIDS
(MACEDO O, et al., 2011; SAAG MS, et al., 2018; BRASIL, 2018).

The advance of the drugs used in ART has allowed an increase in the quality of life of people living
with HIV (PLHIV). This fact occurred thanks to the combination of the action mechanisms of the drugs
available in the market. ART has allowed greater virologic suppression, corroborating for individual needs
to be taken into consideration, such as aspects related to adherence, or changes in treatment regimens.
Despite the undeniable advances of HAART in controlling HIV infection, the emergence of mutations and
possible drug resistance has opened a new field of questions for the scientific community.

The appearance of mutations may be linked to a simple process of virus evolution since it is already
known that HIV is responsible for the highest mutation rate ever known to science. The diversity of HIV
mutations is great and its study, in its various forms, can cooperate for the monitoring and control of
infection in various regions of the world. The emergence of mutations can also be linked to numerous
responses to environmental pressures to which the virus is subjected. Such facts corroborate the emergence
of mutations that may or may not contribute to a viral resistance profile (NOMAGUCHI M, et al., 2018).

The development of resistance is closely linked to the process of therapeutic failure, and the early
detection of resistance is a crucial point for therapeutic response (SAAG MS, et al., 2018). Despite the
efforts deployed in the fight against AIDS, HIV resistance to antiretroviral drugs is still a challenge, which
in turn hinders the control of disease progression and quality of life of patients, besides causing additional
expenses for the government. Thus, this study sought to understand the profile of genotypic mutations
present in individuals using HAART and associate them with the drugs used in these treatments, thus
contributing to the epidemiological monitoring of mutations in the northern region.

2 METHODS

2.1 STUDY TYPE AND LOCATION

The study was characterized as cross-sectional, descriptive, retrospective, which included PLHIV
living in the State of Para. We included 189 reports of individuals, regardless of sex and age, whose blood
samples were sent to LACEN- PA to be forwarded to the Reference Laboratory of the Dr. Heitor Vieira
Dourado Tropical Medicine Foundation, in Manaus, Amazonas State, to perform the HIV-1 genotyping
test, in the period from January 2013 to December 2015, with information in the reports that could support

this research.
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During the period from October 2018 to April 2019, the reports of the genotyping results of PLHIV,

which were archived in the custody of LACEN-PA, were analyzed. Data were collected through direct
consultation of the reports and the Control System of Laboratory Tests of the National Network of CD4
Lymphocyte Counting™ /CD8" and HIV Viral Load (SISCEL). Clinical information such as CD4 T
lymphocyte count™ , viral load and HIV-1 subtype, treatment regimen, and the presence of mutations was
collected. This information was stored in a database for analysis. The research was approved on June 11,
2018 by the Research Ethics Committee (CEP) of the Federal University of Pard - UFPA (CAAE
87122518.1.0000.0018), under opinion 2.704.658.

2.2 STATISTICAL ANALYSIS

The statistical analysis of the data was performed using the Graphpad Prism statistical program,
version 5 3.0.1. The Chi-square test was used for comparison of frequencies and the correlation was based
on Friedman's correlation test. The significance level adopted in all tests was 5% (p-value 0.05).

3 RESULTS

In the present study our group evaluated the levels of CD4 T lymphocytes™ (LTCD4" ) and HIV-1
viral load. Of these, most of the study population had a high treatment failure profile, with only 1% having
an undetectable viral load as shown in table 1. Only 6% had no information in their medical records.
Regarding the HIV subtype, subtype B was the most prevalent (76.5%), followed by subtype F1 (13%).
The subtypes Al and C both had a prevalence of 0.5%. In addition, 9% of the individuals had no information
regarding the subtype in their genotyping reports (Table 1).

Table 1 - Levels of CD4 T lymphocytes® , viral load and HIV-1 subtype in PLHIV who underwent HIV genotyping test in the
state of Par4, in the years 2013 to 2015.

Patients (N=189) %
LTCD4" (Cells/mm
)2 256 + 263,2 97,4
Viral load (log) 22+14 92,6
HIV subtype

Al 1 0,5
B 145 76,5

C 2 0,5

F1 24 13

Not Informed 17 9

Source: Bentaberry-Rosa AA, et al., 2022; data extracted from LACEN-PA.

Based on the findings regarding therapeutic failure, the hypothesis related to the presence of
mutations was established. Thus, 44 mutations were identified for the class of Nucleoside Reverse
Transcriptase Inhibitors (NRTIs). The M184V mutation was the most prevalent in the study (79%),
followed by L214F (71%), R211K (53%), T215D/Y/F/IIS (31%), M41L (23%). In addition, 25 mutations

were identified in the class of Non-nucleoside Reverse Transcriptase Inhibitors (NRTIs). The K103N
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mutation was the most prevalent (48%), followed by P225H (16%), V108l (10%) and the others as shown

in Figure 1. However, mutations that were less than 5% prevalent for both classes were not presented in

this paper.

Figure 1 - Frequency of distribution of genotypic resistance mutations associated with Nucleoside Reverse Transcriptase
Inhibitors (A) and Non-Nucleoside Inhibitors (B) found in PLHIV submitted to genotyping test in the state of Para, from 2013
to 2015.
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Source: Bentaberry-Rosa AA, et al., 2022; data extracted from LACEN-PA.

Regarding protease inhibitors, 70 mutations were identified. The L63A/P/T/Q mutation was the
most prevalent (59%), followed by M361 (46%), 41K (44%), L10F/1/V (39%), 15V (34%), E35D (32%) as

shown in Figure 2. The other mutations that had a prevalence of less than 5% were not shown.

Figure 2 - Frequency of distribution of genotypic resistance mutations associated with Protease Inhibitors (PI) found in PLHIV
submitted to genotyping test in the state of Parg, from 2013 to 2015.
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Source: Bentaberry-Rosa AA, et al., 2022; data extracted from LACEN-PA.

Once the mutations were identified, the resistance profile for the three pharmacological classes was
evaluated based on the results of the genotyping tests and classified as sensitive (S) and resistant (R). The
association between 3TC +FTC showed a high (79%) and statistically significant (p<0.001) resistance
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profile when compared to the sensitivity profile of this pharmacological association. All drugs except for
the 3TC + FTC association, ABC and d4T showed a sensitivity profile above 50%: TDF (56%), AZT (52%)
and ddl (51%). Between 0.5% (ABC, ddl, d4T, TDF and AZT) and 1.6% (3TC/FTC) of absence of drug-
related information in the reports was found (Figure 3).

Figure 3 - Resistance profile to Reverse Transcriptase Inhibitors (RNTI) found in PLHIV submitted to genotyping test in the
state of Par4, in the period from 2013 to 2015.
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Source: Bentaberry-Rosa AA, et al., 2022; data extracted from LACEN-PA.

In the findings regarding NRTIs, the NVP drug showed the highest resistance rate (62%), followed
by EFV (58%). The drugs that showed the best sensitivity profile were ETR (69%) and RPV (57%). In
addition, between 0.5% (EFV, NVP), 1.6% (ETR) and 20.6% (RPV) of absence of drug-related information
was found in the reports (Figure 4).
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Figure 4 - Resistance profile to non-nucleoside Reverse Transcriptase Inhibitors (NRTIs) found in PLHIV submitted to
genotyping test in the state of Par4, in the period from 2013 to 2015.
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Source: Bentaberry-Rosa AA, et al., 2022; data extracted from LACEN-PA.

In the PI class, 4 drugs alone and 7 drugs associated with ritonavir(/r) were evaluated. The drug
ATV showed the highest resistance rate with 25.4%, followed by NFV (24.9%), IDV (23%), FPV (21%).
In general, the drugs associated with ritonavir showed a lower resistance profile when compared to those
administered alone. The first association with the highest sensitivity was attributed to DRV/r with 93%
sensitivity, in addition, it showed low frequencies of resistance (1.6%). It was observed that 1.6% of the
records evaluated had no information related to administration of drugs alone or associated ATV, DRV/r,
FPV, IDV, LPV/r, NFV, TPV/r) up to 2.1% (ATVI/r, FPVIr IDV/r) (Figure 5).
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Figure 5 - Profile of resistance to Protease Inhibitors (PI) found in PLHIV submitted to genotyping test in the state of Par4, in
the period from 2013 to 2015.
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Source: Bentaberry-Rosa AA, et al., 2022; data extracted from LACEN-PA.
4 DISCUSSION

Low levels of CD4 T lymphocytes were observed in the PLHIV included in the present study® ,
consistent with results also observed by other authors in studies of HIV-1 genetic diversity and drug
resistance mutations (MACEDO O, et al., 2012; MACHADO LFA, et al., 2017; IRIAS SDF, et al., 2018).
These individuals also presented detectable HIV-1 viral load (>500 copies/mL) in the last two CV tests,
results that were already expected since this is one of the prerequisites for the genotyping test, because
when the individual presents at least two detectable CV tests in less than 6 months one can characterize a
picture of virologic failure (BRASIL, 2018). In addition, high viral load values may be related to
pharmacological non-adherence profiles (WHO, 2020). The findings related to HIV-1 subtyping in this
study corroborate with previous studies, which indicate that subtype B is the most prevalent in all
geographic regions, followed by subtype F and C (BAHLS LD, et al., 2019; BBOSA N, et al., 2019). The
low frequency of subtype C can be explained by the fact that it is more common in Africa and India (BAHLS
LD, etal., 2019; BBOSA N, et al., 2019; MBANGE AE, et al., 2018; RIEDEL M, et al., 2016). However,
it is worth noting that in the southern region of Brazil the C subtype is the most prevalent (GRAAF T, et
al., 2011).

In the present study, the M184V mutation was the most prevalent in the NRTI class (59%) very
similar to what was also demonstrated by Macedo O, et al. (2011). Other works such as the one conducted
in China, in which researchers found a prevalence of 56% for this same mutation, are also concordant with
our data (SHU Z, et al., 2018). The M184V mutation is associated with early virologic failure in regimens
where lamivudine (3TC) is used, a fact that may explain the findings described in Figure 3. This fact may

contribute to a decrease in the susceptibility of the virus to this drug and may also be related to a reduction
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in its half-life (HARZKE AJ, etal., 2018; RAMOS CG, et al., 2016). The presence of M184V in therapeutic
regimens associating 3TC/FTC, as well as in the presence of dolutegravir or raltegravir has been associated
with therapeutic failure (MUNHOZ LSR, 2011). However M184V is known as a "good mutation” which
Is able to contribute to increased sensitivity to zidovudine (AZT), stavudine (d4T) and tenofovir (TDF)
which is supported by our findings (Figure 3) (Gallant JE., 2006; Hung M, et al.,2019).

The L214F and R211K mutations have been described as mutations capable of affecting the AZT
resistance profile (HARZKE AJ, et al., 2018). Whereas the association between the M41L, T215Y
mutations and their interaction with the L210W mutation are often associated with resistance to ABC, TFD,
ddl and AZT which would justify the resistance profile found in our study (SAHLOFF EG, et al., 2019).
Macedo O, et al. (2011) described the prevalence of resistance mutations in PLHIV in the states of Para
and Amazonas, the data obtained by the authors showed a significant percentage of mutations in positions
184, 41, 210 and 215 partially differing from the data found in the present study, where the positions most
frequently found were 184, 214, 211 and 215. The class of NRTIs, with the exception of the 3TC/FTC
association, mostly presented a low resistance profile.

P225H occurs in the presence of K103N and both are related to EFV use (SANTOS-PEREIRA A, et
al., 2021). In addition, the contribution to the EFV resistance profile of the V108l and V1061 mutations
have also been described (GATANAGA H, et al., 2010). Such facts contribute to a resistance profile found
in EFV, which corroborates with our findings as shown in figure 4. An interesting factor is that a Spanish
study described that V1061 detection was not associated with clinical, demographic or even virological
characteristics in PLHIV (GUERRERO-BELTRAN C, et al., 2020). The K103N mutation in the presence
of the L100I mutation also contributes to Rilpivirine (RPV) and Nevirapine (NVP) resistance a fact that is
corroborated by the data found in our work (ARGHESE V, et al., 2009; CECCHINI DM, et al., 2015;
ARRAIS CRA, et al., 2021)

It is worth noting that currently the NVP is no longer used as a first-line drug in Brazil, being usually
made the association of two NRTI/ITRNt - lamivudine (3TC) and tenofovir (TDF) - associated with the
integrase inhibitor (INI) - dolutegravir (DTG) (BRASIL, 2018). However, the Brazilian Ministry of Health
established first-line therapy with two NRTI/ITRNt associated with one NRTI, besides determining that
NVP could be administered in this association in cases of intolerance to EFV, which can then justify our
results regarding NVP, and the absence of data on dolutegravir, since the patients in the present study
followed the protocols in force in previous years (BRASIL, 2013). Other studies have indicated that
resistance profiles are associated with the presence of the K103N mutation in patients in China (ZHAO J,
et al., 2020), Democratic Republic of Congo (KWON EH, et al., 2020) and Brazil (FERREIRA AC, et al.,
2017). This resistance profile can be considered common because of the selective pressure caused by ART.

In the protease inhibitor class, some studies have demonstrated a high prevalence of the first
mutations found in our study: L63A/P/T/Q and M36l, L89M, A71V, 69K in addition to their contribution
to protease inhibitor resistance profiles (UDEZE, et al.; 2020; LAMBERT-NICLOT S, et al., 2018). It is
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important to emphasize the need for the presence of a high amount of mutations for the emergence of a

major impact on the virological response facing associations with the presence of ritonavir (WENSING
AM, et al., 2019). Such a fact could explain the high sensitivity rate found in our study. Another interesting
factor to our knowledge is that mutations in positions: 41K and 15V have not been, to date, described in
the literature. In general, the drugs associated with ritonavir showed a lower resistance profile when
compared to the drugs administered alone.

The present study had a limitation, since, as of 2016, the genotyping tests of the Ministry of Health
network were performed by another laboratory, which made it unfeasible to access the reports for the
continuity of the research. Within this context, new studies that show sociodemographic, molecular, and
clinical data, such as the study conducted by Lima, et al. (2021), are necessary for the monitoring and
updating of these data in the state of Para, thus contributing to a better epidemiological surveillance on the

emergence of mutations and HIV-1 resistance to ART in the region.

5 CONCLUSION

In this study we observed that PLHIV who underwent genotyping test in the study period had low
levels of CD4 T lymphocytes™ and detectable HIV-1 viral load with high prevalence of subtype B and the
presence of mutations capable of contributing to the resistance profile found in pharmacological classes
used in antiretroviral therapy. In addition, it is worth mentioning the presence of secondary mutations,
which alone are not able to promote resistance, but may contribute in a cumulative manner. Thus, this study
demonstrates the importance of genotyping test not only for the choice of the most appropriate therapy, but
also for the adoption of strategies that seek to improve adherence of PLHIV to treatment with antiretroviral

drugs.
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