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Purpose: HIV treatment involves antiretroviral therapy (ART) endeavoring to suppress viral
load to an undetectable level. Virologic failure occurs when ART fails to suppress and
sustain an individual’s viral load to less than 200 copies/mL after 6 months of therapy. In
Thailand, the data among first-line antiretroviral regimen failure and determinants remains
limited, especially in urban HIV clinics. We aimed to demonstrate factors of first-line
antiretroviral regimen failures in an urban HIV/AIDS clinic at Phramongkutklao Hospital.
Patients and Methods: A nested case control 1:4 study was conducted. Data were
collected from the electronic patient database among naive people living with HIV/AIDS
(PLWHA), aged >18 years and receiving ART continuously for at least 2 years at
Phramongkutklao Hospital from 1 January 2000 to 31 December 2019. Multiple logistic
regression was used to identify the determinants of virologic failure. Adjusted HRs (AHRs)
with 95% ClIs were used to declare statistical significance.

Results: Of200 PLWHA included in the study, 40 participants experienced HIV virologic failure.
The median time after starting ART to virologic failure was 24 months (IQR 7-96.0). Univariate
and multivariate analysis showed significant factors affecting first-line antiretroviral regimen failure
included being female (37.5 vs 26.88%, adjusted odds ratio 5.08 [1.05-24.6, p-value 0.043], age
<40 yr. (62.5 vs 49.6%, adjusted odds ratio 4.59 [1.47-14.37], p-value 0.009), CD4+count <200
cell/uL (77.5 vs 52.5%, adjusted odds ratio 4.83 [1.28-18.9], p value 0.02), tuberculosis (42.5 vs
7.5%, adjusted odds ratio 8.66 [2.37-31.56], p value <0.001) and initiation of ART at CD4+ count
<350 cell/uL (72.5 vs 48.13%, adjusted odds ratio 31.36 [6.51-151.22], p value <0.001). Estimated
prevalence of virologic failure in Phramongkutklao Hospital was 5.34%.

Conclusion: Our study revealed factors favoring virologic failure included being female, younger
age, CD4+ count <200 cells/uL, tuberculosis and initiation of ART at CD4+ count <350 cell/uL.
Multidisciplinary HIV comprehensive care teams should encourage patient adherence and support
patients along HIV continuum of care to prevent virologic failure and drug resistance, especially
among patients initiating ART at low CD4+ count and tuberculosis co-infection.

Keywords: first-line antiretroviral regimen failure, HIV/AIDS, medical adherence,
Thailand, urban HIV clinic

Introduction

HIV treatment involves antiretroviral therapy (ART), combining daily medications
to inhibit the virus from replicating. The main goal of HIV treatment is to reduce
a person’s viral load to an undetectable level. Durable viral suppression improves
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immune function and overall quality of life, lowers the risk
of AIDS-defining and non-AIDS-defining complications,
reduces the risk of HIV transmission, and allows people
living with HIV/AIDS (PLWHA) to maximize their life-
span approaching that of individuals without HIV." The
early marker for treatment failure is virologic failure.
Suboptimal adherence and drug intolerance/toxicity are
key contributors to virologic failure and regimen
discontinuations.”® Furthermore, the presence of pre-
existing (transmitted) HIV with drug resistance may also
lead to virologic failure.* Since 2014, Thailand’s national
guidelines on HIV/AIDS treatment and prevention recom-
mended initiating ART among all people living with HIV/
AIDS (PLWHA) regardless of level of CD4+ count and all
PLWHA in Thailand are able to access ART. The antire-
troviral (ARV) regimens commonly used in Thailand
include nonnucleoside reverse transcriptase inhibitor
(NNRTTI) based; nevirapine (NVP), efavirenz (EFV), rilpi-
virine (RPV) or protease inhibitor (PI) based; lopinavit/
ritonavir (LPV/r) and atazanavir/ritonavir (ATA/r).>®
Principal factors involving first-line antiretroviral regimen
failure include poor adherence to medication, younger age,
lower baseline CD4+ count and higher baseline viral
load.”® Regarding the incidence of first-line antiretroviral
regimen failure ranging from 4.1 to 24.6%,”%"'° the diver-
sity depended on different geographic areas and the study
settings. One study from a university hospital in northern
Thailand revealed the incidence of virologic failure was
9.6% that might have been affected by poor adherence,
older age and low baseline CD4+ count.'' To date, the data
among first-line antiretroviral regimen failure and determi-
nants in Thailand remains limited especially in urban HIV
clinics. We aimed to determine factors of first-line antire-
troviral regimen failure in an urban HIV/AIDS clinic at
Phramongkutklao Hospital to improve treatment strategies.

Materials and Methods
Study Setting and Design

A nested case control study was conducted. Data were col-
lected from the electronic patient database from
January 2000 to December 2019 in Phramongkutklao
Hospital, a 1200-bed teaching hospital of Phramongkutklao
College of Medicine, Royal Thai Army, Bangkok, Thailand.
The data included sex, age, mode of HIV transmission,
antiretroviral regimens, opportunistic infections or tubercu-
losis (TB) before ART, hepatitis C virus infection, hepatitis
B virus infection, underlying diseases, duration of virologic

failure after ART initiation and viral load level at time of
virologic failure. Inclusion criteria of participants in both
case and control groups were naive PLWHA, aged >18
years old and continuously on ART at Phramongkutklao
Hospital >2 years. Participants in the virologic failure
group were defined as having two consecutive plasma HIV-
1 viral loads after 6 months of ART >1000 copies/mL, while
those in the control group were defined as having plasma
HIV-1 viral load after 6 months of ART <50 copies/mL.
(Supplementary Appendix)

In Thailand, the cumulative incidence of HIV virologic
failure was 9.6%.'" The preliminary investigation showed
40 virologic failures from 1292 patient’s record files. To
minimize statistical error, a study of all subjects should be
conducted using a nested case control of 1:4. Hence, the
sample size of the case group was 40, and that of the control
group was 160. The study protocol followed the guidelines
of the Declaration of Helsinki and ethics approval was
obtained from the Institutional Review Board, Royal Thai
Army Department (reference ID: RO15h/62 Exp). Informed
consent was waived because of unidentified patient data. All
study-related information will be stored securely at the study
site with confidentiality and anonymity.

Definitions
Virologic failure is defined as a plasma viral load above
1000 copies/mL based on 2 consecutive viral load mea-
surements after 3 months with adherence support.'>
Good adherence was defined as patients taking antire-
troviral drug on time, regularly >95%, while <95% was
categorized as poor adherence.’
The definition of good adherence in this study was assumed
from medical records for patients that missed no appointments
and continued ARV drugs as described for good adherence.

Statistical Analysis

Expected parameters affecting virologic failure were analyzed
using the independent #-test for continuous data, Mann—
Whitney U-test for continuous data without normal distribu-
tion and Chi-square or Fisher’s exact test for discrete data.
Significant data from multivariate analysis (p < 0.05) was
analyzed for covariates using multiple logistic regression.
All statistical analyses were obtained using STATA/MP12
Software.

Results
From January 2000 to December 2019, 1292 HIV-positive
patients were treated with ART and followed up at
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Phramongkutklao Hospital. Virologic failure occurred
among 69 patients; however, 29 patients were excluded
due to treatment experienced, referral from other hospitals
and loss to follow up. From our nested case control study,
200 participants met eligible criteria (40 participants in the
virologic failure group, 160 participants in the virologic
suppressed group) (Figure 1). The characteristics of cases
and controls are described in Table 1. The majority of
participants in either virologic failure or virologic sup-
pressed groups were male and heterosexual. The median
CD4+count at presentation was significantly lower in the
virologic failure group (98 cell/uL: [IQR 31-178.5] vs 186
cell/uL [IQR 52.3-329], p-value 0.014). The number of
participants initiating ART at CD4+ count less than 350
cell/uL was significantly higher in the virologic failure
group (77 vs 29%, p-value 0.006). According to ART regi-
mens, the proportion of Pl-based regimens in the virologic
failure group were significantly higher (20 vs 4.38%,
p-value 0.006). Only one half of participants (57.5%) in
the virologic failure group had a currently undetectable
HIV viral load. TB and pneumocystis pneumonia were the
2 most common opportunistic infections and in higher pro-
portions in the virologic failure group (Figure 2). In the
virologic failure group, the median time after ART initiation

to virologic failure was 24 months (IQR 7-96). Annually
median of CD4 + count, after 10 years longitudinal follow-
up in the virologic suppressed group tended to be higher
than that in the virologic failure group as shown in Figure 3.

Adherence

Most participants in the virologic failure group exhibited
poor adherence. The rest (32.5%) showed good adherence
in the virologic failure group, while 100% good adherence
was observed in the control group.

Factors of First-Line Antiretroviral

Regimen Failure

According to univariate and multivariate analysis, the sig-
nificant factors of first-line antiretroviral regimen failures
were: being female (37.5 vs 26.88%, adjusted odds ratio
5.08 [1.05-24.6], p-value 0.043), age <40 yr. (62.5 vs
49.6%, adjusted odds ratio 4.59 [1.47-14.37], p-value
0.009), CD4+ count <200 cell/pL (77.5 vs 52.5%, adjusted
odds ratio 4.83 [1.28-18.9], p value 0.02), TB (42.5 vs
7.5%, adjusted odds ratio 8.66 [2.37-31.56], p value
<0.001) and initiation of ART at CD4+ count <350
cell/uL (72.5 vs 48.13%, adjusted odds ratio 31.36 [6.51—
151.22], p-value <0.001) (Table 2).

Total PLWHA receiving ART (n=1,292)

Total PLWHA with
virological failure (n=69)

Exclude (n=29)
- Prior ART (n=16)
- Refer from other hospital
and prior ART (n=8)
- Loss to follow up (n=5)

PLWHA with virological
failure for case group
(n=40)

Figure | Participants’ enrollment.

Total PLWHA with virological
suppressed (n=1,229)

Randomized PLWHA with
virological suppressed for
control group (n=160)
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Table | Baseline Characteristics in Virologic Failure and Virologic Suppressed Participants

Virologic Virologic Suppressed (%) p-value
Failure (%) (n =160)
(n = 40)

Sex 0.185
Male 25 (62.5) 117 (73.13)
Female 15 (37.5) 43 (26.88)
Age - yrs.
Mean +SD (years) 38.62 +11.04 41.19 £11.79 0.214
< 40 yrs. 25 (62.5) 78 (49.6) 0.128
>40 yrs. 15 (37.5) 82 (50.4)
Underlying disease
Diabetes Mellitus - 3 (1.88) 1.0
Chronic kidney disease - 1 (0.63) 1.0
Marriage Status 0.887
Married 21 (52.5) 82(51.25)
Single 19 (47.5) 78 (48.7)
Occupation 0.106
Government officer 21 (52.5) 85 (53.13)
Employee 8(20) 41 (25.62)
Businessman 1 (2.5) 15 (9.38)
Other 10(25) 19 (11.8)
Start ART at CD4+ < 350 cell/pyL 29 (72.5) 77 (48.13) 0.006
Mode of HIV transmission 0.319
Heterosexual 36 (90) 141 (88.3)
MSM 4(10) 19 (11.8)
ART regimens 0.006
NNRTI based 32 (80.0) 151 (94.38)
Pl based 8 (20.0) 7 (4.38)
Integrase based - 2 (1.25)
CD4+ count (cells/pL)
Median (IQR) 98 (31-178.5) 186 (52.5-329) 0.014
< 200 cells/pL 31 (77.5) 84 (52.5) 0.004
Single combination pill as initial regimen 7 (17.5) 33 (20.63) 0.659
Duration after initiation to virological failure [Median (IQR)] - 24(7-96) -
Good adherence 13 (22.5) 160 (100) <0.001
Current undetectable HIV viral load 23 (57.5) 160 (100) <0.001
Opportunistic disease 28 (70) 43 (26.9) <0.001
PCP 9 (22.5) 17(10.63) 0.046
Cryptococcosis 2 (5.0) 6 (3.75) 0.662
Tuberculosis 16 (40) 12 (7.5) 0.001
Malignancy 1 (2.5) 1 (0.63) 0.36
Others 2 (5.0 10 (8.3) 0.49
AIDS defining iliness prior ART 17 (42.5) 33 (20.5) 0.005

Abbreviations: AIDS, acquired immunodeficiency syndrome; ART, antiretroviral therapy; HIV, The human immunodeficiency viruses; MSM, men who have sex with men;
NNRTI, non-nucleoside reverse transcriptase inhibitor; PCP, pneumocystis pneumonia; Pl, protease inhibitor.
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Figure 2 Proportion of opportunistic infections stratified by virologic failure and virologic suppressed group.

Abbreviations: CMV, cytomegalovirus; PCP, pneumocystis pneumonia.
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Figure 3 Median CD4+ count in virologic failure and virologic suppressed groups
during the 10-year follow-up.

Prevalence of HIV Virologic Failure in
Phramongkutklao Hospital

From January 2000 to December 2019, 1292 HIV-positive
patients were treated with ART and followed-up at
Phramongkutklao Hospital. Sixty-nine patients presented
virologic failure, and the estimated prevalence of virologic
failure in Phramongkutklao Hospital was 5.34%.

Genotypic Resistance Profiles

Among subjects in the virologic failure group showing
good adherence, 4 participants presented virologic failure
within 6 months of ART initiation despite good adherence,
indicating pretreatment HIV drug resistance (PDR)
(Supplementary Appendix). The majority of HIV genoty-
pic resistance in PDR comprised NRTI and NNRTI
resistance.

Nine participants in this group developed acquired HIV
drug resistance irrespective of good adherence, and 2 cases
were suspected to have received the drug resistant virus
from their partners. However, the determination of
acquired HIV drug resistance was not described in the
other 7 cases.

In our cohort, the most common NRTI-associated
mutations were M184V followed by K65R, while K103N

was the most common NRTI-associated mutation.

Discussion

Globally, UNAIDS endeavored to have 90% of people on
ART and virally suppressed by 2030, and as a result, HIV
treatment failure would be prevented'® by implementing
These
improving ART adherence, taking medication based on

recommended strategies worldwide. include
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Table 2 Univariable and Multivariable Analysis of the Factors of the First-Line Antiretroviral Regimen Failures

Virologic Virologic OR ude (95% CI) p-value | OR.gjusted (95% Cl) | p-value
Failure (%) Suppressed (%)
(n = 40) (n = 160)

Female 15 (37.50) 43 (26.88) 1.63 (0.79-3.39) 0.188 5.08 (1.05-24.6) 0.043
Age =40 yrs. 25 (62.50) 78 (49.6) 1.73 (0.85-3.53) 0.131 4.59 (1.47-14.37) 0.009
CD4+ count < 200 cells/uL 31 (77.50) 84 (52.50) 3.12 (1.39-6.97) 0.006 4.83 (1.28-18.9) 0.020
PCP 9 (22.50) 17 (10.63) 2.44 (1.00-5.99) 0.051 3.58 (0.58-22.17) 0.170
Tuberculosis 17 (42.5) 12 (7.50) 9.12 (3.86-21.54) <0.001 8.66 (2.37-31.56) <0.001
Pls vs NNRTI base ART 8 (20.00) 9 (5.62) 3.56 (1.24-10.24) 0.019 1.75 (0.34-9.13) 0.505
Initiation ART at CD4+ count 29 (72.5) 77 (48.13) 2.84 (1.33-6.08) 0.007 31.36 (6.51-151.22) <0.001
< 350 cell/pL
AIDS defining illness prior 17 (42.5) 33 (20.75) 2.82 (1.35-5.88) 0.006 0.99 (0.21-4.71) 0.985
ART

Abbreviations: AIDS, acquired immunodeficiency syndrome; ART, antiretroviral therapy; NNRTI, non-nucleoside reverse transcriptase inhibitor; PCP, pneumocystis

pneumonia; Pl, protease inhibitor.

the most appropriate prescription, preventing drug-to-drug
interaction and increasing knowledge to improve attitudes
of patients towards ART.

In our study, factors affecting virologic failure in first-
line antiretroviral regimen were being female, younger age
(<40 yrs.), CD4 + count <200 cells/pL, TB and initiating
ART at CD4+ count <350 cell/uL. Similarly, one related
study in Thailand demonstrated that poor adherence, a low
CD4+ count at baseline (<100 cells/uL), and old age were
the predictors for treatment failure.'' As well as some
reports from Africa, virologic failure was associated with
nonadherence to medications, age >40 years, a CD4 +
count <250 cell/p, tuberculosis and being male.'*'> Age
and sex were found to be the predictors of virologic failure
in several reports. However, the results were diverse in
that being either male or female, and older or younger age
correlated with virologic failure revealed different out-
comes in each report. These might be explained by differ-
ent geographic areas and socioeconomic statuses among
studies, 10111415

In 2015, one study described initiating antiretroviral
therapy among HIV-positive adults with a CD4 + count
of >500 cells/uL provided net benefits over starting such
therapy among patients after the CD4+ count had declined
to 350 cells/pL."® In our study, subjects presenting a CD4+
count <200 cells/pL were found to be 3.55 times higher at
risk of virologic failure. Further, subjects initiating ART at
CD4+ count <350 cell/uL were found to be 31.36 times
higher at risk of virologic failure. Due to the decline of
HIV-1-specific CD4 T helper

cells, qualitative

impairments of CD4 T cell function and functional impair-
ment of CD4 T cells indirectly led to functional impair-
ment of HIV-1 specific CD8 T cells or B cell responses to
control viral replication.'” Subsequently, the number of
viruses in the body increased, possibly leading to virologic
resistance.'® Early initiation of ART after diagnosis of
HIV/AIDS regardless of CD4 + count level not only
showed better outcome in reducing HIV/AIDS-related ill-
ness, but might reduce the risk of virologic failure.

Poor adherence was the major cause of virologic fail-
ure, similar to other reports.'"'*!> The remaining patients
(32.5%) presented good adherence regarding virologic
failure, while all patients in the control group showed
good adherence. In this study, adherence was measured
by patient self-reporting and pill counts between visits
without using a standardized questionnaire. The type of
adherence measurement was debated concerning its relia-
bility resulting in a discordance effect in some studies.'*°
Despite the reported good adherence in our cohort, viro-
logic failure and acquired HIV drug resistance also
occurred. Consequently, care plans should be developed
to include reliable adherence measurements, for instance,

a standardized questionnaire®'**

and electronically shared
medical records.”

Females also faced increased risk of virologic failure in
this cohort that might be explained by dependency status.
From one related study featuring numerous female sub-
jects, specific determinants of HIV virologic failure
included lack of income, unemployment, dependent living

situation and financial dependency.* Similarly, younger
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age group (<40 yr.) also exhibited increased risk of viro-
logic failure and was possibly related to maturity of life
and disease-specific education which influenced long-term

adherence and

25,26

subsequently  developed virologic
failure.

Interestingly, TB incidence was found to be 8.66 times
higher among subjects at risk of virologic failure. TB was
also described as the factor of either HIV virologic or
immunologic failure.”*”*® Several reasons can explain
these phenomena, eg, M.tuberculosis induced apoptosis
of CD4+ cells, subsequently leading to depletion of CD4
+ cells, impairs cellular immune responses and results in
immunologic failure.”” Furthermore, in treatment aspects
of TB and HIV co-infection, antiretroviral and anti-TB
constituted major obstacles for patients. Pill burden,
adverse drug-to-drug interaction and unfavorable reactions
of these drugs might have posed challenges leading to
intolerance, poor adherence and subsequent virologic
failure.

Surprisingly, the estimated prevalence of virologic failure
in Phramongkutklao Hospital (5.34%) was relatively low
compared with related studies indicating it ranged from 4.1
to 14.7%."° The observed variation may have been a result
of different geographic areas, study settings, the endpoint of
virologic failure and patient adherence. Nevertheless, the low
prevalence of virologic failure in our cohort could be
explained in that almost one half of participants were govern-
ment officers having obtained high education level and stable
life activities resulting in good adherence to their ART.>*°

In our urban HIV clinic, the strongest risk factors of
virologic failure including delayed initiation of ART, oppor-
tunistic infections and low CD4 + count resembled those
found in rural HIV clinics.*' Multisector strategies should be
implemented to solve this problem. Improving public health
policy focused on active HIV-positive case findings as well
as early initiation of ART and linkage to care should be
encouraged.’” Innovative HIV care models should be devel-
oped and assessed, eg, telemedicine and smartphone appli-
cations to enhance adherence which have been reported as
acceptable by young PLWHA.*>*** Developing multidisci-
plinary comprehensive HIV care teams, to support patients
as they experience the HIV continuum of care from diag-
nosis to viral suppression and retention in the system, should
be warranted and initially target PLWHA presenting a high
risk of HIV virologic failure.’

This study constituted a large urban HIV cohort
assembled from 20 years’ treatment experiences of
PLWHA in a Thai university hospital and demonstrated

the determinants of first-line antiretroviral failure in an
urban HIV clinic setting exhibiting a low prevalence of
HIV virologic failure and high education level of patients.
Nevertheless, our study encountered several limitations.
First, pretreatment HIV-viral loads were not performed
among all patients, so we could not evaluate HIV-viral
load level as a predictor of virologic failure. Second, adher-
ence measurement and documentation were unstandardized.
However, this represented usual clinical practices and adher-
ence was and remained the strongest predictor for virologic
failure. Third, we collected retrospective data; therefore, the
accuracy of analysis depended on the completeness of data
entry in the hospital database. Fourth, according to the low
prevalence of HIV virologic failure in our cohort, the case
control study was designed. Selection bias constituted
a major concern, so we used a nested case control study to
minimize this bias. Finally, this involved a limited single
center experience. Thus, the less generalizable findings
should be appraised and compared with other cohorts.
A prospective multicenter study using standardized adher-
ence measurement should be further investigated.

Despite these limitations, this study provided important
information which would be useful for ART treatment
programs in clinical practice especially in the urban HIV
clinic setting.

Conclusion

Our study revealed that factors favoring virologic failure
included CD4+ count <200 cells/uL, TB and starting ARV
at CD4+ count <350 cell/uL. Integrative multisector strate-
gies should be implemented including improving public
health policy focused on active HIV-positive case findings,
early initiation of ART and linkage to care, developing
innovative HIV care models as well as setting up multi-
disciplinary comprehensive HIV care teams to support
patients along the HIV continuum of care to prevent virolo-
gic failure and drug resistance, especially among patients
initiating ART at low CD4+ counts and TB co-infection.

Abbreviations
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ritonavir; NRTI, nucleoside reverse transcriptase inhibitor;
NNRTI, non-nucleoside reverse transcriptase inhibitor;
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mocystis pneumonia; PI, protease inhibitor; PLWHA,
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