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Abstract

Background: Sustaining strict virological suppression is critical for mitigating treatment failure and preventing the emergence of
drug-resistance mutations in people living with HIV. This multicenter. retrospective cohort study aimed to identify independent
predictors of strict virological suppression (plasma viral load <20 copies/mL) at 6. 12. and 24 months post-antiretroviral therapy
initiation among 334 PLHIV in Cote d’Ivoire. Methods and results: Sociodemographic and bioclinical data were retrieved from
medical records across two health facilities between January 2019 and December 2025. Factors associated with strict virological
suppression were evaluated using multivariable binary logistic regression analysis (reporting adjusted odds ratios and 95%
confidence intervals). Diagnostic checks confirmed the absence of multicollinearity (variance inflation factors < 1.2). Strict
virological suppression rates were 59.9% at 6 months. 64.4% at 12 months. and 65.0% at 24 months. Multivariable analysis
demonstrated that high treatment adherence was the sole factor consistently and independently associated with virological
success across all time points. Female sex and the healthcare facility level served as time-dependent independent predictors.
Conclusion: Treatment adherence remains the paramount determinant of long-term strict virological suppression. Continuous
strengthening of patient education and task-shifting toward primary care facilities are essential to sustain the long-term
effectiveness of antiretroviral regimens.
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1. Introduction

Human immunodeficiency virus (HIV) infection remains a
critical global public health challenge [1]. The advent of com-
bination antiretroviral therapy (cART) has fundamentally
shifted the prognosis of HIV. transforming it from a fatal con-
dition into a manageable chronic disease with life expectancy
approaching that of the general population [2]. Guidelines
from the World Health Organization (WHO) and UNAIDS
95-95-95 targets underscore viral suppression as the corner-
stone of HIV care—not only to arrest disease progression and
lower mortality. but also to prevent sexual transmission [3].

Historically. virological success was defined by plasma vi-
ral load thresholds of < 1.000 or < 50 copies/mL [4]. However.
ultra-sensitive molecular assays now enable the evaluation of
strict virological suppression. routinely defined at a threshold
of <20 copies/mL. Achieving deep viral suppression is essen-
tial for minimizing residual viral replication. preserving future
therapeutic options. and preventing drug-resistance mutations
[5]. The widespread adoption of first-line treatment regimens
based on dolutegravir. in particular the tenofovir + lamivudine
+ dolutegravir (TLD) combination. has significantly improved
virological suppression rates thanks to its strong genetic bar-
rier to resistance and its good tolerability [6]. Nevertheless. in
clinical practice. the virological response to antiretroviral ther-

apy (ART) varies from one individual to another and over time.

It depends on a complex interplay between demographic fac-
tors (age. sex). clinical characteristics (HIV subtype. presence
of comorbidities). the type of healthcare setting and. above all.
long-term treatment adherence.

Whilst several studies have documented the factors associ-
ated with virological success at a given point in time, there is
little real-world data that simultaneously analyses the dynam-
ics of strict virological suppression (< 20 copies/mL) at key
points during longitudinal follow-up (6, 12 and 24 months)
across healthcare settings of varying levels, particularly in
West Africa and Cote d’Ivoire, specifically under the opti-
mized TLD regimen.

The aim of this study was to assess the proportion of people
living with HIV achieving strict virological suppression (<20
copies/mL) at 6, 12 and 24 months of follow-up, and to iden-
tify the sociodemographic and bio clinical factors associated
with this suppression at each time point.
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2. Materials and Methods

2.1. Type and Scope of the Study

This is a retrospective, analytical study involving people
living with HIV who were starting or continuing antiretroviral
therapy (ART) between January 2019 and December 2025.
Data collection took place at two care sites representative of
distinct levels of care in the city of Abidjan: a tertiary-level
healthcare facility, namely the Pulmonology Department
(PPH) at the Cocody University Hospital, and the Treichville
Outpatient Care and Counselling Unit (USAC), from 1 to 31
July 2026.

2.2. Study Population and Eligibility Criteria

The study included a sample of 334 people living with HIV
during the study period (Figure 1).
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Figure 1. Flowchart illustrating the inclusion criteria for the study
from 2019 to 2025.

Inclusion criteria: Patients were eligible if they had docu-
mented HIV infection (types 1. 2. or dual infection). were
monitored at one of the study sites between January 2019 and
December 2025. and possessed complete clinical records in-
cluding plasma viral load measurements at designated inter-
vals (M6. M12. or M24).

The starting point corresponds either to the initiation of
ARV treatment for naive patients, or to the date of inclusion
in the study for patients already under treatment.
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The evaluation windows were defined: M6 (5—7 months),
M12 (11-13 months) and M24 (23-25 months).

For patients already receiving ARV treatment at the time of
their registration, we checked and adjusted their overall fol-
low-up duration to ensure a uniform longitudinal analysis.

2.3. Definition of Variables

The primary endpoint, or dependent variable, was virologi-
cal suppression. This was defined as a plasma viral load of 20
copies/mL or less and was assessed at 6 months (M6), 12
months (M12) and 24 months (M24) of follow-up. This
threshold corresponds to the lower limit of quantification of
the molecular biology platforms used (e.g. Abbott RealTime
HIV-1 / Cobas AmpliPrep / Cobas TagMan) at the reference
laboratory (IPCI).

The explanatory variables or independent variables were:
the study site (tertiary care facility (PPH) versus outpatient
care unit (USAC)), sociodemographic characteristics (gender,
age), clinical characteristics (presence or absence of comor-
bidities), virological characteristics (HIV type (HIV-1, HIV-
2, HIV-1+2)), treatment characteristics (ARV regimen based
on tenofovir+ lamivudine + dolutegravir (TLD) versus other
triple therapies) and adherence or non-adherence to medica-
tion was categorized as ‘Yes’ or ‘No’ based on the patient’s
regular attendance at ARV dispensing appointments. The ther-
apeutic adherence was assessed from the monitoring of regu-
lar renewal of prescriptions and pharmacy dispensing appoint-
ments (attendance rate > 95% considered as “Yes”), supple-
mented by self-declarations recorded in medical records.

2.4. Statistical Analysis

Descriptive analysis: Qualitative variables were presented
as frequencies and percentages, whilst quantitative variables
were expressed as their mean, standard deviation or median
and interquartile range, depending on their distribution.

Bivariate analysis: The association between each explana-
tory variable and virological suppression at 6, 12 and 24
months was assessed using Pearson’s chi-squared test or
Fisher’s exact test for categorical variables, and using Stu-
dent’s t-test or the Mann-Whitney test for age.

Multivariable analysis: A binary logistic regression model
was constructed for each follow-up point (M6, M12, M24).
The variables included in the initial model were those with a
p-value < 0.25 in the bivariate analysis. Adjusted odds ratios
(aOR) and their 95% confidence intervals (95% CI) were cal-
culated to identify the independent predictors of virological
success. A reference category for each explanatory variable
was defined (e.g., Sex = Male; Site = USAC; Compliance =
No; Treatment = Other). Regression analyses were performed
using complete cases at each follow-up time point.
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2.5. Ethical Considerations

The conduct of this study required approval from the med-
ical and scientific management teams at the Cocody Univer-
sity Hospital and the Outpatient and Counselling Unit. The
guidelines relating to the ethics of health research were ad-
hered to. All information collected via this questionnaire from
patients’ records was processed anonymously, stored in a
computerized database and remained confidential.

3. Results

3.1. Viral Suppression and Bivariate Analysis

Of the 334 patients included in the study between 2019 and
2025, the proportion of patients achieving virological suppres-
sion rose from 59.9 per cent at the 6-month follow-up to 64.4
per cent at the 12-month follow-up and to 65.0 per cent at the
24-month follow-up (Figure 2).

66.00%
64.00%
62.00%
60.00%
58.00%
56.00%

64.40%  65.00%

59.90% I |

6th 12th 24th
month Month month

Proportion of patients with suppressed viral
loads at various time points

Prevalence rates

Figure 2. Prevalence of patients achieving virological suppression
at 6, 12 and 24 months of antiretroviral treatment.

In terms of the general characteristics of the study popula-
tion, the average age of people living with HIV (PLHIV) was
46 years, with a predominance of women (66.2 per cent). Most
patients had been recruited from the respiratory medicine de-
partment (PPH) (63.5 per cent). The majority were infected
with HIV-1 (94 per cent), received antiretroviral therapy
(ART) (88.3 per cent) and adhered to their medication (81.7
per cent). However, 26.6 per cent of them had at least one
chronic comorbidity (Table 1).

In bivariate analysis, the treatment center (PPH versus
USAC) and good medication adherence were significantly as-
sociated with virological suppression at all follow-up time
points (p <0.05). Female sex was significantly associated with
better virological suppression at M6 (64.7% vs 50.4%,
p=0.012) and at M12 (69.2% vs 54.9%, p=0.010). Further-
more, the absence of comorbidities was associated with higher
virological suppression at 6 months (p=0.036) and at 24
months (p=0.022) (Table 1).
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Table 1. General characteristics and bivariate analysis of socio-demographic and bioclinical factors associated with virological suppression
at 6-, 12- and 24-months’ follow-up.

General specifica-  Virological suppression at 6  Virological suppres- Virological suppression at 24
tions months sion at 12 months months
n (%) Yes n (%) p-value Yes n(%) p-value Yes n(%) p-value
Total population  334(100) 200(59,9) 215(64,4) 217(65,0)
Study site
PPH 212(63,5) 137(64,6) 0.020 147(69,3)  0.012 157(74,1) <.001
USAC 122(36,5) 63(51,6) 68(55,7) 60(49,2)
Sex
Woman 221(66,2) 143(64,7) 0.012 153(69,2)  0.010 147(66.,5) 0.408
Man 113(33,8) 57(50,4) 62(54.9) 70(61,9)

Current age of patients

[18-30] 29(8,7) 17(58,6) 0.204 22(75.,9) 0.056 19(65.,5) 0.300
[30-40] 69(20,6) 43(62,3) 35(50,7) 45(65,2)

[40-50] 107(32,1) 62(57,9) 76(71,0) 72(67,3)

[50-60] 94(28,1) 51(54,3) 60(63,8) 54(57,4)

>60 35(10,5) 27(77,1) 22(62.9) 27(77,1)

Comorbidity

No 245(73.,4) 155(63,3) 0.036 161(65,7)  0.395 168(68,6) 0.022
Yes 89(26,6) 45(50,6) 54(60,7) 49(55,1)

HIV type

HIV 1 314(94,0) 187(59,6) 0.362 202(64,3)  0.488 202(64,3) 0.748
HIV 1+2 17(5,1) 10(58,8) 10(58,8) 13(76,5)

HIV 2 3(0,9) 3(100,0) 3(100) 2(66,7)

Combination of ARVs

TLD 295(88,3) 182(61,7) 0.063 194(65,8)  0.144 197(66,8) 0.057
Other 39(11,7) 18(46,2) 21(53.8) 20(51,3)

Medication adherence
No 61(18,3) 1931,1) <.001 21(34,4) <.001 14(23,0) <.001
Yes 273(81,7) 181(66,3) 194(71,1) 203(74,4)

3.2. Independent Factors Associated with Virological Suppression (Multivariable Analysis)

Adjusted logistic regression analysis revealed that at 6 months’ follow-up, good medication adherence (aOR = 4.31; 95% CI:
[2.24 — 8.28]; p<0.001) and female sex (aOR=1.96; 95% CI: [1.18 — 3.23]; p=0.009) were the two independent predictors asso-
ciated with virological suppression (Table 2).
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Table 2. Multivariable analysis presenting adjusted odds ratios (aOR) and identifying factors associated with virological suppression at 6

months’ follow-up in people living with HIV.

Study site:

PPH

USAC

Age of patients:
18-30
30-40

[ ]
[ ]
[40-50]
[50-60]
>60

Sex:

Woman

Man

Combination of ARVs:
TLD

Other

Treatment adherence:
YES

NO

Comorbidities:

NO
Yes

1.12

1.62
1.03
0.99
2.96

1.96

1.385

4311

1.56
1

Adjusted Odds Ratio (aOR)

p-value

0.682

0.327
0.955
0.997
0.069

0.009

0.414

<.001

0.112

95% Confidence Interval (95% CI)

[0.65 - 1.95]

0.62 - 4.28]
0.42-2.51]

[
[
[0.403 - 2.47]
[

0.919 - 9.56]
[1.185 - 3.23]
[0.63 - 3.03]

[2.24 - 8.28]

[0.902 - 2.72]

Note: Odds ratio for “Viral load suppression at 6 months = yes” versus “Viral load suppression at 6 months =no”

At 12 months, female sex (aOR = 2.05; 95% CI: [1.23 — 3.40]; p = 0.006) and adherence to treatment (aOR = 3.69; 95% CI:
[1.96 — 6.94]; p<0.001) continued to exert a significant protective effect in favour of virological suppression (Table 3).

Table 3. Multivariable analysis presenting adjusted odds ratios (aOR) and identifying factors associated with virological suppression at 12

months’ follow-up.

Study site:

PPH

USAC

Age of patients:
[18-30]

[30-40]

[40-50]

Adjusted Odds Ratio (aOR)

2.04
0.67
1.45

p-value

0.125

0.228
0.390
0.392
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95% Confidence Interval (95% CI)

[0.89- 2.66]

[0.64 — 6.47]
[0.27 - 1.66]
[0.618 — 3.40]
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Adjusted Odds Ratio (aOR) p-value 95% Confidence Interval (95% CI)
[50-60] 1.09 0.849 [0.46 —2.56]
>60
Sex:
Woman 2.05 0.006 [1.23 —3.40]
Man 1
Combination of ARVs:
TLD 1.06 0.892 [0.47 —2.38]
Other 1
Medication adherence:
Yes 3.67 <.001 [1.96 —6.94]
No 1

Note: Odds ratio for ‘Viral load suppression at 12 months = yes’ versus ‘Viral load suppression at 12 months =no’

At 24 months, medication adherence becomes the major  also emerged as an independent factor favoring virological
predictive factor, increasing the probability of virological sup- suppression compared with the USAC centre (aOR = 2.04; 95%
pression by more than eightfold (aOR = 8.33; 95% CI: [4.23 CI: [1.17 - 3.57]; p=0.012) (Table 4).

—16.42]; p <0.001). At this late time point, the PPH study site

Table 4. Multivariable analysis presenting adjusted odds ratios (ORs) and identifying factors associated with virological suppression at 24
months’ follow-up.

Adjusted Odds Ratio (aOR) p-value 95% Confidence Interval (95% CI)
Study site:
PPH 2.04 0.012 [1.17-3.57]
USAC 1
Comorbidity:
No 1.48 0.172 [0.84 —2.62]
Yes
Combination of ARVs:
OTHER 1.19 0.668 [0.53 -2.73]
TLD 1
Treatment adherence:
YES 8.33 <.001 [4.23 - 16.42]

NO

Note: Odds ratio for “Viral load suppression at 24 months = yes” versus “Viral load suppression at 24 months = no”
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3.3. Validation of Diagnostic Models for
Multicollinearity

Tests of the multicollinearity assumptions for the three

models (Tables 2, 3 and 4) confirm the reliability of the results.

All variance inflation factors (VIFs) range between 1.01 and
1.19 (well below the critical threshold of 5 or 10) and confirm
the absence of multicollinearity between the explanatory var-
iables (Table 5).

Table 5. Summary of Adjusted Odds Ratios (ORa) and Independent Factors.

Follow-up time Independent factor

6 months (M6) Gender (Female) Man
High adherence No

12 months (M12) Gender (Female) Man
High adherence No

24 months (M24) Site (PPH) USAC
High adherence No

Reference category

ORa 95% CI p-value
1,96 [1,18 —3,23] 0,009
4,31 [2,24 - 8,28] <0,001
2,05 [1,23 —3,40] 0,006
3,69 [1,96 —6,94] <0,001
2,04 [1,17-3,57] 0,012
8,33 [4,23 — 16,42] <0,001

PPH is Tertiary care center; High adherence: medication adherence (Yes)

4. Discussion

This multicenter retrospective study of 334 people living
with HIV (PLHIV) in Céte d’Ivoire provides quantitative data
on the dynamics and predictive factors of strict virological
suppression < 20 copies/mL at 6, 12 and 24 months of follow-
up.

With regard to the overall dynamics of strict virological
suppression in our cohort, the proportion of patients achieving
strict virological suppression rose from 59.9% at 6 months to
64.4% at 12 months, before stabilizing at 65.0% at 24 months.
These rates may appear to fall short of the UNAIDS 95-95-
95’ targets for viral load control [5]. However, the use of a
particularly stringent threshold (< 20 copies/mL) explains this
difference. Whilst WHO guidelines define treatment failure as
aviral load exceeding 1,000 copies/mL, achieving a strict sup-
pression threshold is now recognized as minimizing the risk
of low-level viremia, reducing the risk of subsequent virolog-
ical failure and preventing the emergence of resistance muta-
tions [7].

Our findings confirm that medication adherence serves as
the foundation for both short- and long-term virological effi-
cacy. Adherence emerged as the most consistent predictor of
strict viral suppression across all observation time points. This
finding corroborates those of several studies carried out in the
Democratic Republic of the Congo (DRC) [8], Kenya [9],
Botswana [10], Uganda [4] and Ethiopia [11], which have also
highlighted a strong association between good treatment ad-
herence and virological suppression. The strength of associa-
tion between adherence and viral suppression intensified
markedly over time (aOR increased from 4.31 at M6 to 8.33
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at M24).

These findings reinforce the notion that adherence is not
only necessary for the initial induction of viral control, but re-
mains essential for maintaining deep viral suppression and
preventing viral resurgence in the long term. In our study, alt-
hough 88.3% of patients received an optimized dolutegravir-
based treatment regimen (TLD), the overall adherence rate
was 81.7%. This finding confirms that, despite dolutegravir’s
high genetic barrier and strong efficacy, adherence to treat-
ment remains the ultimate determinant of virological response
[12, 13].

With regard to the link between gender and virological re-
sponse, this study reveals an early advantage in virological
suppression among women. Female sex is an independent fac-
tor associated with better virological suppression at 6 months
(aOR = 1.96; p = 0.009) and at 12 months (aOR = 2.05; p =
0.006). This finding is consistent with the findings of certain
authors [14], [15]. However, this independent association di-
minishes at 24 months. This result is consistent with the study
by Mosha et al., in which women had lost their initial immu-
nological advantage, showing weaker immune recovery after
one year of treatment [14].

This early advantage for women can be explained by sev-
eral contextual and socio-behavioral factors in sub-Saharan
Africa. On the one hand, women often benefit from earlier di-
agnosis through antenatal care programs and programs to pre-
vent mother-to-child transmission (PMTCT). Furthermore,
several studies have documented that women are more likely
to attend medical follow-up appointments and adhere more
closely to treatment guidelines from the outset than men, who
tend to seek medical advice later and at more advanced clini-
cal stages. This observation is supported by the study by
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Kwendra and colleagues in Bunia, in the Democratic Republic
of the Congo, who found that male sex is a factor associated
with failure to achieve viral suppression [16].

Hawkins and colleagues had also shown that men were at a
significantly higher risk of immunological non-response after
at least 6 months of antiretroviral treatment [17], and Mongo-
Delis and colleagues had found that mortality was higher
among men than among women [18].

The loss of statistical significance at M24 suggests that, in
the longer term, the quality of individual adherence takes prec-
edence over gender. This finding corroborates the study by
Billioux and colleagues in Uganda, who found that support for
long-term adherence is necessary to achieve robust viral sup-
pression and represents a priority in resource-limited settings
[19].

The treatment centre also influences strict virological sup-
pression, highlighting the challenges of decentralization.
Whilst it was not predictive at 6 and 12 months in the multi-
variable analysis, the tertiary care setting (PPH at Cocody
University Hospital) emerged as an independent factor favor-
ing virological suppression at 24 months (aOR = 2.04; p =
0.012) compared with the outpatient facility (USAC in Abid-
jan).

This finding highlights a structural challenge in long-term
monitoring. Tertiary-level facilities generally have more com-
prehensive technical resources, greater continuity in the sup-
ply of viral load reagents, and multidisciplinary teams with
more experience in managing treatment interruptions or ad-
herence issues beyond two years. This underlines the need to
strengthen technical support and continuing professional de-
velopment in community-based facilities (USACs) in order to
maintain equity of care in the long term. This recommendation
is consistent with the work of Boyer and colleagues, whose
analyses based on multilevel regression models show that de-
centralized HIV services achieve results as good as those of
centralized services, and even better results for certain criteria,
such as adherence, mental well-being and affordability for
households [20].

Although the presence of chronic comorbidities (26.6 per
cent of the population) showed a negative association with
HIV virological suppression in bivariate analysis at M6 and
M24, this effect was not sustained in the adjusted multivaria-
ble analysis. This suggests that the link between comorbidities
and virological response is likely mediated by treatment ad-
herence (medication burden) or by confounding variables.

From a methodological perspective, the assessment of var-
iance inflation factors (VIF [1.01-1.19]) ensures the absence
of multicollinearity and confirms the robustness and statistical
stability of our logistic regression models.

Strengths and limitations

The strengths of this study include the large number of
study sites, the 24-month longitudinal analysis, the use of a
strict virological suppression threshold (< 20 copies/mL) and
the validation of the non-collinearity of the variables. How-
ever, it has limitations due to its retrospective design, which
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relies on medical records and may result in information bias
or missing data. Excluding patients without available viral
load results may introduce selection bias (potential overesti-
mation of the suppression rate in patients who are regular at
follow-up) Furthermore, the measurement of adherence in
medical records is often based on self-reporting or the renewal
of prescriptions, which may overestimate actual adherence. A
key limitation of this study lies in the unavailability of com-
prehensive model diagnostics, which restricts a deeper analy-
sis of its internal behavior. The uncontrolled difference be-
tween the sites also represents a limitation of the study.

5. Conclusion and Recommendation

This multicenter retrospective study provides concrete evi-
dence of the long-term effectiveness of HIV management in
Cote d’Ivoire, by assessing virological suppression to a strict
threshold (<20 copies/mL). Our results show satisfactory pro-
gress in viral suppression over the first two years, reaching a
plateau of 65.0 per cent at 24 months.

The multivariable analysis highlights the temporal dynam-
ics of the factors associated with virological success. In the
short and medium term (M6 and M12), female sex is inde-
pendently associated with a better virological response, likely
reflecting earlier access to care and better initial adherence. In
the long term (M24), management at a tertiary-level facility
(PPH) offers a better guarantee of sustained viral control,
highlighting the need to strengthen the capacity of local
healthcare centers (USAC). However, the uncontrolled differ-
ence between the sites represents a limitation of the study.

At every stage of follow-up, treatment adherence emerges
as the key and indispensable determinant of strict virological
suppression, with its predictive impact increasing considera-
bly over time (aOR = 8.33 at 24 months). In light of these
findings, three priority areas emerge for optimizing care:
Strengthen therapeutic education and support for adherence
on an ongoing basis, without relaxing support for patients who
are stable in the long term, even when on effective dolute-
gravir-based regimens.

Focus more closely on male populations from the time of
diagnosis in order to reduce delays in treatment initiation and
improve their retention within the care pathway from the very
first months.

Implementing technical support and a transfer of skills from
tertiary care centers to primary care centers (USAC) could en-
sure equitable quality in virological monitoring across the en-
tire country.

Abbreviations

USAC Outpatient Care and Counselling Unit

PMTCT Program to Prevent Mother-to-Child
Transmission
TLD Tenofovir Lamivudine Dolutegravir
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PLHIV People Living with HIV

ART Antiretroviral Therapy
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