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Abstract

Therapeutic monitoring of people living with HIV (PLHIV) relies mainly on
HIV viral load (VL) measurement. This study evaluated the impact of the
COVID-19 pandemic on HIV-1 viral load testing among PLHIV on antiretro-
viral therapy (ART) at the National Institute of Public Health (INSP) in
Guinea from 2014 to 2024. Methods: A retrospective cross-sectional study was
conducted at the HIV/Hepatitis Molecular Biology Laboratory of INSP on
29,529 samples from PLHIV. Viral load was measured by real-time PCR using
NorDiag/HAIN and Abbott platforms. Data were analyzed with R software.
Virological failure was defined as a VL > 1000 copies/mL. Results: A marked
improvement in virological control was observed over time, increasing from
77.5% before the COVID-19 pandemic to 88.8% after, with a decrease in fail-
ure rates from 22.5% to 11.2%. Most samples were from women (72.8%) and
adults aged 18-49 years. The average treatment duration increased from 3.9 to
6.3 years between the two periods. Health centers became the main referring
structures post-pandemic, reflecting increased decentralization. Multivariate
analyses showed that men, individuals under 18 years, and patients followed
in university hospitals before the pandemic had a higher risk of virological
failure. Conversely, patients followed in NGOs or health centers during the
pandemic had better outcomes. Adult age, longer treatment duration, and
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first-line follow-up were associated with better viral suppression. Conclusion:
The results reveal improved virological monitoring in Guinea despite disrup-
tions caused by the pandemic. However, persistent inequalities call for tar-
geted interventions to improve equity and achieve UNAIDS viral suppression
targets.

Keywords

HIV Viral Load, Virological Failure, Antiretroviral Therapy (ART),
COVID-19 Impact

1. Context

Worldwide, nearly 39.9 million people were living with HIV (PLHIV) in 2023,
and antiretroviral treatment has changed their lives [1]. Viral load is an essential
indicator for monitoring these PLHIV [2]. It plays a crucial role in assessing the
effectiveness of antiretroviral (ARV) treatments in these patients by monitoring vi-
ral replication and guiding clinical decision-making [3]. Assessing viral load in
PLHIV is a fundamental indicator of the effectiveness of antiretroviral treatments
and of strategies to combat the epidemic. An undetectable viral load indicates an
effective response to antiretroviral therapy (ART). In contrast, a detectable viral load
> 1000 copies/ml is associated with an increased likelihood of treatment failure, fre-
quently due to inadequate adherence or the emergence of viral resistance [4].

The COVID-19 pandemic, declared a global health emergency by the WHO in
March 2020, has caused significant disruption to healthcare systems, particularly
in the continuity of HIV care [5]. A study conducted in three West African coun-
tries (Burkina Faso, Cote d’Ivoire, and Nigeria) revealed a significant decline in
the initiation of antiretroviral treatment and in the number of viral load tests per-
formed each week in the early months of the COVID-19 pandemic [6]. Further-
more, a meta-analysis in 2022 confirmed that, in several low-resource countries,
the pandemic had caused temporary disruptions, resulting in an overall negative
impact on the continuity of HIV care [7].

In the United States, despite telemedicine consultations, 35% of PLHIV re-
ported difficulties obtaining viral load tests during the pandemic [8]. Despite the
decrease in viral load testing, some studies have found stabilisation or even im-
provement in suppression rates. In Malawi, although the number of viral load tests
fell by 40% during the pandemic, viral load suppression remained stable at 93% -
94% [9].

In Guinea, HIV prevalence in the general population is 1.5%, according to the
2018 Demographic and Health Survey. A study conducted in 2023 estimated that
nearly 128,000 people are living with HIV in the country, of whom approximately
69% are receiving antiretroviral therapy (ART) [4] [10]. Despite these various
studies documenting the effect of COVID-19 on HIV care in several countries,

little data is available on this dynamic of viral load suppression in the Guinean
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context. The analysis of data collected from 2014 to 2024 thus provides a valuable
opportunity to assess the impact of the health crisis on virological monitoring and
continuity of care among PLHIV.

The objective of this study was to evaluate the effect of the COVID-19 pandemic
on HIV-1 viral load suppression in PLHIV receiving ARV treatment at the INSP
from 2014 to 2024.

2. Materials and Methods
2.1. Study Design

This was a cross-sectional study with an analytical focus and retrospective data
collection, based on samples from PLHIV received at the INSP’s HIV/Hepatitis
molecular biology laboratory for HIV-1 viral load testing between 2014 and 2024.
The National Institute of Public Health (INSP) of Guinea is a public administra-
tive and scientific institution (EPAS) with legal personality and financial and man-
agerial autonomy in accordance with the laws and regulations governing public
administrative institutions. It aims to assist public authorities in decision-making
and in evaluating public health policies and interventions in Guinea. Its head of-
fice is currently located in Kakoulimaya in the municipality of Coyah. It comprises
four departments (the Public Health Research Department, the Pharmaceutical
Chemistry Department, the Human Resources Development Department, and the
National Public Health Laboratory Department). The National Public Health La-
boratory is responsible for diagnosing diseases with epidemic potential, standard-
ising national-level analysis methods, and monitoring the quality of medical and
biological processes and techniques. It comprises various units, including bio-
chemistry, bacteriology, parasitology, immunology, haematology, and molecular
biology, which is subdivided into two sub-units: HIV/hepatitis molecular biology
and respiratory virus molecular biology.

The HIV/Hepatitis Molecular Biology Laboratory is the national reference la-
boratory responsible for the diagnosis and virological monitoring of people living
with HIV and those with hepatitis, on the one hand, and other non-respiratory

viruses on the other.

2.2. Population and Sample

Study populations: The study covered 29,529 samples from PLHIV received at
the INSP’s HIV/Hepatitis molecular biology laboratory for HIV-1 viral load test-
ing between 2014 and 2024. Inclusion criteria: All samples from PLHIV, regard-
less of gender, age, or origin, received by the INSP’s HIV/Hepatitis molecular bi-
ology laboratory for HIV-1 viral load testing between 2014 and 2024 were in-
cluded in the study.

Inclusion criteria: all samples from PLHIV for which data were incomplete
were excluded from this study.

Sampling: We conducted an exhaustive sampling of all samples that met our

selection criteria.
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2.3. Operational Definition of Variables

Dependent variable: HIV-1 viral load was our dependent variable. This was a
dichotomous variable (controlled vs. detectable). We considered HIV-1 viral load
to be high when the number of copies was greater than or equal to 1000 copies/ml
and suppressed when the number of copies was less than 1000 copies/ml.

Independent variables: our independent variables consisted of gender (fe-
male/male), age (<18 years, 18 - 49 years, and =50 years), referral sites (CMC,
NGO, CS, CHU_ID, CHU_Donka, and private), ART (first-line/second-line), and

duration of treatment.

2.4. Data Collection

We collected data as follows:

<> For the group of patients admitted to the INSP with an HIV-1 viral load
request form completed by the prescribing physician at the treatment site, a 3 to
4 cc sample was taken in an EDTA tube. These samples were sent to the HIV/Hep-
atitis molecular biology laboratory in accordance with the internal sample delivery
protocol. After verifying that the information was correct, the data was entered
into the database using Microsoft Access software.

For samples collected at treatment sites in the city of Conakry, the sample col-
lection team visited these sites twice a week to collect and transport them to the
laboratory. The information and quality of the samples were then verified in ac-
cordance with the reception protocol, followed by entry into the database using
Microsoft Access.

2.5. Laboratory Analysis Techniques

The principle of the HIV viral load test is a nucleic acid amplification test for
quantifying HIV-1 RNA in human plasma. It is based on three main processes:

i. Extraction of HIV-1 RNA from EDTA or citrate plasma samples,

ii. Reverse transcription of viral RNA into complementary target DNA
(cDNA), and

iii. PCR amplification of the newly synthesised target cDNA and simultaneous
measurement of fluorescence resulting from the cleavage of the double-la-
belled oligonucleotide detection probe specific to HIV. It is based on the
principle of real-time PCR, in which an oligonucleotide detection probe la-
belled at the 5" end with an emitting fluorochrome (reporter) and at the 3’
end with a non-fluorescent quencher group is hydrolysed.

v To measure HIV viral load in this study, we used two platforms (open and
ABBOTT).

v’ For the open platform, RNA extraction was performed using the Nor-
Diag/HAIN extractor with GXT NA reagents supplied by Biocentric. Am-
plification was performed using Roche’s Lightcycler 96 thermocycler and
Fluorocycler XT with Biocentric’s Generic HIV-1 reagents [11].

v" For the Abbott platform, the m2000sp extractor was used for RNA extrac-
tion and the m2000rt for amplification [12].
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2.6. Data Analysis

Our data were analysed using R software version 4.3.2. For quantitative variables,
we calculated means and standard deviations. The numbers and percentages were
calculated for the qualitative variables. We performed chi-square tests and bivari-
ate and multivariate logistic regression to investigate associations between the de-
pendent variable (HIV-1 viral load) and the independent variables (gender, age
groups, sites of origin, ART, treatment duration, and referral reasons). The signif-

icance threshold was set at 5%.

2.7. Ethical Considerations

The data was collected anonymously, and the results obtained were used strictly

in the interests of science.

3. Results

Figure 1: The analysis covered an initial total of 33,176 samples from people living
with HIV (PLHIV) collected from various health facilities across the country. In-
itially, 1451 samples were excluded because the date of initiation of antiretroviral
therapy (ART) was missing. Subsequently, an additional 937 individuals were ex-
cluded because their files lacked viral load (VL) data, bringing the total to 29,788
patients with usable viral load data. Finally, 259 cases were excluded due to insuf-
ficient data on antiretroviral treatment regimens, which are essential for compar-
ative analyses. The final sample size for the analysis thus comprised 29,529 partic-

ipants.

33,176 samples of persons living with HIV received

No date of initiation: 1,451 excluded
Remaining: 30,725

No viral load information: 900 excluded
Remaining: 29,825

Viral load missing: 37 excluded
Remaining: 29,788

Treatment line missing: 259 excluded
Remaining: 29,529

Figure 1. Sample inclusion diagram.

Table 1: Of this total of 29,529 samples included for viral load monitoring, there
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was a predominance of samples from women (72.8%). Health centres (HCs) were
the primary source of samples (29.2%), followed by university hospitals (27.3%),
NGOs (22.0%), and CMCs (20.3%), while private facilities and the Donka Univer-
sity Hospital accounted for less than 1% of submissions. Almost all samples
(98.2%) came from patients undergoing first-line treatment. The majority of re-
sults (80.6%) indicated satisfactory virological control, although 19.4% of samples
showed virological failure. The average age of individuals associated with the sam-
ples was 39.8 years (+11.1), with an average duration of antiretroviral treatment
of 4.52 years (+3.50). Finally, the temporal distribution of samples shows a pre-
dominance before the COVID-19 pandemic (65.0%), with a marked decrease in
submissions during (18.1%) and after the pandemic (16.9%).

Table 1. Distribution of samples according to site of origin and period (before, during, and
after) COVID-19.

[ALL]

N=29,529

ONG 6495 (22.0%)

CS 8622 (29.2%)
CHU_ID 8048 (27.3%)

Prive 220 (0.75%)

CHU_Donka 155 (0.52%)
before_COVID19 19,193 (65.0%)
during_ COVID19 5351 (18.1%)
post_COVID19 4985 (16.9%)

Table 2 shows the evolution of the characteristics of samples received by the
INSP for viral load testing, broken down into three periods: before, during, and
after the COVID-19 pandemic. There is a consistent female predominance across
the samples, with an increasing proportion of women (71.1% before, 76.0% dur-
ing, and 76.2% after the pandemic). Health centres (HCs) have become the pri-
mary source of post-pandemic samples (45.5% compared to 23.4% previously),
while contributions from CMCs and CHU_IDs have decreased. Almost all sam-
ples came from individuals undergoing first-line treatment, with a slight in-
crease in this proportion over time (from 97.8% to 99.3%). The age groups reveal
a clear predominance of adults aged 18 to 49, who accounted for 74.8% of sam-
ples before the pandemic and up to 89.0% after. At the same time, the propor-
tion of young people and older people declined. The average duration of an-
tiretroviral treatment increased gradually (from 3.90 = 3.00 to 6.27 £ 4.17 years).
Finally, virological results indicate a continuous improvement in viral load con-
trol, rising from 77.5% to 88.8%, while virological failure rates decreased from
22.5% to 11.2% (Table 3).
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Table 2. Characteristics of patient samples according to sampling period.

Variable

Before COVID-19 (N = 19,190) During COVID-19 (N = 5353) Post COVID-19 (N = 4986)

Sex
Women
Man
Health Centre
CMC
ONG
CS
CHU_ID
Prive
CHU Donka
Treatment line
First line

Second line

13,639 (71.1%)
5551 (28.9%)

4729 (24.6%)
4411 (23.0%)
4492 (23.4%)
5240 (27.3%)
187 (0.97%)
131 (0.68%)

18,769 (97.8%)
421 (2.19%)

4070 (76.0%)
1283 (24.0%)

841 (15.7%)
1043 (19.5%)
1861 (34.8%)
1578 (29.5%)
25 (0.47%)
5 (0.09%)

5286 (98.7%)

67 (1.25%)

3798 (76.2%)
1188 (23.8%)

419 (8.4%)
1041 (20.9%)
2269 (45.5%)
1230 (24.7%)

8 (0.16%)

19 (0.38%)

4951 (99.3%)

35 (0.70%)

Age (years)
<18

18 - 49
=50

Duration treatment (moy +
AND)

Year of collection

Virological status controlled
viral load

Virological failure

1032 (5.38%)
14,357 (74.8%)

3801 (19.8%)

3.90 £ 3.00

33 (0.62%)
4687 (87.6%)

633 (11.8%)

5.11 £3.84

12 (0.24%)
4440 (89.0%)
534 (10.7%)

6.27 £ 4.17

100% 100% 100% Virological failure

14,864 (77.5%) 4514 (84.3%) 4430 (88.8%)

4326 (22.5%) 839 (15.7%) 556 (11.2%)

Table 3 presents a comparative analysis of the determinants of controlled viral
load versus virological failure across sampling periods at the INSP. Before the
COVID-19 pandemic, men had a significantly higher risk of virological failure
compared to women (OR = 1.22; 95% CI = [1.14 - 1.32]; p < 0.001), a trend that
was also observed after the pandemic (OR = 1.32; 95% CI = [1.09 - 1.61]; p =
0.006), but absent during the pandemic. About health centres, patients affiliated
with CHU_ID before the pandemic had an increased risk of virological failure
(OR = 1.51; p < 0.001), while those affiliated with NGOs and CS during the pan-
demic were significantly protected (OR = 0.67 and 0.62, respectively; p < 0.001).

No strong association was observed with the treatment regimen. Age appeared
to be a significant determining factor: compared with young people (<18 years),
adults (18 - 49 years) and older people (250 years) had a significantly reduced risk
of virological failure across all periods (p < 0.001), with ORs ranging from 0.49 to
0.08.
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Finally, treatment duration was slightly but significantly shorter in cases of fail-
ure before the pandemic (3.63 years vs. 3.98 years; OR = 0.96; p < 0.001), whereas
no notable difference was observed during or after the pandemic.

Table 3. Analysis of viral load in patients admitted to the INSP according to sampling periods.

Before COVID19 During COVID19 Post COVID19
Variables viral load virological viralload  virological viral load virological
control failure OR control failure OR control failure OR
N=14,864 N=4326 N=4514 N=2839 N=4430 N=556
Gender
72.0% 67.8% 76.0% 76.0% 76.8% 71.4%
Women Ref. Ref. Ref.
[71.3%; 72.8%)] [66.4%; 69.2%] [74.8%; 77.3%] [73.0%; 78.9%] [75.5%; 78.0%] [67.4%; 75.1%]
Man 28.0% 32.2% 1.22 24.0% 24.0% 1.00 23.2% 28.6% 1.32

[27.2%; 28.7%)] [30.8%; 33.6%] [1.14; 1.32] [22.7%; 25.2%] [21.1%; 27.0%] [0.84; 1.19] [22.0%; 24.5%] [24.9%; 32.6%] [1.09;1.61]

Health centre:

25.3% 22.5% 14.6% 21.5% 8.17% 10.3%
CMC Ref. Ref. Ref.
[24.6%; 26.0%] [21.3%; 23.8%] [13.6%; 15.7%] [18.7%; 24.4%] [7.38%; 9.02%] [7.86%; 13.1%)]
ONG 23.7% 20.5% 0.97 19.5% 19.2% 0.67 20.7% 21.9% L]
[23.0%; 24.4%] [19.3%; 21.7%] [0.88; 1.07] [18.4%; 20.7%] [16.6%; 22.0%] [0.53; 0.85] [19.6%; 22.0%] [18.6%; 25.6%] e
cs 24.1% 21.2% 0.99 35.2% 32.2% 0.62 45.6% 45.1% L]
[23.4%; 24.8%] [20.0%; 22.4%] [0.89; 1.09] [33.9%; 36.7%] [29.0%; 35.5%] [0.51; 0.77] [44.1%; 47.0%] [41.0%; 49.4%] o
CHU ID 25.3% 34.1% 1.51 30.1% 26.2% 0.59 24.9% 22.5% (5]
[24.6%; 26.0%] [32.7%; 35.5%] [1.38; 1.66] [28.7%; 31.4%] [23.3%; 29.3%] [0.48; 0.74] [23.7%; 26.2%] [19.1%; 26.2%] o
Privat 0.94% 1.11% 1.33 0.40% 0.83% 1.45 0.18% 0.00% L]
rivate s
[0.79%; 1.10%] [0.82%; 1.47%] [0.94; 1.85] [0.24%; 0.63%] [0.34%; 1.71%] [0.55; 3.40] [0.08%; 0.36%] [0.00%; 0.66%]
0.71% 0.60% 0.96 0.09% 0.12% 1.01 0.41% 0.18%
CHU Donka NN
[0.58%; 0.85%] [0.39%; 0.88%] [0.61; 1.46] [0.02%; 0.23%] [0.00%; 0.66%] [0.04; 7.36] [0.24%; 0.64%] [0.00%; 1.00%]
Treatment
lines
. . 97.9% 97.5% 98.8% 98.3% 99.3% 99.5%
First line Ref. Ref. Ref.
[97.6%; 98.1%] [97.0%; 98.0%] [98.5%; 99.1%] [97.2%; 99.1%] [99.0%; 99.5%] [98.4%; 99.9%]
2.11% 2.47% 1.18 1.17% 1.67% 1.44 0.72% 0.54% 0.78

Second line
[1.89%; 2.36%] [2.03%; 2.98%] [0.94; 1.46] [0.88%; 1.53%] [0.92%; 2.78%] [0.76; 2.54] [0.49%; 1.02%] [0.11%; 1.57%] [0.18; 2.20]

Age in years

4.37% 8.85% 0.38% 1.91% 0.14% 1.08%
[1,18) Ref. Ref. Ref.
[4.04%; 4.71%] [8.02%; 9.74%] [0.22%; 0.60%] [1.09%; 3.08%] [0.05%; 0.29%] [0.40%; 2.33%]

[18, 50) 74.9% 74.4% 0.49 87.0% 90.7% 0.21 88.7% 91.9% 0.13
’ [74.2%; 75.6%] [73.1%; 75.7%] [0.43; 0.56] [86.0%; 87.9%] [88.5%; 92.6%] [0.10; 0.42] [87.7%; 89.6%] [89.3%; 94.0%] [0.04; 0.43]

(50, 89] 20.7% 16.7% 0.40 12.6% 7.39% 0.12 11.2% 7.01% 0.08
’ [20.1%; 21.4%] [15.6%; 17.9%] [0.34; 0.46] [11.7%; 13.7%] [5.71%; 9.37%] [0.06; 0.24] [10.3%; 12.1%] [5.04%; 9.46%] [0.02; 0.27]

Treatment 3.98 3.63 0.96 5.15 4.88 0.98 6.28 6.12 0.99

duration [3.94; 4.03] [3.54;3.71] [0.95;0.97] [5.04;5.27] [4.62;5.14] [0.96;1.00] [6.16;6.41] [5.78; 6.45] [0.97;1.01]

4. Discussion

The viral load (VL) of HIV-1 is a fundamental indicator for the clinical monitor-

ing of people living with HIV (PLHIV) and for evaluating the effectiveness of
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antiretroviral (ARV) treatments. It is in this context that we conducted this study
on samples received at the HIV/Hepatitis molecular biology laboratory of the
INSP in Guinea, which enabled us to gain an overview of viral load evolution and
identify factors associated with virological failure in patients on ART. In our se-
ries, the average duration of antiretroviral treatment increased gradually across
the COVID-19 period (before, during, and after), and virological results indicate
continuous improvement in viral load control, with virological failure rates de-
creasing. This is consistent with the results of a Burkinabe study reporting good
clinical tolerance and virological success (over 85%) with triple therapy (tenofovir
disoproxil fumarate-emtricitabine-efavirenz) in the first-line treatment of HIV-1
infection. However, the literature reports a high prevalence of detectable viral load
despite ARV treatment in a study of infected French children [13]. Although our
results demonstrate satisfactory virological control, the low proportion of virolog-
ical failure highlights the need to strengthen virological surveillance. We noted a
consistent female predominance among the samples, with an increasing propor-
tion of women before, during, and after the pandemic. Similar observations have
been reported by UNAIDS, indicating that in sub-Saharan Africa, women are
more likely to seek health services, including for HIV. This attendance increased
even during the COVID-19 pandemic, despite restrictions [14]. A higher rate of
adherence to ARV treatment among women was also reported by Cameroonians
and Malians, explaining their regularity in biological monitoring [15]. According
to the 2018 Guinea Demographic Health Survey, women make up the majority of
people living with HIV [16].

Health centres (HCs) have gradually become the primary source of post-pan-
demic samples, while contributions from CMCs and CHU_IDs have declined.
Our findings are supported by the literature, which has demonstrated that CSs are
the cornerstones of decentralised HIV care and that their role in the treatment-
for-all strategy makes them the primary collection points for viral load data [17].
The proximity of these health centres to the population would explain the high
rate of samples collected in these facilities.

In our series, we found a statistically significant association between male gen-
der and virological failure before and after the COVID-19 pandemic. Regarding
healthcare facilities, patients treated at university hospitals before the pandemic
had an increased risk of virological failure, whereas those treated at NGOs and
community health centres during the pandemic were significantly protected. The
Ivorians also found that men were systematically more exposed to virological fail-
ure due to their poorer adherence to treatment, delayed diagnosis, and limited
contact with care facilities [18].

This progress is encouraging and in line with UNAIDS’ global targets (95-95-
95). It could be explained by improved access to ARV, better adherence to treat-
ment, and strengthened health system capacity, particularly in virological moni-
toring. However, the significant proportion of virological failures (19.4%) high-
lights the need to enhance surveillance, therapeutic education, and resistance

management [14] [19].
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Analysis of the determinants of virological failure reveals several salient points.
First, men are at higher risk of virological failure than women, both before and
after the pandemic (OR > 1.2; p < 0.01). This disparity could be linked to differ-
ences in compliance, stigmatisation, or access to care, as suggested in other Afri-
can contexts. Secondly, age appears to be a protective factor: adults and older peo-
ple have a significantly lower risk of virological failure than young people (<18
years old). This finding supports the hypothesis that maturity and experience pro-
mote better adherence to treatment [20].

Furthermore, the duration of antiretroviral treatment is also associated with vi-
rological control, particularly before the pandemic. Patients with longer treatment
durations are less likely to experience virological failure, highlighting the im-
portance of long-term follow-up and patient retention in care programmes. How-
ever, the COVID-19 pandemic has had a significant impact on virological moni-
toring dynamics, with a marked decline in the number of samples analysed and a
change in patient origin. This situation reflects disruptions to the health system
and the need to strengthen the resilience of HIV services in the face of health crises.

Finally, it is essential to highlight the persistent challenges in Guinea: low viral
load testing coverage, infrastructure and supply issues, data management chal-
lenges, and limited access to early screening. These obstacles hinder the achieve-
ment of viral suppression targets and call for targeted interventions, including
strengthening health centres’ capacity, integrating community services, and im-

proving logistics management.

5. Conclusion

This study shows a gradual improvement in viral load control among PLHIV in
Guinea between 2014 and 2024, despite disruptions related to the COVID-19 pan-
demic. However, specific vulnerabilities persist, particularly among young people
and men, as well as in certain healthcare facilities. These findings highlight the
need to strengthen virological monitoring, treatment adherence, and the decen-
tralisation of care to achieve the global viral suppression targets set by UNAIDS
(95-95-95).
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