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The objective of this study was to determine the factors influencing low-level residual 

replication in patients infected with HIV-1 treated with TLD followed at the Center 

Polyvalent AL-Nadjma in N’Djamena, Chad. This was a retrospective and prospective 
study with an analytical aim which took place at the Polyvalent Al-Nadjma center from 

April 2022 to December 2023 in the city of N’Djamena. The study began with the 
interview of 135 patients, 108 of whom signed informed consent to participate in this study. 

Patients infected with HIV 1 on ART based on the combination of Tenofovir, Lamivudine 

and Dolutegravir (TLD) for at least 2 years with a load of 999 copies/mL were included. A 

total of 108 plasmas were collected and analyzed by the RT-PCR technique. The data from 

the interviews as well as the RT-PCR results were analyzed with R Studio software. 70% 

(76/108) of the participants were female with a M/F sex ratio of 0.42. The average age of 

the patients was 40.58 ± 9.58 years. Factors influencing residual replication were related to 

age with a prevalence of 27.27% of patients in the age group of 40 to 50 years, to initial 

HIV VL with 18.66% in patients who had an initial VL between 40 – 200 copies/ml and 

22.22% in those with a baseline VL between 501 - 999 copies/ml, at prior ART, most 

patients were on prior ART consisting of (Viraday®). A prevalence of 23.95% of low-level 

residual viremia was observed in these patients and also non-compliance with a prevalence 

of 7.40% of residual viremia. Thus, it was found that factors influencing residual 

replication were linked to a higher risk of virological failure and poor immune 

reconstitution. A better understanding of the influencing factors and adverse effects in 

various states of residual viremia is expected to provide important guidance for HIV 

treatment. 
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Introduction 
 
The HIV/AIDS epidemic remains a significant public 

health burden worldwide, particularly in low- and 

middle-income countries (UNAIDS, 2020). The advent 

of combination antiretroviral therapy (cART) has 

resulted in a significant reduction in morbidity and 

mortality among people infected with human 

immunodeficiency virus type 1 (HIV-1) (Antiretroviral 

Therapy cohort collaboration, 2008; Palella et al., 1998) 

Antiretroviral treatment (ART) must be started as early 

as possible, as soon as detected, as soon as treated, but 

the most appropriate moment must be assessed 

individually, taking into account the most beneficial 

combination for the patient and weighing the advantages 

and disadvantages. At the end of 2022, the treatment 

success rate among people living with HIV on ART was 

71%. (UNAIDS, 2022). ART can limit viral replication 

to a viral load below 50 copies/ml and effectively 

prolong the lives of HIV/AIDS patients. However, in 

approximately 10% to 30% of patients, standard ART 

does not fully control viral replication, and these patients 

have low levels of viral replication in their plasma, called 

residual viremia. According to the WHO, residual 

viremia is defined as a viral load (VL) between 50 and 

1,000 copies/ml (Bennett et al., 2008). 

 

Consequently, virological failure in different regions and 

countries, depending on medical and socio-economic 

contexts is defined as a viral load between 50 copies/ml, 

200 copies/ml and 1000 copies/ml (Bennett et al., 2008; 

Lesko et al., 2020; WHO, 2013; CFDCA, 2017; Ryon et 

al., 2018; Dybul et al., 2002; WHO, 2015). Although 

low-level viremia frequently occurs during treatment, 

there is no consensus on how to manage HIV-infected 

patients with these viremias, and potential risk factors for 

residual viremia have not been identified. been widely 

studied (Elvstam et al., 2021). Some studies have 

suggested that low-level viremia contributes to 

virological failure (Vandenhende et al., 2015; Elvstam et 

al., 2017), whereas other studies have found no 

additional risk of virological failure and resistance. to 

medications in patients with residual viremia, particularly 

those with a low viral load (less than 200 copies/ml) 

(Vandenhende et al., 2015; Joya et al., 2019). 

 

Previous studies have mainly focused on factors related 

to virological failure, with few reports on the influencing 

factors and adverse effects of various states of residual 

viremia, and often with discordant results. Therefore one 

of the most complex and important areas of current 

research involves the clarification of factors influencing 

residual viremia and adverse outcomes of various 

conditions. Several factors can influence low-level HIV-

1 viremia, and some key issues to consider include, 

initial viral load at the time of infection, strength and 

effectiveness of the host immune response, diversity 

HIV-1 genetics, duration of HIV infection and resistance 

to antiretroviral drugs (Ludo et al., 2006; Deeks et al., 

2007; Hemelaar et al., 2006). In addition to the 

characteristics cited above, treatment-related factors 

could influence the risk of residual viremia, with a higher 

risk for regimens based on protease inhibitors (PI) 

compared to those based on non-nucleoside inhibitors 

reverse transcriptase (NNRTI) or integrase strand transfer 

inhibitors (INSTI) (Wriden et al., 2015; Doyle et al., 

2012; Vancoillie et al., 2014).  

 

Other studies have documented that non-compliance with 

ART is a major risk factor for residual viremic episodes 

(Mills et al., 2006; Bijker et al., 2017). However, this has 

not been studied extensively in the context of the 

widespread use of integrase strand transfer inhibitors 

such as dolutegravir, particularly in resource-limited 

settings, such as in Chad, where dolutegravir-based 

regimens are WHO-recommended options for first-line 

ART. 

 

In Chad, data on residual viremia are rare and on the 

factors influencing persistent residual viremia in HIV 

patients on ART are rare. Most studies have focused on 

the phenomena of resistance mutations in HIV-infected 

patients on ART (Kiweew et al., 2019; D’arminio et al., 

2000). The objective of this study was to determine the 

factors influencing low-level residual replication in HIV-

1-infected patients under TLD followed at the AL-

Nadjma Polyvalent Center in N’Djamena, Chad. 

 

Materials and Methods 
 

Study area and period 
 

This was a retrospective study with an analytical aim 

which took place at the AL-NADJMA Polyvalent Center 

(APMS) in the commune of the 6th Arrondissement of 

the city of N’Djamena in Chad. The geographic 

coordinates produced by Globale Position System (GPS): 

are 12°107095 north latitude and 15°079048 east 

longitude. The study population consisted of patients 

infected with HIV-1 placed on TLD and monitored 

regularly for several years with a plasma viral load less 

than 1000 copies/mL measured every six months. 
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Sampling 
 

The sampling was done voluntarily and consented. It 

began with an interview with patients living with HIV 

who were regularly monitored at the Al-Nadjma 

Polyvalent Center. A total of 135 patients on TLD with a 

viral load between 40 and 999 copies/mL were 

interviewed. Among them, 108 signed the informed 

consent form and agreed to participate in the study and 

27 others refused to participate in the study. 

 

Sample and data collection technique 
 

Data collection and samples were carried out between 

April 2022 to December 2023. The information was 

collected using a structured questionnaire. The data 

collected were the sociodemographic characteristics of 

the patients (age, sex and marital status) and biological 

and clinical data (compliance, initial viral load, previous 

ARV treatment, year of initiation of ART, frequency of 

residual replication, therapeutic failure and success 

virological). The blood sample of 2 to 4 mL in 2 tubes 

containing an anticoagulant EDTA (Ethylene Diamine 

Tetra Acetic) per patient was carried out by puncture of 

the radial vein using a Venoject,® Vacutainers® needle 

of 7h30 minutes at 9:30 a.m. by a member of the team. 

The samples were sent to the Molecular Biology 

laboratory of the APMS center. The samples were 

centrifuged at 15,000 rpm for 10 minutes. The plasma is 

collected to be stored at -70°C for later use. 

 

Real Time Polymerase Chain Reaction (RT-PCR) 
protocol 
 

The viral genome was demonstrated using Real Time 

Polymerase Chain Reaction (RT-PCR) according to the 

protocol recommended by the company BIOCENTRIC. 

Extraction of viral RNA from plasma is automated. 

Being automated, two kits were used. The GenoXtract® 

kit in association with the GXT NA nucleic acid 

extraction kit version 1.0 (Hain Lifescience, Ref. 

12.08.02), marketed by BIOCENTRIC. The extraction 

technique used was that recommended by BIOCENTRIC 

(Biocentric, 2019a). For amplification the main 

components of the Generic HIV Viral Charge 

Amplification Kit (Biocentric) for 220 tests (Ref. TR001-

250IC) were used. 
 

For a test, the reaction mixture was composed of the 

following elements: (3 µL of H2O without nuclease, 5 

µL of the enzyme mix, 0.5 µL of the sense primer A, 0.5 

µL of the anti-sense primer B, 0.5 µL of probe C) with 

the “reporter” the FAMTM fluorophore at 5' and the non-

fluorescent MGB “quencher” at 3' and 0.5 µL of IC 

primers/Cy5-probes (Biocentric, 2019b). 

 

After preparing the reaction mix solution, 10 µL of RNA 

eluate was added to each well already containing reaction 

mix. All the samples were placed in the thermocycler 

(FluoroCycler® 15 seconds, followed by 30 seconds of 

primer annealing at +62°C and 30 seconds of elongation 

at +72°C then the final elongation of 7 minutes between 

50°C to 60°C. The FluoroSoftware® XT-IVD made it 

possible to generate rapid results with a summary report 

(Biocentric, 2019b). 

 

Statistical analyzes of the data 
 

The data from the interviews as well as the results of the 

plasmas tested were entered into an Excel spreadsheet in 

Microsoft Office 2010 software then converted to CSV 

and then exported to R Studio software version 

4.0.4.2021 for analyses.  

 

Concerning the analytical statistics, the Chi-square test 

and the Pearson test were used to compare the 

proportions (frequency of residual replication, 

therapeutic failure and virological success) and the 

variations in prevalence linked to the detection of 

replication viral residual as well as for their significance. 

The significance threshold was set at 0.05 and the p-

value calculated using the Pearson test. 

 

Results and Discussion 
 

In this study, we enrolled 135 patients, 108 of whom 

agreed to participate with a plasma viral load below 1000 

copies/ml, the average age was 40.58 ± 9.58 years, the 

oldest age group represented was that of [40 – 50 years 

old] or 41%. 

 

70% (76/108) of the participants were female with a M/F 

sex ratio of 0.42. 

 

Patients with an age range of 40 to 50 years were the 

most affected by the occurrence of low-level residual 

replication with 27.27% (12/44), 47.72% (21/44) were in 

virological success and 18.18% (8/44) in virological 

failure.  

 

Followed by that of 29 -.39 years or 16.21% (6/37), these 

results were significant (p-value =0.025) (table 1). 
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Patients with an initial viral load between 40-200 

copies/ml had a prevalence of 18.66% and those with an 

initial plasma viral load between 501 to 999 copies had a 

prevalence of 22.22% (p-value = 0.006) (table 1). 

 

The majority of patients 88.88% (96/108) included were 

on prior ART consisting of Efavirenz + Emtricitabine + 

Tenofovir (Viraday®). A prevalence of 23.95% of low-

level residual viremia was observed in these patients. 

These results are significant at the 5% level with a p-

value = 0.005 (table 1). 

 

The prevalence was 7.40% in non-compliant patients 

with a P-value = 0.014%. These results are significant at 

the 5% level. 

 

Patients who were on ART in the years 2011 to 2015 had 

a 25% prevalence of low-level residual replication (Table 

1). 

 

In this study, the primary influencing factor for low-level 

residual viremia in patients on ART was age as a 

demographic factor of PLHIV on ART. The age group of 

patients between 40 and 50 years old had a prevalence of 

27.27% followed by those aged 29 to 39 years old with 

16.21%.  

 

The present study results obtained were lower than those 

of 30.99% obtained in patients aged 55 years and 26.85% 

in the age group of 25 to 34 years by  Yuan et al., (2022) 

in the Jiangsu region in China on patients with low-level 

viremia.  

 

Two reasons could explain these results. Firstly through 

the lack of psychosocial care and a late diagnosis of the 

disease, secondly with increasing age, the immune 

system deteriorates, which could affect the body's ability 

to control viral replication and would lead to to transient 

residual viremia in some older people infected with HIV-

1. 

 

The present study showed that the risk of low-level 

residual viremia was much high in patients with an initial 

viral load between less than 40 to 200 copies/ml, i.e. a 

rate of 18.66%. This result could be explained by the fact 

that the continued presence of HIV- in the body with low 

viral loads could affect the immune system and increase 

the risk of long-term complications (residual viremia). A 

virological failure rate of 72.22% was observed in 

patients with an initial plasma viral load between 501 to 

999 copies/ml. According to a study conducted by 

Crowell et al., (2020), individuals with a viral load of 

high initial viral load have a higher risk of developing 

residual viremia than those with a low viral load before 

treatment. On the other hand, Esber et al., (2019), assert 

that the risk of virological failure increased by 5.49 times 

when the viral load reached 500 to 999 copies/ml in 

patients infected with HIV-1. These two statements could 

support our results. 

 

The most prescribed prior treatment regimen in our study 

was Viraday® 88.88% (96/108) composed of 2 non-

nucleoside reverse transcriptase inhibitors (NNRTIs) and 

1 nucleoside reverse transcriptase inhibitors (NRTIs) 

(Efavirenz/Emtricitabine/Tenofovir). The study revealed 

a rate of 23.95% of the occurrence of low-level residual 

viremia in patients which was linked to this therapeutic 

regimen (table 1). Until now, no study had yet described 

the risk factor for residual viremia of this therapeutic 

regimen based on 2 NNRTIs and 1 NRTI, however 

Zhang et al., (2020) reported in their studies that the risk 

of viremia low level is due to the combination 

zidovudine/lamivudine/nevirapine which was 2.26 times 

higher and that this low level viremia was even higher 

with protease inhibitors (PI) than with regimens based on 

NNRTI. However, recent studies by Rello et al., (2022) 

and Hsu et al., (2022) have shown that diets based on 

integrase inhibitors (INSTI) present a higher risk than 

those based on NNRTIs. 

 

The majority of patients included in our study were well 

compliant with a percentage of 92.59%. On the other 

hand, 7.40% of patients were not compliant, among them 

25% had episodes of low-level residual viremia. On the 

other hand, this result could be explained by the fact that 

despite the free antiretroviral treatment, this has not 

removed the financial obstacles to compliance; some 

patients included in this study affirm that due to lack of 

means of transport they do not were no longer able to go 

to large PLHIV centers to renew their prescriptions and 

others confirm to us that due to an insufficient 

understanding of the disease they turn to traditional 

treatments in view of abandoning ART.  

 

Some authors also assert that most HIV/AIDS patients do 

not reveal their HIV status to their loved ones for fear of 

being stigmatized; hence their inability to obtain support 

from those close to them Denardo et al., (2022). 

According to studies conducted by Kao et al., (2021); 

Rello (2022) who highlighted that almost half of people 

with low-level residual viremia have poor compliance 

with antiretroviral treatment. 
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Table.1 Factors influencing residual replication and virological outcome of participants 
 

Factors 
influencing RRB 

Virological result of patients  

N RRB SV EV Invalid 95% CI p-
value 

N/Patients /% 108 24(22.22%) 59(54.6%) 21(19.4%) 4(3.70%)  0.025 

Age groups of patients 

18-28 years old 10(9.0%) 2(20%) 6(60%) 2(20%) 00 [-11.4 ; 6.66] 

29-39 years old 37(34%) 6(16.21%) 23(62.16%) 8(21.62%) 00 [-36.20 ; 25.79] 

40-50 years old 44(41%) 12(27.27%) 21(47.72%) 8(18.18%) 3(6.81%) [-46.82 ; 35.17] 

51-61 years old 15(14%) 4(26.66%) 9(60%) 1(6.66%) 1(6.66%) [-17.24 ; 10.75] 

62-72 years old 02(2%) 00 00 2(100%) 00 [-2.70 ; 1.29] 

Initial CV/copies/ml 

<40–200 copies/ml 75(69.44%) 14(18.66%) 54(72%) 5(6.66%) 2(2.66%) [-77.04 ; 61.83] 0.006 

201-500 copes/ml 15(13.88%) 6(40%) 5(33.33%) 3(20%) 1(6.66%) [-17.07 ; 10.68] 

501-999 copiest/ml 18(16.66%) 4(22.22%) 00 13(72.22%) 1(5.55%) [-20.21 ; 13.10] 

Previous ARV treatment  
 

0.005 
Viraday 96(88.88%) 23(23.95%) 54(56.25%) 15(15.26%) 4(4.12%) [-97.51 ; 80.24] 

Duovir N 09(8.33%) 01(11.11%) 03(33.33%) 05(55.55%) 00 [-10.68 ; 5.97] 

Truvada 02(1.85%) 00 02(100%) 00 00 [-2.42 ; 1.27] 

Ataz + Truvada 01(0.92%) 00 00 01(100%) 00 [-0.006 ; 0.14] 

Compliance 0.014 

Yes 100(92.59%) 22(22%) 57(57%) 18(18%) 3(3%) [-101.40 ; 

83.77] 

No 08(7.40%) 02(25%) 02(25%) 03(37.5%) 1(12.5%) [-9.65. ; 5.26] 

Year of initiation of treatment/Years 0.021 

2000-2005 13(12.03%) 03(23.07%) 08(61.53%) 02(15.38%) 00 [-14.97 ; 9.08] 

2006-2010 27(25%) 07(25.92%) 15(55.55%) 04(14.81%) 01(3.70%) [-29.44 ; 20.55] 

2011-2015 40(37.03%) 06(15%) 21(52.5%) 10(25%) 03(7.5%) [-42.51 ; 31.54] 

2016-2020 28(25.92%) 08(28.57%) 14(50%) 05(17.85%) 00 [-30.38 ; 21.45] 

       

Legend: N: This is the number, RRB: Residual low-level replication, SV: Virological success, EV: Virological failure 

 

The factors that influenced residual replication at low 

levels of viremia were also linked to the year of 

treatment. In this study, we found that patients who were 

on ART in the years 2016 to 2020 had a prevalence of 

28.57% of low-level residual replication.  

 

Our results are lower than those of 46% published by 

Ryscavage et al., (2014); Dinoso et al., (2009) and 

Maldarelli et al., (2007) who found that residual 

replication was stable in PLHIV on ART stable for more 

than 11 years. They affirm that this prevalence is due to 

the drug pressure which pushed the virus towards the 

reservoirs of the RR which are the sanctuary (Central 

Nervous System) and independent anatomical reservoirs 

(intestines, lymphoid tissues, genital compartments and 

the lymphoid system). Antiretroviral therapy does not 

have perfect effectiveness in these reservoirs, and does 

not block viral spread 100%. The objective of this study 

was to determine the factors influencing the residual 

replication of patients infected with HIV-1 on Tenofovir, 

Lamuvidine and Dolutegravir (TLD) followed at the 

Polyvalent Al-Nadjima/APMS center in N'Djamena, 

Chad. This study showed that age, a high initial baseline 

viral load, previous ARV treatment and notion of 

compliance were also factors influencing the occurrence 

of residual replication. Although there is no consensus on 

the management of residual viremia in current guidelines. 

But based on the existing strategy, we suggest that the 

scope of residual viremia surveillance be expanded by 

conducting further studies on the prevalence of viremia 
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in Chad, its causes, clinical significance and management 

strategies. burden, with subsequent unified management 

guidelines, this should facilitate virological control as 

well as the development of new therapeutic regimen 

strategies. 

 

Acknowledgements 
 

This study was made possible thanks to the financial 

support of the Faysala family and the virology and 

molecular biology laboratory of the Al-Nadjma/APMS 

multipurpose center. We also thank the patients who 

consented to participate in this study. 

 

Authors Contributions 
 

Asbagui Faysala Oscar: Designed the research protocol, 

Naibi Keitoyo Amedé and Brahim Boy Otchom: Revised 

the research protocol, Asbagui Faysala Oscar and Ahmat 

Mahamat Ahmat: Carried out the collection and 

processing of the samples, Ahmat Mahamat Ahmat and 

Mahamat Nour Aguid: Supervised the analysis of the 

samples, Asbagui Faysala Oscar and Naibi Keitoyo 

Amedé: Analyzed and interpreted the results, Nan-Arabe 

Lodoum, Moudine Ouadjonre François
 

and Mahamat 

Koulbou Abdoulaye: Have reread and made their 

corrections to the document, Asbagui Faysala Oscar, 

Naibi Keitoyo Amedé and Brahim Boy Otchom: 

Approved the final version of the document. 
 

Funding 
 
Funding Received from Multiple Sources: "This study 

was made possible thanks to the financial support of the 

Faysala family and the virology and molecular biology 

laboratory of the Al-Nadjma/APMS multipurpose center. 

We also thank the patients who consented to participate 

in this study. 

 

Data Availability  
 

The datasets generated during and/or analyzed during the 

current study are available from the corresponding author 

on reasonable request. 

 

Declarations 
 

Ethical Approval Ethical authorization for this study 

was obtained from the National Bioethics Committee of 

Chad (CNBT). 

Declaration of informed consent Informed consent was 

obtained from all individual participants included in the 

study. 

 

Conflict of Interest The authors declare no competing 

interests.  

 

References 
 
Antiretroviral Therapy Cohort Collaboration, 2008. Life 

expectancy of individuals on combined 

antiretroviral therapy in high-income countries: a 

collaborative analysis of 14 cohort studies. 2008. 

Lancet. 372; 293–299 

https://doi.org/10.1016/S0140-6736(08)61113-7.  

Bennett D E, Bertagnolio S, Sutherland D et al., 2008. 

The World Health Organization's global strategy 

for the prevention and assessment of HIV drug 

resistance. Antivir Ther 13(Suppl.2),1–13. 

https://doi.org/10.1177/135965350801302S03  

Bijker R, Jiamsakul A, Kityo C et al., 2017. Adherence 

to antiretroviral treatment for HIV in sub-

Saharan Africa and Asia: a comparative analysis 

of two regional cohorts. J.Int AIDS Soc. 

https://doi.org/10.7448/IAS.20.1.21218  

Biocentric. 2019a. Analytical procedure for extraction of 

nucleic acids with the GXT-NA kit. ©-Toolkit-

OP-ERA. 13pp 

Biocentric. 2019b. Analytical procedure for amplification 

of HIV-1 nucleic acids with the GENERIC HIV 

viral load kit. ©-Toolkit-OP-ERA. 9pp. 

CFDCA, Prevention CFDCA announcement followed by 

certain national HIV prevention and care 

objectives. 2017. MMWR Morbidity and 

Mortality Weekly Report. 66 (29):794. 

http://dx.doi.org/10.15585/mmwr.mm6629a6  

Crowell T A, Pinyakorn S, Sacdalan C et al., 2020. 

RV254/SEARCH010 Study Group. Viral Blips 

After Treatment Initiation During Acute Human 

Immunodeficiency Virus Infection. Clin Infect 

Dis 70(12):2706–2709. 

https://doi.org/10.1093/cid/ciz936  

D’Arminio Monforte A, Lepri A C, Rezza G, et al., 

2000. Insights into the reasons fordis 

continuation of the first highly active 

antiretroviral therapy (HAART) regimen in a 

cohort of antiretroviral naïve patients. I.CO.N.A. 

Study Group. Italian Cohort of Antiretroviral-

Naïve Patients. AIDS.;14(5):499–507. 

https://doi.org/10.1097/00002030-200003310-

00005  

https://doi.org/10.1016/S0140-6736(08)61113-7
https://doi.org/10.1177/135965350801302S03
https://doi.org/10.7448/IAS.20.1.21218
http://dx.doi.org/10.15585/mmwr.mm6629a6
https://doi.org/10.1093/cid/ciz936
https://doi.org/10.1097/00002030-200003310-00005
https://doi.org/10.1097/00002030-200003310-00005


Int.J.Curr.Microbiol.App.Sci (2024) 13(07): 86-93 

92 

 

Deeks S G, Walker B D. 2007. Human 

immunodeficiency virus controllers mechanisms 

of durable virus control in the absence of 

antiretroviral therapy. Immunity. 27(3): 406-416. 

https://doi.org/10.1016/j.immuni.2007.08.010  

Denardo D, Mojola S A, Schatz E et al., 2022. 

Antiretroviral therapy and aging as resources to 

manage and resist HIV stigma in rural South 

Africa. SSM Qual Res Health. 2:100148.33. 

https://doi.org/10.1016/j.ssmqr.2022.100148  

Dinoso J B, Kim S Y, Wiegand A M et al., 2009. 

Treatment intensification does not reduce 

residual HIV-1 viremia in patients on highly 

active antiretroviral therapy. J.M. Coffin. 106, 

9403–9408. 

https://doi.org/10.1073/pnas.0903107106  

Doyle T, Smith C, Vitiello P et al., 2012. Detection of 

plasma HIV-1 RNA below 50 copies/ml and risk 

of virological rebound in patients receiving 

highly active antiretroviral treatment. Clin Infect 

Dis. 54(5): 724-732. 

https://doi.org/10.1093/cid/cir936  

Dybul M., Fauci A S, Bartlett J G et al., 2002. Guidelines 

for the use of antiretroviral agents in HIV-

infected adults and adolescents. Ann Intern Med. 

137 (5 part 2), 381-433. 

https://doi.org/10.7326/0003-4819-137-5_part_2-

200209031-00001.  

Elvstam O, Marrone G, Medstrand P, et al., 2021. All-

cause mortality and non-AIDS-related serious 

events in adults with low-level human 

immunodeficiency virus viremia during 

combination antiretroviral therapy: results from a 

Swedish national observational study. Clin Infect 

Dis. 72, 2079-2086. 

https://doi.org/10.1093/cid/ciaa413  

Elvstam O, Medstrand P, Yilmaz A et al., 2017. 

“Virologic failure and all-cause mortality in 

HIV-positive adults with low viremia during 

antiretroviral therapy.” PLoS Un. 12, 0180761. 

https://doi.org/10.1371/journal.pone.0180761  

Esber A, Polyak C, Kiweewa F. et al., 2019. Persistent 

low-level viremia predicts subsequent virological 

failure: is it time to change the third 90? Clin 

Infect Dis. 69(5), 805-812 

https://doi.org/10.1093/cid/ciy989  

Hamelaar J, Gouws E, Ghys P D et al., 2006. Global and 

regional distribution of HIV-1 genetic subtypes 

and recombinants in 2004. AIDS. 20(16): 13-23 

https://doi.org/10.1097/01.aids.0000247564.7300

9.bc  

Hsu J Y, Sun H Y, Hsieh T W et al., 2022. Incidence of 

low-level viremia and its impact on virological 

failure in people living with HIV-1 who are 

switched to elvitegravir-based antiretroviral 

therapy. Antimicrobial resistance J Glob. 29, 7-

16. https://doi.org/10.1016/j.jgar.2022.02.007  

Joya C, Won S H, Schofield C et al., 2019. Persistent 

low-level viremia during antiretroviral therapy is 

an independent risk factor for virological failure. 

Clin Infect Dis. 69(6), 2145-2152. 

https://doi.org/10.1093/cid/ciz129.  

Kao S W, Liu Z H, Wu T S et al., 2021. Prevalence of 

drug resistance mutations in HIV-infected 

individuals with low-level viremia on 

combination antiretroviral therapy: an 

observational study in a tertiary hospital in 

northern Taiwan from 2017-2019. J 

Antimicrobial chemotherapy. 76 (3), 722-728 

https://doi.org/10.1093/jac/dkaa510.  

Kiweewa F, Esber A, Musingye E, et al., 2019. HIV 

virologic failure and its predictors among HIV-

infected adults on antiretroviral therapy in the 

African Cohort Study. PLoS One. 14(2). 

https://doi.org/10.1371/journal.pone.0211344  

Lesko C R, Chander G., Moore R D et al., 2020. 

Variation in estimated viral suppression 

associated with the definition of viral 

suppression used. AIDS. 34, 1519-1526. 

https://doi.org/10.1097/QAD.000000000000257

9  

Ludo lavreys, Jared M B, Varsa C et al., 2006. Higher 

set-point plasma viral load and more severe acute 

HIV type 1 (HIV1) predict mortality in high-risk 

HIV-1-infected African women. Clinical 

infectious diseases. 42(9), 1333-1339. 

https://doi.org/10.1086/503258  

Maldarelli F, Palmer S, King M S et al., 2007. ART 

suppresses plasma HIV-1 RNA to a stable set 

point predicted by pretherapy viremia. PLoS 

Pathog. 3.46. 

https://doi.org/10.1371/journal.ppat.0030046  

Mills E J, Nachega J B, Bangsberg D R, et al., 2006. 

Adherence to HAART, a systematic review of 

barriers and facilitators reported by patients in 

developed and developing countries. Plos Med. 

3:438. 

https://doi.org/10.1371/journal.pmed.0030438  

Palella F J J R, Delaney K M, Moorman A C, Loveless 

M O, Fuhrer J, Satten G A, et al., (1998). 

Declining morbidity and mortality among 

patients with advanced human 

https://doi.org/10.1016/j.immuni.2007.08.010
https://doi.org/10.1016/j.ssmqr.2022.100148
https://doi.org/10.1073/pnas.0903107106
https://doi.org/10.1093/cid/cir936
https://doi.org/10.7326/0003-4819-137-5_part_2-200209031-00001
https://doi.org/10.7326/0003-4819-137-5_part_2-200209031-00001
https://doi.org/10.1093/cid/ciaa413
https://doi.org/10.1371/journal.pone.0180761
https://doi.org/10.1093/cid/ciy989
https://doi.org/10.1097/01.aids.0000247564.73009.bc
https://doi.org/10.1097/01.aids.0000247564.73009.bc
https://doi.org/10.1016/j.jgar.2022.02.007
https://doi.org/10.1093/cid/ciz129
https://doi.org/10.1093/jac/dkaa510
https://doi.org/10.1371/journal.pone.0211344
https://doi.org/10.1097/QAD.0000000000002579
https://doi.org/10.1097/QAD.0000000000002579
https://doi.org/10.1086/503258
https://doi.org/10.1371/journal.ppat.0030046
https://doi.org/10.1371/journal.pmed.0030438


Int.J.Curr.Microbiol.App.Sci (2024) 13(07): 86-93 

93 

 

immunodeficiency virus infection HIV Out 

patient Study Investigators. NEngl JMed. 338, 

853–860. 

https://doi.org/10.1056/NEJM199803263381301  

Rello A P, Aznarez H N, Martinez A M, et al., 2022. 

Study of factors that influence low-level viremia 

in human immunodeficiency virus patients in a 

tertiary hospital. Infect Dis Clin Pract. 30(1) 

https://doi.org/10.1097/IPC.0000000000001076  

Ryom L, Boesecke C, Bracchi M. et al., 2018. Highlights 

of the 2017 European AIDS Clinical Society 

(EACS) guidelines for the treatment of adults 

with HIV, version 9.0. HIV Med. 19 (5), 309-

315. https://doi.org/10.1111/hiv.12600.  

Ryscavage P, Kelly S, Jonathan, P et al., 2014. 

Significance and Clinical Management of 

Persistent Low-Level Viremia and Very-Low-

Level Viremia in HIV-1-Infected Patients. 

Antimicrobial Agents and Chemotherapy. 58(7), 

3585-3598 https://doi.org/10.1128/AAC.00076-

14.  

UNAIDS Global AIDS Update. 2020. 

https://pancap.org/pc/pcc/media/pancap_docume

nt/2020_global-aids report_en.pdf    

UNAIDS UNAIDS data 2022. 

https://www.who.int/en/news/item/23-07-2023-

new-who-guidance-on-hiv-viral-suppression-

and-scientific-updates-released-at-ias-2023  

(accessed 05/07/2024 at 10:50 a.m.) 

Vancoille L, Demecheleer E, Callens S et al., 2014. 

Markers associated with persistent low-level 

viremia under antiretroviral therapy in HIV-1 

infection. J antimicrobial chemotherapy. 69(4): 

1098-1103 https://doi.org/10.1093/jac/dkt484.  

Vandenhende M A, Ingle S, May M et al., 2015. Impact 

of low-level viremia on clinical and virological 

outcomes in treated patients infected with HIV-

1.AIDS. 29, 373-383 

https://doi.org/10.1097/QAD.000000000000054

4  

WHO guidelines approved by the Guidelines Review 

Committee. Consolidated guidelines on the use 

of antiretroviral drugs to treat and prevent HIV 

infection: recommendations for a public health 

approach. Copyright © World Health 

Organization; Geneva. 2013. 

WHO organization. World Health Organization; Geneva. 

Consolidated guidelines for strategic information 

on HIV in the health sector. WHO guidelines 

approved by the Guidelines Review Committee. 

2015. 

Wriden M, Todesco E, Valantin M A et al., 2015. Low-

level HIV-1 viremia in patients on HAART, risk 

factors and management in clinical practice. 

J.antimicrobial chemotherapy. 70(8): 2347-2353 

https://doi.org/10.1093/jac/dkv099  

Yuan D, Zhou Y, Shi L et al., 2022. HIV-1 Drug 

Resistance Profiles of Low-Level Viremia 

Patients and Factors Associated With the 

Treatment Effect of ART-Treated Patients: A 

Cross-Sectional Study in Jiangsu, China. Front 

Public Health.14(10): 944-990. 

https://doi.org/10.3389/fpubh.2022.944990  

Zhang T, Ding H, An M. et al., 2020. Factors associated 

with high-risk low-level viremia leading to 

virological failure: 16-year retrospective study of 

a Chinese antiretroviral therapy cohort. BMC 

Infect Dis 20(1), 147 

https://doi.org/10.1186/s12879-020-4837-y  

  

How to cite this article:  
 
Asbagui Faysala Oscar, Naibi Keitoyo Amedé, Ahmat Mahamat Ahmat, Nan-Arabe Lodoum, Moudine Ouadjonre 

François, Mahamat Koulbou Abdoulaye, Mahamat-Nour Aguid and Brahim Boy Otchom. 2024. Factors Influencing 

Residual HIV-1 Replication in Patients Treated with Tenofovir, Lamivudine and Dolutegravir at the Al-Nadjma 

Polyvalent Center in N’Djamena, Chad. Int.J.Curr.Microbiol.App.Sci. 13(7): 86-93.  

doi: https://doi.org/10.20546/ijcmas.2024.1307.010   
 

 

https://doi.org/10.1056/NEJM199803263381301
https://doi.org/10.1097/IPC.0000000000001076
https://doi.org/10.1111/hiv.12600
https://doi.org/10.1128/AAC.00076-14
https://doi.org/10.1128/AAC.00076-14
https://pancap.org/pc/pcc/media/pancap_document/2020_global-aids%20report_en.pdf
https://pancap.org/pc/pcc/media/pancap_document/2020_global-aids%20report_en.pdf
https://www.who.int/en/news/item/23-07-2023-new-who-guidance-on-hiv-viral-suppression-and-scientific-updates-released-at-ias-2023
https://www.who.int/en/news/item/23-07-2023-new-who-guidance-on-hiv-viral-suppression-and-scientific-updates-released-at-ias-2023
https://www.who.int/en/news/item/23-07-2023-new-who-guidance-on-hiv-viral-suppression-and-scientific-updates-released-at-ias-2023
https://doi.org/10.1093/jac/dkt484
https://doi.org/10.1097/QAD.0000000000000544
https://doi.org/10.1097/QAD.0000000000000544
https://doi.org/10.1093/jac/dkv099
https://doi.org/10.3389/fpubh.2022.944990
https://doi.org/10.1186/s12879-020-4837-y
https://doi.org/10.20546/ijcmas.2024.1307.010

	Factors Influencing Residual HIV-1 Replication in Patients Treated with Tenofovir, Lamivudine and Dolutegravir at the Al-Nadjma Polyvalent Center in N’Djamena, Chad
	ABSTRACT
	Introduction
	Materials and Methods
	Study area and period
	Sampling
	Sample and data collection technique
	Real Time Polymerase Chain Reaction (RT-PCR) protocol
	Statistical analyzes of the data
	Results and Discussion
	Table.1 Factors influencing residual replication and virological outcome of participants

	Acknowledgements
	Authors Contributions
	Funding
	Data Availability
	Declarations
	References

