
Methods
Study Population:

The ART-LINC Collaboration

The Antiretroviral Therapy in Lower Income Countries (ART-
LINC) Collaboration is a multinational collaborative 
observational operational cohort.  For this study, 18 centres
in 16 countries in Africa, Brazil, India, and Thailand 
contributed data.  

Included in the analysis were all previously ART naïve 
individuals who initiated treatment with a NNRTI- or PI-based 
combination, who were aged at least 16 years, with known 
gender, with known baseline CD4 and viral load, and a 
follow-up CD4 and viral load at 6 months (defined as 
plus/minus 2 months), and known date of antiretroviral 
initiation.  

Outcome Measures:

• CD4 increase at 6 months (continuous)

• Undetectable plasma viral load (pVL) at 6 months 
(defined as < 500 copies/ml). 

Statistics:

� CD4 outcome:  Multi-level mixed effects linear regression

• random effect on cohort

• random intercept model on cohort and patient ID

� pVL outcome:  GEE random effects model

� random effect on cohort

� Explanatory variables considered: type of regimen (NVP-
based vs. PI-based), age, gender, baseline CD4 and pVL, 
time, and cohort. 

Background
Non-nucleoside reverse transcriptase inhibitors (NNRTI), 
in combination with various nucleoside reverse 
transcriptase inhibitors (NRTI), are commonly used in low-
income settings.  

Debate continues as to the equivalent potency of NNRTI-
based regimens compared to protease inhibitor (PI) based 
regimens.

The Antiretroviral Therapy in Lower Income Countries 
(ART-LINC) Collaboration

Central Coordinating Team: Paula Braitstein, Martin Brinkhof, Xavier 
Anglaret, Eric Balestre, François Dabis (Principal Investigator), 
Matthias Egger (Principal Investigator), Mauro Schechter (Principal 
Investigator).

Steering Group: Mina Hosseinipour (Lilongwe), N Kumarasamy 
(Chennai), John Sidle (Eldoret), Charles Kabugo (Kampala), Eduardo 
Sprinz (Porto Alegre), Mauro Schechter (Rio de Janeiro), Kamal 
Marhoum El Filali (Casablanca), Robin Wood (Cape Town), Andrew 
Boulle (Cape Town), Diana Dickinson (Gaborone), Adama Ndir
(Dakar), Catherine Seyler (Abidjan), Christian Laurent (Yaounde), 
Ernest Ekong (Lagos), Stefaan van der Borght (Amsterdam), Mana
Khongphatthanayothin (Bangkok), David Bangsberg (Kampala), 
James McIntyre (Johannesburg), Franck-Olivier Ba-Gomis (Abidjan), 
Aliou Sylla (Bamako), Henriette Meilo (Douala), Steven Miller 
(Johannesburg), Tim Meade (Lusaka).

Collaborating centers: CEPREF / ANRS COTRAME (Abidjan, Côte 
d’Ivoire), Centre Hospitalier Universitaire (Casablanca, Morocco), 
CESAC (Bamako, Mali), CIRBA (Abidjan, Côte d’Ivoire), CORPMED 
(Lusaka, Zambia), DARVIR (Douala, Cameroon), Heineken 
International (Amsterdam, The Netherlands), HIVNAT (Bangkok, 
Thailand), Hospital de Clinicas / SOBRIVH (Porto Alegre, Brazil), 
Hospital Universitario Clementino Fraga Filho (Rio de Janeiro, Brazil), 
Independence Surgery Clinic (Gaborone, Botswana), Innovir Institute 
(Johannesburg, South Africa), ISAARV / ANRS (Dakar, Senegal), 
Kamuzu Central Hospital / Lighthouse Trust (Lilongwe, Malawi), 
Makerere-UCSF / Generic Antiretroviral Therapy Project (Kampala, 
Uganda), Military Reference Hospital (Lagos, Nigeria), Moi University 
College of Health Sciences / University of Indiana (Eldoret, Kenya), 
Nsambya Hospital (Kampala, Uganda), PARVY / Military Hospital, 
Médecins Sans Frontières and Institut de Recherche pour le 
Développement (Yaoundé, Cameroon), PHRU / Opera (Soweto, 
South Africa), University of Capetown / CTAC (Cape Town, South 
Africa), University of Cape Town / Khayelitsha (Cape Town South 
Africa), YRG Care (Chennai, India).
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Miotti) and the Agence Nationale de Recherche sur le Sida (Brigitte 
Bezin)
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* For additional information, contact Dr. Paula Braitstein at 
pbraitstein@ispm.unibe.ch.

Conclusions
Only a small proportion of patients starting HAART in this 
multi-national cohort collaboration from lower income 
countries had CD4 and viral load testing at baseline and 6 
month. 

The potential for selection bias is considerable, and the 
results presented here should therefore be interpreted 
with caution. 

The type of regimen was not associated with CD4 
increase, but patients starting PI-based regimens were 
half as likely to have an undetectable viral load at six 
months. PIs were more commonly used in earlier years 
and PI-based HAART may have been interrupted more 
frequently than NNRTI-based regimens. 

Further  analyses are required to fully elucidate these 
findings.  

Women and younger individuals gained more CD4 cells 
than men and older patients, which may be related to 
differences in adherence (better in women than in men) 
and less complete immune restoration in older patients. 
Adherence is not currently measured in ART-LINC.

The associations observed for baseline CD4 count and 
baseline viral load are similar to those observed in  
cohorts from industrialised countries.
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Objective
To describe the effect of PI-based vs. NNRTI-based 
regimens on CD4 and plasma viral load response to 
treatment in previously antiretroviral therapy naïve 
individuals initiating HAART in lower income countries.

Results
The current dataset includes 8,631 patients on HAART. 
Analyses presented here are based on the 4810 (56%) 
ART-naïve patients with complete baseline data and a least 
one follow up visit. Among these:

• 4291 (89%) started with a PI-based or NNRTI-based  
combination

• 2215 (46%) used nevirapine; 1139 (24%) used
efavirenz

• 2383 (50%) had a baseline and 6-month CD4 count
• 1081(22%) had a baseline and 6-month viral load
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Table 1.  Characteristics at baseline of individuals initiating 
HAART with PI-based vs. NNRTI-based combinations

Table 3.  Odds ratios of having an undetectable viral load 
(<500 copies/ml) at 6 months post-treatment initiation

Table 2.  Adjusted change over 6 months in CD4 cell counts.
Results from multi-level mixed effects linear regression model. 
(n=1136)

The median number (IQR) of CD4 cells gained in the first 6 
months was 106 cells/µL (43-180) and 846 (78%) had 
undetectable viral load (<500 copies/ml) at 6 months.
Several variables were associated with the number of CD4 
cells gained, and the probability of reaching undetectable 
viral load (Tables 2 and 3).
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