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ABSTRACT 

Background: In most resource-limited settings, viral load monitoring for antiretroviral 
therapy (ART) is not available and CD4 count is the primary indication of successful 
response to ART. We aimed to describe predictors of suboptimal immune response by 12 
months and its impact on attrition in Johannesburg, South Africa. 
 
Methods: All ART-naïve adults initiating first-line ART between April 2004 and July 2012 
at Themba Lethu HIV Clinic with both a baseline and 12 month CD4 count were included. 
Patients were followed from the date of 12 month CD4 count until death, transfer, loss to 
follow-up (LTF), or dataset closure (July 2013). Suboptimal immune response was defined 
as achieving <50 cells/mm3 gain in CD4 count by 12 months on ART. Predictors of 
suboptimal immune response and the association between immune response and risk of 
attrition (mortality and LTF) were estimated using log-binomial regression and are 
presented as adjusted risk ratios (aRR). 
 
Results: Of the 6617 included patients, 63.8% were female, median (IQR) age was 36.6 
(31.5-43.1) years, and median (IQR) baseline CD4 count was 99 (39-169) cells/mm3. 
Patients who achieved suboptimal immune response were more likely to be male (43.2% 
vs. 35.3%), had a higher median baseline CD4 count (147 vs. 93.5), were more likely to 
be WHO Stage I/II (68.6% vs. 58.6%) and less likely to have TB at ART initiation (8.8% 
vs. 15.5%) than patients who achieved a greater gain in CD4 count. 
 
For the 815 patients who experienced suboptimal immune response, the median (IQR) 
change was 15 (-11-34) cells/mm3 while it was 181 (122-261) cells/mm3 for the remaining 
5802 patients. In an adjusted model, men (aRR: 1.40; 95% CI: 1.22-1.61), older patients 
(≥45 vs. <30: aRR: 1.44; 95% CI: 1.15-1.80), and patients with higher baseline CD4 
counts (100-199 vs. <50: aRR: 2.79; 95% CI: 2.25-3.47) were more likely to experience 
suboptimal immune response (Table). Patients experiencing suboptimal immune response 
were approximately 50% more likely to die or become lost than patients achieving a 
greater response to ART (aRR: 1.46; 95% CI: 1.28-1.66). 
 
Conclusions: We found a large proportion of the population is at increased risk of 
experiencing suboptimal immune response, putting them at higher risk for attrition. 
Routine CD4 count monitoring in resource-limited settings can be utilized to identify 
potentially poorly responding patients in order to determine the cause of their non-
response to reduce the risk of attrition. 

BACKGROUND 

In most resource-limited settings, viral load monitoring for antiretroviral 
therapy (ART) is not available and CD4 count is the primary indication of 
successful response to ART. 

We aimed to describe predictors of suboptimal immune response by 12 
months and its impact on attrition in Johannesburg, South Africa. 

OBJECTIVE 

METHODS 

We conducted a retrospective cohort analysis among HIV-infected patients 
who initiated ART at a large public-sector HIV clinic in Johannesburg, South 
Africa from April 2004 – July 2012 
 

• Continuous variables are presented as medians with corresponding 
interquartile ranges (IQR) 

• Categorical variables are expressed as simple proportions 

• Predictors of suboptimal immune response were assessed through log-
binomial regression and are presented as risk ratios (RR) with 
corresponding 95% confidence intervals (CI) 

• The association between suboptimal immune response and attrition is 
examined using log-binomial regression and is presented as adjusted 
risk ratios (aRR) with 95% CI 

• Inclusion criteria: 

– HIV-infected adult (≥18) 

– Treatment naïve  

– Initiated first-line ART between April 2004 and July 2012 at the 
Themba Lethu HIV Clinic in Johannesburg, South Africa 

– Baseline and 12 month CD4 count (cells/mm3) recorded 

Study Population 

Statistical Methods 

RESULTS 

Table 1 – Baseline demographic and clinical characteristics 

CONCLUSIONS 

We found a large proportion of the population is at increased risk of 
experiencing suboptimal immune response, putting them at higher risk for 
attrition. Routine CD4 count monitoring in resource-limited settings can be 
utilized to identify potentially poorly responding patients in order to 
determine the cause of their non-response to reduce the risk of attrition. 

• 6617 patients included 

– 63.8% female 

– Median (IQR) age: 36.6 (31.5-43.1) 

– Median (IQR) baseline CD4 count: 99 (39-169) cells/mm3 

• Patients who achieved suboptimal immune response were: 

– More likely to be male (43.2% vs. 35.3%) 

– Had a higher median baseline CD4 count (147 vs. 93.5) 

– More likely to be WHO Stage I/II (68.6% vs. 58.6%) 

– Less likely to be co-infected with TB (8.8% vs. 15.5%) 

• In an adjusted model, men (aRR: 1.40; 95% CI: 1.22-1.61), older 
patients (≥45 vs. <30: aRR: 1.44; 95% CI: 1.15-1.80), and patients 
with higher baseline CD4 counts (100-199 vs. <50: aRR: 2.79; 95% CI: 
2.25-3.47) were more likely to experience suboptimal immune response 

• Patients experiencing suboptimal immune response were approximately 
50% more likely to die or become lost than patients achieving a greater 
response to ART (aRR: 1.46; 95% CI: 1.28-1.66).  

Table 2 – Predictors of suboptimal immune response at 12 months 
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Definitions 

• Baseline CD4 count - CD4 count conducted between 6 months prior 
and 7 days after ART initiation 

• 12 month CD4 count - CD4 count conducted between 10 and 14 
months after ART initiation 

• Suboptimal immune response - Achieving <50 cells/mm3 gain in 
CD4 count over baseline by 12 months on ART 

• Attrition - Mortality and loss to follow-up (LTF) defined as being ≥3 
months late for a scheduled visit with no subsequent visit 

 Characteristic Total 
Suboptimal 

Immune Response 
Optimal Immune 

Response 

 TOTAL 6617 (100%) 815 (100%) 5802 (100%) 

 Sex 

   Male 2398 (36.2%) 352 (43.2%) 2046 (35.3%) 

   Female 4219 (63.8%) 463 (56.8%) 3756 (64.7%) 

 Age at initiation 

   Median (IQR)  36.6 (31.5-43.1) 38.2 (32.7-45.0) 36.4 (31.4-42.7) 

 CD4 Count (cells/mm3) 

   Median (IQR)  99 (39-169) 147 (83-197) 93.5 (36-163) 

 BMI 

   Median (IQR)  21.8 (19.3-25.0) 21.8 (19.4-24.9) 21.7 (19.3-25.1) 

 WHO Stage 

   I/II 3957 (59.8%) 559 (68.6%) 3398 (58.6%) 

   III/IV 2660 (40.2%) 256 (31.4%) 2404 (41.4%) 

 Hemoglobin (g/dL)       

   Median (IQR)  11.1 (9.6-12.5) 11.5 (10.1-12.8) 11.0 (9.6-12.4) 

 TB at ART Initiation 

   Yes 972 (14.7%) 72 (8.8%) 900 (15.5%) 

 Pregnant at ART Initiation 

   Yes 52 (1.2%) 8 (1.7%) 44 (1.2%) 

 First ART Regimen 

   d4T-3TC-EFV 4871 (73.6%) 594 (72.9%) 4277 (73.7%) 

   AZT-3TC-EFV 187 (2.8%) 43 (5.3%) 144 (2.5%) 

   TDF-3TC-EFV 989 (15.0%) 113 (13.9%) 876 (15.1%) 

   Other 570 (8.6%) 65 (8.0%) 505 (8.7%) 

Table 2 – Association between suboptimal immune response and 
attrition at the end of follow up 

 Characteristic 
Suboptimal 

Immune 
Response/N (%) 

Unadjusted RR 
(95% CI) 

Adjusted RR  
(95% CI)* 

 Sex 

   Male 352/2398 (14.7%) 1.34 (1.18-1.52) 1.40 (1.22-1.61) 

   Female 463/4219 (11.0%) Reference Reference 

 Age at initiation 

   <30 113/1237 (9.1%) Reference Reference 

   30-34 171/1525 (11.2%) 1.23 (0.98-1.54) 1.22 (0.97-1.53) 

   35-39 179/1519 (11.8%) 1.29 (1.03-1.61) 1.24 (0.98-1.56) 

   40-44 147/1016 (14.5%) 1.58 (1.26-1.99) 1.42 (1.12-1.80) 

   ≥45 205/1320 (15.5%) 1.70 (1.37-2.11) 1.44 (1.15-1.80) 

 Baseline CD4 count (cells/mm3) 

   <50 107/1965 (5.5%) Reference Reference 

   50-99 148/1345 (11.0%) 2.02 (1.59-2.57) 2.05 (1.61-2.62) 

   100-199 363/2399 (15.1%) 2.78 (2.26-3.42) 2.79 (2.25-3.47) 

   ≥200 197/908 (21.7%) 3.98 (3.19-4.97) 3.86 (3.05-4.90) 

 Baseline ART regimen 

   d4T-3TC-EFV 594/4871 (12.2%) Reference Reference 

   AZT-3TC-EFV 43/187 (23.0%) 1.89 (1.44-2.48) 1.55 (1.17-2.05) 

   TDF-3TC-EFV 113/989 (11.4%) 0.94 (0.78-1.13) 0.78 (0.64-0.95) 

   Other 65/570 (11.4%) 0.94 (0.73-1.19) 0.89 (0.69-1.14) 

*Also adjusted for WHO stage, anemia, and tuberculosis co-infection 

 Characteristic Attrition/N (%) 
Unadjusted RR 

(95% CI) 
Adjusted RR  
(95% CI)* 

 Suboptimal Immune Response 

   Yes 239/815 (29.3%) 1.41 (1.26-1.59) 1.46 (1.28-1.66) 

   No 1204/5802 (20.8%) Reference Reference 

 Sex 

   Male 593/2398 (24.7%) 1.23 (1.12-1.35) 1.20 (1.08-1.34) 

   Female 850/4219 (20.2%) Reference Reference 

 Age at Initiation 

   <30 344/1237 (27.8%) Reference Reference 

   30-34 338/1525 (22.2%) 0.80 (0.70-0.91) 0.76 (0.66-0.87) 

   35-39 289/1519 (19.0%) 0.68 (0.60-0.78) 0.68 (0.58-0.78) 

   40-44 200/1016 (19.7%) 0.71 (0.61-0.83) 0.68 (0.58-0.80) 

   ≥45 272/1320 (20.6%) 0.74 (0.64-0.85) 0.72 (0.62-0.83) 

 Baseline CD4 count (cells/mm3) 

   <50 471/1965 (24.0%) Reference Reference 

   50-99 302/1345 (22.5%) 0.94 (0.83-1.06) 0.93 (0.81-1.06) 

   100-199 517/2399 (21.6%) 0.90 (0.81-1.00) 0.94 (0.84-1.06) 

   ≥200 153/908 (16.9%) 0.70 (0.60-0.83) 0.70 (0.58-0.86) 

*Also adjusted for BMI, WHO stage, anemia, tuberculosis co-infection, and baseline ART regimen 
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