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Chapter 6:  

Mortality and morbidity among 

HIV type-1-infected patients during 

the first 5 years of a multicountry 

HIV workplace programme in Africa.



© 2009 International Medical Press 1359-6535 63

Antiviral Therapy 14:63–74

Background: This study aimed to evaluate the effectiveness 

of an HIV workplace programme in sub-Saharan Africa.

Methods: The international brewing company, Heineken, 

introduced an HIV workplace programme in its African 

subsidiaries in 2001. Beneficiaries from 16 sites in 5 coun-

tries were eligible. HIV type-1 (HIV-1)-infected individuals 

were assessed clinically and immunologically, and started 

highly active antiretroviral therapy (HAART) if they had 

AIDS or had a CD4+ T-cell count 300 cells/ l. In this 

cohort, study patients were followed-up for vital status, 

new AIDS events, CD4+ T-cell count and haemoglobin.

Results: Over the first 5 years of the programme, 431 

adults were found to be HIV-1-infected. The mortality 

rate among those not yet taking HAART was 2.6 per 100 

person-years of observation (pyo). By October 2006, 

249 patients had started HAART at a median CD4+ T-cell 

count of 170 cells/ l; 59 (23.7%) patients were in CDC 

stage C. Among patients on HAART, 25 died and 7 were 

lost to follow-up. The mortality rate was 3.7 per 100 pyo 

overall, 14 per 100 pyo in the first 16 weeks and 2.5 per 

100 pyo thereafter ( 0.0001). At 4 years after start of 

treatment, 89% of patients were known to be alive. The 

CD4+ T-cell count increased by  a median of 153 and 

238 cells/ l after 1 and 4 years of HAART, respectively.

Conclusions: In this HIV workplace programme in sub-

Saharan Africa, long-term high survival was achieved.

Since 1996, highly active antiretroviral therapy 

(HAART) has changed HIV type-1 (HIV-1) infec-

tion from a lethal to a chronic condition in the richer 

parts of the world. Because of high costs and logisti-

cal challenges, access to HAART for people living in 

resource-poor settings has been limited. In the past few 

years, access has greatly increased as a result of large 

international efforts. The World Health Organization 

estimated that by the end of 2006, 28% of those who 

needed HAART were actually receiving treatment [1].

The first reports of patients in sub-Saharan Africa 

on HAART have shown very good results in terms of 

decreased plasma viral load (PVL), increased CD4+ 

T-cell counts, reduced incidence of AIDS and reduced 

mortality [2–15]. Most studies have had relatively short 

follow-up periods (1–2 years). To date, most studies 

have reported on-treatment experiences in research 

cohorts or of treatment in public health settings, but few 

have reported on private sector programmes [2,16,17]. 

An analysis of pooled data from 18 cohorts from devel-

oping countries comprising data of 4,810 patients and 

analysing mortality in the first year after start of HAART 

showed a strong decrease of mortality in comparison 

with previous cohorts [11]. A recent systematic review 

showed that large loss to follow-up is a major weakness 

of HAART programmes in Africa [18].

In 2001, Heineken, an international brewing com-

pany with local operating companies in several African 
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countries, adopted an HIV policy for its employees and 

their dependents. This comprehensive policy involves 

prevention, information and education, provision of 

confidential voluntary counselling and testing, treat-

ment and prevention of opportunistic infections, 

treatment of HIV and prevention of mother-to-child 

transmission (MTCT). PharmAccess Foundation, a 

Netherlands-based non-governmental organization 

that is working towards increased healthcare access in 

resource-limited settings, provided technical assistance 

to the workplace programme.

Here we report the outcomes in terms of mortality 

and morbidity among HIV-1-infected patients during 

the first 5 years of this HIV workplace programme in 

five sub-Saharan African countries.

Methods

Programme design, sites and clinics

The staff of Heineken subsidiaries, their spouses, their 

children and, in most sites, retired employees and their 

direct family are entitled to free healthcare by the 

company. This care is provided by company doctors 

or nurses at company clinics or in private clinics with 

which the company has made contracts for provision 

of healthcare. The Heineken Comprehensive Work-

place Program was adopted in 2001 and was imple-

mented in all its African sites between May 2001 and 

October 2002. As part of the programme, beneficiar-

ies could be counselled and tested for HIV [19]. Test 

results were kept confidential, and company manage-

ment had no access to HIV-1 test results. HIV-1 test-

ing does not form part of the selection procedure for 

new employees. A positive HIV-1 status is not a reason 

against employing a person applying for a job. Patients 

who were tested positive but not yet eligible for treat-

ment were monitored at 6-monthly clinic visits, with 

clinical examinations and regular CD4+ T-cell counts. 

This analysis was restricted to sites that remained part 

of the Heineken company throughout the study period, 

namely 16 sites in 5 sub-Saharan African countries 

(Nigeria, Rwanda, Burundi, Republic of Congo and 

Democratic Republic Congo).

Treatment and patients

The Heineken treatment guidelines call for initiation 

of HAART if the patient was in CDC stage C [20] or 

had a CD4+ T-cell count 300 cells/ l, which is higher 

than the cutoff value of 200 cells/ l mentioned in most 

national guidelines of the involved countries. The speed 

of the disease progression and the patient's treatment 

preparedness were also important in the timing of the 

start of treatment. The PVL of HIV-1 was not a crite-

rion in the decision to start treatment. HIV-1-infected 

pregnant women were started on HAART in the last 

trimester of pregnancy, or earlier if indicated by CD4+ 

T-cell count or clinical status. If the clinical status and 

pretreatment CD4+ T-cell count did not provide an 

indication for HAART, the treatment was discontin-

ued after delivery. The guidelines defined a preferred 

first-line treatment consisting of zidovudine (AZT), 

lamivudine (3TC) plus a non-nucleoside reverse tran-

scriptase inhibitor (NNRTI), either nevirapine (NVP) 

or efavirenz (EFV). Guidelines are regularly revised and 

updated. Physicians could make treatment switches in 

case of drug-related toxicities. In case of failure on first-

line treatment, patients were prescribed a second-line 

regimen, consisting of three new antiretroviral agents 

and often containing a protease inhibitor. Initially the 

patients had to pay a small contribution, but this was 

later cancelled and the treatment became free of charge. 

The company and PharmAccess Foundation assured 

a constant supply and no stock-outs occurred in the 

course of the programme. The management of patients 

included co-trimoxazole prophylaxis (960 mg once 

daily) for those with CD4+ T-cell counts 200 cells/ l. 

Some patients on HAART were transferred to other 

treatment programmes where access to HAART was 

assured. Once started on HAART, the patient retained 

the right to receive free treatment for life, even if he or 

she was retrenched; the same applied to dependents.

This analysis included all individuals who were 

diagnosed with HIV-1, in the context of the Heineken 

Comprehensive Workplace Program in the five coun-

tries mentioned earlier, before 1 October 2006.

Laboratory

HIV-1 status was assessed by a combination of two 

different rapid tests. If the screening test was positive, 

a second test using a different diagnostic principle was 

performed on a new blood sample for confirmation. 

CD4+ T-cell counts were measured by different equip-

ment, varying by site, usually in national reference labs. 

PVL assays were not available at any site at the start of 

the programme in 2001, but gradually became available 

in most sites in the following years. PVL was measured 

by different assays, varying by site. The lower limit of 

quantification was 500 copies/ml in some and 50 cop-

ies/ml in other sites. CD4+ T-cell count was measured at 

baseline, 3 months, 6 months and then every 6 months. 

Haematology and biochemistry measurements were 

done at baseline, and at 2, 4, 13 and 26 weeks after start 

of therapy, and henceforth every 6 months.

Data management

A database (Lotus Notes; IBM, Armonk, NY, USA) 

was created to assist in the management of patients 

and for programme evaluation. The application was 

located on a central server in Amsterdam, the Nether-

lands, and all Heineken subsidiaries were accessing the 
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system. Data were single-entered by the physician or 

clinic nurse. Each patient was identified by a unique 

patient code, consisting of a two-digit city marker and 

a four-digit patient number (for example, KS1234). The 

names of the patients were entered into the database 

and encrypted. This database was accessible to medi-

cal experts from PharmAccess Foundation, who did 

quality checks on the data, assessed the quality of care 

and participated in fortnightly teleconferences with the 

treating physicians to review individual cases [21].

Statistical analyses

Data were described with means and SD or median and 

interquartile range (IQR), as appropriate. Data were 

censored at 1 January 2007. We performed two main 

analyses. The first analysis included all adult HIV-1 

patients who were not yet on HAART. Start date was 

defined as the date of the first known positive HIV-1 

test and end date was the date of death, the date of 

start of HAART, the date last seen in case of transfer to 

another programme or loss to follow-up or 1 January 

2007, whichever came first. We examined the mortality 

rate and the incidence rate of AIDS.

The second analysis examined the mortality rate and 

incidence of AIDS in patients who started HAART. The 

start of the observation period was the date of starting 

HAART. The observation period ended on the date of 

death, the date last seen in case of transfer to another 

programme or loss to follow-up, or 1 January 2007, 

whichever came first. All patients who were in this sec-

ond analysis contributed observation time to the first 

analysis as well. Data were analysed on an intention-to-

continue-treatment basis, ignoring treatment changes or 

treatment stops. Female patients who started HAART 

to prevent MTCT and who did not have a treatment 

indication based on CDC stage or CD4+ T-cell count 

were excluded from this analysis, as were treatment-

experienced patients.

All-cause mortality was the main endpoint. In the 

second analysis we calculated, in addition to an overall 

mortality rate, an early mortality rate (during the first 

16 weeks after start of treatment) and a late mortality 

rate (during the period from week 16 until the end of 

the observation period). A worst case analysis was done, 

assuming that all persons who were lost to follow-up 

died 2 months after last contact with the company 

health services.

Survival was described with Nelson–Aalen graphs. 

The overall mortality rate was estimated as the number 

of deaths per 100 person-years of observation (pyo), 

with 95% confidence intervals (CIs). Mortality rates 

were compared by categories of baseline patient char-

acteristics. CDC stage, body mass index (BMI), CD4+ 

T-cell count and haemoglobin (Hb) were regarded as 

baseline data if they were measured within 180 days 

of HIV-1 diagnosis and prior to start of HAART. 

Cox proportional hazards analysis was performed to 

examine the independent effect of baseline variables 

on mortality.

The incidence rate of incident AIDS (CDC stage C 

conditions) was estimated as the number of events per 

100 pyo; only the first new event in patients without 

prior AIDS diagnosis was included in the analysis. For 

all analyses the significance level was set at P=0.05.

Ethical matters

This analysis was a programme evaluation, making 

use of data that were collected during the course of the 

routine programme; no samples or data were collected 

specifically for this analysis. All patients provided 

informed consent, indicating that their data could be 

used for programme evaluations.

Results

Patients

The estimated size of the target population of employ-

ees and spouses was approximately 10,000, and up to 

1 October 2006 approximately 8,000 HIV tests had 

been done in this population. Overall, 464 employ-

ees, dependents or retirees were diagnosed with HIV-1 

infection. A total of 49 patients were diagnosed prior 

to the official start of the programme at 1 October 

2001 and 415 (89.4%) were diagnosed after the start. 

In total, 33 patients were aged 15 years and were 

excluded from the main analyses (Figure 1).

Among the 431 adult patients, 246 (57.1%) were 

male and 243 (56.4%) were employees. Their median 

age was 38 years (IQR 32–44; Table 1). Among 

patients who were clinically assessed at the time of 

the first positive HIV-1 test, 17% were in CDC stage 

C. A baseline CD4+ T-cell count was available from 

334 (75.2%) patients and their median CD4+ T-cell 

count was 274 cells/ l (IQR 139–435). See Table 1 

for baseline characteristics.

Follow-up of patients not yet on treatment

Among the 431 patients, 33 (7.7%) were lost to 

 follow-up and 16 (3.7%) died while not yet on HAART. 

The median follow-up time while not (yet) on treatment 

was 8 months (IQR 1–27). The mortality rate was 2.6 per 

100 pyo (95% CI 1.6–4.2; Table 2). Those who were lost 

to follow up were not different in demographic respects 

from the other patients, but they had a significantly higher 

CD4+ T-cell count (rank sum test, P=0.01) and were less 

often symptomatic at baseline ( 2 test, P=0.03). Among 

those who died, death occurred a median of 4 months 

after HIV-1 diagnosis (range 1.0 day to 4.4 years). The 

proportion of patients alive after 1, 2, 3 and 4 years was 

0.95, 0.94, 0.94 and 0.94, respectively (Figure 2A). In 
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univariate analyses, mortality was associated with coun-

try, baseline CDC stage C, lower baseline CD4+ T-cell 

count and low Hb, but not with sex, age, marital status, 

beneficiary category or BMI. In multivariate analyses, 

only CD4+ T-cell count was significantly associated with 

mortality (mortality rate ratio =0.38 [95% CI 0.22–0.67] 

for every increase of 100 CD4+ T-cells/ l). Among 341 

patients without AIDS at baseline who visited the clinic 

at least once after the date of the positive HIV-1 test, 

two incident AIDS events were recorded: in one patient 

a wasting syndrome and in another a wasting syndrome 

and a recurrent pneumonia (AIDS incidence rate 0.4 per 

100 pyo [95% CI 0.11–1.8]).

A worst case analysis was done assuming that all those 

who were lost to follow-up died 2 months after last 

contact with the company’s health services. The mortality 

rate was 7.2 per 100 pyo (95% CI 5.4–9.7). Figure 2A 

shows the Nelson–Aalen graph for this scenario.

Patients on treatment

Between 1 May 2001 and 1 October 2006, a total 

of 264 adult HIV-1-infected patients started HAART. 

Seventeen pregnant patients started HAART to pre-

vent MTCT. Five of the 17 women had an indica-

tion other than pregnancy (that is, a CD4+ T-cell 

count 300 cells/ l or CDC stage C); the other 12 

women were excluded from this analysis. Three treat-

ment-experienced patients were also excluded from 

the analysis. The median age of the remaining 249 

patients was 39 years (range 15.1–70.2) and 59.0% 

of the patients were male (Table 1). A total of 180 

(72.3%) patients had a treatment indication based on 

the CD4+ T-cell count, 6 (2.4%) based on CDC stage 

and 53 (21.2%) based on both. For those who started 

HAART, the median time between HIV-1 diagnosis 

and start of HAART was 3 months (IQR 1–12). The 

median CD4+ T-cell count at baseline was 170 cells/ l 

(IQR 104–230). The median CD4+ T-cell count was 

significantly lower in the first year of the programme 

compared with the subsequent years (122 cells/

l versus 180 cells/ l; rank sum test, P=0.03). The 

number of patients starting treatment varied per site 

between 1 and 41. Overall, 49% of patients started 

on the combination AZT+3TC+NVP and 40% on 

AZT+3TC+EFV.

Follow-up and mortality of patients on treatment

Of the 249 patients, 25 died at a median of 5 months 

after the start of HAART (range 1.0 day to 5.0 years). 

At the end of the observation period 209 (83.9%) 

patients were still alive, 8 (3.2%) had been transferred 

to another treatment programme and 7 (2.8%) were 

lost to follow-up. The median observation period was 

2.7 years per patient (range 1.0 day to 5.6 years); 111 

(44%) patients were followed-up for 3 years. The 

overall mortality rate was 3.7 per 100 pyo (95% CI 

2.5–5.4). The proportion of patients alive 1, 2, 3 and 

4 years after the start of HAART was 0.94, 0.91, 0.89 

and 0.89, respectively (Figure 2B). The mortality rate 

during the first 16 weeks was 14 per 100 pyo (95% CI 

7.2–25) and 2.5 per 100 pyo (95% CI 1.5–4.1) in the 

subsequent period (P 0.0001).

Mortality of patients on HAART by baseline variable

In univariate analyses, the mortality was higher in older 

age groups and in those with baseline Hb 10 g/dl. The 

mortality rate tended to be lower in females compared 

with males, higher in single compared with married 

individuals, higher in those with low BMI and lower in 

spouses than employees (Table 3). Surprisingly, neither 

Alive 
 n=382

 Died before 
starting
HAART
n=16

 

Lost to
follow-up

 n=33

 
HIV-1-infected 

 n=464

 

Children
(<15 years)

 n=33

 

Adults
(≥15 years)

 n=431

 Alive at
end of study 

period
n=209

 
Died 

 n=25

 Transfer to 
other 

programme
 n=8

 
Lost to 

follow-up
 n=7

 Started
HAART during
study period

 n=264

 Did not start 
HAART during 
study period

 n=118

 Treatment-
experienced 

patients
n=3

Treatment-naive
patients with

own indication
 n=249

 Pregnant 
women without 
own indication 

n=12

Figure 1. Cohort profile, Heineken Comprehensive Workplace 
Program 2001 –2006

HAART, highly active antiretroviral therapy; HIV-1, HIV type-1.
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Baseline variable At time of HIV-1 diagnosis (n=431) At time of start of HAART (n=249)a

Demographic variable  

Gender  

Male, n (%) 246 (57.1) 147 (59.0)

Female, n (%) 185 (42.9) 102 (41.0)

Median age, years (IQR) 38 (32–44) 39 (33–44)

Age category  

15–34 years, n (%) 150 (34.8) 80 (32.1)

35–44 years, n (%) 188 (43.6) 114 (45.8)

45 years, n (%) 93 (21.6) 55 (22.1)

Marital status  

Single, n (%) 40 (9.3) 20 (8.0)

Married, n (%) 344 (79.8) 197 (79.1)

Divorced/widowed/union libre, n (%) 47 (10.9) 32 (12.9)

Beneficiary category  

Employee, n (%) 243 (56.4) 146 (58.6)

Spouse of employee, n (%) 156 (36.2) 88 (35.3)

Child of employee, n (%) 17 (3.9) 7 (2.8)

Retired employee, n (%) 15 (3.5) 8 (3.2)

Country  

Nigeria, n (%) 121 (28.1) 78 (31.3)

Rwanda, n (%) 114 (26.5) 67 (26.9)

Burundi, n (%) 75 (17.4) 49 (19.7)

Democratic Republic of Congo, n (%) 59 (13.7) 26 (10.4)

Republic of Congo, n (%) 62 (14.4) 29 (11.7)

Clinical variable  

CDC stageb  

A, n (%) 240 (59.0) 104 (41.8)

B, n (%) 97 (23.8) 86 (34.5)

C, n (%) 70 (17.2) 59 (23.7)

Median BMI, kg/m2 (IQR)c 23.1 (20.3–25.9) 22.3 (19.8–25.1)

BMI categoryc  

20 kg/m2, n (%) 77 (21.0) 57 (26.2)

20–24.9 kg/m2, n (%) 172 (46.9) 104 (47.7)

25 kg/m2, n (%) 118 (32.2) 57 (26.2)

Laboratory variable  

Median CD4+ T-cell count (IQR)d 274 (139–435) 170 (104–230)

CD4+ T-cell count categoryd  

50 cells/ l, n (%) 30 (9.0) 27 (11.2)

50–199 cells/ l, n (%) 95 (28.4) 123 (50.8)

200 cells/ l, n (%) 209 (62.6) 92 (38.0)

Median HIV-1 PVL, log
10

 copies/ml (IQR)e 4.8 (4.0–5.3) 4.7 (4.0–5.1)

HIV-1 PVL categorye  

500
 
copies/ml, n (%) 8 (8.6) 3 (2.8)

500–999 copies/ml, n (%) 3 (3.2) 5 (4.6)

1,000–9,999 copies/ml, n (%) 11 (11.8) 18 (16.5)

10,000–99,999 copies/ml, n (%) 38 (40.9) 49 (45.0)

100,000 copies/ml, n (%) 33 (35.5) 34 (31.2)

Mean Hb, g/dl ( SD)f 11.8 (2.5) 12.1 (2.4)

Hb categoryf  

Hb 10 g/dl, n (%) 37 (19.8) 38 (17.5)

Hb 10 g/dl, n (%) 150 (80.2) 179 (82.5)

Table 1. Baseline characteristics of adult HIV-1-infected patients at time of diagnosis and at time of starting HAART in the 
Heineken Comprehensive Workplace Program 2001–2006

aAll patients starting highly active antiretroviral therapy (HAART) are included in the first column, but characteristics of individual patients might have changed 
between time of HIV type-1 (HIV-1) diagnosis and time of start of HAART. bCDC stage missing for 24 patients at time of HIV-1 diagnosis. cBody mass index (BMI) 
missing for 126 patients at time of HIV-1 diagnosis and for 31 patients at time of start of HAART. dCD4+ T-cell count missing for 97 patients at time of HIV-1 diagnosis 
and for 7 patients at time of start of HAART. ePlasma viral load (PVL) missing for 338 patients at time of HIV-1 diagnosis and for 140 patients at time of start of HAART. 
fHaemoglobin (Hb) data missing for 244 patients at time of HIV-1 diagnosis and for 32 patients at time of start of HAART. ART, antiretroviral therapy; AZT, zidovudine; 
d4T, stavudine; EFV, efavirenz; IQR, interquartile range; NVP, nevirapine; 3TC, lamivudine.
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the baseline CDC stage nor the baseline CD4+ T-cell 

count were associated with subsequent mortality.

In a multivariate Cox model adjusting for sex, only 

higher age and low Hb were predictors of death (Table 4). 

Neither CD4+ T-cell count, BMI nor baseline CDC stage 

were independently associated with risk of death.

From 21 of the 25 patients who died, a CD4+ T-cell 

count was available 6 months prior to death. Their 

median CD4+ T-cell count was 223 cells/ l (range 

5–546).

In a worst case analysis, assuming that all those who 

were lost to follow-up died 2 months after last contact 

with the clinic, the mortality rate was 4.7 per 100 pyo 

(95% CI 3.3–6.6). Figure 2B shows the Nelson–Aalen 

graph for this scenario.

AIDS incidence among patients taking HAART
Among the 190 patients without a prior AIDS diagnosis, 

9 developed a new AIDS event (incidence rate 1.9 per 100 

pyo [95% CI 1.0–3.7]; Table 3). The new AIDS diagnoses 

were pulmonary tuberculosis (n=5), oesophageal candi-

diasis (n=2), severe or recurrent pneumonia (n=1) and 

AIDS dementia (n=1). In univariate analyses, sex and 

beneficiary category were associated with incident AIDS. 

In a multivariate Cox model adjusting for sex, only base-

line BMI was significantly associated with incident AIDS 

(hazard ratio 0.77 [95% CI 0.64–0.93] for every unit 

increase of BMI).

Changes in treatment regimen
In 50 of the 249 patients, the treatment regimen was 

changed during the study period. Nineteen changes 

involved replacing NVP by EFV or vice versa. Overall, 

21 patients changed to a second-line treatment regimen 

(a treatment containing ritonavir/lopinavir and two 

NRTIs), in most cases because of virological failure. The 

switch to second-line treatment was made at a median 

1.4 years after first start of antiretroviral therapy (ART; 

IQR 9.0 months to 2.0 years). Unfortunately, reasons 

for change of therapy were not systematically recorded 

in the database.

Changes in CD4+ T-cell count, PVL, Hb and BMI after 
start of HAART
The CD4+ T-cell count increased from a median of 

170 cells/ l at baseline to 294 cells/ l after 1 year, 

348 cells/ l after 2 years, 344 cells/ l after 3 years and 

372 cells/ l after 4 years (Figure 3A). The CD4+ T-cell 

count rose by a median 114 cells/ l after 1 year, and 

by 168, 196, and 205 cells/ l after 2, 3 and 4 years of 

HAART, respectively, compared with baseline.

The proportion of patients with a PVL 500 copies/

ml was 2.8% at baseline and increased to 48.7% after 

3 months, 64.9% after 6 months, 65.2% after 1 year and 

89.1% after 4 years (on the basis of 109, 74, 131, 138 and 

46 patients for whom data were available, respectively).

The mean Hb decreased first, from a median baseline 

of 12.2 to 11.9 g/dl after 3 months, and then increased 

to 12.6 g/dl at 6 months, 12.8 g/dl at 1 year, 13.0 g/dl 

at 2 years, 13.4 g/dl at 3 years and 13.8 g/dl at 4 years 

(Figure 3B). The decrease in Hb between baseline and 

3 months occurred mainly in the group of patients 

whose first-line treatment regimen included AZT (mean 

change -0.4 g/dl); among the six patients whose regi-

men did not include AZT, Hb increased (mean change 

0.6 g/dl; Student’s t-test P=0.08). The increase of Hb 

was significant (P=0.01 after 12 months and P 0.001 

after 2, 3 and 4 years).

The proportion of patients with a BMI 20 kg/m2 

decreased from 26.2% at baseline to 13.2% at 1 year, 

14.1% at 2 years, 14.0% at 3 years and 11.0% at 

4 years (Figure 3C).

Overall survival
Figure 2C provides the Nelson–Aalen estimates of the 

cumulative hazard of patients in the programme, irre-

spective of whether they started HAART or not. The 

estimated survival 4 years after HIV-1 diagnosis was 

89% in the baseline scenario.

Paediatric patients
In total, 33 children (20 boys and 13 girls, median age 

4 years [range 4.0 months to 14.8 years]) were found 

Table 1. Continued

Baseline variable At time of HIV-1 diagnosis (n=431) At time of start of HAART (n=249)a

Antiretroviral treatment  

ART status at baseline   

ART-naive, n (%) 428 (99.3) 249 (100)

ART-experienced, n (%) 3 (0.7) 0 (0)

Baseline HAART regimen  

AZT+3TC+NVP – 122 (49.0)

AZT+3TC+EFV – 100 (40.2)

d4T+3TC+NVP – 20 (8.0)

Other – 7 (2.8)
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to be HIV-1-infected. The CD4+ T-cell percentage for 

14 of the children with a CD4+ T-cell percentage result 

within 6 months of the date of diagnosis was 14% 

(IQR 10–16). Five of the children died before HAART 

was started, and two were lost to follow-up before 

start of HAART. Death occurred between 2 weeks and 

12 months after HIV-1 diagnosis (median 4 months); 

the mortality rate among yet untreated children was 8.7 

per 100 pyo (95% CI 3.6–20.9).

At the end of the observation period 18 children 

had started HAART (12 boys and 6 girls, median age 

5.3 years [range 1.2–14.8]). Sixteen were started on 

AZT+3TC+NVP and the two others on AZT+3TC+EFV. 

The median time between start of HAART and date 

of HIV-1 diagnosis was 1.0 year (range 3.0 weeks to 

3.8 years). They were followed-up from the date of 

start of ART for a median of 2.1 years (range 3.0 weeks 

to 4.0 years). One child was lost to follow-up 3 months 

   Mortality rate per 100 pyo Mortality rate ratio,   

Baseline variable Deaths, n Total pyo (95% CI) (95% CI) P-value

Overall  16 619 2.6 (1.6–4.2) – –

Demographic variable     

Gender     

Male 11 367 3.0 (1.6–5.4) 1   –

Female 5 252 2.0 (0.8–4.8) 0.66 (0.23–1.9) 0.44

Age groups     

15–34 years 5 214 2.3 (1.0–5.6) 1 –

35–44 years 7 281 2.5 (1.2–5.2) 1.1 (0.34–3.4) 0.9

45 years 8 124 3.2 (1.2–8.6) 1.4 (0.37–5.1) 0.6

Marital status     

Single 2 44 4.5 (1.1–18.3) 1.9 (0.43–8.5) 0.39

Married 12 497 2.4 (1.3–4.3) 1 –

Divorced/widowed/union libre 2 78 2.6 (0.6–10.2) 1.1 (0.24–4.7) 0.94

Beneficiary category     

Employee 10 398 2.5 (1.4–4.7) 1 –

Spouse of employee 3 184 1.6 (0.5–5.0) 0.65 (0.18–2.4) 0.51

Child of employee 2 22 8.9 (2.2–35.7) 3.6 (0.78–16.2) 0.08

Retired employee 1 15 6.9 (1.0–48.7) 2.7 (0.35–21.3) 0.32

Country     

Nigeria 4 70 5.7 (2.1–15.0) 1 –

Rwanda 5 169 3.0 (1.2–7.1) 0.52 (0.14–1.9) 0.32

Burundi 1 180 0.6 (0.1–3.9) 0.098 (0.01–0.88) 0.01

Democratic Republic of Congo 4 116 3.5 (1.3–9.2) 0.61 (0.15–2.4) 0.48

Republic of Congo 2 84 2.4 (0.6–9.6) 0.42 (0.077–2.3) 0.30

Clinical variable     

CDC stagea     

A 5 414 1.2 (0.5–2.9) 1 –

B 0 65 0 0 0.37

C 5 94 5.3 (2.2–12.7) 4.4 (1.3–15.1) 0.01

BMI categoryb     

20 kg/m2 0 81 0 0 0.48

20–24.9 kg/m2 4 259 1.5 (0.6–4.1) 2.5 (0.28–22.5) 0.39

25 kg/m2 1 163 0.6 (0.1–4.4) 1 –

Laboratory variable     

CD4+ T-cell count categoryc     

50 cells/ l 6 5 130 (58–290) 133 (33.1–530) 0.0001

50–199 cells/ l 0 25 0 0 –

200 cells/ l 3 310 1.0 (0.3–3.0) 1 –

Hb categoryd     

Hb 10 g/dl 3 7 45.8 (14.8–140) 36 (3.7–343) 0.0001

Hb 10 g/dl 1 78 1.3 (0.2–9.1) 1 –

Table 2. Mortality rates of 431 adult HIV type-1-infected patients who were not (yet) taking antiretroviral treatment in the 
Heineken Comprehensive Workplace Program 2001–2006, overall and by baseline category, and crude mortality rate ratios

HIV type-1 plasma viral load data were available for too few patients and were omitted. aCDC stage missing for 24 patients. bBody mass index (BMI) missing for 
126 patients. cCD4+ T-cell count missing for 97 patients. dHaemoglobin (Hb) data missing for 244 patients. CI, confidence interval; pyo, person-years of observation.
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after the start of ART and one child was transferred 

to another ART programme within 1 month. Two 

patients died (mortality rate 9.8 per 100 pyo [95% CI 

2.5–39.3]. Both children were symptomatic at the start 

of treatment and died 10 and 16 months after start of 

HAART, respectively.

Discussion

The HIV workplace programme described in this 

study is an effective programme on various counts. 

The estimated survival after 4 years of treatment was 

89%. The incidence of AIDS in AIDS-free patients 

after start of HAART was 1.9 per 100 pyo. Among 

patients who were not yet eligible for HAART, and 

who were regularly monitored, the mortality rate was 

low (2.6 per 100 pyo). Retention of patients in the 

programme was high.

Nevertheless, the mortality rate was high in the first 

16 weeks after start of HAART (14 per 100 pyo). This 

has been observed in other African HIV treatment 

programmes as well [2,8–10]. The high initial mortal-

ity rate might be the result of low median CD4+ T-cell 

counts (although higher than in most treatment pro-

grammes in sub-Saharan Africa [18,22], it was only 

170 cells/ l) at the start of treatment. Before HAART 

Figure 2. Nelson–Aalen graphs of cumulative hazard of mortality of HIV type-1-infected patients

Nelson–Aalen graph of cumulative hazard of HIV type-1-infected patients (A) who were not (yet) treated with highly active antiretroviral therapy (HAART), from date 
of positive HIV type-1 test, (B) from the date of start of HAART and (C) irrespective of treatment status. The worst case (WC) scenario assumes that all patients died 
2 months after their last contact with the health facility. BL, baseline; TP, time point.
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     Mortality rate     Incident  AIDS incidence  

 Deaths, Total per 100 pyo Mortality rate  AIDS Total rate per 100  Incidence rate 

Baseline variable n pyo (95% CI) ratio (95% CI) P-value events, n pyo pyo, (95% CI) ratio (95% CI) P-value

Overall  25 681 3.7 (2.4–5.4) – – 9 467 1.9 (1.0–3.7) – –

Demographic variable

Gender          

Male 19 405 4.7 (3.0–7.4) 1 – 8 258 3.1 (1.5–6.2) 1 –

Female 6 276 2.2 (1.0–4.8) 0.46 (0.19–1.2) 0.09 1 208 0.48 (0.07–3.4) 0.16 (0.02– 1.2) 0.04

Age groups          

15–34 years 4 219 1.8 (0.7–4.9) 1 – 3 143 2.1 (0.67–6.5) 1 –

35–44 years 11 331 3.3 (1.8–6.0) 1.8 (0.58–5.7) 0.30 6 233 2.6 (1.2–5.7) 1.2 (0.31–4.9) 0.77

45 years 10 130 7.7 (4.1–14.2) 4.2 (1.3–13.3) 0.009 0 90 0.0 0.0 0.17

Marital status          

Single 4 48 8.4 (3.2–22) 2.4 (0.83–7.2) 0.09 1 29 3.4 (0.48–24) 2.1 (0.25–18) 0.48

Married 18 525 3.4 (2.2–5.4) 1 – 6 369 1.6 (0.73–3.6) 1  –

Divorced/widowed/ 3 108 2.8 (0.9–8.6) 0.8 (0.24–2.8) 0.74 2 68 2.9 (0.73–12) 1.8 (0.36–8.9) 0.47

union libre          

Staff category          

Employee 19 410 4.6 (3.0–7.3) 1 – 8 257 3.1 (3.2–8.1) 1  –

Spouse of employee 5 238 2.1 (0.9–5.1) 0.45 (0.17–1.2) 0.11 0 194 0.0 0.0 0.014

Child of employee 1 18 5.7 (0.8–40) 01.2 (0.16–9.2) 0.84 1 7 15 (2.1–104) 4.7 (0.59–38) 0.11

Retired employee 0 16 0 0 0.73 0 8 0.0 0 0.61

Country          

Nigeria 10 170 5.8 (3.2–11) 1 – 3 143 2.1 (0.94–6.7) 1 –

Rwanda 4 208 1.9 (0.7–5.1) 0.33 (0.10–1.0) 0.05 5 141 3.5 (3.5–11) 1.7 (0.40–7.0) 0.47

Burundi 4 184 2.2 (0.8–5.8) 0.37 (0.12–1.2) 0.08 0 97 0.0 0.0 0.15

Democratic Republic 5 59 8.4 (3.5–20) 1.4 (0.49–4.2) 0.51 0 46 0.0 0.0 0.33

of Congo

Republic of Congo 2 59 3.4 (0.8–14) 0.58 (0.13–2.6) 0.47 1 41 2.5 (0.35–17) 1.2 (0.12–11) 0.89

Clinical variable       

CDC stage          

A 8 231 3.5 (1.7–6.9) 1 – 2 228 0.88 (0.22–3.5) 1 –

B 7 262 2.7 (1.3–5.6) 0.77 (0.28–2.1) 0.61 7 239 2.9 (1.4–6.1) 3.3 (0.69–16) 0.11

C 10 187 5.3 (2.9–9.9) 1.5 (0.61–3.9) 0.36 – – – – –

BMI category          

20 kg/m2 8 168 4.8 (2.3–9.5) 3.6 (0.76–16.8) 0.18 4 88 4.6 (1.7–12) 2.3 (0.58–9.3) 0.22

20–24.9 kg/m2 9 284 3.2 (1.6–6.1) 2.4 (0.51–11) 0.25 4 204 2.0 (0.73–5.2) 1 –

25 kg/m2 2 150 1.3 (0.3–5.3) 1 – 0 123 0.0 0.0 0.12

Laboratory variables          

CD4+ T-cell count           

category

50 cells/ l 4 76 5.3 (2.0–14) 1.4 (0.42–4.4) 0.61 1 35 2.9 (0.40–20) 2.5 (0.23–28) 0.43

50–199 cells/ l 9 357 2.5 (1.3–4.8) 0.65 (0.26–1.6) 0.36 6 248 2.4 (1.1–5.4) 2.1 (0.43–11) 0.34

200 cells/ l 9 232 3.9 (2.0–7.5) 1 0.9 2 177 1.1 (0.28–4.5) 1 –

Hb category          

Hb 10 g/dl 7 80 8.7 (4.2–18) 3.4 (1.3–8.4) 0.006 2 44 4.6 (1.1–18) 3.3 (0.6–17) 0.13

Hb 10 g/dl 13 502 2.6 (1.5–4.5) 1 – 5 365 1.4 (0.57–3.3) 1 –

Treatment variable        

Baseline HAART           

regimen          

AZT+3TC+NVP 10 306 3.2 (1.8–6.1) 1 – 3 246 1.2 (0.39–3.8) 1 –

AZT+3TC+EFV 9 323 2.8 (1.4–5.4) 0.85 (0.35–2.1) 0.73 5 190 2.6 (1.1–6.3) 2.2 (0.52–9.0) 0.28

d4T+3TC+NVP 4 32 12.5 (4.7–33) 3.8 (1.2–12) 0.015 1 27 3.7 (0.52–26) 3.0 (0.31–29) 0.32

Other 2 19 10.4 (2.6–42) 3.2 (0.70–15) 0.03 0 3 0 0 0.85

Table 3. Mortality rates and rate ratios, and AIDS incidence rate and rate ratios among 249 adult HIV-1-infected patients who 
started HAART in the Heineken Comprehensive Workplace Program 2001–2006, overall and by baseline category

The mortality analysis is on the basis of all 249 patients who started highly active antiretroviral therapy (HAART). The AIDS incidence analysis is on the basis of the 
190 patients who did not have an AIDS diagnosis prior to start of HAART. The mortality rate ratios and the incidence rate ratios are crude rate ratios. HIV type-1 (HIV-1) 
plasma viral load was omitted because baseline data were lacking from the majority of patients. AZT, zidovudine; BMI, body mass index; CI, confidence interval; d4T, 
stavudine; EFV, efavirenz; Hb, haemoglobin; NVP, nevirapine; pyo, person-years of observation; 3TC, lamivudine.
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has had its full effect on the immune system, patients 

might develop severe opportunistic infections, for 

which diagnostic and treatment options are limited 

in sub-Saharan Africa, and to which patients might 

succumb. There are two reasons for the low CD4+ 

T-cell count at the start of treatment. First, HIV test-

ing was voluntary, and some people only decided to be 

tested when they had advanced disease. Second, this 

analysis describes the first period of the treatment pro-

gramme, and a number of beneficiaries had advanced 

HIV-1 infection with low CD4+ T-cell counts when the 

programme started. The median CD4+ T-cell count 

of patients starting HAART increased significantly 

between the initial year and the later period (from 

122 cells/ l to 180 cells/ l).

The higher mortality rate during treatment compared 

with that prevailing among untreated patients (3.7 per 

100 pyo versus 2.6 per 100 pyo) is explained by the 

much lower median CD4+ T-cell count at start of treat-

ment compared with that at the start of the pretreat-

ment period (170 cells/ l versus 274 cells/ l).

The success of an HIV workplace treatment pro-

gramme depends on three crucial parameters. These 

include the proportion of eligible individuals who are 

being tested for HIV, the proportion of eligible patients 

that actually start HAART before they become criti-

cally ill and the durability of successful treatment, 

probably mostly depending on good adherence. In this 

workplace programme the latter two parameters were 

high; this is even more clearly demonstrated by the high 

survival (89%) 4 years after HIV-1 diagnosis, irrespec-

tive of treatment status (Figure 2C). The first param-

eter (uptake of HIV testing) was examined at two sites 

Predictor Hazard ratio (95% CI)a P-value

Female gender 0.52 (0.18–1.5) 0.24

Age per 10 year increase 1.6 (1.1–2.6) 0.03

Baseline haemoglobin 0.74 (0.63–0.88) 0.001

per 1 g/dl increase

Table 4. Predictors of mortality among adults taking HAART 
based on multivariate Cox analyses

aHazard ratios have been adjusted for all other variables listed in the table. Model 
is based on 217 patients with data on all variables in the table. CI, confidence 
interval; HAART, highly active antiretroviral therapy.

Figure 3. Development of CD4+ T-cell count, haemoglobin and BMI in HIV-1-infected patients from start of HAART 

(A) Evolution of median CD4+ T-cell count (interquartile range) over time in HIV type-1 (HIV-1)-infected patients on highly active antiretroviral therapy (HAART). 
(B) Evolution of mean haemoglobin (with SE) over time in HIV-1-infected patients who started on HAART. (C) Evolution of the proportion of patients with a body 
mass index (BMI) 20 kg/m2 over time in HIV-1-infected patients who started HAART.
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and found to be high as well (estimated 68% within 

3.5 years of the start of the programme) [19].

The 89% survival 4 years after the start of HAART 

matches that of programmes in economically developed 

countries [23] and is favourable in comparison with 

survival reported from other cohorts in sub-Saharan 

Africa [7,9–13,18,24,25], where survival is often 90% 

at 12 months. Approximately 8% of HIV-1-infected 

patients were lost to follow-up before they started 

HAART. Their fate is unknown, but many might be 

without HAART and some might have died. Keeping 

such patients under clinical monitoring and starting 

HAART when indicated would be an important target 

for improvement.

A recent systematic review identified loss to follow- up 

after start of HAART as a more important cause of attri-

tion than death in treatment programmes in sub- Saharan 

Africa [18]. In a plausible scenario, the authors’ best esti-

mate of retention 2 years after the start of HAART was 

50% (range 24–77). The loss to follow-up of patients 

who started HAART in the Heineken Comprehensive 

Workplace Program was low (2.8%); this might be 

explained by the fact that patients were linked to a com-

pany and could be fairly easily traced, and that treatment 

was free of charge.

Low Hb was a strong independent predictor for death. 

Other studies have also shown the effect of baseline Hb 

on subsequent mortality in untreated cohorts [10,26] 

and treated cohorts [14,27–29]. It is unclear whether 

the anaemia itself is responsible for the increased 

mortality or whether anaemia is merely a marker for 

advanced disease stage. AZT can worsen anaemia (as 

it appeared to have done in this cohort). For this and 

other reasons, the first-line regimen in this programme 

was recently changed to tenofovir and emtricitabine 

plus an NNRTI.

This study has several limitations. Because the size 

of the treated cohort was not large and because of the 

small number of events, the CIs were relatively wide. 

PVL was lacking at baseline for most patients. Data 

about reasons for change or stopping of therapy were 

not systematically available. Also, no data on adher-

ence were available. Although the loss to follow-up 

among patients who were not yet started on HAART 

was limited, this loss could mean that the mortal-

ity rate and AIDS incidence rate in that group were 

underestimated. Because this evaluation concerns a 

well-funded, well-stocked and well-staffed treatment 

programme, results cannot be extrapolated to pro-

grammes that suffer from shortages of funds, drugs 

or staff.

In conclusion, among HIV-1-infected patients who 

started HAART in this workplace programme in five 

sub-Saharan African countries, the mortality rate 

decreased from a high rate in the first 16 weeks to a 

low and stable rate during the remainder of the 4 years 

of follow-up, and patients improved both clinically and 

immunologically. This shows that in a well-managed 

and adequately funded programme in sub-Saharan 

Africa, treatment success can be maintained beyond the 

first few years.
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