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Long-term outcomes of a pediatric HIV treatment
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Objective: To describe long-term treatment outcomes of a pediatric HIV cohort in Mozambique.

Design: Retrospective analysis of routine monitoring data.

Setting: Secondary health care facilities in the Chamanculo Health District of Maputo.

Subjects: A total of 1,335 antiretroviral treatment (ART) naı̈ve children B15 years of age enrolled in HIV

care between 2002 and 2010.

Intervention: HIV care, ART (since 2003), task shifting to lower cadre nurses, counseling by lay counselors,

active patient tracing, nutritional support, support by a psychologist, targeted viral load testing, and switch to

second-line treatment.

Main outcome measures: Kaplan�Meier estimates for retention in care (RIC), CD4 cell percentage, body mass

index for age z-score, and adjusted incidence rate ratios for attrition (death or loss to follow-up) as calculated

by Poisson regression.

Results: The RIC at 6 years in the pre-ART cohort was 44% (95% confidence interval: 38�49), and the one at

8 years in the ART cohort was 70% (64�75). Risk factors for attrition included young age, low CD4

percentage, underweight, active tuberculosis, and enrollment/treatment initiation after 2006. The mean CD4

percentage increased strongly at 1 year on treatment and remained high thereafter. The body mass index for

age z-score sharply increased at 1 year after treatment initiation before stabilizing at pre-ART levels

thereafter.

Conclusions: Good clinical and immunological treatment outcomes up to 8 years of follow-up on ART can be

achieved in a context of shortage of health workers and a high level of task-shifting approach.
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H
IV treatment of children can be more compli-

cated than that of adults, since HIV infection in

children presents more aggressively; treatment

requires continuous adaptation of drug doses to weight;

clinicians need to be trained in pediatrics; and treatment

delivery may depend on caregivers who are sick with

AIDS themselves. In addition, diagnostics among infants

is complicated due to the necessity of viral RNA or DNA

detection, which is much less available than serological

diagnosis. Given these potential difficulties in pediatric

HIV care, it is necessary to demonstrate that successful

treatment of HIV-infected children in resource-limited

settings can be achieved (1).

Mozambique has one of the highest HIV prevalences

in sub-Saharan Africa, which is estimated to be 11.5%,

15�49 years of age. Among adolescents (12�14 years), the

prevalence is estimated to be 1.8%, in children (0�11

years) 1.4%, and in infants (under 1 year) 2.3% (2). In

2012, there were an estimated 1.6 million persons living

with HIV in Mozambique, including 180,000 children.

An estimated 77,000 persons died from AIDS in 2012

alone (www.unaids.org). In addition to the HIV epidemic,

Mozambique is also one of the least developed countries

in the world according to the human development index

(www.undp.org), and it is facing a severe human resource

crisis in the health care sector (3).
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There are only few reports on treatment outcomes

of pediatric HIV cohorts from Mozambique (4�6), and �
to our knowledge � none with long-term follow-up. We,

therefore, conducted a retrospective analysis of routine

monitoring data collected from a cohort of HIV-infected

children treated in Maputo. The main aim of this study

was to describe long-term outcomes and to identify risk

factors associated with loss to follow-up and mortality

that would allow implementing future improvement of

pediatric HIV care in Maputo and in similar settings.

Methods

Study design

We conducted a retrospective analysis of routine monitor-

ing data collected from a cohort of HIV-infected children

enrolled in the HIV treatment program in the Chamanculo

Health District between the initiation of the data collection

in 2002 and the start of the decentralization process of

pediatric care to primary health care centers in the district

in 2010. All ART naı̈ve HIV-infected children below 15

years of age at enrollment were included in the analysis.

The children were followed until the end of 2012, when the

cohort has been decentralized to primary health care

centers.

Setting

Since 2001, Médecins Sans Frontières (MSF) has been

supporting the Mozambican Ministry of Health in the care

and treatment of HIV-infected patients in the Chamanculo

Health District, in Maputo, which serves an estimated

target population of 329,872 inhabitants. As secondary

health care facilities, this area included, until 2009, two day

hospitals (Alto-Maé and Chamanculo, the latter being a

pediatric clinic), which were subsequently replaced by the

Chamanculo Hospital. In October 2009, following the clo-

sure of the day hospitals, a Reference Center in Alto-Maé

was created in order to ensure access to specialized care for

HIV-infected patients with complications (including those

with low CD4 counts, advanced clinical stage, Kaposi

Sarcoma, and those requiring second- and third-line ART).

Between 2001 and 2007, HIV-infected children were

enrolled in HIV care together with their mothers (The

Prevention of Mother-to-Child Transmission (PMTCT)

program has been in place since 2002) at the Chamanculo

and the Alto-Maé day hospitals. Systematic data collection

was started in 2002. ART became available in 2003. By the

end of June 2007, all children from Alto Maé day hospital

had been transferred to the pediatric HIV clinic at the

Chamanculo Hospital, where they were followed until fur-

ther decentralization to primary health care centers in 2012.

Study population

Among 18,497 entries of HIV-infected patients in the

project databases, 29 (0%) entries were excluded due to

missing or implausible dates of birth or dates of the first

visit, 16,753 (91%) entries since they belonged to patients

15 years or older at the day of enrollment, 68 (0%) entries

since they were from patients enrolled after 2010, and 236

(1%) entries since they were from patients transferred

within the program and could be merged to already

existing entries. Among the resulting 1,411 entries, 76

(5%) patients were excluded since they were already on

ART at enrollment in the program, resulting in a final

study cohort of 1,335 HIV-infected, ART naive children

below 15 years of age.

Patient management

Patients were managed in accordance with Mozambican

and World Health Organization (WHO) guidelines. They

were diagnosed with HIV using virological or serological

methods depending on their age, received treatment of

opportunistic infections, cotrimoxazole prophylaxis, were

monitored by laboratory investigations, and received

ART when clinically or immunological indicated. The

standard first-line ART regimen was stavudine or zido-

vudine plus lamivudine plus nevirapine or efavirenz.

A pediatric fixed-drugs combination was introduced in

2008. The suspicions of treatment failure were based on

clinical, immunological, and virological criteria. Second-

line ART regimens included a boosted protease inhibitor

plus two new nucleotide reverse transcriptase inhibitors

that were adjusted according to the children’s age and the

availability of pediatrics formulations. Patients in need of

second-line ART were transferred out to receive this at a

separated (also MSF-supported) reference site.

As in many other resource-constrained countries, the

provision of care in the program was mainly ensured by

non-physician clinicians (nurses and clinical officers), who

were especially trained in pediatric clinical care. Most

clinical tasks of follow-up were conducted by lower cadre

nurses. Close program supervision was conducted by a

referent physician who was also in charge of ART initiation

and diagnosis, and the treatment of complicated cases.

Follow-up visits were scheduled monthly for patients

receiving ART and for those less than 1 year of age, other-

wise these visits were bimonthly. At each visit, clinical data

were documented by clinicians on standardized forms.

CD4 cell count and/or percentage were monitored every

6 months. Viral load measurements, even though not

routinely performed, were used to confirm suspicion of

treatment failure.

The program had a strong psychosocial component that

included educational/counseling sessions on health and

hygiene (including on nutrition, breastfeeding, treatment

adherence, side effects, and toxicities), educational games

and stories for children, a trained lay counselor, who

provided pre- and post-HIV testing and counseling, pre-

ART counseling, adherence counseling, and pediatric HIV

disclosure sessions. Psychological support was provided by
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a referent psychologist when needed. Referral for social

support to respective programs and organization of

support groups for mothers and caretakers as well as for

disclosed adolescents was part of the program. An active

tracing system for patients who failed to attend clinic

appointments (‘defaulter tracing’) was also set up. This

included telephone reminders and home visits if not

responsive to those calls; adherence follow-up by home

visits and psychological supports at home were also

carried out.

Care before 2007 involved a nutritional program, which

provided milk formula and accessories for safe formula

preparation to children above 6 months of age. Additional

nutritional support included the provision of ready to use

therapeutic food and formula to children in need after

2007. A buffer stock for antiretrovirals (ARVs) and drugs

for opportunistic infections was also introduced.

Tuberculosis (TB) screening was done by standard

questionnaire using the Crofton score which was adjusted

over the years. If TB was suspected, microscopic analysis

was conducted on sputum samples. Gastric lavage and

X-ray were performed as needed. Patients needing special

care or hospitalization were transferred to a tertiary

hospital in Maputo.

Data collection

The national paper-based system was used to collect data

related to HIV activities in the program. Data were

subsequently entered in the electronic database for follow-

up and care for HIV and AIDS (FUCHIA, Epicentre,

Paris). An Access database was used to collect data about

defaulter tracing. Project documentation was reviewed,

and key staff interviewed to reconstruct the history of the

program.

Data were exported from the databases in November

2013.

Ethical consideration and reporting

The study followed the rules for a waiver for review by the

MSF international ethics review board and patient con-

sent, due to the use of routine data for retrospective data

analysis.

The STROBE guidelines for reporting of observational

studies were followed (7).

Statistical analysis

Body mass index for age z-score (BAZ) was calculated

using STATA macros downloaded from the WHO

(www.who.int). They were calculated separately for chil-

dren B5 and ]5 years of ages and subsequently com-

bined into one variable. Biologically implausible values for

z-scores, as flagged by the macros, were excluded from the

analysis. Among the available anthropometric z-scores, we

chose to include BAZ in the analysis, since it could be

calculated for all ages and is most closely related to

underweight, which previously was identified as a risk

factor for mortality among children (8). Age was categorized

in standard age groups of below 18 months, 18�59 months,

and above 59 months. Year of enrollment/treatment ini-

tiation was grouped into three categories with similar

numbers of patients.

Baseline CD4 cell counts and percentages were in-

cluded in the analysis, if they were conducted within 90

days of the first visit or treatment initiation. For the

follow-up, CD4 cell counts/percentages as well as height

and weight were included if they were collected within 90

days of annual follow-up time point.

To analyze the retention in care (RIC), we used Kaplan�
Meier methods. The time until death in days was calculated

by subtracting the date of death from the date of

enrollment or the date of treatment initiation as appro-

priate. The time until loss to follow-up was calculated by

subtracting the data of the last visit from the date of

enrollment or date of treatment initiation. In concordance

with national guidelines, patients were defined as loss to

follow-up if their last scheduled appointment had been

missed for more than 60 days. All the remaining observa-

tions were censored at the transfer-out date or on 31th of

December 2012 for three children without a transfer-out

date in the database. Observations in the pre-ART cohort

were censored at the date of ART initiation. Kaplan�
Meier plots for the pre-ART cohort were truncated at 6

years and for the ART cohort at 8 years, due to small

numbers thereafter.

Since the proportional hazard assumption in Cox-

regression modelswas violated, we chose Poisson regression

for the analysis of factors associated with the incidence rate

of mortality or loss to follow-up. We included CD4 per-

centages in this analysis, as this was more closely related to

the outcomes than CD4 cell count. Missing CD4 cell

percentages, WHO stages, and BAZ were imputed with the

cohort means (CD4 cell count) or zeros for categorical

variables and controlled for by adding dummy variables

specifying patients with missing data. Covariates were

retained in adjusted analysis, if they were significantly

associated with the outcome.

All analysis was conducted using STATA/SE 9.0 for

Windows (College Station, TX, USA).

Results

Baseline characteristics

The 1,335 children included in the analysis had a median

age at enrollment of 3.7 years. Fifty-seven percent of them

were in WHO stage III or IV and nearly a quarter with

CD4 percentage B10%. Five percent of the children had

active TB, and 15% were underweight as indicated by a

BAZ B�2. As expected, at treatment initiation children

were slightly older and a higher proportion of them was in

advanced WHO stage or had a CD4 cell percentage below

10% (Table 1).
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Treatment outcomes
Of the 1,335 children included in the analysis, 46 (3%) died

and 304 (23%) were lost to follow-up before they initiated

ART; 833 (62%) children initiated ART. The remaining

152 (11%) children were either transferred out (96 [7%])

to other districts or to hospitals of higher complexity or

were decentralized within the district (56 [4%]) before ART

initiation. Of the children, who initiated ART, 49 (6%)

died during the follow-up, 122 (15%) were lost to follow-

up, and 233 (28%) were transferred out. The transferred

group included 32 (4%) children who were receiving

second-line treatment at the referral center in the district

at the end of 2012. The remaining 429 (52%) children were

decentralized to the primary health care centers from the

health area, until the end of 2012.

Using Kaplan�Meier methods, the RIC after 1 year in

the pre-ART cohort was 68% (95% confidence interval

[CI]: 64�71). It then declined more or less steadily to 44%

(95% CI: 38�49) at 6 years. Among patients on ART, it was

90% (95% CI: 88�92) after 1 year, after which it declined to

70% (95% CI: 64�75) at 8 years (Fig. 1).

The total follow-up time was 1,235 person years (py)

before ART initiation and 2,791 py thereafter. The

attrition rate (death or loss to follow-up) was 28.3 (95%

CI: 25.5�31.5) per 100 py in the pre-ART cohort and 6.1

(95% CI: 5.3�7.1) per 100 py in the ART cohort (Table 2).

The attrition rate was highest in the first 3 months of

follow-up in both, the pre-ART as well as the ART cohort

(Fig. 1).

Factors associated with mortality

The main biomedical risk factors for death in the pre-ART

and ART cohort were young age (B1.5 years) and under-

weight as indicated by a BAZ B�2 (Table 3). Some of

these associations were remarkably strong. For example in

the pre-ART cohort, the adjusted incidence rate ratio

[IRR] for below 1.5 years of ages as compared to ]5 years

was 6.9 (95% CI: 2.8�17.2), the one for BAZ B�2 versus

BAZ ]2 even 9.3 (4.0�22.0). In the ART cohort, the

adjusted IRR for young age was 2.8 (1.3�5.8) and for BAZ

B�2: 4.7 (2.4�9.1). Additional strong biomedical risk

factors in adjusted analysis were active TB at ARV

Table 1. Characteristics of HIV-infected children at program enrollment and at ART initiation, Chamanculo District, Maputo,

Mozambique

At enrollment At treatment initiation

N 1,335 833

n (%) live outside Maputo Cidade 394 (31) 242 (30)

n (%) female 669 (50) 400 (48)

Age [median years (IQR)] 3.7 (1.7, 6.7) 4.4 (2.1, 7.8)

B18 months [n (%)] 290 (22) 142 (17)

18�59 months [n (%)] 537 (40) 310 (37)

59� months [n (%)] 508 (38) 381 (46)

WHO stage III or IV [n (%)] 645 (57) 591 (74)

CD4 cell count [median (IQR)]a 668 (342, 1072) 514 (262, 968)

CD4 percentage [median (IQR)]a 16 (10, 22) 13 (9, 18)

B10% [n (%)] 223 (24) 208 (29)

10�20% [n (%)] 415 (44) 370 (52)

]20% [n (%)] 307 (32) 135 (19)

BMI for age z-score [median (IQR)]b �0.4 (�1.5, 0.4) �0.3 (�1.3, 0.5)

��2 [n (%)] 650 (83) 522 (86)

�2 to �3 [n (%)] 71 (9) 48 (8)

B�3 [n (%)] 66 (8) 39 (6)

n (%) active TB at enrollment/treatment

initiation

85 (6) 67 (8)

Year of enrollment/ treatment initiation

[n (%)]

2002�2006 538 (40) 206 (25)

2007�2008 399 (30) 271 (33)

2009�2012 398 (30) 356 (43)

Median (IQR) years of follow-up 0.2 (0.1, 0.8) 3.4 (2.1, 4.2)

IQR�interquartile range; due to missing data the numbers shown may not tally to the total; TB�tuberculosis.
aCD4 counts were available for 945 (71%) patients at enrollment and 713 (86%) at treatment initiation.
bBMI for age z-scores were available for 787 (59%) patients at enrollment and 609 (76%) at treatment initiation.
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treatment initiation (IRR: 3.4, 95% CI: 1.7�7.1) and low

CD4 percentage at enrollment (IRR per 10% increase: 0.5,

95% CI: 0.3�0.8). In both cohorts, enrollment or treatment

initiation before 2006 was associated with significantly

better outcomes.

Factors associated with loss to follow-up

Associations of biomedical factors with loss to follow-up

are less pronounced than with mortality. They included in

adjusted analysis in the pre-ART cohort BAZ B�2

(adjusted IRR 3.6, 95% CI: 2.2�5.9) and in the ART

cohort young age (adjusted IRR: 1.8, 95% CI: 1.1�2.9) and

active TB (2.1 95% CI: 1.2�3.7). There also remained

a strong protective effect of enrollment or treatment

initiation before 2009 (Table 3).

Opportunistic infections/HIV-related conditions at

last visit before death
Opportunistic infections/HIV-related conditions at the

last visit before a recorded death included moderate

malnutrition (10 of 46 [22%] in the pre-ART cohort and

11 of 49 [22%] in the ART cohort), pulmonary TB (3 [7%]

and 5 [10%]), unexplained diarrhea (3 [7%] and 5 [10%]),

oral candidiasis (7 [15%] and 1 [2%]), wasting syndrome/

stunting/ severe malnutrition (3 [7%] and 2 [4%]), sebor-

rheic dermatitis (3 [7%] and 2 [4%]), severe or recurrent

bacterial pneumonia (3 [7%] and 1[2%]), and HIV

encephalitis (3 [7%] and 1 [2%]). Any other opportunistic

infection or AIDS qualifying symptom did not occur in

more than 5% of the patients. The median time between

the last visit and the data of death was 13 days (inter-

quartile range 7�28) in the pre-ART cohort and 16 days

(interquartile range 6�31) in the ART cohort.

Reasons for missing clinic visits

Reasons for missing clinic visits (defaulting) are available

for a subgroup of patients who defaulted in 2011 and had

previously consented to be traced by telephone calls or

home visits. Among a total of 56 children (14 [25%] pre-

ART cohort and 42 [75%] on ART), 35 (63%) were

contacted by telephone and 7 (13%) were visited at home.

The remaining 14 (25%) children could not be reached or

outcomes were not documented. Among those contacted,

reasons for missing an appointment were stated as

‘traveling’ (8 [19%]), ‘absence of the parent’ (7 [17%]),

‘abandonment’ (2 [5%]), ‘forgot’ (3 [7%]), ‘work or family

reasons’ (1 [2%]), and ‘other’ (21 [50%]).
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Fig. 1. Retention in care of HIV-infected children in the

Chamanculo District of Maputo, Mozambique. Shown are

Kaplan�Meier plots for the time until death or loss to follow-

up (LTFU) before (upper panel) and after (lower panel) ART

initiation. The table below the graphs shows the numbers at

risk, the number of persons died, the number of persons lost to

follow-up, and the Kaplan�Meier estimates for the RIC. The

LTFU and deaths do not tally to the total due to transfer out

of some patients.

Table 2. Rates of outcomes before and after ART initiation, Chamanculo District, Maputo, Mozambique

Before ART initiation After ART initiation

Person years (py) of follow-up 1,235 2,791

n deaths 46 49

n LTFU 304 122

Mortality [events/100 py (95% CI)] 3.7 (2.8, 5.0) 1.8 (1.2, 2.3)

LTFU [events/100 py (95% CI)] 24.6 (22.9, 27.5) 4.4 (3.7, 5.2)

LTFU or mortality [events/ 100 py (95% CI)] 28.3 (25.5, 31.5) 6.1 (5.3, 7.1)

ART�antiretroviral treatment; CI�confidence interval; LTFU�loss to follow-up.
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Table 3. Poisson regression modeling factors associated with death or loss to follow-up for pediatric pre-ART and ART cohorts in the Chamanculo Health District, Maputo,

Mozambique, 2002�2012

Before ART initiation After ART initiation

Mortality Loss to follow-up Mortality Loss to follow-up

Unadjusted IRR

(95% CI)

Adjusted IRR

(95% CI)

Unadjusted IRR

(95% CI)

Adjusted IRR

(95% CI)

Unadjusted IRR

(95% CI)

Adjusted IRR

(95% CI)

Unadjusted IRR

(95% CI)

Adjusted IRR

(95% CI)

Female 0.8 (0.7, 1.0)

Age [years]

B1.5 7.1 (3.2, 15.8) 6.9 (2.8, 17.2) 1.2 (0.9, 1.6) 3.6 (1.9, 7.1) 2.8 (1.3, 5.8) 2.1 (1.3, 3.5) 1.8 (1.1, 2.9)

1.5 to 5 1.4 (0.6, 3.3) 2.1 (0.8, 5.4) 0.9 (0.7, 1,1) 1.0 (0.5, 2.0) 1.5 (0.7, 3.2) 1.4 (0.9, 2.0) 1.3 (0.9, 2.0)

]5 Reference Reference Reference Reference Reference Reference Reference

WHO stage III/IV 2.7 (1.4, 5.2) 1.0 (0.8, 1.3) 1.4 (0.7, 2.8) 0.9 (0.6, 1.3)

CD4 percentage per 10%

increase

0.4 (0.2, 0.6) 0.5 (0.3, 0.8) 0.8 (0.6, 1.0) 1.0 (0.7, 1.4) 1.0 (0.8, 1.3)

BMI for age z-score B�2 18.8 (8.5, 41.5) 9.3 (4.0, 22.0) 3.3 (2.0, 5.4) 3.6 (2.2, 5.9) 5.8 (3.1, 10.7) 4.7 (2.4, 9.1) 1.5 (0.9, 2.7)

Active TB 1.5 (0.6, 3.8) 0.7 (0.5, 1.2) 3.6 (1.8, 7.0) 3.4 (1.7, 7.1) 1.7 (1.0, 3.0) 2.1 (1.2, 3.7)

Year of enrollment or treatment

initiation

2002�2006 0.3 (0.1, 0.6) 0.1 (0.0, 0.6) 0.9 (0.6, 1.2) 0.2 (0.1, 0.4) 0.2 (0.1, 0.4) 0.1 (0.0, 0.6) 0.4 (0.3, 0.7) 0.5 (0.3, 0.7)

2007�2008 0.7 (0.3, 1.5) 0.8 (0.4, 1.8) 0.7 (0.5, 1.0) 0.6 (0.4, 0.9) 0.6 (0.3, 1.1) 0.6 (0.3, 1.1) 0.4 (0.3, 0.6) 0.4 (0.2, 0.6)

2009�2012 Reference Reference Reference Reference Reference Reference Reference Reference

Statistically significant associations at alpha�0.05 are shown in bold.

ART�antiretroviral treatment; BMI�body mass index; CI�confidence interval; IRR�incidence rate ratio; TB�tuberculosis.

Ja
n

W
a
lte

r
e
t

a
l.

6(p
a
g

e
n

u
m

b
e
r

n
o

t
fo

r
c
ita

tio
n

p
u

rp
o

s
e
)

C
ita

tio
n
:

G
lo

b
H

e
a
lth

A
c
tio

n
2
0
1
5
,

8
:

2
6
6
5
2

-
h
ttp

://d
x.d

o
i.o

rg
/1

0
.3

4
0
2
/g

h
a
.v8

.2
6
6
5
2

http://www.globalhealthaction.net/index.php/gha/article/view/26652
http://dx.doi.org/10.3402/gha.v8.26652


Evolution of CD4 percentage and BAZ after

treatment initiation

The mean CD4 cell percentage increased strongly from

14% (standard error [SE]: 9) at baseline to 27% (SE: 10) 1

year later. Thereafter, it increased only slightly and

remained stable until 8 years of follow-up (Fig. 2).

The median BAZ increased from �0.4 (SE: 1.4) to 0.5

(SE: 1.2) within the first year after treatment initiation. It

thereafter decreased again, reaching pre-ART levels at 5�6

years of follow-up. This development is paralleled by the pro-

portion of patients who are underweight (BAZB�2),

which decreased from 14 to 2% at 1 year after treatment

start and returned to 10% at 6 and 7 years of follow-up

(Fig. 2).

Discussion
To our knowledge, this is the first analysis of long-term

follow-up of a pediatric HIV cohort in Mozambique and

one of the longest followed cohorts worldwide (1, 8�11).

The data demonstrate that good clinical and immunolo-

gical outcomes are achievable at up to 8 years on ART,

while retention in the pre-ART cohort was relatively poor

and early increase in BAZ was subsequently lost.

The RIC at 1 or 2 years after treatment start in this study

is higher than that in several previous studies from

Mozambique (4�6). Reasons for this may include the

slightly younger cohort in these studies or differences in

the treatment models. Our results are also comparable

with short-term outcomes of other international studies

(11, 12), suggesting that good long-term treatment out-

comes in resource-limited setting may generally be achiev-

able and may not be specific to our setting.

In consistence with previous analysis (8), we observed

that young age is one of the key factors associated with

attrition. Given in addition, the relatively poor RIC of the

pre-ART cohort and the relatively poor health status of

the children at enrollment, as well as a high mortality in the

first 3 months on treatment, our data support the recent

changes in the WHO guidelines to earlier initiation of

treatment of children (13).

As in other studies (8), we also found underweight to be

associated with attrition. BAZ B�2 was the main risk

factor for death before and after treatment initiation. In

addition, malnutrition was frequently documented at the

last consultation of children who subsequently died. In the

absence of autopsy or hospitalization data we cannot say,

whether or not malnutrition was a primary cause of death

or just a consequence of underlying comorbidities. Our

data, however, emphasize the importance of nutritional

support for HIV-infected children (14). We also add that

we used BAZ since it seemed to be an appropriate

indicator for children of a large age distribution. However,

there may be slightly different effects if weight for height

z-scores or weight for age z-scores are used among young

children, which are more suitable indicators in this age

group.

Additional risk factors for death and/or loss to follow-

up included active TB, underscoring the importance of TB

screening, treatment and chemoprophylaxis in this con-

text, as well as the year of enrollment/treatment initiation.

The association with the year of enrollment/treatment

initiation can in part be explained by the careful selection

of patients by committees in the beginning of the program

when treatment was limited and only few patients in need

could be offered ART. It is also possible that expanding

treatment options in later years increased the possibility of

loss to follow-up due to unrecorded self-transfers.

After an initial sharp increase in the BAZ at 1 year on

treatment, we observed a continuous decline to pre-

treatment levels. A similar effect has previously been ob-

served in a pediatric cohort from South Africa (15) and
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Fig. 2. Evolution of CD4 cell counts and of BMI for age

z-scores (BAZ) care of HIV-infected children on ART in the

Chamanculo District of Maputo, Mozambique. Shown are

mean CD4 cell counts (upper panel) and mean BMI for age

z-score (BAZ) (lower panel) by year of follow-up on ART.

The bars indicate 95% confidence intervals.
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may be explained by a faster catch-up of weight than

height among infants on ART. The BAZ stabilized at mean

values of about �0.5 z-scores, which may be attributable

to the chronic malnutrition in this and similar African

populations. These declines in BAZ over time show that

even among patients stably on ART, nutritional monitor-

ing is required.

That good mid- to long-term follow-up of HIV-infected

children is achievable is not self-evident since during their

development children pass through various phases that

can negatively impact treatment adherence. A key step in

this process is the disclosure of the HIV status to the child

(16). Another is the continuous support of aging care-

givers, who themselves may be infected with HIV. Specific

reasons for the success of our project may, therefore,

include the presence of psychosocial support, in form of

patient education, counseling, and defaulter tracing by lay

counselors. Other medical factors that helped to achieve

these results are the availability of viral load testing and the

possibility to transfer children more rapidly for second-

line treatment in an MSF-supported referral center.

It is noteworthy to say that the treatment outcomes were

achieved even though the majority of clinical tasks were

performed by lower cadre nurses and the counseling by lay

counselors. These data therefore add to a growing body of

literature, that shows that task shifting to lower cadre

nurse and lay counselors is feasible in resource-limited

settings (17) including for HIV-infected children (18, 19).

One of the strengths of this study is the use of routine

monitoring data, which reflect the reality in the field.

Another is that the STROBE guidelines were used for

reporting of observational studies (7). Limitations in-

clude the higher number of missing data (especially for

CD4 cell counts/percentages, height, weight, and WHO

stage), the possibility of data errors, as well as a high

probability of underreporting deaths (20), as is typical for

routine data. Therefore, even measured confounders were

only partially controlled in the adjusted analysis and it

cannot be excluded that these results may have been

influenced by information bias. The main outcomes

(RIC) should, however, be unbiased and not influenced

by missing values. A further limitation is that we did not

fit more complex statistical models which adjust for

competing risks. We also did not present regression

analysis stratified by the time of event, since the number

of outcomes, especially deaths was low. This should be

done in future studies with larger populations.

Conclusions
These findings justify current investments in pediatric HIV

care and show that long-term RIC on ART is achievable in

resource-limited settings. They also indicate that nutri-

tional support should be an integral part of pediatric HIV

programs.
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Moçambique, Instituto Nacional de Estatı́stica Maputo,
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