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Abstract

Introduction: There is a risk of anaemia among HIV-infected children on antiretroviral therapy (ART) containing zidovudine (ZDV)
recommended in first-line regimens in the WHO guidelines. We estimated the risk of severe anaemia after initiation of a
ZDV-containing regimen in HIV-infected children included in the IeDEA West African database.

Methods: Standardized collection of data from HIV-infected children (positive PCR <18 months or positive serology >18
months) followed up in HIV programmes was included in the regional leDEA West Africa collaboration. Ten clinical centres from
seven countries contributed (Benin, Burkina Faso, Cote d’lvoire, Gambia, Ghana, Mali and Senegal) to this collection. Inclusion
criteria were age <16 years and starting ART. We explored the data quality of haemoglobin documentation over time and the
incidence and predictors of severe anaemia (Hb <7g/dL) per 100 child-years of follow-up over the duration of first-line
antiretroviral therapy.

Results: As of December 2009, among the 2933 children included in the collaboration, 45% were girls, median age was five
years; median CD4 cell percentage was 13%; median weight-for-age z-score was —2.7; and 1772 (60.4%) had a first-line ZDV-
containing regimen. At baseline, 70% of the children with a first-line ZDV-containing regimen had a haemoglobin measure
available versus 76% in those not on ZDV (p <0.01): the prevalence of severe anaemia was 3.0% (n =38) in the ZDV group
versus 10.2% (n =89) in those without (p <0. 01). Over the first-line follow-up, 58.9% of the children had >1 measure of
haemoglobin available in those exposed to ZDV versus 60.4% of those not (p =0.45). Severe anaemia occurred in 92 children
with an incidence of 2.47 per 100 child-years of follow-up in those on a ZDV-containing regimen versus 4.25 in those not
(p <0.01). Adjusted for age at ART initiation and first-line regimen, a weight-for-age z-score < —3 was a strong predictor
associated with a 5.59 times risk of severe anaemia (p <0.01).

Conclusions: Severe anaemia is frequent at baseline and guides the first-line ART prescription, but its incidence seems rare
among children on ART. Severe malnutrition at baseline is a strong predictor for development of severe anaemia, and
interventions to address this should form an integral component of clinical care.
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Introduction

Anaemia is common among HIV-infected children worldwide
including Africa [1-3]. Anaemia may impair physical, socio-
emotional, neurophysiological functioning and hence de-
crease the survival [2,3]. Zidovudine (ZDV), a drug associated
with bone marrow suppression [4], is a nucleoside reverse
transcriptase inhibitor in first-line antiretroviral therapy (ART)
regimens in the WHO guidelines [4]. This raises the realistic
possibility of increased anaemia among the children put on a

ZDV-containing regimen. The ARROW study shows that
regular monitoring is not very important in the first few years
of treatment [5].

Laboratory monitoring of children on ART is important so
as to detect any toxicities such as anaemia. Single-centre
studies from West Africa have documented anaemia in chil-
dren on ART. However, to date there are no multi-centre data
from this region [6,7]. The paediatric West African Database
on AIDS (pWADA) undertook this study to determine the
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risk of severe anaemia and its predictors after the initiation
of ZDV-containing ART or non-ZDV- (Stavudine or Abacavir)
containing ART in HIV-infected children. The pWADA colla-
boration is part of the International Epidemiologic Databases
to Evaluate AIDS (leDEA) programme in West Africa. The
overall purpose of the pWADA research programme is to
better document the operational access to HIV care and its
long-term outcomes among HIV-exposed and HIV-infected
children in the West African sub-region. Since the database
records several outcomes, it offers the possibility of examin-
ing drug-related toxicities.

Method

This retrospective study evaluated ART-treated children
followed up in ten clinical centres in seven countries in
West Africa (Benin, Burkina Faso, Cote d’lvoire, Gambia,
Ghana, Mali and Senegal) that contribute standardized data to
the pWADA collaboration. All HIV-infected children under 16
years of age starting ART in these programmes from January
2000 to December 2009 were included. In all children, CD4
cell count, CD4 cell percentage, blood haemoglobin level,
and blood platelet, granulocyte and leukocyte counts were
measured at baseline, then monitored every six months
according to the national guidelines. For infants and children,
haemoglobin is measured at week 8 after initiation of AZT-
containing regimens, or more frequently if symptoms indicate
so according to the WHO guidelines [4].

Data obtained at baseline, that is, taken within three
months of starting ART and over time were analyzed according
to the first-line treatment. The visit windows were defined as
the three-month time period around the visit for haemoglobin
measurement. Patients were deemed lost to follow-up if they
had not attended clinic more than six months after their last
visit. Haemoglobin documentation to determine adherence to
monitoring guidelines and the incidence of severe anaemia
according to the first-line ART and its predictors were
investigated. Anaemia was defined as haemoglobin concen-
tration below 10 g/dL and severe anaemia as Hb concentra-
tion of less than 7 g/dL using WHO grading [8]. Independent

variables looked at were initial first-line ART regimen, baseline
Hb, baseline clinical stage, baseline CD4 cell count and
percentage, patient age and sex. Continuous variables were
compared using the Wilcoxon rank-sum test, and comparisons
between two categorical variables were performed using
Fisher’s exact test. The cumulative probability of severe
anaemia was estimated using Kaplan—Meier product limit
formulae, with 95% confidence interval (Cl). The log-rank test
was used for comparisons between groups. The predictive
factors associated with severe anaemia were determined
using univariate, full model and multi-variate Cox model. The
multi-variable analysis was performed by the backward
selection procedure. This procedure begins with a model
including all variables associated with severe anaemia with a
p-value below 0.20 in the univariate Cox model analysis. If any
predictors are above a 5% p-value, the predictor with the
highest p-value is removed from the model. This process
continues until the remaining variables meet the criterion.
The participating centres from their various institutional
review boards obtained ethical clearance for the collaboration.

Results
Of 2933 children on ART, 2919 had information on first-line
treatment in the database (Figure 1) and contributed data to
this study. A total of 55.1% of the cohort were boys, and 1772
out of 2919 (60.7%) were put on a ZDV-containing regimen.
Baseline Hb concentration was documented in only 2117
(72.5%) children (Table 1). Only four centres use CDC clinical
staging hence the very low numbers. The median Hb was
significantly higher among children in the ZDV group (median
10 g/dL; IQR: 9—-11) compared to children in the non-ZDV
group (median 9 g/dL; IQR: 8-10), p <0.01 (Table 2). A total
of 1281 (60.5%) children had an Hb level <10 g/dL and 127
(6.0%) had severe anaemia, with 69 (54.3%) boys and 58
(45.7%) girls (p =0.85). At baseline, 3% of the ZDV group were
severely anaemic compared to 10% of the non-ZDV group
(p <0.01) and these children were excluded from the follow-
up analysis. The median CD4 cell count and percentage
respectively at baseline were 385 cells/mm? (IQR: 148—695)

| 2933 children on ART I

‘291 9 children with information of first-Line ART treatment

n=127 with Hb<7 at baseline

(prevalent)

| 2792 children without severe anemia at ART initiation ]

n=92 incidence severe
anemia during follow-up

n=1569 with no incidence
severe anemia during follow-up

n=1131 no measure
of Hb during follow-up

Figure 1. Flow diagram of the paediatric cohort enrolled in the leDEA Paediatric West Africa Programme.
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Table 1. Completeness of data according to first-line treatment

First-line ART with ZDV (n =1772)

First-line ART without ZDV (n =1147) Total (n =2919) p

Haemoglobin available n, (%) 1244 (70.2)
CD4 cell count available n, (%) 1275 (71.9)
CD4 cell percentage available n, (%) 832 (46.9)
WHO clinical stage available n, (%) 646 (36.4)
CDC clinical stage available n, (%) 294 (16.6)
Clinical staging available n, (%) 864 (48.8)

873 (76.1) 2117 (72.5) <0.01
771 (67.2) 2046 (70.1) <0.01
573 (50.0) 1405 (48.1) 0.12
299 (26.1) 945 (32.4) <0.01
189 (16.5) 483 (16.5) 0.96
478 (41.7) 1342 (46.0) <0.01

and 13% (IQR: 7-19); there were no significant differences
observed in the immunological profile between the treatment
groups. There was no significant difference in median weight-
for-age z-score between the groups.

Overall, adherence to monitoring guidelines of Hb at
baseline was 72.5% complete (Supplemental figure). Follow-
up Hb was available for 59.4% of patients. The median
duration of follow-up was nine months (IQR 2—23) for the ZDV
group and seven months (IQR: 2—25) for the non-ZDV group.

There were significant differences observed in monitoring
during the follow-up period according to ART regimen. At
baseline, we observed 70.2% of Hb measurements for the
ZDV group versus 76.1% for the non-ZDV group (p <0.01).

By month 12, we observed 38.9% versus 48.4%, respectively
(Figure 2).

Of the 1661 children for whom follow-up Hb was
documented, 92 (5.5%) developed severe anaemia, of which
50% were male. By month 6, 3.5% of the non-ZDV group
were severely anaemic compared to 1.5% of the ZDV group,
p <0.01, and this trend was again observed at 12 months
though the difference was not statistically significant, that is,
2.3% versus 1.6%, respectively, p =0.41 (Figure 2). There was
a statistically significant incidence of severe anaemia of 2.47
[95% CI (2.39-2.54)] and 4.25 [95% C| (4.13—4.37)] per 100
child-years of follow-up for the ZDV and the non-ZDV groups,
respectively, p <0.01 (Table 3). The incidence of severe

Table 2. Baseline characteristics of children according to the first-line treatment (ZDV-containing ART or not)
First-line ART with ZDV (n =1772) First-line ART without ZDV (n =1147) Total (n =2919) p
Boy n, (%) 968 (54.6) 640 (55.8) 1608 (55.1) 0.53
Median age (years) (IQR) 5 (2-8) 6 (2-9) 5(2-9) <0.01
First-line initiated n, (%) <0.01
2NRTI + INNRTI 1262 (71.2) 732 (63.8) 1994 (68.3)
2NRTI + 1IP 465 (26.2) 375 (32.7) 840 (28.8)
3NRTI 30 (1.7) 5 (0.4) 35 (1.2)
Median haemoglobin (IQR) 10 (911) 9 (810) 10 (811) <0.01
Haemoglobin n, (%) <0.01
Hb <7 g/dL n, (%) 38 (3.0) 89 (10.2) 127 (6.0)
Hb [7—10[g/dL n, (%) 630 (50.6) 524 (60.0) 1154 (54.5)
Hb >10 g/dL n, (%) 577 (46.3) 260 (29.8) 837 (39.5)
Median CD4 cell count (IQR) 391 (154694) 373 (140710) 385 (148695) 0.99
CD4 cell count n, (%) 0.19
<200 374 (29.3) 245 (31.8) 619 (30.2)
200-500 418 (32.8) 224 (29.0) 642 (31.4)
> 500 483 (37.9) 302 (39.2) 785 (38.4)
Median CD4 percentage (IQR) 12 (718) 13 (720) 13 (719) 0.50
CD4 cell percentage n, (%) 0.54
< 15% 501 (60.2) 330 (57.6) 831 (59.1)
[15-25%] 227 (27.3) 162 (28.3) 389 (27.7)
> 25% 104 (12.5) 81 (14.1) 185 (56.6)
WHO clinical stage IV n, (%) 83 (12.8) 31 (10.4) 114 (12.1) 0.28
CDC clinical stage AIDS n, (%) 115 (39.1) 97 (51.3) 212 (43.9) <0.01
Clinical stage n, (%) 0.05
Stage I, II, Ill or stage A, B 681 (78.8) 354 (74.1) 1035 (77.1)
AIDS or stage WHO IV 183 (21.1) 124 (25.9) 307 (22.9)
Median weight-for-age z-score (IQR) —2.6 (—4.2-1.4) —2.7(—4.4-14) —2.7(—4.3-1.4) 0.53
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Figure 2.

anaemia was 2.73 [95% Cl (2.65—2.80)] in boys to 3.76 [95%
Cl (3.65—3.87)] in girls.

The loss to follow-up (LTFU) rate of 24% among the ZDV
group as compared to 14.6% in the non-ZDV group was
statistically significant, p <0.01, with a documented inci-
dence of severe anaemia in the LTFU group at last recorded

Table 3.

Follow-up data, haemoglobin monitoring and anaemia, according to the first-line treatment (ZDV-containing ART or not).

Hb. However, it approached significance (p =0.05) at 1.4%
(zDV) and 0.6% (non-ZDV).

The cumulative probability of severe anaemia increased
to 4% over the 12-month follow-up period. On stratifying
according to the initial ART regimen, the non-ZDV group had a
higher cumulative probability of developing severe anaemia

Follow-up according to the first-line treatment (ZDV-containing ART or not)

First-line ART with zDV

First-line ART without ZDV

(n=1772) (n =1147) Total (n =2919) P
Median duration of the first-line initiated 9 (2-23) 7 (2-25) 8 (2-24) 0.60
(months) (IQR)
Without severe anaemia at baseline (N =2792)
Number at risk of severe anaemia n, (%) 1734 (97.8) 1058 (92.2) 2792 (95.6) <0.01
At least one measure of Hb during follow-up 1022 (58.9) 639 (60.4) 1661 (59.5) 0.45
n, (%)
Cumulative incidence of severe anaemia 44 (4.3) 48 (7.5) 92 (5.5) <0.01
during first-line ART (N =1661) n, (%)
Incidence rate of severe anaemia 2.47 (2.39-2.54) 4.25 (4.13-4.37) 3.16 (3.10-3.22) <0.01
(per 100 child-year of FU) (95% Cl)
Outcome at the end of the first-line ART
initiated n, (%)
Death 88 (5.0) 80 (7.1) 168 (5.8) 0.02
Severe anaemia among deaths 5 (5.7) 7 (8.7) 12 (7.1) 0.65
LTFU 426 (24.0) 167 (14.6) 593 (20.3) <0.01
Severe anaemia among LTFU 6 (1.4) 1 (0.6) 7 (1.2) 0.05
Active FU 698 (39.4) 333 (29.0) 1031 (35.3) <0.01
Severe anaemia among active FU 18 (2.6) 22 (6.6) 40 (3.9) 0.63



http://www.jiasociety.org/index.php/jias/article/view/18024
http://dx.doi.org/10.7448/IAS.16.1.18024

Renner LA et al. Journal of the International AIDS Society 2013, 16:18024

http://www.jiasociety.org/index.php/jias/article/view/18024 | http://dx.doi.org/10.7448/1AS.16.1.18024

of 6.2% (95% Cl: 4.5-8.6) compared to 2.7% (95% Cl: 1.8—4.0)
in the ZDV group with log-rank p <0.01 (Figure 3).

Assessing the predictors of severe anaemia, children
between 12 and 36 months of age had a 1.94 times risk
[95% CI (1.20-3.13)] of severe anaemia in the univariate
analysis and 2.1 times [95% Cl (1.3—3.4)] in the adjusted
analysis compared to children above 60 months of age
(Supplementary Table).

The baseline clinical stage IV/AIDS, CD4 cell count of <500
and CD4 cell percentage of <15% were not associated with
a significant increase in severe anaemia. Children on a non-
ZDV-based regime had a significant risk of severe anaemia of
1.85 [95% CI (1.22-2.79), p <0.01] on analysis. Adjusted for
age at ART initiation and first-line regimen, a weight-for-age
z-score lower than —3 was a strong predictor [relative risk:
5.59, 95% Cl 2.63—11.9; p <0.01)] of severe anaemia.

Discussion

In resource-poor countries such as in West Africa, anaemiais a
common disease among children [9—12]. Anaemia in children
with HIV may be due to malnutrition, malaria, worm infesta-
tion, sickle cell disease, opportunistic infections as well as the

HIV infection itself [2,3,13]. Prevalence of anaemia of 60.5% at
baseline is in keeping with that reported from global studies in
children from Western and tropical countries [2,3,13—15]. The
determinants of anaemia at baseline in this cohort were not
identified. The low median weight-for-age z-score of —2.7 at
baseline was similar in both groups and worse than in the
Cross Continents Collaboration for Kids study (3Cs4kids) where
the median weight for age was — 1.9 SD and median Hb was
10.0 g/dL [16]. In patients who are severely anaemic at
baseline, an alternative NRTI to ZDV is recommended by the
World Health Organization [4]. In the cohort from this study,
the percentage with severe baseline anaemia (6%) was similar
to other studies from the same region [14,17]. Higher pre-
valence of severe anaemia in the non-ZDV group demonstrates
physician compliance with recommended first-line treatment
to avoid ZDV. Of note, the children who were severely anaemic
at baseline in this cohort were excluded from the follow-up
analysis as the study’s major objective was to determine
progression to severe anaemia.

Although the LTFU rate in the ZDV group was higher, the
incidence of severe anaemia was not. The reasons for the
LTFU were not documented. In Malawi, LTFU was associated
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Figure 3.
with one or more measure of haemoglobin during follow-up.

Kaplan—Meier cumulative probability of incidence of severe anaemia during the first-line ART regimen, in 1661 children on ART
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with a mortality rate of 41% [18]. Other reasons include
changes in caregivers, difficulties in geographical access to
care, drug unpalatability [19,20] and possible “silent trans-
fers” to other clinics [21] The LTFU rate was high compared to
other large multi-centre studies such as the leDEA Southern
Africa Collaboration and the Kids ART LINC collaboration
[22,23] in Africa. Amongst the children who were recorded as
dead, a significant percentage was in the non-ZDV group
and although there was also a higher percentage of severe
anaemia among them, this was not significant. Other studies
from Zambia and Kenya have shown that apart from severe
anaemia, causes of death amongst African children include
malnutrition, pneumonia, cardiac causes, tuberculosis and
gastroenteritis [24,25].

Poor documentation, as in many retrospective observa-
tional studies is a limitation of this study. This may have been
due to incomplete data entry on the part of the data managers
at the centres or clinical shortcomings with physicians not
requesting the required laboratory tests. Hb levels are essen-
tial in clinical care settings as the presence and severity of
anaemia affects choice of ART and clinical management. While
technical barriers can explain the absence of baseline CD4
data, the absence of documented baseline clinical staging
suggests a more pervasive data collection challenge in this
setting. The importance of regular laboratory monitoring in
accordance with WHO guidelines [4] needs emphasis in clinical
programmes and effective supervision of data entry is essen-
tial as anaemia in children is associated with increased mor-
bidity and mortality [2,22,24—-26]. However, the recently
published ARROW study rather emphasized the importance
of clinical monitoring with targeted laboratory investigations
[5]. An leDEA paediatric working group global survey reported
90% regular monitoring in West Africa [27]. The pWADA
collaboration seeks to improve data quality amongst the
participating centres by strengthening data management and
disseminating best practices between centres facing similar
challenges in this area.

The non-ZDV group had a higher cumulative probability of
incidence of severe anaemia during the first year of follow-up.
A trend of increasing incidence of severe anaemia in the ZDV
group, becoming more apparent by 18 months of follow-up
compared to the non-ZDV group was evident. Therefore over
time, ZDV may contribute to the incidence of anaemia.
Despite this, the cumulative probability of severe anaemia
in the cohort overall was however higher in the non-ZDV
group. This may be due mainly to the higher proportion
being anaemic at baseline in this group. While written care
protocols and published guidelines suggest clinicians avoid
using ZDV in the presence of anaemia this was not specifically
investigated in this study. Other large studies in children and
adults including global meta-analyses, evidence from sub-
Saharan Africa and India, have reported comparatively
worsening levels of Hb on ZDV-containing ART [2,6,27—34].
Studies also show that anaemia does not preclude the use of
ZDV-containing therapy as the Hb improves over time with
immunologic recovery both in children in India and adults in a
large cohort in Uganda and the United States [14,17,35].
Findings showed that a non-ZDV-containing regimen was
significantly associated with severe anaemia when compared

to a ZDV-containing regimen. In this cohort, the prevalence of
anaemia in general showed a significant reduction in both
groups from 53.6% to 5.6% in the ZDV group and 70.2% to
9.2% in the non-ZDV group at baseline and 18 months,
respectively. This corroborates the evidence from studies that
showed improvement in Hb over time. The risk of severe
anaemia is reduced when HIV-positive patients are switched
to ZDV after having been stabilized on alternative nucleoside
reverse transcriptase inhibitors [28,31,33].

Children under five years of age are more vulnerable to
severe anaemia as studies from developing countries indicate
[14,36] and the relative risk of severe anaemia in this group
was higher.

Although children with Hb less than 10 g/dL at baseline
had an increased risk of developing severe anaemia, this was
not significant. We found that severe baseline malnutrition
was a strong predictor of severe anaemia independent of age
and ART regimen in keeping with other studies from Asia and
Africa [17,31-33,37].

Our study has many limitations. Its retrospective nature,
gaps in documentation and site monitoring may have affected
data quality. There is a lack of information on whether Hb
measurements were driven by guidelines or clinical assess-
ment. Absence of data on the aetiology of anaemia in this
cohort is a limitation. Additionally, the high LTFU rate leading
to uncertainty about severe anaemia after the children were
LTFU could have led to skewed findings. ZDV was not
prescribed to children most vulnerable to severe anaemia in
conformity with WHO guidelines making the overall compar-
ison not entirely uniform. The real-time nature of this study is a
strength as it portrays the situation in everyday clinical
practice. Another strength of this study is that it is a large
multi-centre, multi-national study conducted over a large but
similar geographical area and as such, there are not likely to be
significant differences in the non-HIV-related causes of
anaemia. This however may limit the generalizability of the
findings to other regions.

Conclusions

This study confirms that the baseline prevalence of anaemiain
HIV-infected children in West Africa is very high. Clinicians
in West Africa are generally guided by the haemoglobin level in
prescribing first-line ART in accordance with recommenda-
tions. The prevalence of anaemia improves over time in HIV-
infected children on ART. Severe anaemia is not a commonly
related toxicity even among children treated with ZDV.
Children on ART are nonetheless still at risk of becoming se-
verely anaemic and should be monitored. HIV-infected chil-
dren under five years of age on ART, especially those less than
36 months of age, are at a higher risk of severe anaemia than
their older counterparts. The presence of anaemia at baseline,
which may require children to be put on a non-ZDV-containing
thymidine regime, is a risk factor for the development of
severe anaemia. Severe malnutrition at baseline is a strong
predictor for developing severe anaemia and interventions to
address this should form an integral component of clinical
care. The high LTFU rate is of much concern as this may be an
indicator of un-notified deaths. Measures should be instituted
in clinical centres to help track all defaulting patients.


http://www.jiasociety.org/index.php/jias/article/view/18024
http://dx.doi.org/10.7448/IAS.16.1.18024

Renner LA et al. Journal of the International AIDS Society 2013, 16:18024

http://www.jiasociety.org/index.php/jias/article/view/18024 | http://dx.doi.org/10.7448/1AS.16.1.18024

Authors’ affiliations

‘Department of Child Health, University of Ghana Medical School, Korle Bu
Teaching Hospital, Accra, Ghana; 2H(Spital Gabriel Touré, Bamako, Mali; >CHU
Charles de Gaulle, Ouagadougou, Burkina Faso; “INSERM U897, Institut de
Santé Publique, Epidémiologie et Développement (ISPED), Université
Bordeaux Segalen, Bordeaux, France; *Hopital d’Enfants Albert-Royer, Dakar,
Sénégal; ®Centre de Prise en charge, de Recherche et de Formation (CePReF),
Abidjan, Cote d’lvoire; ’Pediatric Ward, CHU de Yopougon, Abidjan, Cote
d’Ivoire; SUPEIV, Hopital d’Instruction des Armées, Cotonou, Benin; *Medical
Research Council Unit, Fajara, Gambia; 1OMTCT Plus Network, Abidjan, Cote
d’Ivoire; *leDEA Regional Center, Programme PACCI, Abidjan, Cote d’lvoire

Competing interests
The authors have no competing interests to declare.

Authors’ contributions

All authors have read and approved the final article. LAR contributed to
conception and design, data acquisition, data interpretation and drafting
article. FD contributed to conception and design, data acquisition, critically
revising article. FK contributed to data acquisition, critically revising article. KM
contributed to conception and design, data acquisition, statistical analysis,
data interpretation. RDG contributed to data acquisition, critically revising
article. EA contributed to data acquisition, critically revising article. TKE
contributed to data acquisition, critically revising article. AA contributed to
data acquisition, critically revising article. UO contributed to data acquisition,
critically revising article. PT contributed to data acquisition, critically revising
article. DKE contributed to concept and design, critically revising article. VL
contributed to conception and design, data acquisition, interpretation, drafting
article.

The leDEA West Africa Collaboration Study Group (as of June 25, 2012):
Participating sites (*members of the Steering Committee):

Benin, Cotonou:

Adults: Marcel Djimon Zannou*, Carin Ahouada, Jocelyn Akakpo, Christelle
Ahomadegbé, Jules Bashi-Houeto, Gougounon Alice, Angela Azo-Kouanou,
Fabien Houngbe (CNHU Hubert Maga).

Pediatrics: Sikiratou Koumakpai*, Florence Alihonou, Marcelline d’Almeida,
Irvine Hodonou, Ghislaine Hounhoui, Gracien Sagbo, Leila Tossa-Bagnan (CNHU
Hubert Maga).

Burkina Faso:

Adults: Joseph Drabo*, René Bognounou, Beranger Kaboré, Emile Ouedraogo,
Eliezer Traore, Béatrice Zerbo (CHU Yalgado, Ouagadougou), Bruno Adrien
Sawadogo*, Jacques Zoungrana, Arsene Hema, lbrahim Sore, William, Achilles
Bado Tapsoba (CHU Souro Sanou, Bobo Dioulasso).

Pediatrics: Diarra Yé*, Mady Gansonré, Fla Koueta, Sylvie Ouedraogo
(CH Charles de Gaulle, Ouagadougou).

Cote d’Ivoire, Abidjan:

Adults: Eugéne Messou*, Mamadou Koné, Guillaume Martial Kouakou
(ACONDA-CePReF); Clarisse Amani Bosse* (ACONDA-MTCT-Plus); Henri
Chenal*, Denise Hawerlander, Franck Soppi (CIRBA); Albert Minga*, Yao Abo,
Germain Bomisso (CMSDS/CNTS); Serge Paul Eholié*, Edjake Anibie Mensah
Deborah Noelly Amego, Viviane Andavi, Zelica Diallo, Frédeéric Ello, Aristophane
Koffi Tanon (SMIT, CHU de Treichville), Serge Olivier Koule*, Koffi Charles
Anzan, Calixte Guehi (USAC, CHU de Treichville);

Pediatrics: Edmond Addi Aka*, Koffi Ladji Issouf, Jean-Claude Kouakou,
Marie-Sylvie N’Gbeche, Serge N’zoré Kangah (ACONDA-CePReF); Pety Touré*,
(ACONDA-MTCT-Plus); Kouadio Kouakou*, Serge N’zoré Kangah, Magloire Moh,
Valérie Andoblé Yao (CIRBA); Madeleine Folquet-Amorissani*, Marie-Evelyne
Dainguy, Jean Bosco Essanin, Cyrille Kouakou, Véronique Tanoh Méa-Assande,
Gladys Oka-Berete, Nathalie Zobo, Patrick Acquah, Marie-Berthe Kokora (CHU
Cocody); Tanoh Frangois Ebouah*, Jean-Serge Elvis Diby, Lucréce Diecket,
Apollinaire Gninlgninrin Horo, Mabéa Flora Sami, Marguerite Timité-Konan
(CHU Yopougon).

Ghana, Accra:

Pediatrics: Lorna Awo Renner*, Bamenla Goka, Jennifer Welbeck, Adziri
Sackey, Seth Ntiri Owiafe (Korle Bu TH).

Guinea-Bissau:

Adults: Christian Wejse*, Zacarias José Da Silva*, Joao Paulo (Bandim Health
Project), The Bissau HIV cohort study group.

Mali, Bamako:

Adults: Moussa Maiga*, Yaya Ballayira, Fatoumata Fofana Diakité, Karifo
Diakité Mohammed Haidara, Abdoulaye Kalle, (CH Gabriel Toure), Hamar

Alassane Traore*, Daouda Minta*, Tidiany Cissé, Mohammed Doumbia,
Amadou Abathina Toure (CH Point G).

Pediatrics: Fatoumata Dicko*, Boubacar Ba, Alima Berthé, Hadizatou Safiatou
Coulibaly Traore, Anta Koita, Niaboula Koné, Clémentine N’Diaye, Mariam Sylla,
Mamadou Traoré, Naichata Traoré (CH Gabriel Toure).

Nigeria:

Adults: Man Charurat* (UMB/IHV), Samuel Ajayi*, Georgina Alim, Stephen
Dapiap, Otu (UATH, Abuja), Festus Igbinoba (National Hospital Abuja), Clément
Adebamowo*, Jesse James, Obaseki, Philip Osakede (UBTH, BeninCity), John
Olasode (OATH, lle-Ife).

Senegal, Dakar:

Adults: Papa Salif Sow*, Bernard Diop, Noél Magloire Manga, Judicael Malick
Tine (SMIT, CHU Fann),

Pediatrics: Haby Signate Sy*, Abou Ba, Aida Diagne, Héléne Dior, Malick Faye,
Ramatoulaye Diagne Gueye, Aminata Diack Mbaye, (CH Albert Royer).

Togo, Lomé:

Adults: Akessiwe Patassi*, Awerou Kotosso, Benjamin Goilibe Kariyare,
Gafarou Gbadamassi, Agbo Komi, Kankoé Edem Mensah-Zukong, Pinuwe
Pakpame (CHU Tokoin/Sylvanus Olympio).

Pediatrics: Koko Lawson-Evi*, Yawo Atakouma, Améyo Djeha, Ayoko Ephoévi-
gah, Elom Takassi Benjamin Goilibe Kariyare, Sherifa El-Hadj Djibril, (CHU
Tokoin/Sylvanus Olympio).

Executive Committee: Francois Dabis (Principal Investigator, Bordeaux,
France), Emmanuel Bissagnene (Co-Principal Investigator, Abidjan, Cote
d’lvoire), Elise Arrivé (Bordeaux, France), Patrick Coffie (Abidjan, Cote
d’Ivoire), Didier Ekouevi (Abidjan, Cote d’lvoire), Antoine Jaquet (Bordeaux,
France), Valériane Leroy (Bordeaux, France), Charlotte Lewden (Bordeaux,
France), Annie Sasco (Bordeaux, France).

Operational and Statistical Team: Jean-Claude Azani (Abidjan, Cote
d’lvoire), Bertine Siloué (Abidjan, Cote d’Ivoire), Gérard Allou (Abidjan,
Cote d’lvoire), Eric Balestre (Bordeaux, France), Franck Bohossou (Abidjan,
Cote d’lvoire), Sophie Karcher (Bordeaux, France), Jules Mahan Gonsan
(Abidjan, Cote d’lvoire), Jérome Le Carrou (Bordeaux, France), Séverin Lenaud
(Abidjan, Cote d’lvoire), Célestin Nchot (Abidjan, Cote d’lvoire), Karen
Malateste (Bordeaux, France), Amon Roseamonde Yao (Abidjan, Cote d’Ivoire).
Administrative Team: Gwenaelle Clouet (Bordeaux, France), Hugues Djetouan
(Abidjan, Cote d’lvoire), Alexandra Doring (Bordeaux, France), Adrienne
Kouakou (Abidjan, Cote d’lvoire), Elodie Rabourdin (Bordeaux, France), Jean
Rivenc (Pessac, France).

Consultants/ Working Groups: Xavier Anglaret (Bordeaux, France), Andrea
Ciaranello (Boston, USA), Sophie Desmonde (Bordeaux, France), Geoffrey
S.Gottlieb (Seattle, USA), Denis Malvy (Bordeaux, France), David Meless
(Abidjan, Cote d’Ivoire), Aida Mounkaila-Harouna (Bordeaux, France), Joahara
Nadri, Camille Ndondoki (Bordeaux, France), Caroline Shiboski (San Francisco
USA), Rodolphe Thiébaut (Bordeaux, France).

Acknowledgements and Funding

We thank all the staff at the ten clinical centres participating in the Paediatric
leDEA West Africa collaboration.

Coordinating Centre: ISPED, Univ Bordeaux Segalen, Bordeaux, France
Regional Office: PAC-CI, Abidjan, Céte d’Ivoire

Methodologic Support: MEREVA, Bordeaux, France, Website: http://www.
mereva.net/iedea

Funding from the National Cancer Institute (NClI), the Eunice Kennedy
Shriver National Institute of Child Health & Human Development (NICHD)
and the National Institute of Allergy and Infectious Diseases (NIAID) of the U.S.
National Institutes of Health (NIH), as part of the International Epidemiologic
Databases to Evaluate AIDS (leDEA) under Award Number U01AI069919. The
content is solely the responsibility of the authors and does not necessarily
represent the official views of the NIH.

References

1. Laufer MK, van Oosterhout JJ, Perez MA, Kanyanganlika J, Taylor TE,
Plowe CV, et al. Observational cohort study of HIV-infected African children.
Pediatr Infect Dis J. 2006;25:623—7.

2. Calis JC, van Hensbroek MB, de Haan RJ, Moons P, Brabin BJ, Bates |,
et al. HIV-associated anemia in children: a systematic review from a global
perspective. AIDS. 2008;22(10):1099—-112.

3. Clark TD, Mmiro F, Ndugwa C, Perry RT, Jackson JB, Melikian G, et al.
Risk factors and cumulative incidence of anaemia among human immunode-
ficiency virus-infected children in Uganda. Ann Trop Paediatr. 2002;22(1):11-7.


http://www.mereva.net/iedea
http://www.mereva.net/iedea
http://www.jiasociety.org/index.php/jias/article/view/18024
http://dx.doi.org/10.7448/IAS.16.1.18024

Renner LA et al. Journal of the International AIDS Society 2013, 16:18024

http://www.jiasociety.org/index.php/jias/article/view/18024 | http://dx.doi.org/10.7448/1AS.16.1.18024

4. World Health Organisation. Antiretroviral therapy of HIV infection in
infants and children in resource-limited settings: towards universal access.
Recommendations for a public health approach. Geneva: WHO; 2006.
[cited 2012 March 30] Available from: w]ww.who.int/hiv/pub/guidelines/
WHOpaediatric.pdf

5. ARROW Trial team. Routine versus clinically driven laboratory monitoring
and first-line antiretroviral therapy strategies in African children with HIV
(ARROW): a 5-year open-label randomised factorial trial. The Lancet [Internet].
2013 [cited 2013 July 18]; 381: Available from: http://dx.doi.org/10.1016/
50140-6736(12)62198-9

6. Okechukwu AA, Gambo D, Okechukwu 10. Prevalence of anaemia in HIV-
infected children at the University of Abuja Teaching Hospital, Gwagwalada.
Niger J Med. 2010;19(1):50-7.

7. Fassinou P, Elenga N, Rouet F, Laguide R, Kouakoussui KA, Timite M, et al.
Highly active antiretroviral therapies among HIV-1-infected children in Abidjan,
Cote d. Ivoire. AIDS. 2004;18:1905-13.

8. World Health Organization. Haemoglobin concentrations for the diagnosis
of anaemia and assessment of severity. Vitamin and Mineral Nutrition
Information System. Geneva: WHO; 2011. (WHO/NMH/NHD/MNM/11.1)
[cited 2013 March 15] Available from: http://www.who.int/vmnis/indicators/
haemoglobin.pdf.

9. World Health Organization. World wide prevalence of anaemia 1993—-2005.
WHO global database on anaemia. [cited 2012 April 4]. Available from: http://
whglibdoc.who.int/publications/2008/9789241596657_eng.pdf

10. Cornet M, Le Hesran JY, Fievet N, Cot M, Personne P, Gounoue R, et al.
Prevalence of and risk factors for anemia in young children in Southern
Cameroon. Am J Trop Med Hyg. 1998;58(5):606—11.

11. Heckman J, Samie A, Bessong P, Ntsieni M, Hamandi H, Kohler M, et al.
Anaemia among clinically well under-fives attending a community health
centre in Venda, Limpopo Province. S Afr Med J. 2010;100:7.

12. Greenwell F, Neumann M. Children’s anemia levels in West Africa: a good
proxy for malaria morbidity? [cited 2012 March 28]. Available from: Paa2006.
princeton.edu/download.aspx?submissionid=61268

13. Eley BS, Sive AA, Shuttleworth M, Hussy GD. A prospective, cross-sectional
study of anaemia and peripheral iron status in antiretroviral naive, HIV-1
infected children in Cape Town. South Africa. BMC Infect Dis. 2002;2(1):3.
14. Shet A, Mehta S, Rajagopalan N, Dinakar C, Ramesh E, Samuel NM, et al.
Anemia and growth failure among HIV-infected children in India: a retro-
spective analysis. BMC Pediatrics. 2009;9:37. doi:10.1186/1471-2431-9-37.
15. Owiredu WKBA, Quaye L, Amidu N, Addai-Mensah O. Prevalence of
anaemia and immunological markers among Ghanaian HAART-naive HIV-
patients and those on HAART. Afr Health Sci. 2011;11(1):2—-15.

16. Cross Continents Collaboration for Kids: Markers for predicting mortality
among untreated HIV-infected children in resource limited settings: a meta-
analysis. AIDS 2008;22(1):97-105.

17. Kiragga A, Castelnuovo B, Nakanjako D, Manabe YC. Baseline severe
anaemia should not preclude use of zidovudine in antiretroviral-eligible
patients in resource-limited settings. J Int AIDS Soc. 2010 [cited 2012 March
28]; 13:42. doi:10.1186/1758-2652-13-42.

18. Weigel R, Hochgesang M, Brinkhof MW, Hosseinipour MC, Boxshall M,
Mhango E, et al. Outcomes and associated risk factors of patients traced after
being lost to follow up from anti-retroviral treatment in Lilongwe, Malawi.
BMC Infectious Diseases. 2011;11(1):31. doi: 10.1186/1471-2334-11-31.

19. Vreeman RC, Wiehe SE, Ayaya SO, Musick BS, Nyandiko WM. Association of
antiretroviral and clinic adherence with orphan status among HIV-infected
children in Western Kenya. J Acquir Immune Defic Syndr. 2008;49:163—70.
20. Meyers T, Moultrie H, Naidoo K, Cotton M, Eley B, Sherman G, et al.
Challenges to pediatric HIV care and treatment in South Africa. J Infect Dis.
2007;196(Suppl 3):5474-81.

21. Fenner L, Brinkhof MWG, Keiser O, Weigel R, Cornell M, Moultrie H, et al.
for the International epidemiological Databases to Evaluate AIDS in Southern

Africa (leDEA-SA). Early Mortality and Loss to Follow-up in HIV-Infected
Children starting Antiretroviral Therapy in Southern Africa. J Acquir Immune
Defic Syndr [Internet]. 2010 August 15 [cited 2013 March 17];54(5): 524—-32.
doi: 10.1097/QAI.0b013e3181e0c4cf.

22. Davies MA, Keiser O, Technau K, Eley B, Rabie H, van Cutsem G, et al.
Outcomes of the South Africa National Antiretroviral Treatment Programme for
Children: the 1eDEA southern Africa Collaboration. S Afr Med J. 2009;99(10):
730-7.

23. Whitescarter J, Miotti P, Bazin B, Blesson S, Arrive E, Marquis B, et al. Low
risk of death, but substantial program attrition in pediatric HIV treatment
cohorts in sub-Saharan Africa — KIDS-ART-LINC collaboration. J Acquir Immune
Defic Syndr. 2008;49(5):523—-31.

24. Bolton-Moore C, Mubiana-Mbewe M, Cantrell R, Chintu N, Stringer EM,
Chi BH, et al. Clinical Outcomes and CD4 response in children receiving
antiretroviral therapy at primary health care facilities in Zambia. JAMA.
2007;298(16):1888—-99.

25. Wamalwa DC, Obimbo E, Farquhar C, Richardson BA, Mbori-Ngacha DA,
Inwani |, et al. Predictors of mortality in HIV-1 infected children on anti-
retroviral therapy in Kenya: a prospective cohort. BMC Pediatrics. 2010;10:33.
doi:10.1186/1471-2431-10.

26. Volberding PA, Levine AM, Dietrich D, Mildvan D, Mitsuvasu R, Saaq M,
et al. Anemia in HIV infection: clinical impact and evidence-based management
strategies. Clin Infect Dis. 2004;38(10):1454—63.

27. leDEA Pediatric Working Group. A survey of paediatric HIV programmatic
and clinical management practices in Asia and sub-Saharan Africa — the
International epidemiologic Databases to Evaluate AIDS (leDEA). Journal of the
International AIDS Society [Internet]. 2013;16:17998. [cited 2013 February 28]
Available from: http://www.jiasociety.org/index.php/jias/article/view/17998
28. Aurpibul L, Puthanakit T, Sirisanthana T, Sirisanthana V. Haematological
changes after switching from stavudine to zidovudine in HIV-infected children
receiving highly active antiretroviral therapy. HIV Med. 2008;9(5):317-21.

29. Midvan D, Creagh T, Leitz G. Prevalence of anaemia and correlation with
biomarkers and specific antiretroviral regimens in 9690 human immunodefi-
ciency virus-infected patients: findings of the anaemia prevalence study. Curr
Med Res Opin. 2007;23(2):343-55.

30. Forna F, Moore D, Mermin J, Brooks JT, Were W, Buchacz K, et al.
Haematologic changes associated with Zidovudine following single drug
substitution from stavudine in a homebased AIDS care program in rural
Uganda. J Int Assoc Physicians AIDS Care (Chic Ill). 2009;8(2):128—-38.

31. Huffam SE, Srasuebkul P, Zhou J, Calmy A, Saphonn V, Kaldor JM, et al.
Prior antiretroviral therapy experience protects against zidovudine related
anaemia. HIV Med. 2007;8(7):465-71.

32. Rajesh R, Vidyasagar S, Varma DM, Mohiuddin S, Noorunnisa. Evaluation of
incidence of zidovudine induced anaemia in Indian human immunodeficiency
virus positive patients in comparison with stavudine based highly active
antiretroviral therapy. Int J Risk Saf Med. 2011;23(3):171-80.

33. Agarwal D, Chakravarty J, Chaube L, Rai M, Agrawal NR, Sundar S, et al.
High incidence of zidovudine induced anaemia in HIV infected patients in
eastern India. Indian J Med Res. 2010;132:386-9.

34. Anwikar SR, Bandekar MS, Smrati B, Pazare AP, Tatke PA, Kshirsagar NA.
HAART induced adverse drug reactions: a retrospective analysis at a tertiary
referral health care center in India. Int J Risk Saf Med. 2011;23(3):163-9.

35. Sullivan PS, Hanson DL, Brooks JT. Impact on haemoglobin of starting
combination antiretroviral therapy with or without zidovudine in anemic HIV-
infected patients. J Acquir Immune Defic Syndr. 2008;48(2):163—8.

36. Brabin BJ, Premiji Z, Verheff F. An analysis of anemia and child mortality.
J Nutr. 2001;131(2):6365—48.

37. SSali F, Stohr W, Munderi P, Reid A, Walker AS, Gibb DM, et al. Prevalence,
incidence and predictors of severe anaemia with ZDV-containing regimens in
African adults with HIV infection within the DART trial. Antiviral Therapy.
2006;11(6):741-9.


http://www.who.int/hiv/pub/guidelines/WHOpaediatric.pdf
http://www.who.int/hiv/pub/guidelines/WHOpaediatric.pdf
http://www.who.int/hiv/pub/guidelines/WHOpaediatric.pdf
http://dx.doi.org/10.1016/S0140-6736(12)62198-9
http://dx.doi.org/10.1016/S0140-6736(12)62198-9
http://dx.doi.org/10.1016/S0140-6736(12)62198-9
http://dx.doi.org/10.1016/S0140-6736(12)62198-9
http://www.who.int/vmnis/indicators/haemoglobin.pdf.
http://www.who.int/vmnis/indicators/haemoglobin.pdf.
http://whqlibdoc.who.int/publications/2008/9789241596657_eng.pdf
http://whqlibdoc.who.int/publications/2008/9789241596657_eng.pdf
http://Paa2006.princeton.edu/download.aspx?submissionid=61268
http://Paa2006.princeton.edu/download.aspx?submissionid=61268
http://Paa2006.princeton.edu/download.aspx?submissionid=61268
http://Paa2006.princeton.edu/download.aspx?submissionid=61268
http://Paa2006.princeton.edu/download.aspx?submissionid=61268
http://www.jiasociety.org/index.php/jias/article/view/17998
http://www.jiasociety.org/index.php/jias/article/view/18024
http://dx.doi.org/10.7448/IAS.16.1.18024

