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Abstract
Background—We describe severe morbidity and healthcare resource utilisation (HCRU) among
HIV-infected children on antiretroviral therapy (ART) in Abidjan, Côte d’Ivoire.

Methods—All HIV-infected children enrolled in an HIV-care programme (2004–2009) were
eligible from ART initiation until database closeout, death, ART interruption, or loss to follow-up.
We calculated incidence density rates (IR) per 100 child-years (CY) for severe morbidity, HCRU
(outpatient and inpatient care), and associated factors using frailty models with a Weibull
distribution.

Results—Of 332 children with median age 5.7 years and median follow-up 2.5 years, 65.4%
were severely immunodeficient by WHO criteria and all received cotrimoxazole prophylaxis. We
recorded 464 clinical events in 228 children; the overall IR was 57.6/100 CY (95%CI: 52.1–62.5).
Severe morbidity was more frequent in children on protease inhibitor-based ART compared to
those on other regimens (aHR: 1.83, 95%CI: 1.35–2.47) and those moderately/severely
immunodeficient compared to those not (aHR: 1.57; 95%CI: 1.13–2.18 and aHR: 2.53, 95%CI:
1.81–3.55 respectively). Of the 464 events, 371 (80%) led to outpatient care (IR: 45.6/100CY) and
164 (35%) to inpatient care (IR: 20.2/100CY). In adjusted analyses, outpatient care was
significantly less frequent in children >10 years compared to children <2 years (aHR: 0.49,
95%CI: 0.31–0.78) and in those living furthest from clinic compared to those living closest (aHR:
0.65, 95%CI: 0.47–0.90). Both inpatient and outpatient HCRU were negatively associated with
cotrimoxazole prophylaxis.
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Conclusion—Despite ART, HIV-infected children still require substantial utilization of
healthcare services.
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Introduction
Worldwide, approximately 2 million children live with HIV, 90% of whom live in sub-
Saharan Africa (1). Most children acquire HIV via mother-to-child transmission (MTCT),
and despite the scale-up of effective programmes aimed at preventing MTCT (PMTCT), the
HIV epidemic continues to grow (1). In Côte d’Ivoire, an estimated 70,000 infants became
newly infected with HIV in 2011 (1). Without antiretroviral therapy (ART), as many as 50%
will die by their second birthday and 60% before age five (2, 3).

Since 2004, with the introduction of ART in Côte d’Ivoire, significant improvements in
survival have been achieved (4, 5). However, the proportion of HIV-infected children who
access ART remains unacceptably low, reaching only 15% in 2010 (1). Indeed, managing
HIV infection in children is more difficult than in adults. First, providing a continuum of
care between PMTCT and early infant diagnosis and ART remains a challenge (6–8) and
many children fail to be diagnosed or treated despite their mothers being followed-up in
HIV clinics. Second, diagnosis in children is complicated, requiring advanced and expensive
PCR techniques, still not available on a routine basis (9). Finally, ART is a life-long and
daily treatment, more difficult to manage in children, where paediatric formulations and
dosages are not always available (10). For these reasons, scaling-up access to ART care in
paediatric populations remains difficult in resource-limited settings (11, 12). Furthermore,
despite the benefits of ART, HIV-infected children remain at risk for many other common
infections and diseases that require healthcare (13, 14). Many studies in West Africa report
increased survival of HIV-infected children on ART (4, 13–16), but few describe severe
morbidity patterns and related utilization of healthcare. In this study we report severe
morbidity and associated healthcare resource utilization (HCRU) in HIV-infected children
on ART over the 2004–2009 scaling-up period in Abidjan, Côte d’Ivoire.

Methods
Settings and standard of care

The Aconda programme is a non-governmental association whose main objective is
providing care to HIV-infected patients in Côte d’Ivoire. In partnership with the Bordeaux
School of Public Health (ISPED, France), in 2004, Aconda launched a five-year programme
of access to HIV care and ART according to the 2006 WHO guidelines. In addition to a
number of public and private healthcare facilities, Aconda relies mostly on one dedicated
paediatric care facility: the CePReF- (Centre de Prise en Charge, de Recherche et de
Formation)- Enfant clinic. At CePReF, HIV-infected children are typically seen at least
every three months, and CD4 counts are measured every 6 months; viral load is not
routinely collected. ART, cotrimoxazole prophylaxis and blood analyses are free of charge.
However, X-rays, in-patient day-care, and non-ART medications are only partially
subsidized, while routine laboratory tests (blood smears, cultures, and microscopy) are still
mostly paid for by patient families.
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Study design and participants
This was a retrospective study conducted within a cohort of HIV-infected children followed-
up within the CePReF facility in the Aconda care programme in Abidjan. All children under
15 years of age, with a medical record, who initiated ART for the first time between 1st
January 2004 and 31st December 2009 after a confirmed HIV diagnosis, were included in
the study. Children were followed from ART initiation until database closeout, death, ART
interruption or loss to follow-up (no contact for >6 months), whichever came first.

Data collection
Patient data were collected retrospectively from paper-based medical records at CePReF,
using a standardized data collection instrument issued specifically for this purpose. A
thorough description of the data collection instrument has been described elsewhere (17).
Severe morbidity was defined as any event classified as WHO stage 3 or stage 4, or any
event leading to in-patient day-care, hospitalization, or death. Any similar event occurring
within 30 days of the previous one was considered to be a complication and not counted as
an additional event. Because there was no standard diagnosis validation tool, AIDS-defining
events were defined according to the 2006 WHO case definitions of HIV surveillance (18).
Malaria was defined as either definite, if confirmed by a positive blood smear, or probable,
if a documented fever led to a prescription for an antimalarial drug. To be consistent within
the study period, immunodeficiency was defined according to the WHO recommendations
issued in 2006 (19).

Healthcare resource utilization (HCRU) was divided into two categories: (i) outpatient care,
defined as either (i.1) a medical examination with a complementary diagnosis method
(complete blood count, x-ray, or blood smear) or (i.2) any drug prescription other than
cotrimoxazole prophylaxis or ART. (ii) Inpatient care, defined as either (ii.1) inpatient day-
care by periods of 24 hours within the CePReF “day hospital” or (ii.2) hospitalization >24
hours at the University Hospital of Yopougon, Abidjan.

Statistical analyses
Baseline categorical data are presented as frequencies (percentage) and continuous variables
using the median and interquartile range (IQR). Incidence rates (IR) of both severe
morbidity and HCRU occurring per 100 child-years (CY) of follow-up were computed with
their 95% confidence interval (95%CI). IRs were described overall and according to age at
ART initiation and CD4% strata at time of event: >15%, 15 – 25 % and ≥25%.

To study the incidence of recurrent morbidity and recurrent HCRU rates since ART
initiation, we used parametric frailty models, estimating the baseline hazard rates with a
Weibull distribution. Frailty models are an extension of the Cox regression model; a frailty
model is a random effect model for time-to-event data, accounting for intra-subject
correlation (20, 21). Using shared frailty models allowed us to account for the dependence
between recurrent events in a given patient. Moreover, children experiencing severe
morbidity are more likely to die, either in hospital, or as several studies have shown, at
home, unable to access care, and therefore are lost to follow-up (22). To account for this we
also ran a joint frailty model, studying the joint evolution over time of two survival
processes: the recurrent event (severe morbidity) and the terminal event (loss-to-
programme), considering the latter as informative censoring (23). The dependence between
the two processes was significant and hazard rates were computed for both the recurrent and
terminal event. For HCRU, this association was not significant and we ran shared frailty
models, accounting only for dependence between recurrent events (i.e: the probability for
utilisation of healthcare services depended on having already used healthcare services
previously). In all models we used the calendar timescale, where the start of the “at-risk”
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period for each event was not reset to 0 after the previous event, but to the actual time since
entry in the study, ie ART initiation. We used the package frailtypack of R statistical
software version 2.15.2 (The R foundation for Statistical computing, Vienna, Austria),
following guidelines presented by Rondeau et al (24).

Results
Baseline characteristics

Overall, 332 children initiated ART between 2004 – 2009 at the CePReF at median age at of
5.7 years (IQR: 2.6–9.3; Table 1). Of these, 54.8% were male and 29.1% were classified as
CDC stage C; a significantly higher proportion of children aged ≥10 years were classified as
CDC stage C compared to those aged <2 years (38.7%, p<0.0001). At ART initiation, all
children were receiving cotrimoxazole prophylaxis. The median CD4% count at enrollment
was 10.5% (IQR: 5.8–13.9), and 65.4% met the 2006 WHO criteria for immunodeficiency
by age (19). The proportion of immunodeficient children was highest among children aged
<2 years and aged 2–3 years, reaching 100% and 94.1% respectively in those age groups.

Follow-up
The median follow-up period was 2.5 years (IQR: 0.69–4.04). Overall, 45 (13.5%) children
died and 22 (6.6%) were lost to follow-up. Ninety-nine children (30%) interrupted
cotrimoxazole prophylaxis during follow-up, after a median time on ART of 1.8 years (IQR:
1.2–2.6); reasons for cotrimoxazole interruption were not documented. At ART initiation,
255 (77.3%) children initiated an NNRTI-based therapy, the remaining 75 (22.7%) initiated
a PI-based ART regimen. During follow-up, 39 children (11.7%) switched to second-line
treatment, defined as the change of class of treatment, at a median time of 1.7 years (IQR:
0.5–2.3). The reasons for switching to second-line were not documented; however we report
one switch for toxicity, one for non-adherence, and two resulting from limited medication
supply. Overall, the most common ART combinations for children on PIs were AZT+3TC
+Nelfinavir (36%), d4T+3TC+Nelfinavir (32%) and ddI+ABC+Lopinavir/ritonavir (11%).
Children on NNRTIs were most commonly on AZT + 3TC + Efavirenz (42%), d4T + 3TC +
Efavirenz (32%) and AZT + 3TC + Nevirapine (11%).

Severe morbidity
During the study period, 228 (68.7%) children experienced severe morbidity, with a median
number of 1 event per child (IQR: 0–3); the maximum number of severe events in a single
patient was 8, and the total amount of events observed was 464. The median delay from
ART initiation to occurrence of the first event was 2.3 months (IQR: 0.7–11).

The overall severe morbidity IR was 57.1 per 100 child-years of follow-up (CY) (95%CI:
[52.1–62.5]). The global and CD4-strata specific IRs of selected clinical events by age group
at ART initiation are given in Table 2. The overall IR was similar in children aged < and ≥5
years; however, we observed higher rates in children aged <5 years compared to ≥5 years
when CD4% <25%. Event defining WHO stages 3 & 4 were the most common, with IRs
reaching 82.9/100 CY in children <5 years with CD4 <15%. Non AIDS-defining morbidity
was also substantial; in addition to malaria, dermatosis, asthma, otitis, parasitic diseases
were the most commonly reported diseases. We observed high IRs of malaria and non
AIDS-defining events, highest in children aged <5 years. Overall, the severe morbidity IR
was highest within the first 6 months following ART initiation, and reduced considerably
afterwards (Supplemental Digital Content (SDC) Table 1). We observed this trend when
studying the specific IR of WHO 3/4 events; however, the IRs of tuberculosis, malaria and
non-AIDS defining events IRs did not significantly differ over time (see SDC Table 1). We

Desmonde et al. Page 4

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2015 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



observed 45 deaths, most from unknown causes (80%); only 8 deaths (17%) could definitely
be attributed to an advanced stage of the disease.

In multivariate analyses, we observed a significant association between the incidence of
recurrent severe morbidity and death or loss to follow-up. When adjusted for age, gender,
ART regimen, and current CD4% strata, we observed a significant protective effect
cotrimoxazole prophylaxis (adjusted HR [aHR]: 0.36; 95%CI: [0.23–0.56]). Children on a
PI-based regimen were more likely to develop severe morbidity during follow-up (aHR:
1.83; 95%CI: [1.35–2.47]), as were children at more advanced stages of immunodeficiency
(aHR: 1.57; 95%CI: [1.1 –2.18] and aHR: 2.53; 95%CI: [1.81 – 3.55] in moderately and
severely immunodeficient children respectively; Table 3).

Healthcare resource utilization
Of the 464 severe morbid events, 411 (89%) led to at least one type of HCRU, either
outpatient care (80%) or inpatient care (3.5%), yielding an estimated IR of any HCRU of
50.5 per 100 CY of follow-up (95%CI: 45.9–55.7) (Table 4).

Outpatient care IR was 45.6 per 100 CY (95%CI: [41.2–50.5]); medication prescription was
the most frequent type of care provided, with a total of 651 different medications prescribed
overall (IR: 80.1/100CY; 95%CI: 74.1–86.5]), mostly antibiotics (32%) and anti-malarials
(11%). We observed significantly higher rates of antimalarial prescriptions in children <5
years old, consistent with observations made when studying severe morbidity, where higher
rates of malaria were observed in this age group. We recorded 185 utilisations of
complementary diagnoses, the IR was 22.8 / 100 CY (95%CI: 19.7 – 26.3]. Consequently,
fewer than half of the documented severe morbidity had confirmed diagnoses: in the case of
tuberculosis, only 50% underwent further examination, which in most cases was radiology;
in the case of malaria, 62% of diagnoses were confirmed by further examination.

Table 5 presents multivariate analyses. When adjusted for gender, current CD4% strata,
primary caregiver, and distance from the health clinic, we observed lower outpatient care in
children aged >10 years (aHR: 0.49; 95%CI: [0.31–0.78]). Furthermore, children living
beyond 20 kilometers from the clinic were less likely to utilize outpatient care (aHR: 0.65;
95%CI: [0.47–0.90]). Although outpatient care in children with CD4% between 15 and 25%
did not differ significantly from those with CD4 >25%, we observed higher rates of
outpatient care in the more immunodeficient children (aHR: 1.84; 95%CI: [1.32–2.56]),
consistent with higher morbidity rates.

Utilization of inpatient care was much less frequent overall than outpatient care, despite the
high rates of severe morbidity. The IR of inpatient day-care was 25.6/100CY (95%CI:
[22.7–29.7]) and we observed only 17 hospitalisations (IR: 2.1/100CY; 95%CI: [1.3–3.4]).
Hospitalisations occurred mostly when the disease required intra-venous treatment, such as
anaemia (18%). In multivariate analyses (Table 5), inpatient care was more frequent in
children who lived between 5–20 kilometres from the clinic compared to those who lived
within the same district as the CePReF (aHR: 1.8; 95%CI:[1.05–3.11]). We also observed
significantly lower hazards in children on cotrimoxazole prophylaxis (aHR: 0.29: 95%CI:
[0.14–0.58]). There was a higher hazard of inpatient care in severely immunodeficient
children (HR: 2.74; 95%CI: [1.58 – 4.78]), implying that severe morbidity led to this kind of
care.

Overall, within in the first three months of ART initiation, we observed similar risks for
severe morbidity and HCRU (SDC 2, which shows the baseline survival functions and
confidence bands estimated by our frailty models for the probability of severe morbidity and
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HCRU). After 3 months, survival without severe morbidity dropped significantly, while the
risk for HCRU remained constant.

Discussion
This retrospective cohort study documents severe morbidity and associated healthcare
resource utilization in HIV-1 infected children after ART initiation in Abidjan, Côte
d’Ivoire. More than two thirds of the children included in our study developed at least one
incident event during the follow-up period. Although most events were AIDS-defining and
occurred within the first six months of ART, we also observed stable and substantial rates of
non-AIDS defining events throughout the study period. In addition, overall severe morbidity
was reduced by more than 60% in children who were on cotrimoxazole prophylaxis.
Furthermore, although 88% of severe morbidity events did lead to utilization of some health
care services, our findings reveal many missed opportunities for care.

Despite ART, we observed high rates of WHO stage 3/4 events within the first six months of
ART initiation, which then decreased over time. Other studies have reported similar
observations in resource-limited settings, attributing this trend to the early deaths of the
sickest children and the benefits of ART for the remaining patients when children access to
ART at advanced stage of the disease (25). Another plausible explanation is immune
reconstitution inflammatory syndrome, likely manifesting in a number of mild or serious
conditions (26). Furthermore, we believe that initiation of treatment at advanced stages of
HIV disease and the slow rate of immune reconstitution with ART also play important roles.
Indeed, the age distribution of our cohort (median age: 5.7 years) reflects the difficulties in
early diagnosis of children in resource-limited settings and the many missed opportunities
for early diagnosis and ART initiation. Consequently, children initiate ART at an advanced
stage of immunodeficiency and, thus remain vulnerable to numerous severe opportunistic
infections and infectious morbidity. Indeed, severe morbidity IRs were highest in those with
lowest CD4% count, as in other studies in the African setting (13, 14, 25, 27). The overall
tuberculosis IR was 1.7/100CY, and 4 times higher in severely immunodeficient children
aged <5 years. Similar results were reported in a previous study in Abidjan in 2005 (28), but
our observed rate is less than that reported in South Africa, where tuberculosis IRs reached
10/100CY (29). Although this may be due to a higher prevalence of tuberculosis disease in
South Africa, we may also explain our findings by the lower access to tuberculosis diagnosis
in the West African setting; this could underestimate the prevalence of tuberculosis in HIV-
infected children (30). In addition, we also observed substantial IRs of malaria, particularly
in children <5 years. The burden of malaria in this population is well documented (31, 32)
but HIV therapies interact with antimalarial drugs making the management of malaria
difficult (33). Our results reaffirm the importance of tuberculosis and malaria as pathogens
in HIV-infected children on ART; these conditions need to be addressed in order to improve
the care of HIV-infected children on ART.

ART regimen was another significant factor associated with recurrent severe morbidity, with
higher risks for recurrent morbidity in children initiating PI-based ART, compared to those
on NNRTIs. This could be an indicator bias caused by the fact that those initiating a PI-
based regimen were those with more advanced disease, initiating second line treatment.
Moreover, PI-based ART is more common in younger children, who could be more
vulnerable to severe morbidity. However, our model adjusted for both age and second line
treatment and therefore this confounding effect was limited. Another explanation could be
the poor palatability and inconvenient formulation make adherence to lopinavir challenging
in resource-limited settings.
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AIDS-related diseases are not the only burden when managing post-ART care. Indeed, we
observed, in our cohort, substantial IRs of non-AIDS defining morbidity that did not
decrease over time. The lack of resources for prevention, diagnostic tools and management
of general morbidity in the African setting is a strong barrier to the establishment of
effective HIV care programmes. Nevertheless, we reported that cotrimoxazole prophylaxis
had a significant effect in reducing severe morbidity over and above the ART-effect. This
observation is consistent with previous studies, describing the field effectiveness of this kind
of prophylaxis (34–36). While prior studies may question the role of cotrimoxazole
prophylaxis after starting ART (37), we note that, in this context, while children continue to
initiate ART at advanced stages of the disease and are vulnerable to opportunistic infections
and infectious morbidity, cotrimoxazole prophylaxis reduces morbidity and mortality in
HIV-infected children (38, 39). Furthermore, we observed that utilization of both outpatient
and inpatient care was negatively associated with the use of cotrimoxazole prophylaxis,
which supports our previous statement: cotrimoxazole prophylaxis reduces severe
morbidity, and thus healthcare resource utilization. Efforts in scaling up access to such
prophylaxis must continue, even in ART-treated children.

Overall, 89% of the severe morbidity in our study led to medical examinations or treatment,
which is higher than that observed in pre-ART cohorts (40). Despite this apparently high
proportion, our observations underline the need for more effective care and management of
HIV-related diseases. Indeed, resources for diagnosis and treatment have become available
through HIV/AIDS control programmes, facilitating patient utilization of healthcare
services. In particular, use of complementary diagnoses remained low. We hypothesize that
costs are the major explanation for the gap we observed between severe morbidity and
HCRU. For example, the lack of use of diagnostic tools can be attributed to the high costs
for patients’ families when non-subsidized or more elaborate examinations are required. In
addition, outpatient care was less frequent in children living beyond 20 kilometers from the
clinic; we anticipate that the cost of transport to the clinic is a considerable factor in this
observation. Similarly, in-patient day-care at the CePReF is subsidized, whereas
hospitalizations are not. Consequently, many patients opt for 3 or 4 consecutive days of
inpatient day-care, returning home every evening, rather than hospitalization, thus delaying
care.

In addition to costs, social stigmatization may also explain many missed opportunities for
care (41). HIV-related stigma and discrimination continue to be present in every country and
region of the world, creating major barriers to providing adequate care, support and
treatment. We observed lower use of inpatient care in children living within the clinic’s
district compared to those living beyond 10 kilometers. Indeed, the clinic being in their
neighbourhood, families may be afraid of stigma if seen attending an HIV clinic on a daily
basis.

This study has several limitations. First, the age distribution of our cohort raises the question
of a left-truncation bias: HIV-infected children <2 years of age usually have rapidly
progressive disease with high mortality (2), and the less symptomatic children are the ones
most likely to survive until late ART initiation. Therefore, our study is mostly based on a
population of “survivors,” comprised of children with either a less rapidly progressive
disease, or who may have benefitted from prior healthcare support offered outside of the
Aconda context. Second, the morbidity and HCRU data used in this study were collected
retrospectively and may have resulted in underestimations of the true incidence of
morbidity. Furthermore, practices may vary over time and between paediatricians,
influencing the frequencies of routinely confirmed diagnoses. However, we attempted to
ensure the accuracy of diagnosis by requiring all specific documentation from medical
charts (clinical findings, laboratory examinations, radiographic results or copies of
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prescriptions). Third, our data may be incomplete on other levels: anthropometric data were
scarce, preventing assessment of malnutrition (13). Furthermore, we have no data on
adherence and hence are unable to ascertain if the children presenting the most events were
not taking their treatment as recommended. Fourth, the lack of comparable pre-ART data
collection prevented the comparison of incidence rates before and after treatment and the
assessment of the extent to which the declining incidence rates of severe morbidity that we
observed were due to ART and/or care effects. Finally, although we adjusted for loss to
programme in our analyses, we are unable to ascertain events among children not in care,
and thus likely underestimated true IRs. Indeed, it is not uncommon for children to skip
visits and consequently many severe morbid events may go unnoticed by the paediatrician.
Furthermore, since good clinical outcomes depend essentially on treatment adherence, when
untreated, these events are liable to lead to other comorbidities and/or death, contributing to
the underestimations of our IRs. However, this limitation exists also in many other studies,
which demonstrate comparable loss-to-follow-up rate (14, 25, 42). In the light of this trend,
expanding an earlier access to ART is essential to avoid severe comorbidities in HIV-
infected children. Evidence for strategies to improve access and adherence to ART for
children and adolescents is lacking, however, several studies have demonstrated the benefits
of decentralized HIV/AIDS and task –shifting such as nurse-initiated and managed ART(43,
44). A recent study in Rwanda reported that providing ART to children in a health center/
nurse-based programme is both feasible and very effective (45).

Despite these limitations, our study provides original data on severe morbidity and
healthcare resource utilization in Côte d’Ivoire for ART-treated children during a period of
service scale-up, reflecting the clinical practices in this setting. Caring for children with HIV
remains challenging where the burden of non AIDS-related diseases is high. Because of
operational limitations such as delays in diagnosis or presentation to care and the
requirement for self-pay for a number of diagnostic and therapeutic services, we observed
many missed opportunities for care (46). Cotrimoxazole prophylaxis appears to continue
reduce severe morbidity and thus healthcare resource utilization in ART-treated children.
Younger children are particularly vulnerable to severe morbidity despite ART, underscoring
the urgent need for early identification, rapid treatment initiation, and long term retention in
care, including close monitoring, improved diagnostics, and treatment for comorbidities.
Improving post-ART care remains a priority in the management of the paediatric HIV
epidemic.
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Serge Paul Eholié*§Mensah Deborah Noelly Amego, Viviane Andavi, Zelica Diallo, Frédéric 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, (ACONDA-
CePReF); Touré Pety*, Divine Avit-Edi (ACONDA-MTCT-Plus); Kouadio Kouakou*, Magloire Moh, Valérie
Andoblé Yao (CIRBA); Madeleine Amorissani Folquet*, Marie-Evelyne Dainguy, Cyrille Kouakou, Véronique
Tanoh Méa-Assande, Gladys Oka-Berete, Nathalie Zobo, Patrick Acquah, Marie-Berthe Kokora (CHU Cocody);
Tanoh François Eboua*, Marguerite Timité-Konan, Lucrèce Diecket Ahoussou, Julie Kebé Assouan, Mabéa Flora
Sami, Clémence Kouadio (CHU Yopougon).

Ghana, Accra:

Pediatrics: Lorna 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: Amabelia Rodrigues (Bandim Health Project), David da Silva (National HIV program Bissau),
Candida Medina (Hospital National Simao Mendes, Bissau), Ines Oliviera-Souto (Bandim Health Project), Lars
Østergaard (Dept of Infectious Diseases, Aarhus University Hospital), Alex Laursen (Dept of Infectious Diseases,
Aarhus University Hospital), Morten Sodemann (Dept of Infectious Diseases, Odense University Hospital), Peter
Aaby (Bandim Health Project), Anders Fomsgaard (Dept. of Virology, Statens Serum Institut, Copenhagen),
Christian Erikstrup (Dept. of Clinical Immunology), Jesper Eugen-Olsen (Dept. of Infectious Diseases, Hvidovre
Hospital, Copenhagen).

Mali, Bamako:

Adults: Moussa Y Maïga*§Fatoumata Fofana Diakité, Abdoulaye Kalle, Drissa Katile (CH Gabriel Toure), Hamar
Alassane Traore*, Daouda Minta*, Tidiani Cissé, Mamadou Dembelé, Mohammed Doumbia, Mahamadou Fomba,
Assétou Soukho Kaya, Abdoulaye M Traoré, Hamady Traoré, Amadou Abathina Toure (CH Point G).

Pediatrics: Fatoumata Dicko*, Mariam Sylla, Alima Berthé, Hadizatou Coulibaly Traoré, Anta Koïta, Niaboula
Koné, Clémentine N'Diaye, Safiatou Touré Coulibaly, Mamadou Traoré, Naïchata Traoré (CH Gabriel Toure).

Nigeria:

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

Senegal, Dakar:

Adults: Moussa Seydi*, Papa Salif Sow, Bernard Diop, Noël Magloire Manga, Judicael Malick Tine§Coumba
Cissé Bassabi (SMIT, CHU Fann),

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

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

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

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

Operational and Statistical Team: Dieudonné Amani (Abidjan, Côte d’Ivoire), Jean-Claude Azani (Abidjan, Côte
d’Ivoire), Eric Balestre (Bordeaux, France), Serge Bessekon (Abidjan, Côte d’Ivoire), Franck Bohossou (Abidjan,
Côte d’Ivoire), Camille Gilbert (Bordeaux, France), Sophie Karcher (Bordeaux, France), Jules Mahan Gonsan
(Abidjan, Côte d’Ivoire), Jérôme Le Carrou (Bordeaux, France), Séverin Lenaud (Abidjan, Côte d’Ivoire), Célestin
Nchot (Abidjan, Côte d’Ivoire), Karen Malateste (Bordeaux, France), Amon Roseamonde Yao (Abidjan, Côte
d’Ivoire), Bertine Siloué (Abidjan, Côte d’Ivoire).

Administrative Team: Gwenaelle Clouet (Bordeaux, France), Madikona Dosso (Abidjan, Côte d’Ivoire),
Alexandra Doring§ (Bordeaux, France), Adrienne Kouakou (Abidjan, Côte d’Ivoire), Elodie Rabourdin (Bordeaux,
France), Jean Rivenc (Pessac, France).

Consultants/ Working Groups: Xavier Anglaret (Bordeaux, France), Boubacar Ba (Bamako, Mali), Jean Bosco
Essanin (Abidjan), Andrea Ciaranello (Boston, USA), Sébastien Datté (Abidjan, Côte d’Ivoire), Sophie Desmonde
(Bordeaux, France), Jean-Serge Elvis Diby (Abidjan, Côte d’Ivoire), Geoffrey S. Gottlieb* (Seattle, USA),
Apollinaire Gninlgninrin Horo (Abidjan, Côte d’Ivoire), Serge N'zoré Kangah (Abidjan, Côte d’Ivoire), Denis
Malvy (Bordeaux, France), David Meless (Abidjan, Côte d’Ivoire), Aida Mounkaila-Harouna (Bordeaux, France),
Camille Ndondoki (Bordeaux, France), Caroline Shiboski (San Francisco USA), Boris Tchounga (Abidjan, Côte
d’Ivoire), Rodolphe Thiébaut (Bordeaux, France).

Funding: The National Cancer Institute (NCI), 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
(IeDEA) under Award Number U01AI069919. The content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes of Health.

Coordinating Centre: ISPED, Univ Bordeaux Segalen, Bordeaux, France

Regional Office: PAC-CI, Abidjan, Côte d’Ivoire

Methodologic Support: MEREVA, Bordeaux, France

Website: http://www.mereva.net/iedea
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Table 3

Determinants of severe morbidity among the 332 HIV-infected children on ART, followed-up at the CePReF
between 2004–2009. Abidjan. Côte d’Ivoire. Joint Frailty adjusted model with estimated adjusted hazard
ratios (aHR) and 95%CI

aHR IC95% p

For recurrences (severe morbidity)

  Age at ART initiation 0,793

    < 5 years 1 –

    ≥ 5 years 1,04 [0,77 – 1,41]

  Cotrimoxazole 0,36 [0,23 – 0,56] <0,001

  CD4 % <0,001

    < 15% 1 –

    15 – 25 % 1,57 [1,13 – 2,18]

    ≥ 25% 2,53 [1,81 – 3,55]

  Gender: Male/Female 1,04 [0,79 – 1,37] 0,947

  ART regimen <0,001

    NNRTI 1 –

    PI 1,83 [1,35 – 2,47]

  Second line treatment 0,68 [0,42 – 1,12] 0,127

For survival

  Age at ART initiation 0,626

    < 5 years 1 –

    ≥ 5 years 0,85 [0,45 – 1,61]

  Cotrimoxazole 2,52 [0,81 – 7,87] 0,111

  CD4 %

    < 15% 1 – <0,001

    15 – 25 % 2,11 [0,76 – 5,87]

    ≥ 25% 8,30 [3,18 – 21,65]

Variance of random effect, (SE) 0,77 (0,11) < 0,001

    α* (SE) 1,13 (0,33) < 0,001

*
When α = 1, the effect of the frailty is identical for the recurrent events and the terminating event. When α > 1, the recurrent rate and the survival

rate are positively associated.
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