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aBsTRaCT

objectives

HIV exposed infants, including those who do not become infected, have higher morbidity 

and mortality rates than HIV unexposed infants. The underlying mechanisms of this dif-

ference are largely unknown. The objective of this study was to identify the risk factors for 

mortality among HIV exposed (infected as well as uninfected) infants in a Prevention of 

Mother to Child Transmission (PMTCT) program in Cameroon.

Methods

We analyzed the data from 319 mother-infant pairs included in a PMTCT program at a 

rural and an urban hospital between 2004 and 2012. The program offered free formula 

feeding, monthly follow-up visits and antiretroviral therapy (ART) according to national 

PMTCT guidelines. Mother-infant pairs were divided in three study groups, based on year 

of recruitment and study site: I) rural hospital, 2004-07; II) rural hospital, 2008-12; III) 

urban hospital, 2008-12.

Results

285 medical records were included in the final analysis. Infant mortality rates were 23.9%, 

20.0% and 5.3% in group I, II and III, respectively (p=0.02). Hazard ratios of infant 

mortality were 6.4 (p<0.001) for prematurity, 4.6 (p=0.04) for no maternal use of ARTs, 

5.6 (p=0.025) for mixed feeding, 2.7 for home deliveries (p=0.087) and 0.4 (p=0.138) for 

urban study group.

Conclusions

In this program, prematurity, no ART use, and the practice of mixed feeding were inde-

pendent predictors of infant mortality. Mixed feeding and not using ART increased the 

hazard of death, probably through its increased risk of HIV infection. Although mortality 

rates were significantly higher in the rural area, rural setting was not a risk factor for infant 

mortality. These findings may contribute to the development of tailor-made programs to 

reduce infant mortality rates among HIV exposed infants.
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InTRoduCTIon

In 2012, around 260,000 children were newly infected with HIV35. In children, the main 

route of infection is through mother-to-child-transmission (MTCT), which may occur 

during pregnancy, labor, or through breastfeeding. Due to the roll-out of antiretroviral 

therapy (ART), both for the health of the woman herself, as well as specifically for preven-

tion of MTCT (PMTCT), the number of new pediatric HIV infections has decreased by 52% 

over the last decade (2001 to 2012)36. However, HIV related mortality is still an important 

concern. Recent studies have found that HIV-exposed but uninfected (HEU) children have 

higher mortality and morbidity rates when compared with children of uninfected moth-

ers37–39. Given the fact that in some parts of Southern Africa HEU infants represent up to 

30% of all births, these infants are becoming a population of increasing public health 

concern in Sub-Saharan Africa37. Moreover, in resource-constraint settings, access to HIV 

testing is often limited, and for many HIV exposed infants their HIV status is unknown. 

It is therefore important to consider risk factors in all exposed infants whether they are 

infected, uninfected or have an unknown HIV status.

Our study describes the outcomes of a PMTCT program in rural and urban Cameroon. 

The PMTCT program started in 2004 in the rural hospital, was expanded to the urban 

hospital in 2008, and was evaluated in 2012. The objective of the PMTCT program was 

to decrease the number of pediatric HIV infections by preventing postnatal MTCT of HIV 

through the provision of free formula feeding. In 2004, the adult HIV prevalence rate in 

Cameroonian women was 6.8%, varying between 5.0% in Douala, the urban site of the 

program, and 11% in the Southwest rural region. Infant mortality rates were 55 per 1000 

and 86 per 1000 in the urban and rural sites, respectively40.

The goal of our study was to assess the risk factors for mortality among HIV exposed 

infants, including HIV infected and uninfected infants, as well as infants with unknown 

HIV status, enrolled in this PMTCT program at both study sites. A better insight in the risk 

factors of mortality in these groups of infants could help to identify infants at increased 

risk at an early stage.

MeTHods

We conducted an observational cohort study in two hospitals in rural and urban Camer-

oon in which we included HIV infected mothers and their HIV exposed infants, whether 
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infected, uninfected or with unknown HIV status. All infants had an HIV infected mother 

and were therefore exposed to the virus in utero and during labor. Mother-infant pairs 

were enrolled in a PMTCT program, set up by a Dutch Non-Governmental Organization 

(NGO), between March 2004 and November 2012. In 2004, the program started at The 

Apostolic Hospital of Banga Bakundu (TAHBB) and it was expanded to The Apostolic 

Hospital of Youpwe (TAHY) in 2008. TAHBB is situated in a rural area in the Southwestern 

region of Cameroon and TAHY in Cameroon’s largest city, Douala.

Pregnant women attending the antenatal care (ANC) outpatient clinics were routinely 

tested for HIV. In accordance with World Health Organization (WHO) guidelines, HIV 

infection was confirmed if two separate HIV rapid tests were found to be positive 41. 

Mothers who were found to be HIV infected were referred to the HIV treatment center 

and were informed about the PMTCT program. The program nurse explained the risks 

and benefits of formula, mixed feeding and breastfeeding. Mothers were advised to avoid 

mixed feeding and were given a free choice to either breastfeed or formula feed their 

infant. Mothers could also be enrolled in the program after delivery if they were referred 

from other clinics or were informed about the program at a later stage, but only if they had 

been practicing exclusive breastfeeding before enrollment. These mothers are classified 

as giving ‘deferred formula feeding’. At enrolment, all participating women signed writ-

ten informed consent. Baseline demographic characteristics were recorded at recruitment 

for the mother and after birth for the infant. Gestational age was calculated by mother’s 

reporting of the first day of her last menstrual period. CD4 count and viral load could 

not be tested routinely. After delivery, mother and infant were followed up monthly until 

18 months postpartum. These monthly follow-up visits included: specific questions 

regarding feeding practices and formula feeding preparation; physical examination of the 

mother and the infant, and providing the mothers with a new supply of formula feeding. 

In addition, monthly support group meetings were organized for group education and, if 

needed, social support. In case of illness in between two scheduled visits, mothers were 

asked to bring their infant to the clinic for assessment and treatment. Mothers who failed 

to attend at their scheduled appointments were visited at home.

At the age of 12, 15 and 18 months, an HIV rapid test (Determine® HIV -1/2) was per-

formed on the infant. In 2007, HIV PCR tests became available in Cameroon and were 

introduced in the program for all infants from 6 weeks of age. Perinatal HIV transmis-

sion was defined as a positive HIV PCR test at the age of 6 weeks. Postnatal transmission 

was defined as a positive serology test at 18 months, after an initial negative PCR test at 

6 weeks. In the analysis, if a child had a positive serology test at 12 or 15 months, but 
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died before 18 months of age, the child was regarded as HIV infected. Mixed feeding was 

defined as breastfeeding at least once after choosing formula feeding as a feeding option. 

Infant deaths were verified by the PMTCT program’s nurses. Cause of death was reported 

only sporadically.

Until 2008, the only antiretroviral drug available for PMTCT was nevirapine (NVP). 

Single dose NVP (sd-NVP) was given to an HIV infected woman during labor (between 48 

and 2 hours before birth) and to the infant within the first 72 hours postpartum. In 2008, 

more extended ARV regimens, following the WHO guidelines, were introduced in Cam-

eroon and into the PMTCT program. Women with a CD4 count <200cells/μl (<350 cells/

μl after 2010), or in WHO HIV stage III or IV, started lifelong highly active antiretroviral 

therapy (HAART). Available combinations were AZT/3TC/NVP (zidovudine, lamivudine, 

and nevirapine), 3TC/TDF/NVP (lamivudine, tenofovir, and nevirapine) or 3TC/TDF/EFV 

(lamivudine, tenofovir, and efavirenz).

All other HIV-infected women were recommended to take AZT from 14 weeks of gesta-

tion onwards and AZT/3TC/NVP during labor. After labor they continued daily AZT and 

3TC for one week. Infants received two weeks of AZT after birth. This regimen is known 

in the WHO HIV treatment guidelines as ‘option A’ 17. In 2012, the Cameroon government 

changed the ART policy recommending 6 weeks of NVP, instead of AZT, as infant prophy-

laxis. Both sd-NVP until 2007, and option A since 2008, were provided free of charge by 

the government of Cameroon. Taken the above into consideration, we have defined four 

categories of ART use for PMTCT in this manuscript:

1. No ARTs

2. sd-NVP: given to the mother during labor and to the infant postpartum

3. WHO Option A: AZT prophylaxis during pregnancy; NVP, AZT, 3TC during labor; 

AZT, 3TC until one week postpartum to mother; AZT for 2 weeks or NVP for 6 weeks 

to infant

4. HAART: as described above.

Due to the potential effect of the new ART policy on the program outcomes, the outcomes 

were separately analyzed for the period when only sd-NVP was available (2004-2007) and 

for the period after introduction of combined ART (2008-2012). The start of the PMTCT 

program in the urban hospital coincided with this introduction of combined ARTs in 

2008. Taking the above into consideration, the following three study groups were defined:

I. Rural 2004-07: Enrolled at Banga Bakundu (rural area) between 2004 and 2007

II. Rural 2008-12: Enrolled at Banga Bakundu (rural area) between 2008 and 2012

III. Urban 2008-12: Enrolled at Youpwe (urban area) between 2008 and 2012
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Statistical analyses were done using SPSS (IBM Statistics 20®). Groups were compared 

using chi-square and Fisher’s exact tests for categorical variables and t-tests for numeri-

cal data. Kaplan Meier survival curves were used to assess cumulative mortality in differ-

ent groups. Uni- and multivariable analyses were done using logistic regression and Cox 

regression to describe predictors of mortality in this program. All reported p-values are 

2-sided.

ResulTs

Three hundred nineteen mother-infant pairs were included in the PMTCT program be-

tween March 2004 and November 2012 at the two study sites. Four women (1.3%) were 

found to be HIV-uninfected after initial recruitment and 30 (9.4%) had incomplete medi-

cal records and could therefore not be analyzed. The remaining 285 mother-infant pairs 

were included in the final analysis. Ninety-two, 80 and 113 mother-infant pairs were in-

cluded in group I (rural 2004-07), II (rural 2008-12) and III (urban 2008-12), respectively. 

Table 1 shows the baseline characteristics for each study group. All women were HIV-1 

infected, and nine women had a co-infection with HIV-2. Baseline characteristics were 

comparable for the three study groups, except for feeding type and ART use. In group III, 

more women gave deferred formula feeding to their infant and used more often HAART 

when compared to group I and II. The women who gave deferred formula feeding had 

given exclusive breastfeeding for a period between 1 day and 9 months (median 90 days, 

IQR 14-121 days).

Forty-four of the 285 (15.4%) children in this program died (Table 2). Seven of them 

were confirmed to be HIV infected. Mortality rates were significantly higher in groups I 

and II (rural groups) compared to group III (23.9%, 20.0% and 5.4% for group I, II and 

III, respectively, P=0.02). Causes of death were only recorded in few cases. In a Kaplan 

Meier analysis (Figure 1), the one-year infant survival was 80.7%, 87.2% and 95.6% for 

group I, II and III, respectively (p=0.603(group I vs. II), p= 0.005 (group II vs. III)).

Predictors of infant mortality were evaluated using a Cox regression model (Table 3). In 

this model, prematurity, mixed feeding, and ‘no maternal use of ARTs’ for PMTCT were 

found to be independent predictors of infant death. In addition, there was a trend towards 

a higher mortality among infants delivered at home. When compared with HAART, the 

use of sd-NVP or WHO option A, were associated (although not statistically significant) 
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with a higher risk of death (p-0.14 and p=0.5, respectively). Furthermore, in this multi-

variate model, ‘study-group’ was not independently associated with infant mortality.

For 6 infants, the date of death was unknown and the time until death was therefore 

imputed. To check for the effect of the imputed data on the outcomes of the Cox model, 

a logistic regression model was performed without the parameter ‘time to death’. This 

model produced similar results as the Cox model (data not shown).

Twelve mothers in the program died, 4 during labor and 5 in the first month after de-

livery. Five infants of the 12 deceased mothers died as well, two after death of the mother, 

one before, and two with unknown date of death. In the univariable model, maternal 

Table 1. Baseline characteristics of mother-infant pairs included in the analysis

Group I 
Rural 2004-
2007 N=92

Group II 
Rural 2008-
2012 N=80

Group III 
Urban 2008-
2012 N=113

P for 
difference 
group I 
and II

P for 
difference 
group II 
and III

Baseline characteristics

Mean age mother (SD) in yrs 27.2 (6.0) 28.8 (5.9) 29.0 (4.3) 0.085 0.534

HIV -1/-2 co-infection, %, (n/N) 6.2 (4/65) 6.9 (4/58) 3.8 (1/26) >0.999 >0.999

Infants born as twins %, (n/N) 10.9 (10/92) 10.0 (8/80) 7.0 (8/113) >0.999 0.469

Mean birth weight (SD) in g 2898 (693) 2956 (591) 3136 (607) 0.581 0.057

Premature (<37 wks of gestation) 13.0 (12/92) 3.8 (3/80) 3.5 (4/113) 0.055 >0.999

Delivery 0.154 0.323

Hospital, vaginal 72.8 (67/92) 85.0 (68/80) 84.1 (95/113)

Hospital, C/S 21.7 (20/92) 11.3 (9/80) 15.0 (17/113)

Home 5.4 (5/92) 3.8 (3/80) 0.9 (1/113)

Feeding type 0.080 0.005

EFF 83.7 (77/92) 76.3 (61/80) 57.5 (65/113)

Deferred EFF 12.0 (11/92) 22.5 (18/80) 38.9 (44/113)

Mixed feeding 3.3 (3/92) 0 (0/80) 3.5 (4/113)

ARTs for PMTCT <0.001 <0.001

Sd-NVP 72.8 (67/81) 32.5 (26/74) 7.1 (8/112)

HAART 1.1 (1/81) 18.8 (15/74) 61.9 (70/112)

WHO option A 5.4 (5/81) 32.5 (26/74) 29.2 (33/112)

No ARTs 8.7 (8/81) 8.8 (7/74) 0.9 (1/112)

SD= standard deviation; C/S= caesarian section; EFF= exclusive formula feeding; sd-NVP= single dose nevi-
rapine ;HAART= Highly Active Antiretroviral Treatment; WHO option A= World Health Organization guide-
line on PMTCT medication as described above.
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Figure 1. Kaplan Meier estimates of survival rates by study group

Group I: rural area, between 2004 and 2007; group II: rural area, between 2008 and 2012; group III: urban 
area, between 2008 and 2012.

Table 2. Number of cases of HIV transmission and mortality

Group I
Rural 2004-
2007
N=92

Group II
Rural 2008-
2012
N=80

Group III
Urban 2008-
2012
N=113

P for 
difference 
group I 
and II

P for 
difference 
group II 
and III

HIV transmission

Perinatal transmission 14.3 (1/7) 8.3 (4/48) 2.1 (2/96) 0.577 0.041

Confirmed postnatal transmission 0 (0/64) 2.1 (1/48) 0 (0/92) 0.436 0.408

Suspected postnatal transmission 1.1 (1/92) 2.5 (2/80) 0 (0/113) 0.596 0.168

Total transmission 2.1 (2/92) 8.8 (7/80) 1.8 (2/113) 0.084 0.035

Mortality

Infant mortality 23.9 (22/92) 20.0 (16/80) 5.3 (6/113) 0.537 0.02

Maternal mortality 4.6 (4/87) 7.9 (6/76) 1.8 (2/109) 0.517 0.066

Confirmed postnatal transmission: HIV infection confirmed by serology test at 18 months, after negative HIV 
PCR test at 6 weeks Suspected postnatal transmission: positive serology test at the age of 12 or 15 (but not 
18) months, after negative HIV PCR test at 6 weeks In group I, HIV PCR tests were available for only 7 infants



35

2

death was a significant predictor for infant death (p=0.036), but this was not the case in 

the multivariable model with infant death as the dependent variable. In a separate multi-

variable Cox regression analysis of maternal mortality, home delivery and higher maternal 

age were independent predictors of maternal death: HR=4.298 for C-section (p=0.031), 

HR=6.542 for home delivery (p=0.024), HR=1.117 for maternal age per year (p=0.047). 

Study group was not an independent risk factor.

Table 3. Predictors of infant mortality

Characteristics N n deaths % P Adjusted HR (95% CI) P

Feeding type 0.017

EFF 203 32 15.8 1.0 (ref )

Deferred EFF 73 8 11.0 0.805 (0.345-1.878) 0.62

Mixed feeding 7 2 28.6 5.565 (1.242-24.935) 0.025

Delivery 0.043

Hospital, vaginal 230 32 13.9 1.0 (ref )

Hospital C/S 46 8 17.4 0.574 (0.208-1.582) 0.28

Home 9 4 44.4 2.653 (0.868-8.110) 0.087

ARTs for PMTCT <0.001

HAART 86 4 4.7 1.0 (ref )

WHO option A 64 8 12.5 1.561 (0.430-5.660) 0.50

sd-NVP 101 17 16.8 2.752 (0.723-10.486) 0.14

No ARTs 16 7 43.8 4.632 (1.075-19.962) 0.04

Prematurity <0.001

No 266 34 12.8 1.0 (ref )

Yes 19 10 52.6 6.437 (2.429-17.057) 0.0002

Study group <0.001

I 92 22 23.9 0.678 (0.305-1.506) 0.34

II 80 16 20 1.0 (ref )

III 113 6 5.3 0.434 (0.144-1.307) 0.14

EFF= exclusive formula feeding; C/S= caesarian section; HAART= Highly Active Antiretroviral Treatment; 
sd-NVP= single dose nevirapine; WHO: World Health Organization; HR: hazard ratio.
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dIsCussIon

The aim of this study was to evaluate the risk factors for mortality of HIV-exposed infants, 

whether infected, uninfected, or with unknown HIV status, in a PMTCT program in rural 

and urban Cameroon. We found that prematurity, mixed feeding, and no maternal ART 

use were independent predictors of infant mortality. Home delivery was a risk factor with 

a borderline significance. Although mortality rates were very high in the rural setting, and 

significantly higher than mortality rates in the urban hospital, rural setting was not an 

independent risk factor for infant mortality.

Pediatric HIV infection greatly increased the risk of infant death in our study (data not 

shown). Both ART use and exclusive formula feeding are known to lower the risk of death 

by decreasing the risk of HIV transmission. Therefore, we excluded HIV infection from 

the final Cox regression model so we could obtain less biased estimates of the effect of 

ART use and exclusive formula feeding on infant mortality. When including HIV infection 

into the Cox model, both ART use and feeding type were not independent predictors of 

infant death, which strongly suggests that ART use and feeding type exert their protective 

effect on infant mortality through preventing HIV infection.

The use of formula feeding in resource limited settings is associated with diarrhea-

related morbidity and mortality among infants19. The use of unclean water and feeding 

bottles, as well as incorrect mixing of formula and water, and the lack of maternal 

antibodies which are available in breast milk are thought to be the main cause of these 

findings. The WHO therefore recommends HIV infected women to only feed their infants 

with formula feeding when this is Affordable, Feasible, Available, Sustainable and Safe 

(the so-called AFASS criteria)21.

In this PMTCT program, it was believed that the criteria were met, because sustainable, 

free supply of formula feeding and regular infant checkups were part of the program. 

However, the program did not have a control group of breastfed infants. Therefore, the 

question if formula feeding imposed an increased risk of death on the infants in the pro-

gram could not be answered. We did, however, look in detail at the infants who started on 

breastfeeding and switched to formula feeding after a median of three months (‘deferred 

formula feeding’) and found no difference in mortality rates between this group and the 

exclusive formula feeding group. In addition, we compared our findings with the reported 

infant mortality rates in the region, ranging from 5.5% to 8.6%. However, these figures 

are not specific for HIV exposed infants40.
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The overall HIV transmission rate in this program was 3.9%, which is relatively low 

compared to similar PMTCT programs with rates at 12 and 18 months of around 8% 42–44. 

However, transmission rates in rural group I are likely to be underestimated due to the 

unavailability of HIV PCR testing at that time. Some of the deceased infants in group I 

may have been HIV infected. If we assume all deceased infants in rural group I were HIV 

infected, the overall HIV transmission rate would have been 10.9% (31/285).

Since the start of this program in 2004, WHO guidelines on PMTCT, regarding use of 

ART, and infant feeding, have changed. In our study, sd-NVP and option A were the avail-

able ART regimens to prevent MTCT. The latest WHO guidelines from 2013 recommend 

either: 1) triple ARV drugs during pregnancy and breastfeeding for women who are not 

eligible for ART for their own health, and lifelong ART for women who are eligible for 

treatment (option B); or 2) lifelong ART for all HIV infected pregnant women regard-

less of their clinical stage or CD4 count (option B plus)20. Although many countries are 

implementing or plan to implement option B/B plus, option A and even sd-NVP are still 

often being used in sub-Saharan Africa. Information on infant mortality as presented in 

our study is especially relevant for those settings, where access to ARVs for PMTCT are 

still limited.

This study identifies important risk factors for mortality among HIV infected and 

uninfected infants born to HIV-infected mothers. One of the limitations of our study 

was that we were unable to evaluate the HIV disease status (viral load and CD4 count) of 

the mother as risk factor for the child, whilst previous studies have shown associations 

between maternal viral load and CD4 count and increased infant mortality 39,45. In a study 

conducted in Zambia, 749 HIV-exposed but uninfected children were followed up until 

the age of 2 years. All were initially breastfed and no ARVs for PMTCT were available. 

Among these children, low maternal CD4 count, maternal mortality, low birth weight, 

having another child under the age of five in the household, and food insecurity were 

independent risk factors for mortality46. We found that prematurity, which was strongly 

related to birth weight, was the most important risk factor for infant mortality. Also in our 

study, maternal mortality was associated with infant mortality in a univariable, but not in 

a multivariable model.

In conclusion, our study found that prematurity, no maternal ART use, and mixed feed-

ing were independent risk factors of mortality among HIV exposed infants in this program. 

Because evaluating these factors does not require laboratory methods or detailed patient 

data, other PMTCT programs in settings with limited resources could use these factors 

to identify children at risk. To decrease the mortality rate among HIV exposed infants in 
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PMTCT programs, neonatal care for preterm infants and access to ARVs for PMTCT for 

pregnant women and their infants should be improved. Furthermore, education could 

focus more on the risks of mixed feeding and the importance of hospital delivery. These 

findings may contribute to the development of tailor-made programs for HIV exposed 

infants with the aim of reducing infant mortality rates.


