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Background: Mortality among children under five remains a significant health challenge across sub-Saharan

Africa. HIV/AIDS is one of the leading contributors to the relatively slow decline in under-five mortality in

this region. In Tanzania, HIV prevalence among under-five children is high and 90% of all infections are due

to mother-to-child transmission.

Objectives: The study aimed to examine the association between maternal HIV-positive status and under-five

mortality in Tanzania. It also aimed to estimate the proportions and trends of under-five mortality

attributable to maternal HIV/AIDS in Tanzania between 2003 and 2012.

Design: Binomial logistic regression was used to analyze cross-sectional survey data from the Tanzania AIDS

Indicator Surveys to examine the association between maternal HIV positivity and under-five mortality

between 2003 and 2012.

Results: After controlling for confounders, the adjusted odds ratios were 1.5 (95% CI 1.1�1.9) in 2003�2004,

4.6 (95% CI 2.7�7.8) in 2007�2008, and 2.4 (95% CI 1.2�4.6) in 2011�2012. The maternal HIV-attributable

mortality risk percent of under-five children was 3.7 percent in 2003�2004, 11.3 percent in 2007�2008 and

5.6% in 2011�2012.

Conclusion: Maternal HIV positivity is associated with under-five mortality in Tanzania, making maternal

HIV serostatus a relevant determinant of whether a child will survive up to five years of age or not. The

impact of maternal HIV/AIDS attributable mortality risk has a significant contribution to the overall under-

five mortality in Tanzania. The continued monitoring of HIV and mortality trends is important for policy

development and design of interventions.
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Introduction
HIV/AIDS continues to be one of the leading causes of death

among children under the age of five in countries with high

prevalence of HIV (1). Several cohort studies in sub-Saharan

Africa (SSA) show that under-five mortality rates are higher

among children born to HIV-positive mothers as compared

to those born to HIV-negative mothers (2�6). Globally,

more than 90% of all HIV infections among children are

caused by vertical transmission from infected mothers (7)

during gestation, delivery, postpartum, and during breast-

feeding (8�13). One contributing factor to this spread of

HIV among children is the relatively low rate at which

mothers are tested for the disease during pregnancy.

Demographic and health survey (DHS) reports from

2003 to 2012 indicate that more than 90% of the pregnant

women in Tanzania had at least one antenatal care (ANC)

visit by a skilled care provider (14). Overall estimates in

SSA show that between 2003 and 2011, less than half of

all expectant mothers were tested for HIV during their

antenatal visits (14). However, in Tanzania, the proportion

of pregnant women who were tested for HIV during ANC

visits increased from 12.2% in 2003 through 43.3% in 2007

to 70.6% in 2010, among women who gave birth 2 years

prior to the respective surveys (14).
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Almost half of the 5.9 million global under-five deaths

in 2015 occurred in SSA (15). In 2008, HIV accounted for

4% of all under-five mortality in SSA (16, 17), and the

prevalence of HIV among women in SSA between 2009

and 2012 was 8.3% (18). A study by Newell et al. estimated

that, at 2 years of age, about seven times more HIV-infected

children in Africa (52.5%) would have died as compared

to the uninfected ones (7.6%) (19). Another study in rural

South Africa found that in 2012, four times more deaths

occurred among infected children than uninfected ones

between the ages of two-five years (6).

The lack of comprehensive interventions targeted at

prevention of mother-to-child transmission (PMTCT) of

HIV is one of the primary reasons for the high rates

of under-five mortality in SSA (20). Further, indirect

effects of HIV/AIDS such as maternal morbidity and

death also contribute to under-five mortality, irrespective

of the children’s HIV status (2). In many SSA countries,

strategies used for PMTCT are based on the revised World

Health Organization (WHO) recommendations for the

PMTCT of HIV for low- and middle-income countries

(21). It outlines two approaches: 1) lifelong antiretroviral

therapy (ART) for HIV-infected women and 2) antiretro-

viral prophylaxis to prevent transmission during preg-

nancy, delivery, and breastfeeding (21). The WHO also

recommends the commencement of ART for HIV-positive

pregnant women with CD4 count 5350 cells/mm3 (21).

Additionally, Tanzania’s National Multi-Sectoral Strategic

Framework III (2013�2017) is currently implementing and

expanding its PMTCT programs. The Health Sector HIV

and AIDS Strategic Plan III also aims to increase ART

coverage for HIV-positive children to 70% by 2017 in an

effort to reduce AIDS-attributable mortalities among

children (22). However, challenges such as weak early

infant diagnosis, ineffective PMTCT, shortage of drugs,

and the fact that many women give birth at home have

hindered both the assessment of the impact of MTCT

(mother-to-child transmission) and the monitoring and

evaluation of PMTCT intervention efforts (22).

Tanzania, among 21 SSA countries and India, forms

part of the global plan priority countries. The aim of

this global plan was to ‘reduce the number of children

newly infected with HIV by 90%’ by the end of 2015 (23).

Profound progress has been made by some of these global

plan priority African countries (23). Between 2009 and

2013, Malawi registered 67% progress in reducing new HIV

infections among children; Botswana, Ethiopia, Ghana,

Mozambique, Namibia, South Africa, and Zimbabwe also

achieved 50% or more progress (23). However, Tanzania

registered comparatively slow progress � less than 50%,

despite having increased the HIV/AIDS counselling and

testing facilities by over 50% in the same period (23, 24).

A number of community-based studies in rural and Peri-

urban areas in SSA countries including Tanzania have

also found associations between under-five mortality

and maternal HIV positivity (5, 6, 25, 26). A few health

facility�based studies in Tanzania, both qualitative and

quantitative, concentrated mainly on the challenges, infant-

feeding practices of HIV-positive mothers, and the risks of

mortality (27, 28). However, no peer-reviewed, nationwide

study that focused on the associations between under-five

mortality and maternal HIV positivity was identified. The

aim of this study is to examine the association between

maternal HIV-positive status and under-five mortality in

Tanzania. The study also aims to estimate the proportions

and trends of under-five mortality attributable to maternal

HIV/AIDS in Tanzania between 2003 and 2012. The re-

sults are intended to add to the pool of evidence on MTCT,

with implications for improving HIV/AIDS-related pro-

grams and enabling policy makers to look backwards and

plan forward for effective PMTCT.

Methods

Study setting

With a population of about 45 million and a fertility rate

of 5 in 2012 (29), Tanzania has one of the highest

birthrates in the world (29). Agriculture is the main

economic activity and about 80% of the population live

in rural areas (30, 31). Twenty-eight percent of the

population is poor (30). The sex ratio is roughly 1:1

(29), and in 2012 almost 16% of the population was

below 5 years of age (30). Women of childbearing age

(15�49) constitute about 23% of the population (30).

Close to 30,000 babies are born every day in Tanzania

(29). The MTCT rate of HIV among pregnant mothers

who accessed any prophylaxis was 20% in 2010, while

those who did not receive any treatment had an estimated

transmission rate of 35% (17, 32). Challenges in the

health system operations or socioeconomic and cultural

hindrances have impeded intervention efforts (33, 34).

Poor remuneration, shortage, and inadequate distribu-

tion of health workers are some of the challenges faced by

the health system operations (34). Although the DHS

2013 comparative report indicated that the coverage for

at least one ANC visit in Tanzania has been over 80%

since 2003 (14), about 50% of all pregnant women did not

give birth in health facilities in 2011 (35, 36).

Study design and data sources

We used secondary data from the Tanzania AIDS In-

dicator Survey (AIS) datasets of the DHS program for the

years 2003, 2007, and 2011. These are repeated cross-

sectional surveys that collect a range of data on indepen-

dent samples of women and children. The data sampling

and collection method of the AIS involves random sampl-

ing of data across the whole country in a cross-sectional

survey design. Moreover, the datasets are nationally repre-

sentative. Information on reproduction, demographic

characteristics, sexual activity, and HIV/AIDS are
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collected through individual interviews. Blood samples are

taken from individuals aged 15�49 for testing. The bio-

marker survey (HIV test results) component of the AIS is

coded and stored separately. Standardized DHS/AIS

questionnaires and protocols are used, and the survey par-

ticipants remain anonymous. Further details on data col-

lection methods of the AIS can be obtained from the

DHS/AIS methodology toolkits and field manuals (37, 38).

The updated sampling frame and list of enumeration

areas ensures that each survey covers the whole country

without overlap (39).

We used three AIS datasets of the surveys conducted

in 2003�2004, 2007�2008, and 2011�2012. The datasets

were merged with the corresponding biomarker survey

components (HIV test results).

Variables

Outcome variable

Under-five mortality. This variable was defined as the death

of a child before reaching 5 years of age at the time the

respective surveys were conducted.

Predictor variable

Maternal HIV-status. Data on HIV were obtained

through laboratory testing for HIV during the AIS and

verbally through interviews about HIV testing during

ANC visits of the most recent birth under 5 years.

Maternal background and characteristics

The variables in this study constituted those variables that

are hypothesized to be risk factors to under-five mortality

based on existing evidence. For instance, low socioeco-

nomic status leads to undernutrition among children, and

poor water supply, especially in rural residency, results

in infectious diseases such as diarrhea, both of which

are leading causes of under-five deaths (40, 41). Further,

poverty and lack of maternal education have been asso-

ciated with under-five mortality (41). The independent

variables constituted non-causal risk factors to both HIV

infections and mortality and were considered as confound-

ing factors in this study. The categorization of maternal

age groups in this study was based on findings from other

studies that associated certain maternal age ranges with

the risk of under-five mortality. Children born to teenage

and younger mothers and those born to older women

(age 35� ) are associated with greater risk of mortality

as compared to those born to mothers between 25 and

34 years of age (42). A number of maternal health and child

survival studies in SSA have used similar age classifications

(18, 43). Studies have reported associations between poor

household wealth status and under-five mortality (44). The

DHS construction and categorization of wealth status in

this study were based on the asset index of socioeconomic

status (36). Detailed description and categorization of

all the study variables are outlined in the summary of

variables box below.

Summary of variables

Statistical methods
We conducted a Pearson’s chi-square test of independence

and association to examine the distribution of maternal

and background characteristics according to mother’s HIV

status and under-five survival status. Binomial logistic

regression analysis was used to determine odds ratios

(ORs) after adjusting for possible confounders. Children

with no known or suspected HIV exposure or no exposure

Variable Categorization

Description/

composition

Outcome variable

Under-five

mortality

Yes (dead) Died at age B5 years

No (alive) Alive at age ]5 years

Predictor variable

Maternal HIV

status

HIV positive

HIV negative

Independent

variables

Maternal

education

Uneducated No formal education

Primary 59 years of

education

Secondary or

higher

]9 years of

education

Marital status Single Never married,

separated, widowed,

or divorced and not

living together

Married Married or cohabiting

at the time of death

Maternal age

(years)

15�24

25�34

35�49

Place of residence Rural

Urban

Parity Nulliparous First-time

child-bearers

Para 1�3 1�3 births

Para 4� 4� births

Wealth status Poor Included poor and the

poorest

Middle Middle income

Wealthy Wealthy and the

wealthiest

Access to clean

water

Yes Piped, rain, protected

sources

No Rivers, unprotected

sources

Parity was defined as the number of times a woman has given

birth to a fetus of 24 or more weeks gestation age (42).
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were excluded in the regression analysis. Maternal HIV

status was assessed as the main exposure variable. In-

dependent/confounding variables were included in the

regression analysis one at a time (stepwise) for each of

the study periods while observing the changes in the odds

of under-five deaths by maternal HIV status. The con-

founders included maternal age, place of residence, ma-

ternal education level, marital status, parity, wealth status,

and drinking water source. Statistical significance was

considered at pB0.05 (95% confidence level). We used

SPSS version 22.0 statistical software (IBM, Armonk,

New York, USA) for analysis and Microsoft Excel to gen-

erate graphical representation of HIV/AIDS-attributable

under-five mortality.

Estimation of HIV-attributable risk fraction and

HIV population-attributable risk fraction

The HIV/AIDS-attributable mortality risk fraction (AF)

and population-attributable mortality risk fraction (PAF)

(in percentages) were calculated as the proportion of pre-

valent under-five death cases that could be avoided if the

exposure (maternal HIV and transmission of HIV from

mother to child) was eliminated. These were computed

manually using Equations 1 and 2:

AF ¼ OR� 1ð Þ
OR

� 100: (1)

Similarly,

PAF ¼ Pe � AF ¼ Pe � OR� 1

OR

� �
� 100 (2)

where OR is the adjusted odds ratio obtained from

logistic regression analysis and Pe is the proportion of

deaths that have the exposure.

Results
Univariate analysis of all the variables in Table 1 shows

that the proportions of under-five deaths in all the cate-

gories were generally higher in 2003�2004 as compared to

the other survey periods. Almost half (48.9%) of all the

under-five children born to HIV-positive mothers died in

less than 5 years prior to the 2003�2004 survey. The

proportions of these deaths decreased progressively in

2007�2008 and even further in 2011�2012. Similarly, the

proportion of deaths in all other independent variable

categories decreased progressively from 2003 to 2012 as

shown in Table 1. The mothers’ mean age was between

27 and 30 years for all the survey periods. Table 2 in-

dicates that more than 70% of the mothers lived in rural

areas and over 87% of all the women were married. The

proportion of HIV-positive mothers in the urban areas

decreased by 10% from 2003 to 2008 and by less than

1% from 2007 to 2012. In contrast, the proportion of

HIV-positive mothers in the rural areas rose by 10% from

2003 to 2008 and by less than 1% from 2007 to 2012.

The binomial logistic regression analysis in Table 3

shows that, after controlling for possible confounding

variables, maternal HIV-positive status was significantly

associated with under-five mortality in all the survey years.

The risk of under-five mortality due to maternal HIV ex-

posure varied from 2003 to 2012. The adjusted odds ratio

(aOR) was lowest in 2003�2004, aOR 1.5 (95% CI 1.1�1.9),

highest in 2007�2008, aOR 4.6 (95% CI 2.7�7.8), and

lower in 2011�2012, aOR 2.4 (95% CI 1.2�4.6).

The AF and PAF were highest in 2007 and lowest in

2003 (Table 4). In 2003�2004, the attributable risk percent

among the exposed children was 33.3%, and in the entire

population it was 3.7%. About 78% of all HIV-exposed

children died between 2005 and 2008, and these deaths

were attributable to their mothers’ HIV-positive status.

During the same period, about 11% of under-five deaths in

Tanzania could be attributed to maternal HIV-positive

status. Analysis of the most recent data in this study

indicated that in 2011�2012, about 5.6% of under-five

deaths in the Tanzanian population were attributable to

maternal HIV-positive status. Results from 2011 to 2012

show that about 58% of all deaths among HIV-exposed

children could be attributed to maternal HIV-positive

status. Figure 1 shows the trends in mortality attributable

to maternal HIV-positive status, with peaks in 2007�2008

among both those exposed to HIV and in the entire

population. The slopes for both the rise and the decline of

HIV-attributable under-five mortalities are more gradual

in the entire population as compared to those among ex-

posed children, which are relatively steep.

In 2003�2004 (Table 3), the aOR showed that the

maternal age group 15�24 and lack of clean drinking

water were significantly associated with the risk of under-

five mortality as shown by the aOR, pB0.05. Parity 1�3,

para 4�, older women (35� ), no education, and rural

residency were protective against under-five mortality in

2003�2004. It was only in 2007�2008 that the under-five

mortality risk among the poor was 1.6 times higher as com-

pared to the wealthy and this was statistically significant.

Similarly, it was only in 2011�2012 that the middle class

wealth status had almost three times higher risk of under-

five deaths as compared to the wealthy. All the other in-

dependent variables in 2007�2008 and 2011�2012 showed

no significant associations with under-five mortality.

Discussion
The overall odds of mortality adjusted for maternal

age, parity, drinking water source, marital and wealth

status, level of education, and place of residence were

about 1.5�4.6 times higher for under-five children born to

HIV-positive mothers as compared to those born to HIV-

negative mothers between 2003 and 2012. The highest

mortality risk (4.6 times higher) among under-five children
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born to HIV-infected mothers was observed in 2007�2008.

One to two out of every three deaths among children under

5 years born to HIV-positive mothers could be attributed

to their mothers’ HIV seropositive status, which represents

3.7�11.3% of under-five mortality in the entire Tanzanian

population. A number of studies in Uganda, Malawi, and

South Africa found similar statistically significant associa-

tions between maternal HIV positivity and under-five

mortality (2�6).

The present study did not separately examine mortality

among HIV-uninfected and HIV-infected children born to

HIV-positive mothers. However, we sought to examine

whether under-five mortality in Tanzania was significantly

associated with maternal HIV positivity. Our findings in-

dicated a strong association between maternal HIV and

under-five mortality; therefore this study supports the

continued access and provision of option B/B� of the

revised WHO guidelines that propose ARV prophylaxis

during pregnancy, delivery, and postpartum during breast-

feeding for PMTCT (21).

This study revealed a tripling of under-five mortality

risk due to maternal HIV from 1.5 in 2003 to 4.6 in 2007�
2008. These estimates are comparable with a rise in the

prevalence of HIV among young women 20�24 years of

age in Tanzania between 2003 and 2008 (33), where more

than 23% of teenagers have begun childbearing (45). Our

study thus considers inadequate the PMTCT programs

or protocols that existed in Tanzania between 2003 and

2007. During this period, HIV-attributable deaths among

under-five children also tripled. This could be further

Table 1. Distribution of background and maternal characteristics of under-five children, by under-five mortality status in

Tanzania between 2003 and 2012 (95% confidence limit)

2003�2004 2007�2008 2011�2012

Mortality, N�2,371 Mortality, N�4,625 Mortality, N�5,552

Baseline characteristics Yes (%) No (%) p Yes (%) No (%) p Yes (%) No (%) p

Maternal HIV status

HIV positive 48.9 51.1 B0.01 11.6 88.4 B0.01 5.6 94.4 B0.01

HIV negative 32.0 68.0 3.5 96.5 2.5 97.5

Maternal agea (N=2,672) (N=4,910) (N=5,845)

15�24 16.2 83.8 B0.01 4.0 96.0 0.2 3.1 96.9 0.50

25�34 36.9 63.1 3.4 96.6 2.4 97.6

35�49 60.6 39.4 4.7 95.3 2.5 97.5

Place of residence

Rural 35.1 64.9 B0.01 3.7 96.3 0.03 2.5 97.5 0.1

Urban 23.4 76.6 5.3 94.7 3.4 96.6

Education

No education 43.0 57.0 B0.01 3.8 96.2 0.5 2.3 97.7 0.4

Primary 30.6 69.4 4.2 95.8 3.7 96.3

Secondary 12.2 87.8 3 97 3.3 96.7

Marital status

Single 13.2 86.8 B0.01 5.3 94.7 0.3 2.9 97.1 0.8

Married 34.5 65.5 96.1 3.9 2.6 93.4

Wealth status

Poor 39.4 60.6 B0.01 3.5 96.5 0.3 2.7 97.3 B0.01

Middle 34.4 65.6 3.5 96.5 1.4 98.6

Wealthy 23.1 76.9 4.5 95.5 3.3 96.7

Parity

Nulliparous 5.7 94.3 B0.01 4.7 95.3 0.5 3.4 96.4 0.2

Para 1�3 26.3 73.7 3.8 96.2 2.7 97.3

Para 4� 62.8 27.6 3.8 96.2 2.2 97.8

Clean watera

No 36.3 63.7 B0.01 4.0 96.0 0.5 2.3 97.7 0.4

Yes 23.7 76.3 3.6 96.4 2.7 97.3

Mean ageb 27.6 29.4 29.5

Statistical significance (pB0.05, two-sided). aaccess to clean drinking water, bRepresents maternal age at birth.
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explained by the fact that it was only beginning in 2007

that ART was provided free of charge to children (46).

Many poor families were hindered from accessing HIV

testing and ART for children before 2007 due to un-

affordable costs. Consequently, this led to higher HIV-

attributable under-five deaths in 2007�2008. Lack of

resources was also noted by Fiscus et al. as a profound

hindrance to treatment (47). Comprehensive knowledge

on HIV/AIDS among females aged 15�24 in Tanzania

had also declined between 2003 and 2008 (22), thus

fueling the infections and mortalities.

From a public health viewpoint and health policy

evaluation perspective, our results detected obvious pro-

gress in reducing HIV-attributable mortality among

under-five children in Tanzania between 2007 and 2012.

Within 5 years of PMTCT interventions in Tanzania,

under-five mortality attributed to maternal HIV de-

creased by half, from 11.3% in 2007 to 5.6% in 2012.

These results concur with the 2009 aggregate findings of

research in SSA countries (3.6%) and in Tanzania (5.0%)

(17). Our 2011�2012 estimate of population attributable

mortality risk is also comparable with the HIV prevalence

of 5.6�6.0% among women in Tanzania in 2011 (48, 49).

Furthermore, a comprehensive assessment of PMTCT

programs in northern Tanzania indicated that MTCT of

HIV decreased from 15.2% in 2008 to 3.1% in 2010 (50).

We can therefore theoretically estimate that by scaling up

the northern Tanzania PMTCT intervention programs

nationwide to reach both rural and urban areas, the HIV-

attributable under-five mortality risk in Tanzania could

be reduced to near zero by 2017. This study suggests the

need for continued public health funding of the current

interventions in order to eliminate the HIV-attributable

deaths among under-five children.

The variation in HIV-attributable mortality observed

over the 10-year period in this study reveals that interven-

tion gaps exist and that PMTCT has been a challenge for a

long time. Similar studies have also revealed the existence

of persistent challenges hindering PMTCT interventions

(2�4). One of the challenges identified in 2013 by the Mitra

Plus 2-year follow-up study among Tanzanian women was

poor adherence to ART for PMTCT (51). Moreover, in

many SSA countries, the PMTCT guidelines have largely

focused on HIV-positive mothers tested during antenatal

visits and less on HIV-negative mothers (52). In Zimbabwe

it was noted that maternal infection during the postpartum

period and the subsequent infection of babies during

breastfeeding had received little attention (52). In this

regard, a more proactive approach to expedite the decrease

in HIV-attributable under-five mortality in Tanzania may

Table 2. Distribution of background characteristics of under-five children, by maternal HIV status in Tanzania between 2003

and 2012 (95% confidence limit)

2003�2004 (N�2,371) 2007�2008 (N�4,625) 2011�2012 (N�5,551)

Variable HIV� HIV� p HIV� HIV� p HIV� HIV� p

Place of residence

Urban 53 (40.5) 419 (18.7) B0.01 67 (29.9) 720 (16.4) B0.01 73 (29.1) 720 (16.4) B0.01

Rural 78 (59.5) 1,821 (81.3) 157 (70.1) 3,681 (83.6) 178 (70.9) 3,681 (83.6)

Education

No education 19 (14.5) 516 (23.0) B0.01 39 (17.4) 1,192 (27.1) B0.01 40 (15.9) 1,186 (22.4) B0.01

Primary 101 (77.1) 1,641 (73.3) 169 (75.5) 2,758 (62.7) 190 (75.7) 3,435 (64.8)

Secondary/higher 11 (8.4) 83 (3.7) 16 (7.1) 451 (10.2) 21 (8.4) 680 (12.8)

Maternal age

15�24 43 (32.8) 895 (39.9) 0.1 67 (29.9) 1,313 (29.8) 0.5 53 (21.8) 1,189 (24.2) 0.04

25�34 69 (52.7) 969 (43.3) 104 (46.4) 1,908 (43.4) 133 (54.7) 2,284 (46.6)

35�49 19 (14.5) 376 (16.8) 53 (23.7) 1,180 (26.8) 57 (23.5) 1,433 (29.2)

Marital status

Single 17 (13) 194 (8.7) 0.09 14 (6.2) 211 (4.8) 0.3 18 (7.9) 211 (4.8) 0.7

Married 144 (87) 2,046 (91.3) 210 (93.8) 4,190 (95.2) 210 (92.1) 4,190 (95.2)

Wealth status

Poor 41 (31.3) 1,044 (46.6) B0.01 87 (52.1) 1,698 (47.1) 0.4 87 (34.7) 2,214 (41.8) B0.01

Middle class 22 (16.8) 447 (20) 36 (21.6) 896 (24.9) 45 (17.9) 1,080 (20.4)

Wealthy 68 (51.9) 749 (33.4) 44 (26.3) 1,011 (28.0) 119 (47.4) 2,007 (37.9)

Clean watera

No 35 (34.7) 1,108 (54.1) B0.01 82 (39.8) 1,750 (42.0) 0.5 105 (47.7) 2,210 (48.0) 0.9

Yes 66 (65.3) 939 (45.9) 124 (60.2) 2,420 (58.0) 115 (52.3) 2,396 (52.0)

X2p value � Pearson’s chi-square test of independence. Statistically significant observation (pB0.05, two-sided). arefers to drinking water.
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need to involve community follow-up of almost 50% of all

pregnant women, who currently give birth in homes (35)

and miss out on HIV screening during delivery at the

health facilities. This approach could also profoundly sup-

press the social stigma associated with HIV in communities,

since every pregnant woman would receive HIV-related

attention irrespective of their serostatus. Additionally, further

research on the gaps of HIV infections among children such

as seroconversion during pregnancy and subsequent infec-

tion of children ought to be investigated (53, 54).

The 3.7% HIV-attributable mortality of under-five

children in 2003�2004 in this study could arguably be

taken as an underestimate when compared with other

study findings that reported an overall estimate of 10% in

all of SSA in 2002 (55). However, the disparities can be

accounted for by the fact that there have been larger

variations in the impact of HIV across SSA regions. For

example, in 2003, the HIV-attributable child mortality in

Southern Africa was about 15.5%, while in Central Africa

it was about 2.5% (20). Moreover, the prevalence of HIV

also varies substantially across SSA countries (56).

Numerous studies analyzing the effect of sociodemo-

graphic and maternal factors on under-five mortality

have already been conducted (41, 43, 57�59) and our

findings partly concur with these studies. HIV/AIDS is

also known to exacerbate sociodemographic conditions

Table 3. Binomial logistic regression analysis of the association between under-five mortality and exposure to maternal

HIV-positive status among Tanzanian children between 2003 and 2012; adjusted odds ratios (aORs) (95% confidence interval)

2003�2004 (N�2,371) 2007�2008 (N�4,625) 2011�2012 (N�5,552)

Variables aOR (95% CI) p aOR (95% CI) p aOR (95% CI) p

Maternal HIV status

HIV positive 1.5 (1.1�1.9) B0.01 4.6 (2.7�7.8) B0.01 2.4 (1.2�4.6) B0.01

HIV negative 1.0 1.0 1.0

Place of residence

Rural 0.7 (0.5�0.9) 0.04 0.9 (0.5�1.6) 1.0 0.9 (0.5�1.6) 0.4

Urban 1.0 1.0 1.0

Education levela

No education 0.2 (0.1�0.6) B0.01 0.6 (0.2�1.6) 0.2 1.2 (0.6�2.6) 0.3

Primary education 0.3 (0.1�1.0) 0.1 0.6 (0.2�1.6) 0.2 1.0 (0.5�1.8) 0.9

Marital status

Single 0.8 (0.4�1.6) 0.4 0.6 (0.2�1.6) 0.3 0.6 (0.2�1.8) 0.5

Married 1.0 1.0 1.0

Wealth statusb

Poor 0.8 (0.6�1.1) 0.1 1.6 (1.0�2.5) 0.04 1.1 (0.7�1.9) 0.6

Middle class 0.8 (0.5�1.1) 0.1 1.7 (0.9�2.8) 0.51 2.7 (1.2�5.7) 0.01

Maternal agec

15�24 1.8 (1.3�2.5) B0.01 0.9 (0.5�1.5) 0.5 0.8 (0.5�1.3) 0.4

35�49 0.6 (0.5�0.8) B0.01 0.7 (0.5�1.2) 0.8 0.9 (0.5�1.5) 0.7

Parityd

Para 1�3 0.4 (0.2�0.7) B0.01 1.4 (0.8�2.5) 0.5 1.1 (0.6�2.1) 0.5

Para 4� 0.1 (0.03�0.14) B0.01 1.4 (0.7�2.9) 0.7 1.3 (0.6�2.7) 0.5

Clean drinking water

No 1.7 (1.3�2.1) B0.01 1.4 (0.9�2.1) 0.7 0.7 (0.5�1.5) 0.6

Yes 1.0 1.0 1.0

Adjusted for all variables in the table. Reference groups: asecondary/higher education, bwealth, cage group 25�34, dnulliparous.

Table 4. HIV/AIDS-attributable mortality risk fraction among

exposed under-five children and in the entire under-five popula-

tion in Tanzania

Survey

year

Attributable risk

fraction (%)

For children of infected mothers

2003�2004 33.3

2007�2008 78.3

2011�2012 58.3

In the entire population

2003�2004 3.7

2007�2008 11.3

2011�2012 5.6
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that indirectly lead to deaths. The 2003�2004 findings

showed a significant association between lack of clean

drinking water and under-five mortality. However, the

significance in this association progressively disappeared

in 2008 and 2012. This improvement could be explained

by findings from UNICEF, which reported that, as the

access to clean drinking water for children improved from

2003 to 2010, in both urban and rural Tanzania (60),

the risks of mortality from waterborne diseases among

children decreased (60). Continuous improvement in the

lives of mothers and households through education and

economic empowerment is an undebatable factor in the

fight against HIV-attributable under-five mortality.

Methodological consideration
The random sampling of data across the whole country is

a key strength and partly a justification for the external

validity of our study. However, the possibility of informa-

tion bias during data collection through individual in-

terviews cannot be completely ruled out, particularly

with respect to recall on the part of participants. Our

study does not confirm the causal association between

under-five mortality and maternal HIV-positive status.

This is because neither the children’s HIV status nor the

actual cause of death was ascertained medically. Further,

our study could not confirm whether the mother became

infected before or after the baby died, since many HIV test

results were mainly obtained during the surveys. The

under-five mortality (0�4 years) may be underreported.

Other limitations include missing information on the exact

age at death of the children, no sufficient data on the use of

antiretroviral drugs among children, and maternal survival

information.

Conclusions
Maternal HIV-positive status is associated with under-five

mortality in Tanzania and is one of the key predictors

of under-five survival in Tanzania. It contributes a propor-

tion of deaths to the overall under-five mortality. Contin-

uous research to monitor trends and evaluate PMTCT

programs will have a positive impact on reducing under-

five mortality in Tanzania.

Tanzania lags behind in its efforts to achieve both

global and national targets on reducing maternal HIV-

attributable mortalities among under-five children. Best

practices currently adopted are based on program evalua-

tion reports that are insufficient due to weak infant

diagnosis and limited information about births and under-

five mortality among HIV-positive mothers. This study

provides evidence-based national estimates of under-five

mortality trends, thus enabling a more comprehensive

nationwide evaluation and subsequent policy development

towards the target.
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Paper context
The lack of comprehensive interventions targeted at PMTCT

of HIV is a primary reason for high rates of under-five

mortality in sub Saharan Africa. Tanzania’s National Multi-

Sectoral Strategic Framework III (2013�2017) is currently

implementing and expanding its PMTCT program. How-

ever, there remain challenges in early infant diagnosis,

ineffective PMTCT and home births. There is no peer-

reviewed nationwide study in Tanzania that has focused on

the association between maternal HIV positivity and under-

five mortality.

Fig. 1. Trends of HIV/AIDS-attributable risk percent of

under-five mortality between 2003 and 2012, among children

exposed to HIV and in the entire Tanzanian population.

Malachi Ochieng Arunda et al.

8
(page number not for citation purpose)

Citation: Glob Health Action 2016, 9: 31676 - http://dx.doi.org/10.3402/gha.v9.31676

http://www.globalhealthaction.net/index.php/gha/article/view/31676
http://dx.doi.org/10.3402/gha.v9.31676


References

1. Liu L, Oza S, Hogan D, Perin J, Rudan I, Lawn JE, et al.

Global, regional, and national causes of child mortality in

2000�13. with projections to inform post-2015 priorities: an

updated systematic analysis. Lancet 2015; 385: 430�40.

2. Landes M, van Lettow M, Chan AK, Mayuni I, Schouten EJ,

Bedell RA. Mortality and health outcomes of HIV-exposed and

unexposed children in a PMTCT cohort in Malawi. PLoS One

2012; 7: e47337.

3. Zaba B, Whitworth J, Marston M, Nakiyingi J, Ruberantwari A,

Urassa M, et al. HIV and mortality of mothers and children:

evidence from cohort studies in Uganda, Tanzania, and Malawi.

Epidemiology 2005; 16: 275�80.

4. Taha TE, Dadabhai SS, Sun J, Rahman MH, Kumwenda J,

Kumwenda N. Child mortality levels and trends by HIV status

in Blantyre, Malawi: 1989�2009. J Acquir Immune Defic Syndr

2012; 61: 226�34.

5. Chihana ML, Price A, Floyd S, Mboma S, Mvula H, Branson K,

et al. Maternal HIV status associated with under-five mortality in

rural Northern Malawi: a prospective cohort study. J Acquir

Immune Defic Syndr 2015; 68: 81�90.

6. Ndirangu J, Newell ML, Thorne C, Bland R. Treating HIV-

infected mothers reduces under 5 years of age mortality rates

to levels seen in children of HIV-uninfected mothers in rural

South Africa. Antivir Ther 2012; 17: 81�90.

7. United Nations Children’s Fund (UNICEF) (2013). Towards an

AIDS-free generation�children and AIDS: sixth stocktaking

report, 2013. New York: UNICEF.

8. Coovadia HM, Rollins NC, Bland RM, Little K, Coutsoudis A,

Bennish ML, et al. Mother-to-child transmission of HIV-1

infection during exclusive breastfeeding in the first 6 months of

life: an intervention cohort study. Lancet 2007; 369: 1107�16.

9. Marinda E, Humphrey JH, Iliff PJ, Mutasa K, Nathoo KJ,

Piwoz EG, et al. Child mortality according to maternal and infant

HIV status in Zimbabwe. The Pediatr Infect Dis J 2007; 26:

519�26.

10. Mofenson LM, McIntyre JA. Advances and research directions

in the prevention of mother-to-child HIV-1 transmission.

Lancet 2000; 355: 2237�44.

11. Anigilaje EA, Dabit OJ, Olutola A, Ageda B, Aderibigbe SA.

HIV-free survival according to the early infant-feeding prac-

tices; a retrospective study in an anti-retroviral therapy pro-

gramme in Makurdi, Nigeria. BMC Infect Dis 2015; 15: 132.

12. Audu RA, Salu OB, Musa AZ, Onyewuche J, Funso-Adebayo

EO, Iroha EO, et al. Estimation of the rate of mother to child

transmission of HIV in Nigeria. Afr J Med Med Sci 2006; 35:

121�4.

13. Newell ML. HIV transmission through breastfeeding: a review of

available evidence. Geneva: World Health Organization; 2004.

14. Sarah S, Wang S, Head SK, Bradley SEK, Nybro E. Demographic

patterns of HIV testing uptake in sub-Saharan Africa. DHS com-

parative reports No. 30. Calverton, MD: ICF International; 2013.

15. United Nations Children’s Fund (2015). Level & trends in child

mortality: report 2011. Estimates developed by the UN inter-

agency group for child mortality estimation. New York: United

Nations Children’s Fund.

16. Rajaratnam JK, Marcus JR, Flaxman AD, Wang H, Levin-

Rector A, Dwyer L, et al. Neonatal, postneonatal, childhood,

and under-5 mortality for 187 countries, 1970�2010: a systematic

analysis of progress towards Millennium Development Goal 4.

Lancet 2010; 375: 1988�2008.

17. Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I,

Bassani DG, et al. Global, regional, and national causes of

child mortality in 2008: a systematic analysis. Lancet 2010; 375:

1969�87.

18. Eaton JW, Rehle TM, Jooste S, Nkambule R, Kim AA,

Mahy M, et al. Recent HIV prevalence trends among pregnant

women and all women in sub-Saharan Africa: implications for

HIV estimates. AIDS 2014; 28(Suppl 4): S507�14.

19. Newell ML, Coovadia H, Cortina-Borja M, Rollins N,

Gaillard P, Dabis F. Mortality of infected and uninfected

infants born to HIV-infected mothers in Africa: a pooled

analysis. Lancet 2004; 364: 1236�43.

20. Stanecki K, Daher J, Stover J, Akwara, Mahy M. Under-5

mortality due to HIV: regional levels and 1990�2009 trends.

Sex Transm Infect 2010; 86(Suppl 2): i56�61.

21. World Health Organization (2010). Antiretroviral drugs for

treating pregnant women and preventing HIV infection in

infants: recommendations for a public health approach, 2010

version. Geneva: World Health Organization.

22. Tanzanian commission for AIDS (TACAIDS) (2014). National

HIV and AIDS response report 2013: Tanzania Mainland.

Tanzania: The United Republic of Tanzania, Prime Minister’s

Office.

23. Joint United Nations Programme on HIV/AIDS (UNAIDS).

2014 progress report on the global plan: towards the elimination

of new HIV infections among children by 2015 and keeping

their mothers alive, 2014. Geneva: UNAIDS.

24. World Health Organization. Towards universal access: scaling up

priority HIV/AIDS interventions in the health sector; Progress

report 2009, 2010. Geneva: World Health Organization.

25. Kurewa EN, Gumbo FZ, Munjoma MW, Mapingure MP,

Chirenje MZ, Rusakaniko S, et al. Effect of maternal HIV

status on infant mortality: evidence from a 9-month follow-up

of mothers and their infants in Zimbabwe. J Perinatol 2009; 30:

88�92.

26. Ng’weshemi J, Urassa M, Isingo R, Mwaluko G, Ngalula J,

Boerma T, et al. HIV impact on mother and child mortality

in rural Tanzania. J Acquir Immune Defic Syndr 2003; 33:

393�404.

27. Theuring S, Mbezi P, Luvanda H, Jordan-Harder B, Kunz A,

Harms G. Male involvement in PMTCT services in Mbeya

region, Tanzania. AIDS Behav 2009; 13: 92�102.

28. Young SL, Israel-Ballard KA, Dantzer EA, Ngonyani MM,

Nyambo MT, Ash DM, et al. Infant feeding practices among

HIV-positive women in Dar es Salaam, Tanzania, indicate a

need for more intensive infant feeding counselling. Public

Health Nutr 2010; 13: 2027�33.

29. World Population Review. Tanzania Population 2014. [Updated

September 2015]. Available from: http://worldpopulationreview.

com/countries/tanzania-population [cited 11 April 2016].

30. National Bureau of Statistics (NBS) (Tanzania), Office of Chief

Government Statistician (Tanzania) (2014). Basic demographic

and socio-economic profile statistical tables. Tanzania Mainland.

Tanzania: the United Republic of Tanzania.

31. United Nations Development Programme (UNDP), United Re-

public of Tanzania (2014). Tanzania human development report

2014. Dares Salaam: UNDP and United Republic of Tanzania.

32. The United Republic of Tanzania (2012). Country progress re-

porting [Part A]: Tanzania Mainland. Tanzania: United Republic

of Tanzania.

33. The United Republic of Tanzania (No date). Global aids response

country progress report; 2014. Available from: http://www.unaids.

org/sites/default/files/country/documents/TZA_narrative_report_

2014.pdf [cited 10 January 2016].

34. Gourlay A, Birdthistle I, Mburu G, Iorpenda K, Wringe A.

Barriers and facilitating factors to the uptake of antiretroviral

drugs for prevention of mother-to-child transmission of HIV in

sub-Saharan Africa: a systematic review. J Int AIDS Soc 2013;

16: 18588, doi: http://dx.doi.org/10.7448/IAS.16.1.18588

Under-five mortality and maternal HIV status in Tanzania

Citation: Glob Health Action 2016, 9: 31676 - http://dx.doi.org/10.3402/gha.v9.31676 9
(page number not for citation purpose)

http://worldpopulationreview.com/countries/tanzania-population
http://worldpopulationreview.com/countries/tanzania-population
http://www.unaids.org/sites/default/files/country/documents/TZA_narrative_report_2014.pdf
http://www.unaids.org/sites/default/files/country/documents/TZA_narrative_report_2014.pdf
http://www.unaids.org/sites/default/files/country/documents/TZA_narrative_report_2014.pdf
http://dx.doi.org/10.7448/IAS.16.1.18588
http://www.globalhealthaction.net/index.php/gha/article/view/31676
http://dx.doi.org/10.3402/gha.v9.31676


35. Magoma M, Requejo J, Campbell OM, Cousens S, Filippi V.

High ANC coverage and low skilled attendance in a rural

Tanzanian district: a case for implementing a birth plan

intervention. BMC Pregnancy Childbirth 2010; 10: 13.

36. National Bureau of Statistics (NBS) [Tanzania], ICF Macro

(2011). Tanzania demographic and health survey 2010. Dar es

Salaam, Tanzania: NBS and ICF Macro.

37. MEASURE DHS (2006). Guide to demographic and

health survey statistics: methodology for the Measure DHS

phase III project, implemented from 2008�2013. Calverton,

MD: MEASURE DHS.

38. ICF International (2012). MEASURE DHS biomarker field

manual. Calverton, MD: ICF International.

39. Macro International Inc. (1996). Sampling manual. DHS-III basic

documentation No. 6. Calverton, MD: Macro International Inc.

40. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M,

Ezzati M, et al. Maternal and child undernutrition: global and

regional exposures and health consequences. Lancet 2008; 371:

243�60.

41. Oloruntoba EO, Folarin TB, Ayede AI. Hygiene and sanitation

risk factors of diarrhoeal disease among under-five children in

Ibadan, Nigeria. Afr Health Sci 2014; 14: 1001�11.

42. Myrskyla M, Fenelon A. Maternal age and offspring adult

health: evidence from the health and retirement study. Demo-

graphy. 2012; 49(4): 1231�57.
43. Adedini SA, Odimegwu C, Imasiku EN, Ononokpono DN,

Ibisomi L. Regional variations in infant and child mortality in

Nigeria: a multilevel analysis. J Biosoc Sci 2015; 47: 165�87.

44. Nattey C, Masanja H, Klipstein-Grobusch K. Relationship

between household socio-economic status and under-five mor-

tality in Rufiji DSS, Tanzania. Glob Health Action 2013; 6:

19278, doi: http://dx.doi.org/10.3402/gha.v6i0.19278

45. National Bureau of Statistics and ORC Macro (2010). Tanzania

demographic health survey 2010. Dar es Salaam: National

Bureau of Statistics and ORC Macro.

46. Emmett SD, Cunningham CK, Mmbaga BT, Kinabo GD,

Schimana W, Swai ME, et al. Predicting virologic failure among

HIV-1-infected children receiving antiretroviral therapy in

Tanzania: a cross-sectional study. J Acquir Immune Defic Syndr

2010; 54: 368�75.

47. Fiscus SA, Cheng B, Crowe SM, Demeter L, Jennings C,

Miller V, et al. HIV-1 viral load assays for resource-limited

settings. PLoS Med 2006; 3: e417.

48. Manyahi J, Jullu BS, Abuya MI, Juma J, Ndayongeje J,

Kilama B, et al. Prevalence of HIV and syphilis infections

among pregnant women attending antenatal clinics in Tanzania,

2011. BMC Public Health 2015; 15: 501.

49. Zaba B, Calvert C, Marston M, Isingo R, Nakiyingi-Miiro J,

Lutalo T, et al. Effect of HIV infection on pregnancy-related

mortality in sub-Saharan Africa: secondary analyses of pooled

community-based data from the network for analysing long-

itudinal population-based HIV/AIDS data on Africa (ALPHA).

Lancet 2013; 381: 1763�71.

50. Buchanan AM, Dow DE, Massambu CG, Nyombi B, Shayo A,

Musoke R, et al. Progress in the prevention of mother to child

transmission of HIV in three regions of Tanzania: a retro-

spective analysis. PLoS One 2014; 9: e88679.

51. Ngarina M, Popenoe R, Kilewo C, Biberfeld G, Ekstrom AM.

Reasons for poor adherence to antiretroviral therapy postna-

tally in HIV-1 infected women treated for their own health:

experiences from the Mitra Plus study in Tanzania. BMC Public

Health 2013; 13: 450.

52. Kurewa NE, Munjoma MM, Chirenje ZM, Rusakaniko S,

Hussain A, Stray-Pedersen B. Compliance and loss to follow up

of HIV negative and positive mothers recruited from a PMTCT

programme in Zimbabwe. Cent Afr J Med 2007; 53: 25�30.

53. Dinh TH, Delaney KP, Goga A, Jackson D, Lombard C,

Woldesenbet S, et al. Impact of Maternal HIV seroconversion

during pregnancy on Early Mother to Child Transmission of HIV

(MTCT) measured at 4�8 weeks postpartum in South Africa

2011�2012: a national population-based evaluation. PLoS One

2015; 10: e0125525.

54. Lawi JD, Mirambo MM, Magoma M, Mushi MF, Jaka HM,

Gumodoka B, et al. Sero-conversion rate of Syphilis and HIV

among pregnant women attending antenatal clinic in Tanzania:

a need for re-screening at delivery. BMC Pregnancy Childbirth

2015; 15: 3.

55. Newell ML, Brahmbhatt H, Ghys PD. Child mortality and HIV

infection in Africa: a review. AIDS 2004; 18: 27�34.

56. Short SE, Goldberg RE. Children living with HIV-infected

adults: estimates for 23 countries in sub-Saharan Africa. PLoS

One 2015; 10: e0142580.

57. Mmbaga EJ. DHS working papers: HIV prevalence and

associated risk factors: analysis of change over time in Main-

land Tanzania. Calverton, MD: United States Agency for

International Development; 2013.

58. Wojcicki JM. Socioeconomic status as a risk factor for HIV

infection in women in East, Central and Southern Africa: a

systematic review. J Biosoc Sci 2005; 37: 1�36.

59. Magadi MA. The disproportionate high risk of HIV infection

among the urban poor in sub-Saharan Africa. AIDS Behav

2013; 17: 1645�54.

60. United Nations Children’s Fund (2013). Children and women

in Tanzania: 2013. Tanzania mainland. Dar es Salaam: United

Nations Children’s Fund.

Malachi Ochieng Arunda et al.

10
(page number not for citation purpose)

Citation: Glob Health Action 2016, 9: 31676 - http://dx.doi.org/10.3402/gha.v9.31676

http://dx.doi.org/10.3402/gha.v6i0.19278
http://www.globalhealthaction.net/index.php/gha/article/view/31676
http://dx.doi.org/10.3402/gha.v9.31676

