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ABSTRACT
The study determined the prevalence of acute respiratory infections and diarrhoea among sub-
Saharan African children. It also examined if there was any significant morbidity benefit conferred
by three doses of diphtheria-tetanus-pertussis containing vaccines (DTP3) with respect to maternal
HIV status. Data were obtained from the Demographic and Health Survey (DHS) program, United
Nations Development Programs, World Bank and Joint United Nations Programme on HIV/AIDS.
Pooled odds ratio (OR) and 95% confidence intervals (CI) were calculated for the countries. Test of
heterogeneity, sensitivity analyses and meta-regression were also conducted. The prevalence of
acute respiratory infections and diarrhoea were similar between the children that were vaccinated
and those who were not vaccinated with DTP3. The pooled result shows that children who did not
receive DTP3 were more likely to have symptoms of acute respiratory infections than children who
had DTP3 (OR 1.09, 95% CI 1.02 to 1.17); with low heterogeneity across the countries. The
combined result for diarrhoea shows that children who did not receive DTP3 were less likely to
have episodes of diarrhoea than children who received DTP3 (OR 0.83, 95% CI 0.74 to 0.92); with
substantial heterogeneity across the countries. There was no difference between the estimates of
DTP3 vaccinated and unvaccinated children of HIV seropositive mothers with respect to symptoms
of acute respiratory infections or episodes of diarrhoea. Tackling various causes and risk factors for
respiratory tract infections and diarrhoeal diseases should be a priority for various stakeholders in
sub-Saharan Africa.
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Background

There were 5.9 million deaths in children under-five world-
wide in 2015 with half of them caused by vaccine-preventable
diseases.1,2 Medical conditions such as pneumonia and diar-
rhoea were leading cause of death among children under-five
in sub-Saharan Africa.1 Acute respiratory infections (such as
pneumonia) and diarrhoeal diseases put considerable burden
on health services, including multiple hospital visits and
admissions.3 Human immunodeficiency virus (HIV) infection
is a leading cause of disease burden and years of life lost in
sub-Saharan Africa.4,5 The region is home to 75% of global
burden of HIV.6–8 Globally, in 2016, it was estimated that 2.1
million children aged under 15 years were living with HIV
with about 90% of these children residing in sub-Saharan
Africa.7 HIV infection is a major contributor to under-five
mortality in sub-Saharan Africa.7 It is also estimated that
about 80% of people living with HIV will develop a respira-
tory infection at some time in the course of their disease.9,10

HIV-infected individuals also have an increased risk of diar-
rhoeal diseases.11,12

The Integrated Global Action Plan for the Prevention and
Control of Pneumonia and Diarrhoea (GAPPD) proposed
vaccination as one of the key interventions against pneumonia

and diarrhoea.13 Vaccine use in Global Alliance for Vaccines
and Immunisation (GAVI) supported countries led to drop in
child mortality rate from 76 to 63 deaths per 1,000 live births
between 2010 and 2015.14,15 In spite of the progress made in
terms of vaccination coverage in many African countries,
there are still numerous unvaccinated and under-vaccinated
children with the high possibility of the children, especially
HIV-exposed children, dying from various vaccine-preventa-
ble diseases.16,17

Most studies on acute respiratory infections and diarrheal
diseases among HIV-exposed children did not take immuni-
sation status into account.16,17 There is also lack of informa-
tion concerning morbidity differential and benefits of
immunisation among children with respect to HIV status.
There is evidence that children of HIV-infected mothers are
more susceptible to acute respiratory infections and diar-
rhoeal diseases in comparison to the HIV non-exposed
children.15,16 However, this finding is from few observational
studies mainly conducted in Africa. There is need for a large
study to resolve these competing conclusions, and the demo-
graphic and health survey (DHS) is a good source of data to
meet this need. This research determined the prevalence of
symptoms of acute respiratory infections and episodes of
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diarrhoea, and assessed if there was any significant morbidity
benefit conferred by diphtheria-tetanus-pertussis (DTP3) vac-
cination among children in sub-Saharan Africa. This study
also examined if maternal HIV status affects morbidity ben-
efits of DTP3 uptake among sub-Saharan African children.
Uptake of three doses of vaccines containing DTP3 by one
year of age is considered to be a proxy for the immunisation
status of children.18

Results

Description of included surveys

This study used nationally-representative DHS conducted in
27 different sub-Saharan African countries. These countries
were included because their individual DHS has datasets on
HIV status and vaccination.

The included surveys were conducted between 2003 and
2016. Table 1 shows the year of survey, use of antiretroviral
drugs during pregnancy, gross domestic product (GDP) per
capita, human development index (HDI), adult literacy rate,
percentage of households using an improved water source,
percentage of households with improved non-shared toilet
facilities, and percentage of households in which there is
daily smoking. The GDP per capita ranged from $285.7 in
Burundi to $7,179.3 in Gabon. Adult literacy rate ranged
from 15.5% in Niger to 88.7% in Zimbabwe. The HIV
prevalence among women aged 15–49 years old ranged
from 0.5% in Niger to 34.7% in Swaziland. The percentage
of HIV positive women who were pregnant and received

anti-retroviral drugs during pregnancy varied from 35% in
Mali to 96% in Namibia. The percentage of households
using an improved water source varied from 5.8% in Sao
Tome and Principe to 45.9% in Angola while households
with improved and non-shared toilet facilities varied from
6.6% in Chad to 54.1% in Rwanda.

Table 2 shows the number of children who developed
symptoms of acute respiratory infections and episodes of
diarrhoea by DTP3 status in each country. The prevalence
of acute respiratory infections among children who did not
receive DTP3 varied between 6% in Angola and 79% in
Burundi; and among children who received DTP3, it varied
from 8% in Angola to 79% in Burundi. The combined
prevalence of symptoms of acute respiratory infections in
the 27 countries was 37.2% (4,523/12,158) among children
who did not receive DTP3, and 37.4% (8,153/21,801)
among children who received DTP3. The prevalence of
episodes of diarrhoea ranged from 5% in Rwanda to 26%
in Liberia among children who did not receive DTP3, and
from 9% in Mali to 29% in Malawi among children who
received DTP3. The combined prevalence of diarrhoea was
16.0% (6,808/42,592) among children who did not receive
DTP3 and 17.3% (12,845/74,188) among children who
received DTP3.

Table 3 shows the number of cases of acute respiratory
infections and episodes of diarrhoea among children who
received DTP3, grouped by the HIV status of their mothers.
Among the children who received DTP3, the prevalence of
symptoms of acute respiratory infections varied between 9%
in Mali and 24% in Zimbabwe for children of HIV negative

Table 1. Year of DHS survey and socio-economic characteristics of 27 study countries in sub-Saharan Africa.

Country

Year
of

survey

GDP
per

capita HDI

Adult
literacy
rate

Health
expenditure

Antiretroviral
drug coverage
during PMTCT

HIV
prevalence
(adult
female)

Households using
an improved
water source

Households with
improved, non-shared

toilet facilities

Households with
smoking in the
household daily

Angola 2016 3110.8 0.533 66 179.4 44 2.2 45.9 32.2 13.1
Burkina Faso 2010 649.7 0.402 34.6 35.2 83 1.1 23 15.2 n/a
Burundi 2011 285.7 0.404 61.6 21.6 84 1.3 23.4 31.4 27.3
Cameroon 2011 1032.6 0.518 71.3 58.7 74 5.1 28.4 35.9 n/a
Chad 2015 664.3 0.396 22.3 37.1 63 1.6 44.5 6.6 12.8
Congo DR 2014 444.5 0.435 77 19.1 70 1 51 18.4 23
Cote d’Ivoire 2012 1526.2 0.474 43.9 88.4 73 3.5 20.9 18 21.8
Ethiopia 2003 706.8 0.448 39 26.6 69 1.3 38.4 6.8 7.1
Gabon 2012 7179.3 0.697 82.3 321.3 76 5.3 6.2 33.7 20.2
Gambia 2013 473.2 0.452 42 30.7 69 2 8.1 37 24
Ghana 2014 1513.5 0.579 71.5 57.9 56 2.1 10.2 13.6 9.3
Guinea 2012 508.1 0.414 32 37.3 43 1.9 25.1 19 22.8
Kenya 2009 1455.4 0.555 78.7 77.7 80 6.9 35.5 22.7 n/a
Lesotho 2014 998.1 0.497 76.6 105.1 66 29.8 16.4 47.1 16.3
Liberia 2013 455.4 0.427 42.9 46.3 70 2 27.3 14.2 12.7
Malawi 2016 300.8 0.476 62.1 29 84 11.2 12.7 51.8 12.1
Mali 2013 780.5 0.442 33.1 47.8 35 1.2 34 22 17.1
Namibia 2012 4140.5 0.64 88.3 499 96 16.6 10.4 33.5 n/a
Niger 2013 363.2 0.353 15.5 24.4 52 0.5 32.9 9.3 n/a
Rwanda 2015 702.8 0.498 68.3 52.5 82 3.8 27 54.1 14.6
Sao T&P 2009 1756.1 0.574 90.1 165.6 n/a n/a 5.8 30.4 n/a
Senegal 2011 958.1 0.494 42.8 49.5 55 0.6 19.5 41.1 28.6
Sierra Leone 2013 496 0.42 32.4 85.9 87 2 39.1 9.6 37.6
Swaziland 2007 2775.2 0.541 83.1 247.9 95 34.7 29.9 9.3 n/a
Togo 2014 578.5 0.487 63.8 33.9 86 2.7 35.8 12.2 13.5
Zambia 2014 1178.4 0.579 83 85.9 83 14.5 34.5 25.4 n/a
Zimbabwe 2015 1008.6 0.516 88.7 57.7 93 16.1 21.8 37 10.8

GDP: gross domestic product, HDI: human development index, n/a: not available).
GDP – Low-income economies are defined as those with a GDP per capita of $1,025 or less; lower middle-income economies: $1,026 – $4,035; upper middle-income
economies: $4,036 – $12,475;

high-income economies: ≥ $12,476. HDI – low: < 0.549; medium: 0.550 – 0.770.
(Source: Demographic and Health Surveys, World Bank, Joint United Nations Programme on HIV/AIDS, United Nations Development Programme.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2415



mothers; and between 4% in Ethiopia and 30% in Chad for
children of HIV positive mothers. The combined prevalence
of acute respiratory infections among children who received
DTP3 was 38.0% (7,726/20,320) for children born of HIV
negative mothers and 28.8% (427/ 1481) for children of
women living with HIV. Regarding episodes of diarrhoea

among children who received DTP3, the prevalence varied
between 8% in Angola and 79% in Burundi in children of
HIV negative mothers; and between 0% in Namibia and 73%
in Sierra Leone among the children of HIV positive mothers.
The combined prevalence of diarrhoea among children who
received DTP3 was 17.4% (12,184/70,161) for children born of

Table 2. No of cases and percentages of symptoms of acute respiratory infections and episodes of diarrhoea among the children with respect to DTP3 vaccination in
27 countries in sub-Saharan Africa.

Symptoms of acute respiratory infections Episodes of diarrhea

DTP3 non-uptake DTP3 uptake DTP3 non-uptake DTP3 uptake

Country No of cases Percent (%) No of cases Percent (%) No of cases Percent (%) No of cases Percent (%)

Angola 164 6 92 8 417 16 264 23
Burkina Faso 60 47 231 40 175 13 865 16
Burundi 133 79 908 79 85 20 812 26
Cameroon 267 56 470 45 329 20 559 18
Chad 381 58 154 57 759 19 274 19
Congo DR 566 42 513 37 765 18 685 16
Cote d’Ivoire 132 49 163 41 260 19 361 19
Ethiopia 786 60 417 59 1069 16 492 14
Gabon 344 42 206 40 431 19 202 16
Gambia 65 71 236 62 133 17 513 19
Ghana 32 49 149 47 40 6 293 14
Guinea 259 68 168 61 314 17 229 16
Kenya 88 49 258 50 123 18 323 17
Lesotho 16 27 117 36 25 9 137 12
Liberia 205 48 256 49 374 26 427 23
Malawi 60 11 354 14 80 15 762 29
Mali 57 45 92 41 153 7 249 9
Namibia 153 51 198 44 281 13 478 15
Niger 46 39 210 43 63 15 328 20
Rwanda 20 38 382 42 14 5 424 12
Sao T&P 30 57 175 53 40 13 184 13
Senegal 115 65 366 60 213 21 603 20
Sierra Leone 176 66 437 62 137 10 410 12
Swaziland 45 54 308 54 41 12 287 15
Togo 103 54 373 53 102 14 431 17
Zambia 151 33 680 30 272 12 1679 18
Zimbabwe 69 9 240 10 113 15 574 24

Table 3. No of cases and percentages of symptoms of acute respiratory infections and episodes of diarrhoea among the children with uptake of DTP3 and maternal
HIV status in 27 countries in sub-Saharan Africa.

Symptoms of acute respiratory infections Episodes of diarrhea

HIV seronegative HIV seropositive HIV seronegative HIV seropositive

Country No of cases Percent (%) No of cases Percent (%) No of cases Percent (%) No of cases Percent (%)

Angola 258 23 6 29 91 8 1 5
Burkina Faso 857 16 8 16 228 40 3 50
Burundi 789 26 23 30 887 79 21 70
Cameroon 536 18 23 16 451 45 19 46
Chad 266 19 8 30 150 58 4 50
Congo DR 681 16 4 11 507 37 6 33
Cote d’Ivoire 355 19 6 10 160 42 3 30
Ethiopia 489 14 3 4 413 59 4 33
Gabon 198 16 4 8 198 40 8 36
Gambia 505 19 8 20 233 63 3 60
Ghana 290 14 3 7 144 47 5 50
Guinea 222 16 7 29 164 61 4 57
Kenya 291 17 32 22 237 50 21 51
Lesotho 105 13 32 11 92 36 25 36
Liberia 425 23 2 10 254 49 2 33
Malawi 712 30 50 25 330 14 24 12
Mali 246 9 3 11 90 41 2 40
Namibia 476 15 2 12 198 44 0 0
Niger 271 20 57 21 172 43 38 44
Rwanda 412 12 12 10 370 42 12 48
Sao T&P 183 13 1 8 175 53 n/a n/a
Senegal 602 20 1 5 365 60 1 33
Sierra Leone 407 12 3 7 429 62 8 73
Swaziland 200 16 87 14 205 54 103 55
Togo 421 17 10 17 363 54 10 44
Zambia 1,485 18 194 17 608 30 72 27
Zimbabwe 502 24 72 20 212 10 28 8
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HIV negative mothers and 16.4% (661/4,027) for children of
mothers living with HIV.

Association between DTP3 status and acute respiratory
infections or diarrhoea

Figures 1 and 2 are forest plots of meta-analyses of the associa-
tion between DTP3 status and acute respiratory infections or
diarrhoea in each country at the time of the surveys. The
combined result shows that children who did not receive
DTP3 were more likely to have symptoms of acute respiratory
infections than children who had DTP3: odds ratio (OR) 1.09,
95% confidence interval (CI) 1.02 to 1.17). There was low
heterogeneity in results across countries (I2 = 32.6%) (Figure 1).

The combined result for diarrhoea shows that children who
did not receive DTP3 were less likely to have episodes of
diarrhoea at the time of the survey than children who received
DTP3 (OR 0.83, 95% CI 0.74 to 0.92); with substantial hetero-
geneity in results across countries (I2 = 88.3%) (Figure 2).

Figure 3 shows estimates of the association between receipt of
DTP3 and presence of symptoms of acute respiratory infections
among the children of HIV-infected mothers in each country at
the time of the survey. The pooled result shows no significant
difference in the odds of having symptoms of acute respiratory

infections between children who did not receive and those who
received DTP3 (OR 0.99, 95% CI 0.74 to 1.32), with low hetero-
geneity across countries (I2 = 0.0%).

Figure 4 shows estimates of the association between receipt
of DTP3 and episodes of diarrhoea among the children of HIV-
infected mothers at the time of the survey in each country. The
combined result shows no difference in the occurrence of
episodes of diarrhoea between children who did not receive
DTP3 and those who received DTP3 (OR 0.85, 95% CI 0.62 to
1.07), with low heterogeneity across countries (I2 = 11.1%).

When we combined the data for the prevalence of symp-
toms of acute respiratory infections across the study countries,
there was no significant difference between the children of
HIV negative mothers who were vaccinated with DTP3 and
those of mothers living with HIV (OR 1.04, 95% CI 0.86 to
1.26); with low heterogeneity across countries (I2 = 0.0%)
(Figure 5). Similarly, there was no difference in the combined
prevalence of episodes of diarrhoea between the children of
HIV negative mothers who were vaccinated with DTP3 and
those of mothers living with HIV (OR 0.90; 95% CI 0.80 to
1.01); with low heterogeneity in results among countries
(I2 = 18.4%) (Figure 6).

Leave-one-country out sensitivity analyses show that no
country had an undue influence on the pooled estimate of

Figure 1. Forest plot showing the prevalence of estimates of symptoms of acute respiratory infections among the children with respect to DTP3 vaccination in 27
sub-Saharan Africa countries.
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episodes of acute respiratory infections and diarrhoea
(Figures 7 and 8). The variations in the CIs with the
exclusion of each country remains within the 95% confi-
dence interval for the overall estimates. The stability of the
overall results for both episodes of acute respiratory infec-
tions and diarrhoea was justified by the outcome of the
sensitivity analyses.

Sub-group analyses

In order to assess the effect of various country-level
characteristics on the pooled estimates, subgroup analyses
were conducted using DerSimonian-Laird method. Results
from the subgroup analyses show that the differences
between countries in HDI, GDP, adult literacy rate,
years of survey, sub-regions (West Africa, Central/East
Africa, Southern Africa), households using an improved
water source, and households with improved non-shared
toilet facilities did not explain the heterogeneity of esti-
mates of episodes of diarrhoea among the children
(Table 4).

Meta-regression analysis

Meta-regression analyses were conducted to investigate which
country-level characteristics might account for the heteroge-
neity in the association between receipt of DTP3 and preva-
lence of diarrhoea (Figure 2). Table 4 shows that year of
survey was a significant predictor of the association between
DTP3 uptake and diarrhoea. HDI, GDP, adult literacy rate,
sub-regions, households using an improved water source, and
households with improved non-shared toilet facilities were
not significantly associated with the episodes of diarrhoea in
children vaccinated with DTP3 (Table 4).

Discussion

This research illustrates that DTP vaccination had some ben-
efit in terms of reduced odds of developing acute respiratory
infections but not for diarrheal episodes among children in
sub-Saharan Africa. We found no significant difference in the
estimates of having symptoms of acute respiratory infections
and episodes of diarrhoea among the DTP3 vaccinated chil-
dren of HIV-infected mothers and HIV-uninfected mothers.
Morbidity benefit in terms of acute respiratory infections and
diarrhoea varied across sub-Saharan African countries. The

Figure 2. Forest plot showing the prevalence of estimates of episodes of diarrhoea among the children with respect to DTP3 vaccination in 27 sub-Saharan Africa countries.
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prevalence of acute respiratory infections was higher among
the vaccinated children of HIV seronegative mothers than the
children of HIV seropositive mothers. The children of HIV
uninfected women also had more episodes of diarrhoea than
the vaccinated children of women living with HIV.

This research contrasts the findings of a Malawian study
among HIV-infected, HIV-exposed uninfected and HIV-
unexposed children which showed morbidity benefit for
both diarrhoea and respiratory infection among the children
of HIV uninfected mothers.17 A cohort study of Congolese
birth cohort of 429 infants born to HIV positive and HIV
negative mothers shows that two-third of the infant had at
least one episode of acute diarrhoea within the study period of
16 months.19 The study showed that HIV-infected children
had diarrhoea incidence of 170 episodes per 100 child-years
while the uninfected infants had 100 per 100 child-years.19

However, both HIV-exposed uninfected children and the
infants of HIV seronegative mothers had similar overall diar-
rhoeal incidence rates.19 Findings from a South African study
among breastfed infants revealed that there were more cases
of severe infectious morbidity among HIV-exposed infants
than the HIV-uninfected infants who were breastfed.20

However, there was no significant difference between the
HIV-exposed and HIV-uninfected infants with respect to
infectious causes leading to hospitalisation or mortality at
six months of life.20 It should be noted that unlike the respon-
dents of this particular study who were all vaccinated with

DTP3, the participants of the Congolese and South African
studies had varying coverage of vaccination.19,20

Meta-regression analyses were conducted to assess the
relationship between various covariates and the dependent
variables. The meta-regression analytic findings for episodes
of diarrhoea were not significant for the country-level char-
acteristics except for the year of survey. The included surveys
were conducted over a decade and the long span of time
between the surveys could explain the significant heteroge-
neity finding of the meta-analysis for the estimates of epi-
sodes of diarrhoea among sub-Sahara African children. The
meta-regression findings show that the year of survey is an
important predictor of episodes of diarrhoea as it relates to
uptake of DTP3. There has been progressive changes in
terms of healthcare coverage, introduction of newer vaccines
etc. in different countries over the years and this could well
explain the widely varying changes in episodes of diarrhoea
over the years.

Vaccination against vaccine-preventable diseases is not the
only factor linked to the occurrence of diarrhoea and respira-
tory infections. Improved water supply is one of the factors
linked to reduction in episodes of diarrhoea. 21 It has been
proven that households with improved water supply could
reduce incidence of diarrhoea among under-five children in
sub-Saharan Africa.21 The use of pipe-borne water supply
within a private household or yard is a major source of
improved water supply. Other improved drinking water

Figure 3. Forest plot showing the prevalence of estimates of symptoms of acute respiratory infections among the children of HIV-infected mothers with respect to
DTP3 vaccination in selected sub-Saharan Africa countries.
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sources are public water taps, protected deep well, boreholes,
collected rainwater and protected springs.22. Diarrhoeal dis-
eases could be reduced by 11% if the users of unimproved
water sources switched to other sources of improved water
sources and by 23% if switched to private household piped
water.23 The use of water treatment such as boiling, filtration
and proper storage could reduce diarrhoea by 45%.23

Consistent handwashing with soap could reduce the risk of
diarrhoeal disease by at least 48%.24 Moderate-severe diar-
rhoea is also reduced by the use of private household toilet
in comparison to sharing with other households .25

Smoking is a major risk factor for respiratory tract infec-
tions secondary to bacterial and fungal agents. There is an
increased risk of respiratory tract infections due to both active
and passive smoke exposures. There are strong links between
smoking and serious respiratory infections such as invasive
pneumococcal disease, influenza and tuberculosis.26 Indoor
air pollution particularly from the use of household biomass
fuels are linked to respiratory tract infections and are con-
tributory factor to these infections in children.27

Policy implication

Implementation of GAPPD is essential in ending preventable
childhood deaths due to pneumonia and diarrhoea by 2025.13

Tackling various causes and risk factors for respiratory tract

infections and diarrhoeal diseases should be a priority for
various stakeholders in sub-Saharan Africa. There is need
for introduction and scaling up the use of newer vaccines
such as Haemophilus influenzae type B, pneumococcus, and
rotavirus vaccines especially in African countries that are yet
to include them in their national immunisation programme.
Rotavirus is the most common cause of severe and fatal
diarrhoea in children while Streptococcus pneumonia and
Haemophilus influenzae cause pneumonia, meningitis, otitis
media, sinusitis etc. in children.28,29 The inclusion of these
newer vaccines will further reduce the incidence of diarrhoea
and pneumonia. African government officials, policy makers,
developmental agencies and healthcare workers should ensure
the availability and easy access to routine licensed vaccines.
The health systems in some of the African countries are very
weak and needed to be strengthened with efforts channelled
towards improving the low vaccination coverage.14,30 In addi-
tion to ensuring an optimal immunisation programming,
there is also need to promote other strategies such as vitamin
A supplementation, use of zinc supplements, the prevention
of low birth weight, breastfeeding, personal hygiene and
weaning education.31

Investing in various methods of effective household water
treatment in combination with proper safe water storage can
lead to substantial reduction in cases of diarrhoeal diseases.
The provision and use of improved toilet facilities in

Figure 4. Forest plot showing the prevalence of estimates of episodes of diarrhoea among the children of HIV-infected mothers with respect to DTP3 vaccination in
selected sub-Saharan Africa countries.
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household can also lead to further reduction in diarrhoea
among African children. Prevalence of handwashing is very
low in most of the low and middle income countries which
are also the countries with high level of pneumonia and
diarrhoea. There is also need to reduce household air pollu-
tion with the provision and use of improved stoves which has
been shown to reduce severe pneumonia.13

Strengths and limitations

This study used DHS data which are countrywide survey
and therefore has advantages over primary studies which
are limited to just one or few communities. The meta-
analyses permitted the synthesis of different findings across
countries and gave room for assessment across various
surveys.32 DHS provides a good source for large maternal
HIV and child immunisation datasets and ability to merge
mother and child data.

The use of rotavirus and pneumococcal vaccination data
would have provided some additional information with
respect to incidence of diarrhoea and pneumonia, however,
majority of the DHS did not include these newer vaccines
as at the time of the survey because most countries had not
adopted the vaccines as part of the national immunisation
programme. The use of DTP3 is expected to reflect the

national vaccination coverage since it is the benchmark
for the national programme. However, one of the reasons
for lack of significant association of DTP3 with reduced
acute respiratory infections and diarrhoea could be that the
immunisation programmes has expanded, and DTP3 may
not be an accurate indicator for protection against vaccine-
preventable diseases e.g. diarrhoea, respiratory infections,
measles, etc. thus the need for more indicators for child-
hood immunisation.

This study being an ecological study with cross-sectional
design and with the likeness of ecological fallacy, care must be
taken in crediting detected causal relationship directly to this
study. This study was limited by non-availability of data on
children HIV status from DHS datasets and had to use maternal
HIV as a reference for the children HIV status. The surveys were
conducted over a decade and this may likely have some influence
on the study findings. Three of the meta-analyses did not include
all the 27 study countries due to non-availability of datasets on
episodes of diarrhoea and symptoms of acute respiratory infec-
tions especially in children of women living with HIV.

Conclusions

In conclusion, the prevalence of acute respiratory infections
and diarrhoea were similar between the children that were

Figure 5. Forest plot showing theprevalence of estimates of symptoms of acute respiratory infections among the children who were vaccinated with DTP3 with
respect to the maternal HIV status in 27 sub-Saharan Africa countries.
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Figure 6. Forest plot showing the prevalence of estimates of episodes of diarrhoea among the children who were vaccinated with DTP3 with respect to the maternal
HIV status in 26 sub-Saharan Africa countries.

Figure 7. A plot showing the influence of each country on the overall pooled result for estimates of acute respiratory infections using “leave-one-country-out”
sensitivity analysis.
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vaccinated and those who were not vaccinated with DTP3.
Both the symptoms of acute respiratory infections and epi-
sodes of diarrhoea among DTP3 vaccinated and unvacci-
nated children shows significant difference in the overall
estimates between the two groups of children. The data
for symptoms of acute respiratory infections were pooled
together with no statistical difference in the overall esti-
mates between the children of HIV-infected mothers that
were vaccinated with DTP3 and the ones that were not
vaccinated. The data for episodes of diarrhoea were pooled
together with resultant nil significant difference in the over-
all estimates between the children of HIV-infected mothers

that were vaccinated with DTP3 and the ones that were not
vaccinated. There was no significant difference in the over-
all estimates between the children of HIV negative mothers
who were vaccinated with DTP3 and those of mothers
living with HIV with respect to the prevalence of symptoms
of acute respiratory infections and episodes of diarrhoea
across the study countries. Many African countries recorded
high rates of respiratory infections and diarrhoeal diseases.
Extra efforts should be targeted at tackling various causes
and risk factors for respiratory tract infections and diar-
rhoeal diseases especially among HIV-exposed children in
sub-Saharan Africa.

Figure 8. A plot showing the influence of each country on the overall pooled result for estimates of diarrhoea using “leave-one-country-out” sensitivity analysis.

Table 4. Subgroup analysis and univariate meta-regression analysis results (for diarrhoea).

Univariate meta-regression

Characteristics No of studies Subgroup odds ratio 95% CI I-squared P-value* #β (p-value)* 95% CI

Year of survey 0.95 (0.009) 0.91,0.99
2003–2007 2 0.98 0.61, 1.57 85.2 0.000
2008–2012 10 0.97 0.87, 1.09 70.0 0.000
2013–2016 15 0.72 0.61, 0.85 90.1 0.000
Gross domestic product per capita (US$) 0.98 (0.862) 0.75, 1.28
Low 18 0.84 0.73, 0.95 87.8 0.000
Middle 9 0.83 0.67, 0.99 88.1 0.000
Human development index 1.01 (0.950) 0.74, 1.37
Low 21 0.83 0.73, 0.93 87.6 0.000
Medium 6 0.83 0.62, 1.09 90.7 0.000
Adult literacy rate 1.00 (0.273) 0.99, 1.00
Low 11 0.95 0.85, 1.06 77.4 0.000
Average 9 0.70 0.54, 0.90 86.8 0.000
High 7 0.80 0.64, 1.02 92.4 0.000
Households using an improved water source 1.12 (0.356) 0.87, 1.44
Low 12 0.77 0.65, 0.92 87.1 0.000
Medium 15 0.87 0.76, 1.00 88.8 0.000
Households with improved, non-shared toilet facilities 0.85 (0.195) 0.67, 1.09
Low 14 0.90 0.80, 1.02 82.9 0.000
Medium 13 0.76 0.63, 0.91 89.5 0.000
Regions 0.88 (0.073) 0.76, 1.01
Western Africa 13 0.88 0.78, 0.99 76.9 0.000
Central/Eastern Africa 7 1.00 0.85, 1.17 82.5 0.000
Southern Africa 7 0.64 0.54, 0.75 75.5 0.000

* p < 0.05 #β- Beta coefficient.
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Methods

Data sources

Data sets were obtained from the DHS program,33 United
Nations Development Programs,34 World Bank 35 and Joint
United Nations Programme on HIV/AIDS.4 The study coun-
tries were selected based on the availability of DHS data on
childhood immunisation coverage; HIV testing; recent symp-
toms of acute respiratory infection and episodes of acute
diarrhoea two weeks prior to the conduct of the surveys.
The included countries were as follows: Angola, Burkina
Faso, Burundi, Cameroun, Chad, Democratic Republic of
the Congo, Cote d’Ivoire, Ethiopia, Gabon, Gambia, Ghana,
Guinea, Kenya, Lesotho, Liberia, Malawi, Mali, Namibia,
Niger, Rwanda, Sao Tome and Principe, Senegal, Sierra
Leone, Swaziland, Togo, Zambia and Zimbabwe.

Variables

Main outcomes
The main outcomes for this study were recent symptoms of
acute respiratory infections or episodes of diarrhoea in DTP3
vaccinated children aged 12–23 months.

Country level factors
The following country-level characteristics were included in
this study: GDP per capita, adult literacy rate, HDI, health
expenditure, coverage of pregnant women who received anti-
retroviral drugs during pregnancy, households using an
improved water source, households with improved, non-
shared toilet facilities and households with daily smoking in
the household.34,36 The country-level variables were divided
into low and high categories for better interpretation in rela-
tion to the policy formulation.

Data analysis
The distribution of respondents were expressed as percen-
tages. Pearson’s chi-squared test was used for analysing the
contingency tables and multiple logistic regressions to exam-
ine variations across socioeconomic factors. DerSimonian-
Laird method 37 was used for random-effects model and for
the calculation of the pooled prevalence estimates. Higgin’s I2

statistics was used to describe the percentage of variation
across studies.38,39 Leave-one-country out sensitivity analysis
was used to assess the stability of the meta-analysis.40 The
level of statistical significance for the analyses was p < 0.05
with two-tailed comparisons. Statistical analyses were per-
formed with Stata 14.0.41

Ethical consideration

This study was conducted as a secondary data analysis. Ethical approval
was given for the primary data by the Ethics Committee of the ICF
International, Calverton, USA and National Ethics Committee of the
included countries. The study participants gave consent before participa-
tion. The participant’s confidentiality was also protected and all the
identifiers information were removed.
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