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Abstract

Background: Acute respiratory infections (ARIs) remains a disease of public health importance in Nigeria. Though,
previous studies have identified factors associated with childhood ARI symptoms, the progress made in reducing
the burden of this major childhood morbidity in the past decade in Nigeria has not been quantified. Therefore, this
study describes the trends in the prevalence and factors associated with ARI symptoms among under-five (U5)
children in Nigeria between years 2003 and 2013.

Methods: A retrospective cross-sectional analysis of nationally representative data from the Nigeria Demographic
and Health Surveys (NDHS) for years 2003, 2008 and 2013 was done. The study sample included women of reproductive
age who had U5 children presenting with a cough accompanied with short rapid breaths in the last 2 weeks prior data
collection. Data were analysed using complementary log regression model.

Results: Prevalence of ARI symptoms were 10.3, 4.6 and 3.8% for years 2003, 2008 and 2013 respectively. The use
of unclean cooking fuel was not associated with ARI symptom in 2003 and 2008, but in 2013 (OR = 2.50, CI: 1.16–
5.42). Living in houses built with poor quality materials was associated with higher risk of ARI symptoms in 2008
(OR = 1.34, CI: 1.11–1.61) and 2013 (OR = 1.59, CI: 1.32–1.93). Higher risk of ARI symptoms was also associated with
younger child’s age, Northern regions and household wealth quintile between 2003 and 2013.

Conclusions: Though there has been a significant progress in the reduction of the prevalence of ARI symptoms
between 2003 and 2013, the same could not be said of household environmental risk factors. Interventions to
reduce the contributory effects of these factors to the occurrence of ARI symptoms should be instituted by government
and other relevant stakeholders.
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Background
Acute respiratory infection (ARI), a disease of public
health significance, is a collection of diseases caused by a
heterogeneous mix of organisms that affects the human
airways [1]. ARI is the third largest singular cause of mor-
tality in both developed and developing countries [2, 3]
resulting in about 1.6 million deaths among children
under five annually [4, 5]. Children living in developing

countries are ten to fifty times more likely to die from ARI
than those living in developed countries [6].
In developing countries, about 70% of ARI morbidities

are linked to ARI occurrence in under-five children [7],
with a child experiencing an average of 5–6 episodes per
year [8]. A World Health Organisation (WHO) study in
developing countries reported an ARI incidence rate of
15–21% in children under-five [9], with greater than two
third of the ARI global prevalence in Africa [10]. The in-
cidence of ARI in children is one of the major reasons
for paediatric outpatients’ visits and hospitalisation [11]
in developing countries.
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Pneumonia and bronchiolitis are the commonest ARIs
in children [12]. It’s the foremost cause of childhood
deaths, annually responsible for about 2 million deaths
among children under 5 years of age [13], translating to
one death every 23 s [4]. In the year 2015, pneumonia
was responsible for 15% of all under-five deaths and
920,000 childhood deaths [10]. In Nigeria, the WHO
estimates that 868,000 under-five children died from
pneumonia in 2010, killing more than 140,000 annually
[4]. This number is the highest in Africa [4], and the sec-
ond highest estimated number of childhood deaths from
ARI in the world [14].
In Nigeria, the identified risk factors for ARIs in chil-

dren include age and gender of the child, nutritional sta-
tus, wealth index, parental educational status, large family
size, exposure to biomass fuel, and parental smoking sta-
tus. Other factors include daycare attendance, insufficient
breastfeeding practice, poor immunization status, attend-
ance to day care centers, and overcrowding [15, 16].
Moreover, different viral types have been associated with
ARI among Nigerian children. Akinloye et al. reported
that viruses such as human rhinoviruses, and parainflu-
enza viruses, with influenza virus C, human metapneumo-
virus, human bocavirus and Adenoviruses, were detected
in 77% of the 246 Nigerian children presenting with ARI
[17]. Elsewhere in Nigeria, respiratory syncytial virus B,
Parainfluenza virus 4, and enterovirus where identified in
93.8% (15/16) of clinical samples [15].
Though, previous studies have identified some of the

factors associated with childhood ARI symptoms in
Nigeria, the progress made in the efforts to reduce the
threat of this major childhood morbidity in the past
10 years has not be quantified. This study is aimed at
addressing this gap. Therefore, the main objective of this
study is to describe the trends in the prevalence and fac-
tors associated with ARI symptoms among under-five
children in Nigeria between 2003 and 2013.

Methods
Study setting
Nigeria, a federal republic in West Africa, is administra-
tively divided into 36 states and a federal capital territory
(FCT). These states are further divided into six geopolitical
zones: North-West, North-Central, North-East, South-East,
South-West, and South-South. In each of the geopolitical
zones, the people are homogeneous and unique in their
ways of life.

Data source
This study is a retrospective cross analysis of nationally
representative data from the Nigeria Demographic and
Health Surveys (NDHS) for 2003, 2008 and 2013. In the
NDHS, women of reproductive age (15–49 years) are
interviewed about their reproductive health, children

health and other related topics. Selection of survey re-
spondents involved a stratified two-stage cluster design
in which all the census enumeration areas (EAs) in the
country are stratified into rural and urban areas. A spe-
cified number of EAs was then selected from each
stratum. Households in selected EAs were listed and 45
were systematically selected in each one [18]. Data were
collected from eligible women at selected households
with the aid of a pretested questionnaire by trained in-
terviewers. Data collected from women about their
under-five children were specially processed to consti-
tute the kids recode file which was utilised for analysis
in this study. The kids recode file contain household,
maternal and child-related variables. Detailed description
of field procedures are well stated in the full report of
the surveys [18–20].

Derivation of variables
Three sets of variables were analysed: household envir-
onment, maternal and children characteristics. The vari-
ables were created from the household and children
recode file respectively for each of the three surveys.
Variables for the household environment include the
type of cooking fuel used in the household; smoking by
adults in the household; source of drinking water; type
of toilet, quality of housing material and over-crowding
in the sleeping room. Cooking fuel was categorised as
clean (electricity, liquefied petroleum gas, natural gas or
biogas) and unclean (coal, ignite, charcoal, wood, kero-
sene, animal dung, straw, shrubs, and grass). Source of
drinking water was classified as improved (piped into
dwelling/yard/plot, public tap/standpipe, tube-well or
borehole, protected well and spring, rain water, and bot-
tle water) or unimproved (unprotected well and spring,
tanker truck/cart with drum, surface water, sachet water,
and other sources). Similarly, toilet type was either im-
proved (flush/pour flush to piped sewer system, septic
tank or pit latrine, ventilated improved pit latrine, pit
latrine with slab, composting toilet) or unimproved
(flush/pour flush not to sewer/septic tank/pit latrine, pit
latrine without slab/open pit, bucket, hanging toilet/la-
trine, no facility/bush/field) [18, 21, 22].
The quality of housing material was derived from a

composite index based on the type of floor, wall and roof
materials. Floor material was coded 1 if made of cement,
carpet/rug, ceramic tiles, vinyl asphalt strips, parquet or
polished wood, and 0 otherwise. Also, wall material was
coded 1 if made of cement, stone with lime/cement, ce-
ment blocks or bricks and 0 if otherwise. For roof mater-
ial, the following were coded as improved (1): cement,
roofing shingles, calamine/cement fibre, ceramic tiles,
metal/zinc. To derive the final categories for quality of
housing material, the scores for the floor, wall, and roof
were aggregated and re-coded as follows: good (3),
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average (2) and poor (0/1). Sleeping room was deemed
over-crowded if the average number of person per sleep-
ing room in the household was greater than or equal to
three. The groupings of environmental factors were
adapted from the year 2013 Nigeria National Demo-
graphic Health Survey (NDHS) and the 2010 WHO and
UNICEF document on progress on sanitation and drink-
ing water [18, 21]. For the 2003 survey, there was no
data collected on the type of roofing material. As a result
of which the variable for housing quality was not
derived.
The maternal characteristics which were extracted

from the children recode file were: maternal age, educa-
tion, occupation, household wealth quintile, type of resi-
dence, and geopolitical region. Children characteristics
included current age in months, sex, birth order and
stunting which was an indicator of chronic malnutrition.
The outcome variable was ARI symptom which was de-
rived from the response to two questions on whether
under-five had a cough in the last 2 weeks and if a
cough was accompanied by short rapid breaths.

Analysis
Data for each survey (2003, 2008 and 2013) were ana-
lysed separately. The analysis involved the use of fre-
quencies and percentages to describe all the study
variables. Next, univariate models were fitted to describe
the relationship between the outcome and explanatory
variables. At the third step in the analysis, two models
were fitted. In the first model, variables for the house-
hold environment were included in the model (Model I).
Secondly, other maternal and children characteristics
were added to the first model. As such the second which
is a full model was used to identify the independent fac-
tors associated with childhood ARI symptoms. The com-
plementary log regression model with robust standard
errors was employed because of the outcome variables.
This model is suitable for situations in which the
dependent variable is dichotomous and its proportion in
the analytical sample is below 10% [23]. Model coeffi-
cients were exponentiated to derive odds ratio with their
95% confidence interval. Stata SE Version 12.0 was used
for all analyses. Sample weights were computed and ap-
plied to account for the complex sample design of the
surveys.
The model is of the form:

Pr y j ¼ 1jx j

� �
¼ 1− exp − exp x jβ

� �� �

Where yj = presence of ARI symptom in child j.
xj = vector of covariates (explanatory variables).
β = coefficients for the covariates (xj).

Results
Household characteristics
The household characteristics of all under-five children
in the study sample and those who had symptoms of
ARI are presented in Table 1. For the overall sample,
most under-five children lived in households using un-
clean fuel for cooking with percentages ranging from
97.5% in 2003 to 98.4% in 2013 (Table 1). The propor-
tions of households in which adult members smoke
declined over the years (2003–31.6%, 2013–6.9%). The
quality of housing material remained almost the same
between 2008 and 2013 with about 40% of children
dwelling in buildings with good quality housing mate-
rials. Similarly, slightly more than half of the under-fives
sleeps in the over-crowded room and the proportion also
remained the same over the study period. A little above
40% of children live in poor households while two-third
of the entire sample reside in rural areas. Under-five
children from the Northwest and Northeast regions con-
stituted one-third and about one-fifth of the total sample
across the three surveys. The prevailing season at the
time of data collection was inferred from the month of
the survey. In 2003 and 2008, 70.8 and 99.8% of data
were collected during the rainy season (May to October)
while in 2013, it was 25.2%.
Except for a few variables, the household characteris-

tics of children with ARI symptoms was like that of the
overall sample. The variables for which the distributions
differ were quality of housing material, wealth quintile,
type of place of residence, and geopolitical region. Close
to half (50.0%) of children with ARI symptoms lived in
buildings with poor quality housing materials in 2008
and 2013. Similarly, about half of under-five children in
whom ARI symptoms were reported to belong to house-
holds in the poor wealth quintile while a quarter was
from rich households. Slightly more than 70% of chil-
dren with ARI symptoms were from rural areas and this
was consistent over time. Of all the six geopolitical
regions, the Northeast (2003–36.1%, 2008–34.3%, 2013–
42.2%) has the highest proportion of ARI symptoms
among under-fives. The seasonal pattern suggests that
the percentage of children affected during the dry season
was more than the overall percentage surveyed in the
same season.

Maternal and children characteristics
Majority of the mothers were aged 20–39 years and the dis-
tribution was the same in the three surveys. About half of
the children had mothers with no formal education. The
percentage of under-five whose mothers were involved in
professional/services occupation increased slightly from
5.0% in 2003 to 8.5% in 2013 (Table 2). A larger proportion
of the children were aged at least 36 months. Distribution of
the birth order revealed that about one-third were second
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or third births. Chronic malnutrition was prevalent among
31.5% in 2003 and 33.1% in 2013 (Table 2). Distribution of
maternal age among children with ARI symptoms was also
similar to that of the overall sample with about half having
mothers aged 20–29 years, ditto for maternal education and
occupation (Table 2). Age pattern among children with ARI
symptoms showed that they were predominantly below
23 months.

Bivariate association between household, maternal, and
children characteristics and ARI symptoms
Figure 1 shows that the prevalence of ARI symptoms were:
2003 (10.3%; CI: 9.5–11.1), 2008 (4.6%; CI: 4.4–4.9) and 2013
(3.8%; CI: 9.5–11.1). Table 3 showed the unadjusted odds

ratio for the relationship between childhood ARI symptoms
and other household and background characteristics. While
the use of unclean cooking fuel was not associated with ARI
symptom in 2003 and 2008, the reverse was the case in 2013
(OR= 2.50, CI: 1.16–5.42). The odds of ARI symptom were
found to be higher among children who lived in households
with adult members who smoke cigarette/tobacco or other
substances. Availability of improved source of drinking water
and toilet was associated with lower odds or ARI symptoms
throughout the study period.
The results further revealed that poor quality of hous-

ing materials was associated with higher risk of ARI
symptoms among under-five children in 2008 (OR =
1.34, CI: 1.11–1.61) and 2013 (OR = 1.59, CI: 1.32–1.93).

Table 1 Percentage of under-five children according to ARI symptoms status, household environmental and other background
characteristics, Nigeria, 2003–2013

Variables 2003 (n = 5445) 2008 (n = 24,975) 2013 (n = 28,950)

ARI symptoms All
children

Children with ARI
symptoms

All
children

Children with ARI
symptoms

All
children

Children with ARI
symptoms

ARI symptoms 550 (10.3) 1159 (4.6) 1095 (3.8)

Household environment

Unclean cooking fuel 97.5 99.0 98.1 98.8 98.4 99.1

Cooking inside the house NA

Smoking by household members 31.6 32.6 0.2 0.4 6.9 10.1

Improved source of drinking water 18.2 11.9 51.0 46.8 56.6 52.0

Improved toilet 75.9 76.5 51.7 44.3 51.2 44.8

Quality of housing material

Poor NA 42.9 48.9 41.2 50.0

Average NA 14.3 15.1 16.4 17.1

Good NA 42.8 36.0 42.4 32.9

Over-crowded sleeping room 58.1 55.6 58.5 54.6 56.2 53.3

Wealth quintile

Poor 42.6 48.4 44.8 51.7 45.3 51.3

Middle 20.0 23.5 19.2 19.6 19.1 24.2

Rich 37.3 28.1 36.0 28.7 35.6 24.5

Residence

Rural 69.7 77.1 69.2 72.0 64.1 70.0

Urban 30.3 22.9 30.8 28.0 35.9 30.0

Region

North West 34.0 29.1 30.4 19.4 36.2 16.7

North East 22.9 36.1 16.0 34.3 17.4 42.2

North Central 14.6 9.6 13.8 10.5 13.9 14.5

South East 6.5 4.0 9.7 11.0 8.9 12.7

South South 12.8 15.0 13.3 18.7 9.5 9.9

South West 9.2 6.0 16.9 6.2 14.1 4.0

Season of interview

Dry 29.2 39.2 0.8 0.2 62.8 74.8

Rainy 70.8 60.8 99.8 99.8 37.2 25.2
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Maternal characteristics associated with higher risk of
ARI symptoms in children include agriculture/manual
occupation and poor household wealth quintile. These
associations remained consistent especially in the recent
two surveys (i.e. 2008 and 2013). Regional difference in
the odds of ARI symptoms widened over time especially
in the North West and North East versus South West.

Multivariate analysis
Table 4 presents the adjusted odds ratio for the factors
associated with ARI symptoms. Results for the

household characteristics showed that their pattern of
association with childhood ARI symptoms remained
virtually the same over the years 2003–2013. This was
evident from the overlapping confidence intervals for
the odds ratios. Results for 2013 suggest that household
use of unclean cooking fuel is associated with greater
odds of ARI symptoms (aOR = 1.44, CI: 0.66–3.13)
though not statistically significant. The presence of a
smoker in the households increased the likelihood of
ARI symptom while the availability of an improved
source of drinking water and toilet reduced it. Model I

Table 2 Percentage of under-five children according to ARI symptoms status, maternal and child characteristics, Nigeria, 2003–2013

Variables 2003 (n = 5445) 2008 (n = 24,975) 2013 (n = 28,950)

All children Children
with ARI
symptoms

All children Children
with ARI
symptoms

All children Children
with ARI
symptoms

ARI symptoms 550 (10.3) 1159 (4.6) 1095 (3.8)

Maternal characteristics

Age of mother

< 20 6.9 9.9 5.2 6.8 4.9 5.6

20–29 51.4 54.5 48.1 53.2 47.8 50.8

30–39 32.9 28.0 36.6 31.1 37.5 32.1

> = 40 8.7 7.6 10.1 8.9 9.8 11.5

Education

None 50.0 53.6 45.4 47.8 48.2 44.5

Primary 23.6 26.0 23.3 23.8 19.2 23.5

Secondary/higher 26.4 20.4 31.3 28.5 32.6 31.9

Occupation

Not working 34.8 33.4 30.7 29.6 29.6 30.9

Professional/services 5.0 3.8 7.5 5.4 8.5 8.1

Sales 38.9 43.1 33.5 28.2 39.2 30.2

Agriculture/manual 21.2 19.7 28.2 36.8 22.7 30.8

Child characteristics

Age (months)

0–11 24.9 35.0 22.9 24.2 21.6 24.7

12–23 18.7 21.4 19.8 28.1 20.4 29.3

24–35 19.6 18.8 18.6 19.5 19 21.1

> = 36 36.8 24.8 38.7 28.2 39.1 24.9

Sex

Male 50.8 51.7 50.5 51.2 50.1 50.5

Female 49.2 48.3 49.5 48.8 49.9 49.5

Birth order

1 20.3 22.4 19.3 21.0 19.4 17.1

2–3 31.7 30.5 33.7 32.4 32.8 31.4

4–5 22.3 24.4 23.7 21.2 23.7 22.3

6+ 25.8 22.7 23.4 25.4 24.1 29.1

Chronic malnutrition

Yes 31.5 28.8 30.6 34.9 33.1 33.6

No 68.5 71.2 69.4 65.1 66.9 66.4
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(household environment) for 2008 and 2013 showed that
poor quality of housing material was significantly associ-
ated with higher odds of ARI symptoms among
under-five children. However, controlling for maternal
and children characteristics partly explained the relation-
ship such that statistical significance disappeared though
the odds ratio was still greater than 1.00.
The only other maternal variable found to be consist-

ently associated with childhood ARI symptom between
2003 and 2013 was household wealth index. Children
from households in the poor wealth quintile were more
likely to have ARI symptoms. The outcome was also
more likely among children aged less than 36 months.
Specifically, the chances of ARI symptoms appeared to
greatest in age 12–23 months. Result for 2013 survey
also showed that children with birth order six and above
were more likely of ARI symptom (OR = 1.43, CI: 1.09–
1.22) compared to first births. Under-five children in the
North-East, North-West, South-East and South South
regions had higher likelihood of ARI symptoms com-
pared to their counterparts in the South-West. These re-
gional differences remained consistent between 2003
and 2013.

Discussion
Considering the fact that appreciable progress has
been made in childhood mortality reduction since
2000 in Nigeria [24], it is expected that similar suc-
cess must have been recorded for childhood morbid-
ity such as ARI symptoms. This study was aimed at
providing empirical evidence in this regard. We de-
scribed the progress made in reducing the prevalence
ARI symptoms among under-five children between

2003 and 2013. Trends in the associated factors were
also investigated.
Findings from our study show that the prevalence of

ARI consistently reduced from 10.3 to 3.8% in years
2003 and 2013 respectively. This tremendous success
may be a result of the substantial progress made globally
between the year 2000 and 2015 towards achieving the
Millennium Development Goal 4 by member states of
the United Nations of which Nigeria is inclusive. The
MDGs declaration compels world leaders to reduce
child mortality and improve maternal health among
other goals [25].
Also, the reduction in the prevalence of ARI symptoms

between 2003 and 2013 may be connected to the various
intervention efforts of government in ensuring wider
immunization coverage for all vaccine-preventable dis-
eases. In the year 2002, Nigeria endorsed the United
Nations Special Session (UNGASS) goals of achieving by
the year 2010 full immunization of children under 1 year
of age at 90% coverage nationally, and with at least 80%
coverage at district or equivalent administrative unit
levels [26]. Haemophilus Influenza b (Hib) and Pneumo-
coccal conjugate vaccines were introduced into all
national immunization programs in years 2006 and 2007
by the WHO [4]. The Nigerian government in 2011
introduced the pentavalent vaccines that protect Hib,
pneumonia, and meningitis, in addition to other child-
hood diseases [4].
Consistent with another study [27], our findings indi-

cated that the proportion of Nigerian households using
unclean fuel as their main source of energy increases
steadily in the last decade (2003–2013). Solid fuel is the
principal domestic fuel globally; a half of world’s

Fig. 1 Prevalence of ARI symptoms, 2003–2013. It shows a reduction in the prevalence of ARI symptoms among Nigeria under-five children between
year 2003 and 2013
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Table 3 Unadjusted Odds Ratio for the relationship between ARI symptoms, household environmental characteristics, and maternal
and child characteristics, Nigeria, 2003-2013

Variables 2003 (n = 5445) 2008 (n = 24,975) 2013 (n = 28,950)

OR (95% CI) OR (95% CI) OR (95% CI)

Household environment

Unclean cooking fuel 0.99 (0.98–1.00) 1.00 (0.99–1.01) 2.50 (1.16–5.42)*

Cooking inside the house NA

Smoking by household members 1.08 (0.88–1.33) 2.24 (0.94–5.32) 1.20 (0.89–1.61)

Improved source of drinking water 0.66 (0.49–0.89)* 0.86 (0.73–1.03) 0.79 (0.67–0.96)*

Improved toilet 0.89 (0.70–1.14) 0.83 (0.71–0.96)* 0.79 (0.67–0.95)*

Quality of housing material

Poor NA 1.34 (1.11–1.61)* 1.59 (1.32–1.93)*

Average NA 1.28 (1.03–1.59)* 1.48 (1.19–1.85)*

Good NA 1.00 1.00

Over-crowded sleeping room 0.95 (0.79–1.14) 0.87 (0.77–1.00) 0.93 (0.79–1.10)

Wealth quintile

Poor 1.45 (1.13–1.85)* 1.40 (1.15–1.70)* 1.78 (1.43–2.22)*

Middle 1.42 (1.09–1.84)* 1.30 (1.06–1.61)* 1.88 (1.49–2.36)*

Rich 1.00 1.00 1.00

Residence

Rural 1.00 1.00 1.00

Urban 0.82 (0.63–1.06) 0.93 (0.75–1.16) 0.74 (0.58–0.93)*

Region

North West 1.29 (0.83–2.02) 1.67 (1.13–2.48)* 4.55 (2.69–7.67)*

North East 2.38 (1.56–3.62)* 5.28 (3.60–7.75)* 13.00 (8.23–20.53)*

North Central 0.98 (0.59–1.65) 1.87 (1.24–2.81)* 1.89 (1.13–3.15)*

South East 1.34 (0.78–2.31) 3.20 (2.13–4.83)* 7.00 (4.29–11.42)*

South South 1.71 (1.05–2.79)* 3.26 (2.18–4.88)* 4.55 (2.79–7.42)*

South West 1.00 1.00 1.00

Season of interview

Dry season 1.68 (1.32–2.14)* 1.15 (0.96–1.38) 1.58 (1.21–2.06)*

Rainy season 1.00 1.00 1.00

Maternal characteristics

Age of mother

< 20 1.51 (0.94–2.43) 1.41 (0.99–2.01) 1.24 (0.89–1.70)

20–29 1.09 (0.76–1.56) 1.23 (0.96–1.57) 1.03 (0.82–1.29)

30–39 1.06 (0.74–1.52) 1.01 (0.79–1.30) 0.86 (0.69–1.06)

> = 40 1.00 1.00 1.00

Education

None 1.43 (1.11–1.85)* 1.21 (0.99–1.47) 1.01 (0.83–1.22)

Primary 1.34 (1.03–1.780* 1.22 (1.01–1.47)* 1.24 (1.02–1.50)*

Secondary/higher 1.00 1.00 1.00

Occupation

Not working 0.99 (0.57–1.69) 1.24 (0.89–1.74) 1.31 (0.98–1.74)

Professional/services 1.00 1.00 1.00

Sales 1.05 (0.63–1.77) 1.17 (0.84–1.62) 0.85 (0.65–1.11)
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population is estimated to use unclean fuels [28]. Nigeria
is seen on the global page as poverty-stricken country
with a striking gap between the rich and the poor. More
than two-thirds of the population live below the recom-
mended poverty line of $1.25 per day [29]. Poverty was
named as one of the main drivers for solid fuel use in
many developing countries [30].
The use of unclean cooking fuel was not significantly

associated ARI symptoms in our study, though it
increased the likelihood. Statistical non-significance
might be connected to the point that nearly all house-
hold use solid fuel, therefore the variation in the sample
was not substantial to find significant relationships. Des-
pite the statistical non-significance, young children living
in households exposed to unclean fuels have greater risk
of developing ARI symptoms compared with those living
in households using cleaner fuels or suffering less expos-
ure to smoke and this is consistent with the extant lit-
erature [31–33]. The mechanism by which exposure to
unclean fuel could induce the occurrence of ARI is par-
tially understood. It’s been noted that exposure to bio-
mass smoke can lead to immune suppression, and
increased bronchial reactivity, which enhances one’s vul-
nerability to bacterial and viral diseases [34, 35].
Though, the probability of ARI symptoms was higher

among children exposed to second smoke from adult
members who smoke cigarette/tobacco or other

substances, also, this did not attain statistical signifi-
cance. This could be explained by the low numbers of
smokers in Nigeria. Previous studies have affirmed that
Nigeria has one of the least smoking prevalence globally
[36, 37].
Initial models showed that living in houses built with

poor quality materials was significantly associated with
higher odds of ARI symptoms among under-five chil-
dren in the year 2008 and 2013. After controlling for
other background variables, this variable lost statistical
significance, meaning that the adjusted variables were
confounders. This does not imply that housing quality is
not important for ARI symptoms. Rather, the adjusted
variables represent possible pathway in the relationship
between housing quality and childhood ARI symptoms.
This finding corroborates reports from previous epi-
demiological studies which showed that living in houses
built with inferior materials could result in chronic dis-
eases [38, 39] and childhood mortality [22]. Researchers
have established that good housing conditions are indis-
pensable elements for improving household health, and
that poor housing and environmental conditions can
predispose to many health problems, including infec-
tious diseases (such as tuberculosis and pneumonia)
[40, 41].
Our findings are consistent with some previous studies

which suggest that ARI symptoms are more likely

Table 3 Unadjusted Odds Ratio for the relationship between ARI symptoms, household environmental characteristics, and maternal
and child characteristics, Nigeria, 2003-2013 (Continued)

Variables 2003 (n = 5445) 2008 (n = 24,975) 2013 (n = 28,950)

OR (95% CI) OR (95% CI) OR (95% CI)

Agriculture/manual 1.01 (0.59–1.69) 1.73 (1.22–2.43)* 1.50 (1.14–1.99)*

Child characteristics

Age (months)

0–11 1.99 (1.58–2.51)* 1.43 (1.22–1.67)* 1.83 (1.57–2.14)*

12–23 1.80 (1.40–2.32)* 1.92 (1.67–2.20)* 2.36 (2.02–2.76)*

24–35 1.46 (1.12–1.89)* 1.35 (1.14–1.60)* 1.78 (1.49–2.12)*

> = 36 1.00 1.00 1.00

Sex

Male 1.03 (0.86–1.22) 0.99 (0.88–1.11) 1.04 (0.93–1.17)

Female 1.00 1.00 1.00

Birth order

1 1.00 1.00 1.00

2–3 0.96 (0.76–1.22) 0.86 (0.74–1.00) 0.99 (0.83–1.17)

4–5 1.09 (0.85–1.39) 0.83 (0.69–1.01) 1.01 (0.84–1.22)

6+ 1.03 (0.79–1.33) 1.02 (0.85–1.23) 1.29 (1.06–1.57)*

Chronic malnutrition

Yes 0.93 (0.78–1.12) 1.19 (1.06–1.36)* 1.03 (0.88–1.20)

No 1.00 1.00 1.00

*p <0.05 (statistically significant)
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Table 4 Adjusted Odds Ratio for the relationship between ARI symptoms, household environmental characteristics, and maternal
and child characteristics

Variables 2003 2008 2013

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Household environment

Unclean cooking fuel 0.99 (0.98–1.00) 0.99 (0.98–1.00) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.98 (0.92–4.28) 1.44 (0.66–3.13)

Cooking inside the house NA

Smoking by household members 1.09 (0.89–1.34) 1.11 (0.91–1.35) 2.27 (0.94–5.48) 2.72 (1.07–6.88)* 1.18 (0.89–1.57) 1.13 (0.85–1.51)

Improved source of drinking water 0.67 (0.49–0.91)* 0.79 (0.58–1.09) 0.96 (0.81–1.14) 1.14 (0.96–1.35) 0.92 (0.76–1.11) 1.05 (0.88–1.25)

Improved toilet 0.94 (0.74–1.19) 0.86 (0.64–1.17) 0.89 (0.77–1.04) 1.01 (0.85–1.19) 0.93 (0.77–1.12) 0.96 (0.80–1.16)

Quality of housing material

Poor NA NA 1.27 (1.05–1.54)* 1.00 (0.73–1.37) 1.48 (1.22–1.80)* 1.35 (0.98–1.86)

Average NA NA 1.25 (0.99–1.56) 1.11 (0.87–1.42) 1.42 (1.13–1.78)* 1.19 (0.93–1.52)

Good NA NA 1.00 1.00 1.00 1.00

Over-crowded sleeping room 0.96 (0.81–1.15) 0.95 (0.79–1.13) 0.88 (0.77–1.00) 0.92 (0.81–1.06) 0.92 (0.78–1.09) 1.05 (0.89–1.24)

Wealth quintile

Poor 1.07 (0.76–1.50) 1.16 (0.79–1.70) 1.21 (0.84–1.73)

Middle 1.19 (0.89–1.57) 1.12 (0.87–1.45) 1.48 (1.14–1.91)*

Rich 1.00 1.00 1.00

Residence

Rural 1.00 1.00 1.00

Urban 0.96 (0.72–1.29) 1.09 (0.87–1.39) 0.99 (0.79–1.26)

Region

North West 1.24 (0.77–2.01) 1.61 (1.04–2.48)* 3.89 (2.31–6.55)*

North East 2.26 (1.43–3.58)* 4.89 (3.20–7.47)* 11.53 (7.05–18.86)*

North Central 0.89 (0.54–1.51) 1.69 (1.11–2.59)* 1.69 (0.96–2.99)

South East 1.32 (0.77–2.28) 3.15 (2.07–4.780* 5.88 (3.56–9.72)*

South South 1.71 (1.05–2.77)* 3.21 (2.13–4.83)* 3.86 (2.33–6.39)*

South West 1.00 1.00 1.00

Season of interview

Dry season 1.75 (1.39–2.21)* – 1.54 (1.25–1.91)*

Rainy season 1.00 1.00

Maternal characteristics

Age of mother

< 20 1.07 (0.58–1.98) 1.22 (0.80–1.86) 1.19 (0.79–1.81)

20–29 0.99 (0.64–1.53) 1.29 (0.98–1.72) 1.11 (0.85–1.45)

30–39 1.01 (0.71–1.45) 1.06 (0.83–1.36) 0.89 (0.72–1.12)

> = 40 1.00 1.00 1.00

Education

None 1.29 (0.91–1.83)* 1.03 (0.82–1.28) 0.63 (0.52–0.78)*

Primary 1.32 (0.97–1.80) 1.09 (0.90–1.34) 0.92 (0.76–1.12)

Secondary/higher 1.00 1.00 1.00

Occupation

Not working 0.68 (0.38–1.24) 0.93 (0.66–1.33) 0.85 (0.63–1.15)

Professional/services 1.00 1.00 1.00
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among young children aged less than 36 months [14,
42]. Specifically, the occurrence of ARI symptoms
appearing to greatest in age 12–23 months in years
2003–2013. Compliance with an ample of the period of
exclusive breastfeeding and continued breastfeeding in
combination with balanced complementary feeding safe-
guards an infant from ARI. This underscores the signifi-
cance of the immunoglobulin present in breast milk in
protecting against ARI [16].
Also, results from the bivariate and multivariate ana-

lysis showed that maternal characteristics associated
with higher risk of ARI symptoms in children include
poor household wealth quintile. Poverty has previously
been linked to increased frequency and severity of ARI
symptoms [43]. Also, poverty has consistently been asso-
ciated with several risk factors such as the use of un-
clean fuel [44]; sourcing water from unimproved water
sources [45]; use of unimproved toilet; crowding, and
chronic malnutrition [43]. All these factors have been
implicated as risk factors for ARIs symptoms among
children.
This study further revealed that under-five children in

the South West recorded a lower prevalence of ARI symp-
toms than those from North East, North West, South East
and South South regions. One possible reason for this

disparity in the prevalence of ARI symptoms across the
geopolitical zones may be the difference in social and eco-
nomic development in these areas [46, 47]. Earlier studies
in Nigeria has affirmed the socio-economic differences
between the North and the South [20, 48]. Low
immunization coverage, illiteracy, and poverty are more
predominant in the North than the South. These factors
have a strong influence on disease morbidity and mortality
in children [49, 50]. Also, cultural practices like religious
beliefs, ethnicity, and politics play a key role in the uptake
of routine immunization for vaccine-preventable diseases
in the North [51].
We also found that the likelihood of ARI symptoms

was higher during the dry season (November to April).
The DHS data do not collect variables by which this
relationship can be deeply explored. Insights from litera-
ture revealed that many of the pathogens for respiratory
infections in children are airborne [52]. During dry sea-
sons, these pathogens are often blown around with dust
thereby increasing exposures to the risk of infections.
The dry season in Northern Nigeria is characterised by a
dry and hazy wind due to its geographical location along
the course of the Gulf of Guinea [20, 53]. This might
further explain why the magnitude of ARI symptoms
was higher in Northern Nigeria.

Table 4 Adjusted Odds Ratio for the relationship between ARI symptoms, household environmental characteristics, and maternal
and child characteristics (Continued)

Variables 2003 2008 2013

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Sales 0.82 (0.47–1.44) 1.04 (0.74–1.47) 0.80 (0.61–1.06)

Agriculture/manual 0.77 (0.44–1.35) 1.32 (0.92–1.87) 0.99 (0.74–1.33)

Child characteristics

Age (months)

0–11 2.04 (1.58–2.63)* 1.43 (1.22–1.69)* 1.80 (1.52–2.12)*

12–23 1.86 (1.43–2.41)* 1.88 (1.64–2.18)* 2.32 (1.97–2.72)*

24–35 1.51 (1.15–1.98)* 1.32 (1.12–1.57)* 1.78 (1.47–2.14)*

> = 36 1.00 1.00 1.00

Sex

Male 1.03 (0.87–1.22) 1.01 (0.89–1.13) 1.01 (0.90–1.14)

Female 1.00 1.00 1.00

Birth order

1 1.00 1.00 1.00

2–3 0.91 (0.69–1.19) 0.85 (0.73–1.00) 1.05 (0.87–1.26)

4–5 0.97 (0.71–1.31) 0.82 (0.66–1.01) 1.11 (0.88–1.41)

6+ 0.81 (0.54–1.21) 1.01 (0.79–1.29) 1.43 (1.09–1.87)*

Chronic malnutrition

Yes 0.91 (0.74–1.12) 1.17 (1.02–1.32)* 1.07 (0.93–1.22)

No 1.00 1.00 1.00

*p <0.05 (statistically significant)
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Findings in our study should be interpreted in light of
the following limitations. This study was based on
self-reported information from mothers of under-five
children. The self-report process may introduce some
recall bias and subsequently may contribute to an under-
estimation of ARI symptoms prevalence. In addition,
due to the cross-sectional nature of the data, a
cause-effect relationship could not be inferred in this
study. Another limitation was our inability to include
vaccination status among the explanatory variables. Data
on vaccination was available only for children less than
36 months whereas we were interested in all children
below age five. We did not exclude the older children
because they constitute about one-third of the analytical
sample. As a result, we were constrained to leave out
vaccination status from the analysis. Further, the sample
size for 2003 was lower compared to 2008 and 2013 be-
cause it was designed to provide only national estimates
while the latter two were designed to provide estimates
at regional and state levels. Aside difference in sample
size, the methodology of data collection and other sur-
vey procedures were the same.
The strengths are worthy of mention. First, the unique-

ness of this study beyond previous research is its focus on
trends in the prevalence and factors associated with ARI
symptoms among under-five children in Nigeria between
2003 and 2013. This period coincides with the fastest pro-
gress in child survival in Nigeria. The study leverages on
the use of the Demographic Health Survey (DHS) data, a
nationally representative data whose method of collection
has been through a validated process between 1990 and
2013, and its outcome generalizable. Also, variables in the
DHS surveys in different countries are defined alike thus
allowing for results to be comparable across countries.

Conclusion
Though this study showed that progress was made in
the reduction of the prevalence of ARI symptoms be-
tween 2003 and 2013, associated factors have remained
the same over the decade. The influence of household
environmental factors such as quality of housing mater-
ial, use of unclean fuel, the presence of a smoker in the
household, were partly explained by other variables
including age of child and regions of residence. The
higher magnitude of ARI symptoms in Northern
Nigeria calls for urgent interventions that can guaran-
tee better quality health and survival prospects for
under-five children, especially in the most affected
regions.

Abbreviations
ARIs: Acute respiratory infections; CI: Confidence interval; EAs: Enumeration
areas; NDHS: Nigeria Demographic and Health Surveys; OR: Odds ratio;
UNICEF: United Nations Children’s Fund; WHO: World Health Organisation

Acknowledgements
We are grateful to the National Population Commission, Abuja, Nigeria and
other partners involved in the NDHS. We express our appreciation to the
National Population Commission and ICF Macro Calverton, Maryland, USA for
releasing the data for this study. The authors also acknowledge the technical
support received from the Consortium for Advanced Research Training in
Africa (CARTA). Both authors are CARTA fellows and they received training in
research conception and manuscript writing.

Availability of data and materials
The data that support the findings of this study are available from the MEASURE
DHS but restrictions apply to the availability of these data, which were used
under license for the current study, and so are not publicly available. Data are
however available upon reasonable request and with permission of the
MEASURE DHS through http://www.dhsprogram.com.

Authors’ contributions
JOA and OMM conceived the study, developed the research questions and
designed the study. JOA analysed the data, wrote the methodology and the
result sections. OMM wrote the introduction and discussion sections. Both
authors read and approved the final manuscript.

Ethics approval and consent to participate
Ethical approval for this study was obtained by the data originators from the
Nigeria National Ethics Committee (NHREC/2008/07), functioning under the
Ministry of Health. An informed consent was obtained from all the study
participants after describing to them all the issues related to the study in
details at the point of data collection. Each consented participants was made
to sign an appropriate agreement form before the interview.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Epidemiology and Medical Statistics, Faculty of Public Health,
College of Medicine, University of Ibadan, Ibadan, Nigeria. 2Demography and
Population Studies Programme, Schools of Public Health and Social Sciences,
University of the Witwatersrand, Johannesburg, South Africa. 3Department of
Environmental Health Sciences, Faculty of Public Health, College of Medicine,
University of Ibadan, Ibadan, Nigeria.

Received: 1 February 2017 Accepted: 25 June 2018

References
1. Simeos EAF, Cherian T, Chow J, Shahid-Salles SA, Laxminarayan R, John TJ.

“Acute Respiratory Infections in Children.” Disease Control Priorities in
Developing Countries. www.ncbi.nlm.nih.gov.books/NBK11786. Assessed 4
Sept 2015.

2. Rudan I, Boschi-Pinto C, Biloglav Z, Mulholland K, Campbell H. Epidemiology
and etiology of childhood pneumonia. Bull World Health Org. 2008;86(5):
408–16.

3. World Lung Foundation. 2010. Four Million Deaths Each Year caused by
Acute Respiratory Infections–New Atlas Details Pandemic. Assessed 4 Sept
2015. www.worldlungfoundation.org/ht/display/ReleaseDetails/i/12503/pid/
6858.

4. Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, et al. Global,
regional, and national causes of child mortality: an updated systematic
analysis for 2010 with time trends since 2000. Lancet. 2012;379(9832):
2151–61.

5. Walker CLF, Rudan I, Liu L, Nair H, Theodoratou E, Bhutta ZA, et al. Global
burden of childhood pneumonia and diarrhoea. Lancet. 2013;381(9875):
1405–16.

Akinyemi and Morakinyo BMC Infectious Diseases  (2018) 18:296 Page 11 of 12

http://www.dhsprogram.com
https://www.ncbi.nlm.nih.gov/books/NBK11786/
http://www.worldlungfoundation.org/ht/display/ReleaseDetails/i/12503/pid/6858
http://www.worldlungfoundation.org/ht/display/ReleaseDetails/i/12503/pid/6858


6. Chatterjee S. A study of epidemiological factors related to acute respiratory
infection in under five children attending the immunization clinic of
Calcutta National Medical College and Hospital. Internet J Pulm Med. 2016;
7(2):1–6.

7. Dongre AR, Deshmukh PR, Garg BS. Health expenditure and care seeking on
acute child morbidities in peri-urban Wardha: a prospective study. Indian J
Pediatr. 2010;77(5):503–7.

8. Oyejide C, Osinusi K. Acute respiratory tract infection in children in Idikan
community, Ibadan, Nigeria: severity, risk factors, and frequency of
occurrence. Review of Infect Dis. 1990;12(Supplement 8):S1042–I046.

9. World Health Organisation. Health action in crises. 2013; Available from:
http://www.who.int/hac/en/. Assesses 7 Nov 2016.

10. World Health Organisation/United Nations Children’s Fund. Countdown to
2015: Maternal, Newborn & Child Survival 2012. Available from: http://www.
countdown2015mnch.org/documents/2012Report/2012-part-1.pdf.

11. Weber MW, Mulholland EK, Greenwood BM. Respiratory syncytial virus
infection in tropical and developing countries. Tropical Med Int Health.
1998;3(4):268–80.

12. Singh V, Aneja S. Pneumonia – Management in the developing world.
Paediatr Respir Rev. 2011;12(1):52–9.

13. Wardlaw T, Salama P, Johansson EW, Mason E. Pneumonia: the leading killer
of children. Lancet. 2006;368:1048.

14. Adesanya OA, Chiao C. A multilevel analysis of lifestyle variations in
symptoms of acute respiratory infection among young children under five
in Nigeria. BMC Public Health. 2016;16:880.

15. Kolawole O, Oguntoye M, Dam T, Chunara R. Etiology of respiratory tract
infections in the community and clinic in Ilorin, Nigeria. BMC Res Notes.
2017;10:712.

16. Ujunwa FA, Ezeonu CT. Risk factors for acute respiratory tract infections in
under-five children in Enugu Southeast Nigeria. Ann Med Health Sci Res.
2014;4(1):95–9.

17. Akinloye OM, Ronkko E, Savolainen-Kopra C, Ziegler T, Iwalokun BA, Deji-
Agboola MA, Oluwadun A, Roivainen M, Adu FD, Hovi T. Specific viruses
detected in Nigerian children in association with acute respiratory disease. J
Trop Med. 2011;690286:1–6.

18. National Population Commission (Npc) [Nigeria]. Nigeria Demographic and
Health Survey 2013. Abuja, Nigeria, and Rockville, Maryland, USA: NPC and
ICF International; 2014.

19. National Population Commission (NPC) [Nigeria] and ORC Macro. Nigeria
Demographic and Health Survey 2003. Calverton: National Population
Commission and ORC Macro; 2004.

20. National Population Commission (NPC) [Nigeria] and ICF Macro. Nigeria
Demographic and Health Survey 2008. Abuja: National Population
Commission and ICF Macro; 2009.

21. WHO/UNICEF. Progress on sanitation and drinking-water - 2010 update.
Geneva: WHO/UNICEF; 2010.

22. Adebowale SA, Morakinyo OM, Ana GR. Housing materials as predictors of
under-five mortality in Nigeria: evidence from 2013 demographic and
health survey. BMC paediatrics. 2017;17:30.

23. Hilbe JM. Maximum-likelihood complementary log-log regression. Stata
Technical Bull. 1996;32:19–20.

24. Akinyemi JO, Adebowale AS, Bamgboye EA, Ayeni O. Child survival
dynamics in Nigeria: is the 2006 child health policy target met? Nigerian J
Health Sci. 2015;15:18–26.

25. WHO. Millennium Development Goals (MDGs). http://www.who.int/topics/
millennium_development_goals/about/en/. Accessed 22 Feb 2018.

26. Ophori EA, Tula MY, Azih AV, Okojie R, Ikpo PE. Current trends of
immunization in Nigeria: Prospect and challenges. Tropical Med Health.
2014;42(2):67–75.

27. Ezeh OK, Agho KE, Dibley MJ, Hall JJ, Page AN. Risk factors for post
neonatal, infant, child and under-5 mortality in Nigeria: a pooled cross-
sectional analysis. BMJ Open. 2015;5:e006779.

28. Joshi S. Solid biomass fuel: indoor air pollution and health effects.
Kathmandu University Med J. 2006;4:141–2.

29. World Bank. World Development Indicators: Poverty rates at international
poverty lines. http://wdi.worldbank.org/table/2.8. Accessed 12 June 2014.

30. Sastry N. What explains rural–urban differentials in child mortality in Brazil?
Soc Sci & Med. 2009;44(7):989–1002.

31. Bassani DG, Jha P, Dhingra N, Kumar R. Child mortality from solid-fuel use in
India: a nationally-representative case–control study. BMC Public Health.
2010;10:1–9.

32. Gajate-Garrido G. The impact of indoor air pollution on the incidence of life
threatening respiratory illnesses: evidence from young children in Peru. J
Dev Stud. 2012;49:500–15.

33. Pandey S, Lin Y. Adjusted effects of domestic violence, tobacco use, and
indoor air pollution from use of solid fuel on child mortality. Maternal Child
Health J. 2013;17:1499–507.

34. Samet JM, Utell MJ. The risk of nitrogen dioxide: what have we learned
from epidemiological and clinical studies? Toxicol Ind Health. 1990;6:247–62.

35. Thomas P, Zelikoff J. Air pollutants: modulators of pulmonary host
resistance against infection. In: Holgate ST, Samet JM, Koren HS, Maynard
RL, editors. Air pollution health. San Diego: Academic Press; 1999. p. 357–80.

36. Center for Public Policy Alternatives. A Primer on Tobacco Consumption
and Regulation in Nigeria Lagos. Nigeria: CPPA; 2015. http://cpparesearch.
org/a-primer-on-tobacco-consumption-and-regulation-in-nigeria/. Accessed
5 Dec 2016

37. Greenhalgh E, Bayly M, Winstanley MH. In: Scollo M, Winstanley M, editors.
Trends in the prevalence of smoking. 3rd ed. Melbourne: Cancer Council
Victoria; 2008.

38. US Department of Health and Human Services. The health consequences of
involuntary exposure to tobacco smoke: a report of the surgeon general.
Atlanta, GA, USA: US Department of Health and Human Services; 2006.

39. Windle GS, Burholt V, Edwards RT. Housing related difficulties, housing
tenure and variations in health status: evidence from older people in Wales.
Health Place. 2006;12:267–78.

40. Izugbara C. Whose child is dying? Household characteristics and under-5
mortality in Nigeria. South Afri J Child Health. 2014;8(1):16–22.

41. Udofia EA, Yawson AE, Aduful KA, Bwambale FM. Residential characteristics
as correlates of occupants' health in the Greater Accra region, Ghana. BMC
Public Health. 2014;14(244):1–13.

42. Acharya P, Mishra SR, Berg-Beckhoff G. Solid fuel in kitchen and acute
respiratory tract infection among under five children: evidence from Nepal
demographic and health survey 2011. J Comm Health. 2015;40(3):515–21.

43. Douglas RM. Acute respiratory infections in children in the developing
world. Sermin Resp Infect. 1991;6:217–24.

44. Larrea C, Kawachi I. Does economic inequality affect child malnutrition? The
case of Ecuador. Soc Sci Med. 2005;60:165–78.

45. Morakinyo OM, Adebowale SA, Oloruntoba EO. Wealth status and sex
differential of household head: implication for source of drinking water
in Nigeria. Arch Public Health. 2015;73:58.

46. Kandala N-B, Ji C, Stallard N, Stranges S, Cappuccio FP. Spatial analysis of risk
factors for childhood morbidity in Nigeria. Am J Trop Med Hyg. 2007;77(4):
770–9.

47. Adedini SA, Odimegwu C, Imasiku ENS, Ononokpono DN. Ethnic differentials in
under-five mortality in Nigeria. Ethn Health. 2015;20(2):145–62.

48. National Population Commission (NPC). Nigeria Population Census Report.
Abuja: National Population Commission; 2006.

49. Hobcraft JN, Mc Donald JW, Rustein SO. Demographic determinants of
infant and early child mortality: a comparative analysis. Popul Stud. 1986;
39(3):363–85.

50. Mondal NI, Hossain K, Ali K. Factors influencing infant and child mortality: a
case study of Rajshahi District, Bangladesh. J Human Ecology. 2009;26(1):31–9.

51. Anyene BC. Routine immunization in Nigeria: the role of politics, religion
and cultural practices. AJHE. 2014;3(1):0002.

52. Darrow LA, Klein M, Flanders WD, Mulholland JA, Tolbert PE, Strickland MJ.
Air pollution and acute respiratory infections among children 0–4 years of
age: an 18-year time-series study. Am J Epid. 2014;180(10):968–77.

53. Ologunorisa T, Tamuno T. Spatial and seasonal variations of sandstorms
over Nigeria. Theor Appl Climatol. 2003;75(1–2):55–63.

Akinyemi and Morakinyo BMC Infectious Diseases  (2018) 18:296 Page 12 of 12

http://www.who.int/hac/en/
http://www.countdown2015mnch.org/documents/2012Report/2012-part-1.pdf
http://www.countdown2015mnch.org/documents/2012Report/2012-part-1.pdf
http://www.who.int/topics/millennium_development_goals/about/en/
http://www.who.int/topics/millennium_development_goals/about/en/
http://wdi.worldbank.org/table/2.8
http://cpparesearch.org/a-primer-on-tobacco-consumption-and-regulation-in-nigeria/
http://cpparesearch.org/a-primer-on-tobacco-consumption-and-regulation-in-nigeria/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study setting
	Data source
	Derivation of variables
	Analysis

	Results
	Household characteristics
	Maternal and children characteristics
	Bivariate association between household, maternal, and children characteristics and ARI symptoms
	Multivariate analysis

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

