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Abstract

Background: There is little data on the risk factors for malaria infection in large cities in central Africa and in all age
groups. There may be different associations with the risk factors for areas with different malaria transmission intensi-
ties such as the effect of fever or age. This study aimed at identifying risk factors associated with Plasmodium infec-
tion and anaemia among children 6-59 months and individuals aged older than 5 years in Kinshasa, a large city with
heterogeneity in malaria prevalence.

Methods: This study analysed data from 3342 children aged 6-59 months from 25 non-rural health zones (HZs) and
for 816 individuals aged older than 5 years from two HZs in Kinshasa (non-rural), collected during a cross sectional
malaria survey in 2011. Logistic regression with random effects was used to investigate predictors for malaria and
anaemia. Differences in risk factors in areas with a prevalence of less than 10 and 10 % or greater were investigated.

Results: There was evidence of a different age-pattern in the two transmission settings. For children under 5 years,
the highest prevalence of malaria was observed in the 48-59 months group in both transmission settings, but it
increased more gently for the lower transmission HZs (p = 0.009). In a separate analysis in children over 5 years in
two selected HZs, the peak prevalence was in 5-9 years old in the higher transmission setting and in 15-19 years old
in the lower transmission setting. Reported fever was associated with malaria in both transmission strata, with no
evidence of a difference in these associations (p = 0.71); however in children older than 5 years there was a significant
interaction with a stronger association in the low transmission HZ. Insecticide-treated net (ITN) use was associated
with a lower risk of malaria infection in children 6-59 months in the high transmission HZs. Similar estimates were
found in children over 5 years and the lower transmission HZ but the associations there were not significant. There
was no evidence of a difference in these associations by strata. The risk of anaemia decreased with increasing age in
all strata, whereas it increased with malaria infection and reported fever. ITN use did not show evidence of protection
against anaemia. Low socio-economic status was associated with malaria in high transmission setting in children
6-59 months and anaemia in low transmission setting.

Conclusions: This study shows that in areas of low transmission in Kinshasa, the peak prevalence occurs in older age
groups however [TN use was highest in children under 5 years. Targeted distribution of TN to all age groups should
be continued. For most risk factors, there was no evidence of an interaction with transmission intensity however the
associations with age and with fever in the last 2 weeks did vary significantly.
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Background

Urbanization, widespread use of malaria control meas-
ures and effective treatment in recent years have had a
significant impact in reducing the prevalence of malaria
in many African cities, as well as contributing to the more
heterogeneous risk in malaria observed in many urban
areas [1-5]. In Kinshasa, the capital of the DRC malaria
has considerably decreased during the past 30 years. A
survey conducted in 2011, showed a prevalence of 17 %
among children 6-59 months of age, and the existence
of a gradient of prevalence from the centre (lower risk)
to the periphery (higher risk) [6—9]. Moreover, tradition-
ally attention has focused on high risk groups, and lit-
tle attention has been put on older children and adults.
Understanding the complex heterogeneity of risk factors
that can contribute to increased risk of malaria in urban
settings across different age groups will enable a more
effective use of control measures.

In addition, many studies have shown that control of
malaria can reduce the prevalence of childhood anaemia
[10-14]. Anaemia, in particular due to iron deficiency, is
a major public health challenge in paediatric populations
in sub-Saharan Africa, and in DRC it is among the top
five leading causes of years lived with disability (YLDs)
(GBD 2010). In Kinshasa the current rate of anaemia
(Hb < 11 g/dl) among pre-school aged children was 65 %
in 2011 [6].

The present study investigated individual and house-
hold risk factors for Plasmodium falciparum infection
and anaemia in Kinshasa in children aged 6—-59 months
in 25 non-rural HZs, as well as in individuals aged 5 years
and older in a separate analysis in two HZs.

Methods

Study area and recruitment of study participants

This study used cross-sectional data from a survey con-
ducted in 2011 in Kinshasa, the capital city of the DRC,
which is described in detail by Ferrari et al. [6]. In sum-
mary, data collection took place from April to June
2011, before the end of the rainy season and included
2512 households selected through a multi stage sam-
pling procedure to obtain a sample of 3342 children
aged 6-59 months from 25 health zones (HZs) and 816
individuals aged 5 years or older from two HZs selected
out of the 25 (Ngiri Ngiri and Selembao). The HZ repre-
sents the primary operational unit of the health system
in DRC, and covers about 150,000 inhabitants. It includes
a general referral hospital, health centres and lower-level
health facilities. Each HZ is further divided in health
areas. In Kinshasa malaria transmission is ensured by
Anopheles gambiae s.1., and usually peaks during the long
rainy season from September to May [15]. From each par-
ticipant a finger-prick blood sample was collected to test
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for malaria by rapid diagnostic test (RDT) (SD Bioline
Malaria Antigen P.f/Pan), providing an immediate on-site
diagnosis. The level of haemoglobin (Hb) was measured
with a HemoCue 201 plus 4+ photometer (Angelholm,
Sweden). Axillary temperature was measured using a
digital thermometer and the individual’s history of fever
in the preceding 2 weeks was also recorded. A standard-
ized electronic survey questionnaire was administered to
all heads of eligible household using an HTC smartphone
running with Android OS. The survey questionnaire was
an adaptation of the standard malaria indicator survey
questionnaire from the Roll Back Malaria Partnership
(http://www.RBM.org) created with the Build component
of the open data kit (ODK) software (University of Wash-
ington & Google Foundation). Respondents were asked
about demographic information of the residents, educa-
tional level, assets owned (such as television and bicycle),
presence of insecticide-treated bed net (ITN) and use of
ITN the night prior to the survey.

Assessing risk factors of Plasmodium infection

and anaemia

The analysis was stratified according to malaria transmis-
sion intensity, based on the prevalence of malaria infec-
tion measured in 2011 among children 6—59 months [6].
The prevalence ranged from 0.7 to 46 % in children aged
6—59 months. Two strata were defined at the HZ level: a
prevalence of infection below 10 % or a prevalence above
10 %. The 10 % prevalence cut-off was an arbitrary selec-
tion to allow enough observations in each strata. Plas-
modium infection and anaemia were assessed for their
association with a number of variables. For individuals
aged older than 5 years, data collection took place in only
two HZs with different transmission intensities (Ngiri
Ngiri, 0.8 % and Selembao, 26.8 % in children younger
than 5 years); these data were analysed separately.

The primary outcomes of the study were the pres-
ence or absence of Plasmodium malaria as measured by
rapid diagnostic test (RDT) and the anaemia test results.
A child aged between 6 and 59 months was defined as
anaemic if his/her Hb was below 11.0 g/dl. Therefore,
the outcomes variables were dichotomous. Recorded
explanatory variables were: age, gender, educational level
of the respondent, occupation of the respondent, insec-
ticide mosquito-net use and reported fever during the
last 2 weeks and wealth index. A wealth index, calculated
according to the method of Filmer et al., was constructed
for each household based on ownership of household
assets (having a television, a radio, etc.) and house char-
acteristics (having electricity, drinking water, toilet type,
roof and ground material) [16]. Three categories were
generated to classify households ranging from the poor-
est to the least poor in the community.
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Statistical methods

The proportions with malaria infection and with anae-
mia were analysed using a logistic regression model with
random effects to take account clustering by health zone
and health area. All analysis were performed separately
for children (6—59 months) and individuals older than
5 years since they were sampled from different HZs. The
analysis was carried out using STATA version 13 (Stata
Corporation College Station, TX, USA).

Results

Data collection took place in 2512 households, in the
25 HZs that were visited. A total of 3342 children aged
6-59 months were included in the analysis, 1118 and
2224 in the low and high transmission settings, respec-
tively. A similar number of males (50 %) and females were
included; the median age was 30 months (90 % central
range 9-55). Table 1 shows the number of children exam-
ined, by HZ and by transmission strata. For individuals
above 5 years of age, data collection took place in two
HZs only and included 816 individuals, of which 34 %
were males and the median age was 22 years (90 % cen-
tral range 6-62).

Risk factors for Plasmodium infection in children aged
6-59 months (25 HZs)
The risk factors for Plasmodium infections in children
6—59 months are shown in Table 2. There was an increase
in the proportion with malaria infection with age in both
transmission strata. The greatest risk was in children
48-59 months: an odds ratio (OR) of 5.86 [95 % confi-
dence interval (CI) 1.62-21.17] for the 36-47 months
group and an OR of 15.53 (95 % CI 4.26-56.64) for the
48-59 months group, compared to the youngest age
group. The effect was also seen in higher transmission
strata, although the OR was lower: an OR of 1.73 (95 % CI
1.36-2.20) for the 36—47 months group and an OR of 2.54
(95 % CI 1.93-3.35) for the 48—-59 months group com-
pared to the youngest age group. The interaction between
age and transmission intensity was significant (p = 0.009).
Treated net use was found to significantly lower malaria
infection risk in the higher transmission strata with 38 %
protection (OR = 0.62, 95 % CI 0.50-0.77), however the
effect was not significant in the lower transmission strata.
Children who reported fever in the last 2 weeks had a sig-
nificantly elevated risk of malaria infection in both strata.
Higher education levels showed a trend towards being
protective in both transmission settings (Table 2). How-
ever there was no evidence of an association with the
occupation of the respondent. Finally, children living in
the wealthiest tertile were significantly less likely to have
a malaria infection compared to the children from the
poorest tertile in strata of high transmission (OR = 0.27,
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95 % CI 0.20-0.38, p < 0.001). No evidence was found in
the HZs with less than 10 % prevalence (OR = 0.82, 95 %
CI10.31-2.13, p = 0.83), however the interaction between
socioeconomic status and transmission was not signifi-
cant (p = 0.14).

Risk factors for Plasmodium infection in individuals older
than 5 years (2 HZs)

The risk factors for Plasmodium infection in individuals
aged older than 5 years are shown in Table 3. The asso-
ciation between age and malaria infection was strong.
The highest prevalence was observed in the 15-19 years
age group in the low transmission HZ of Ngiri Ngiri with
an OR of 7.11 (95 % CI 1.17-43.05) compared to the
5-9 years-old. In the higher transmission HZ of Selem-
bao however, ORs were lower and more homogene-
ously distributed across all age groups, compared to the
5-9 years-old group which showed the highest preva-
lence. The interaction between age and transmission
intensity however was not significant (p = 0.11).

ITN use was not found to significantly lower the preva-
lence of malaria infection, although the estimates were in
the direction of being protective. Individuals aged 5 years
and older who reported fever in the last 2 weeks had an
elevated risk of having malaria infection in both sites,
and the association was stronger for the lower transmis-
sion: OR = 38.71 (95 % CI 11.08-135.23), and OR = 2.05
(95 % CI 1.07-3.95) in Selembao, with a highly significant
interaction term (p < 0.0001). There was no evidence of
an effect of higher education levels, occupation of the
respondent or socio-economic status.

Risk factors for anaemia in children aged 6-59 months

(25 HZs)

The risk of having anaemia was found to decline progres-
sively with increasing age (Table 4) in both low and high
transmission strata (p < 0.001). Although there was no
evidence that malaria infection increased the risk of hav-
ing anaemia in the low transmission strata (OR = 2.01,
95 % CI 0.89-4.51), this effect was significant in the
higher transmission strata (OR = 3.40, 95 % CI 2.60—
4.44). There was no evidence that reported ITN use was
protective for the anaemia status in either strata. There
was also no evidence of an association with fever, nor
with education or occupation. Belonging to the wealthi-
est tertile was borderline significantly associated with
the risk of having anaemia in both low transmission (OR
0.68, 95 % CI 0.47-0.99) and high transmission strata.

ITN use

There were some age-specific differences in ITN usage
(Fig. 1), with highest use in younger children (p = 0.006)
in the low transmission strata. In areas of high
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transmission, I'TN usage although lower appeared more
homogeneously distributed across age groups (Fig. 1).
No significant differences in the utilization were found
among individuals age more than 5 years, in both low and
high transmission strata (Fig. 1).

Discussion

The identification of risk factors for malaria infection
and anaemia, provides information on the local malaria
epidemiology and has the potential to lead to a more
effective and targeted use of malaria control measures.
This study presents the results of an analysis of the asso-
ciation of a number of variables that alone or in combi-
nation could affect the risk of acquiring Plasmodium
infection and anaemia, in a city with diverse malaria
transmission patterns. The key results from this analy-
sis are the association between malaria infection and
age, with older age groups being exposed to higher risk
of malaria in low transmission settings and a lower and
more homogeneous risk across all age groups in high
transmission settings. Shift in the age of peak prevalence
towards the older groups has been described for malaria
and other infectious diseases and is consistent with
exposure-related acquired immunity [17, 18]. In zones of
low transmission, children are less exposed to infective
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malaria, hence delaying the age of the first infection and
the acquisition of immunity [19]. Clearly, in Kinshasa
the risk of Plasmodium infection seems to occur later in
childhood, which is consistent with areas of rather low
levels of transmission. The prevalence rates by HZ shown
in Table 1 (range: 0.7-46.0), with most HZs below 30 %
confirm that Kinshasa overall has a moderate endemicity
level. Recent school surveys done in Kimbanseke, a rela-
tively high prevalence HZ southeast of Kinshasa, found
similar results, showing children aged 10-13 at higher
risk of malaria and a high prevalence of asymptomatic
infections [20].

The relationship of ITN use by the different age
groups could also influence the age pattern of risk that
was observed: children in the youngest age group,
6-35 months, were significantly more likely to sleep
under an ITN in the low transmission setting, whereas
utilization was similar among age groups in high trans-
mission setting. A similar shift in age of peak of preva-
lence towards the older children has been observed
elsewhere with an increase in net coverage [21]. Only
44 % of children 6—59 months used an ITN the night pre-
ceding the survey, which is still far from universal cov-
erage. In individuals >5 years, overall ITN use was even
lower, with only 38 and 23.3 % using an ITN in Ngiri
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Fig. 1 Left panel ITN usage among children 6-59 months by transmission intensity. Right panel ITN usage among individuals older than 5 years in
Ngiri Ngiri (0.8 %) and Selembao (26.8 %) in Kinshasa, 2011. Light grey bars represent proportions of reported ITN usage in high transmission strata,
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Ngiri and Selembao, respectively. In addition, less than
58 % of HHs owned enough ITNs to cover all household
members in 2011. These low values are of concern.

Higher malaria prevalence in older children has also
been attributed to increased use of anti-malarials in
early childhood [22]. In case of fever in Kinshasa, it is
common practice by the caregivers to initially treat their
child at home (54 % of the cases) although only 4.3 % of
the children treated for fever receive a recommended
combination therapy containing artemisinin (unpub-
lished data).

Results indicated that sleeping under an ITN the pre-
vious night reduced the risk of Plasmodium infection
by 38 % (OR 0.62, 95 % CI 0.50-0.77) among children
6-59 months of age in areas of high transmission, consist-
ent with the vast body of evidence supporting the efficacy
and effectiveness of ITN in protecting against malaria
[11]. In low transmission areas, however, there was no
evidence of such an association, presumably because the
overall risk of infection was lower.

Reported history of fever was associated with malaria
infection overall. There was evidence of a difference in
this association with transmission level among individu-
als aged older than 5 years (p < 0.001). The weaker asso-
ciation of reported fever with malaria in areas of high
transmission could be explained by differences in the lev-
els of acquired immunity.

The data confirm that anaemia is frequent in urban
Kinshasa, with 65 % prevalence among children
6-59 months, 30 % moderate (7.0-9.9 g/dl) and 1.9 %
severe (<7.0 g/dl). ITN use in Kinshasa did not appear to
be associated with benefits in lower anaemia risk, con-
trary to what has been documented in other settings [10—
14]. These findings are consistent with a Kenyan study
that found only a small difference in prevalence of anae-
mia between villages with and without ITNs [23]. Anae-
mia has many causes in addition to malaria [nutrition
[24], soil transmitted infections (STH) and schistosomes],
and in Kinshasa these are likely to also be contributors to
this morbidity. A recent study revealed a high prevalence
of STH infections among primary school children in Kin-
shasa (32.8 %) [20]. Nevertheless, the estimated odds of
anaemia in zones of high transmission were 3.5 times
(95 % CI 2.70—-4.62) higher in malaria infected children.

In this study, the risk of anaemia was shown to decrease
with increasing age in both low and high transmission
strata. These results are consistent with studies con-
ducted in West Africa, showing a significant reduction in
the mean haemoglobin level in children aged 2-5 years
compared to children aged 1-2 [25].

This study also showed differences in the effect in
malaria risk or anaemia risk by socioeconomic sta-
tus, consistent with previous studies carried out in
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sub-Saharan Africa [19, 26-28], and as documented in a
multi-country analysis of DHS data [29].

This study however has some limitations. Foremost,
the analysis draws on cross-sectional data; hence the
causal nature of associations should be viewed with
a certain caution. A second most important limita-
tion of the study relates to the smaller sample size for
individuals over 5 years compared to that of children
6—59 months, limiting the authors’ ability to potentially
detect important differences and interactions between
risk factors and transmission. Furthermore, the low
proportion of males for this survey (34 %) may have
triggered a gender-response bias, with consequences
on the prevalence and associations found. The direc-
tion and magnitude of a possible bias remain unknown.
Lastly, RDTs are limited in sensitivity to detect low
density parasitaemia and their use may have led to
an underestimation of the true proportion of people
infected with P falciparum. The underestimation may
have differed with acquired immunity affecting the age
pattern [30-33].

Conclusions

For the most part, there was no evidence of an interac-
tion between malaria infections and the risk factors with
transmission intensity; however the associations with age
and with fever in the last 2 weeks did vary significantly.
The results also show that school-aged children are the
least protected with ITN, across the different transmis-
sion settings, hence representing an important reservoir
for infection. The observation of a shift in the peak age of
risk for malaria to older groups is consistent with areas
of low transmission and highlights the need for a more
equal distribution of ITN in Kinshasa to target all age
groups and not only the traditional high-risk group of
young children.
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