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Abstract.

We used Demographic and Health Survey data to describe the 2-week period prevalence of fever, cough, and

diarrhea among children aged < 5 years in low-resources areas. We then explored the relationship between prevalence of
isolated fever and national malaria risk. Fever and isolated fever occurred in 26.7% and 7.0% of children, respectively, and

was not fully explained by malaria.

INTRODUCTION

Diarrhea and pneumonia are widely recognized to be major
contributors to illness among infants and children in low-
resource areas.' Investments in etiology research are yielding
important insights into the major causes of diarrhea® and
pneumonia,’ providing valuable information to improve dis-
ease management and prevention efforts. However, fever is
also common among infants and children in low-resource
areas in the tropics.* For patients with fever presenting without
localizing features, clinical diagnosis is difficult and malaria
may be the default diagnosis. More widespread use of malaria
diagnostic tests has unmasked the problem of malaria over
diagnosis.’ In addition to clinical misdiagnosis in life, the use
of verbal autopsies to estimate malaria-attributable deaths
lacks specificity,® contributing to overestimation of the preva-
lence of malaria and misclassification of febrile deaths in
burden of disease estimates. Apparent declines in malaria
over the past decade mean that clinicians now face a growing
proportion of febrile children without malaria. Sparse clini-
cal microbiology services and limited comprehensive fever
etiology research’ mean that the local epidemiology of causes
of fever is seldom well understood.

Efforts to address fever in low-resource areas will require
wider awareness of its prevalence and a robust understanding
of the contribution of malaria relative to other causes. To pro-
vide a picture of the community prevalence of fever alone and
with cough or diarrhea among children, we analyzed national
Demographic and Health Survey (DHS) data. To explore the
contribution of malaria to fever prevalence, we studied the
relationship between fever prevalence and national proportion
of population for the age 04 years at risk for malaria.

METHODS AND MATERIALS

Community prevalence of fever, cough, and diarrhea. We
sought data from all available DHS from all years and coun-
tries.® DHS surveys are conducted at the household level and
seek information about socioeconomic characteristics and
health indicators such as maternal and child health, malaria,
nutrition, human immunodeficiency virus/acquired immuno-
deficiency syndrome (HIV/AIDS), and family planning. The
main objective of the DHS is to collect a range of data using
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standardized procedures and methodologies to enable com-
parisons across countries and over time. Three core ques-
tionnaires are administered to each household selected for a
standard DHS: a household questionnaire, a women’s ques-
tionnaire, and a men’s questionnaire.

From the women’s questionnaire, administered to all 15- to
49-year-old women who spent the night before the visit in the
surveyed household, we extracted responses to three ques-
tions about the health of children aged < 5 years: 1) has the
child had diarrhea in the past 2 weeks?, 2) has the child been
ill with fever at any time in the past 2 weeks?, and 3) has
the child had an illness with a cough at any time in the past
2 weeks? In addition, we extracted the country code and
year of study.

National malaria risk. We used the Malaria Atlas Project
(MAP) data’ for the proportion of the population per 100,000
at risk for Plasmodium falciparum, 2010, as an indicator of
national malaria risk. The main objective of the MAP is to
produce maps and estimates that support planning of national
and international malaria programs. For our analysis, estimates
for the age group 04 years from countries with corresponding
DHS data on the community prevalence of fever were obtained.

Statistical analyses. Responses to the three DHS symptom
questions were aggregated to develop the combined 2-week
period prevalence of fever, cough, and diarrhea, and of
combinations of these symptoms. A Venn diagram illustrating
the proportion of children experiencing these symptoms during
a 2-week period was drawn using eulerA PE software (Univer-
sity of Kent, Canterbury, United Kingdom)."

Country-level MAP data for estimates of the population in
age group 0-4 years at risk of P. falciparum malaria per
100,000 in the year 2010 were merged with fever prevalence
data from the most recent corresponding DHS surveys to
optimize matching of data in time. The relationship between
population at risk of P. falciparum malaria per 100,000 and
the 2-week period prevalence of fever in each country in our
study was examined using a logistic regression model.
Because of the skewness, a log scale was used for the fraction
of the population under 5 years at risk of malaria. In addition,
we examined regional differences in the relationship between
population at risk of P. falciparum malaria per 100,000 and
the 2-week period prevalence of fever. Analyses were carried
out in Stata (StataCorp LP, College Station, TX).

RESULTS

Two-week period prevalence of fever, cough, and diar-
rhea were available from 182 standard DHS surveys from
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Figure 1. Two-week period prevalence of diarrhea, cough, and fever, and combinations of these in children aged < 5 years surveyed in
standard Demographic and Health Surveys (DHS), 1986-2012, N = 1,200,986.

73 countries. The median (range) year of survey initiation
was 1999 (1986-2012). In total, 1,468,396 children were
surveyed with a median (range) of 6,070 (1,127-51,555) chil-
dren per survey. Of children included, 794,088 (54.1%)
were from the African region and 429,638 (29.3%) from the
Asian region.

Of the 182 surveys, 158 (86.8%) included 1,200,986
(81.8%) children who were surveyed for all three symptoms.
Across the standard DHS for the period 1986-2012, the
2-week period prevalence of diarrhea among children aged
< 5 years was 205,547 (15.7%) of 1,305,863; cough was
352,161 (28.8%) of 1,223,220; and fever was 330,538 (26.7%)
of 1,236,411. Isolated fever, or fever not associated with diar-
rhea or cough, occurred in 83,605 (7.0%) of 1,200,986 children.
Figure 1 provides a scaled visual representation of all three
symptoms and their overlaps among children surveyed for
all three symptoms.

Of surveys, the 64 (35.2%) most contemporary with a
median (range) year of 2008 (1995-2012) were merged with
MAP data for the investigation of the relationship between
isolated fever prevalence and national malaria risk. We
hypothesized that the prevalence of isolated fever would
increase with increasing national risk of malaria, and that we
could estimate the proportion of fever that was due to causes
other than malaria from the countries where the malaria risk
was very low. In the logistic regression model, both linear and
quadratic terms in log of the fraction of population at risk
were statistically significant (P = 0.006 and P = 0.005, respec-
tively), suggesting that isolated fever prevalence increased
with increasing proportion of population at risk until around
50/100,000, then decreased. However, one country, India, had
a much higher fraction of the population at risk of malaria

(113.8/100,000 compared with the next highest of 265/100,000).
A model excluding India suggested a 20% increase in preva-
lence of isolated fever with every 10-fold increase in fraction
of the population at risk (P = 0.025) (Figure 2). Regional
analysis showed a statistically significant quadratic relation-
ship between log population at risk of P. falciparum malaria
per 100,000 and the 2-week period prevalence of isolated fever
for Africa (N = 37 countries, P = 0.01 for both the linear and
squared terms). However, there was no evidence of a relation-
ship for Asia, both with or without India. There were insuf-
ficient data to formally test whether the relationship was
different in the Africa region compared with the Asia region.
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Ficure 2. Population aged 0-4 years at risk of Plasmodium
falciparum per 100,000 in 2010 vs. isolated 2-week period prevalence
of fever, in children aged 0-5, by country excluding India, 1990-2012.
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DISCUSSION

We found that fever was reported almost as often as cough
and more often than diarrhea among children aged < 5 years
in the low-resource areas included in this study. Although
there is considerable overlap in the occurrence of fever,
cough, and diarrhea; 7% of children experienced an isolated
episode of fever during a 2-week period. We found a weak but
statistically significant relationship between 2-week isolated
fever prevalence and one measure of national malaria risk,
indicating that isolated fever prevalence did increase with
national malaria risk. However, there was substantial varia-
tion around the line of best fit, suggesting that other predic-
tors of fever prevalence may be more important.

Global burden of disease estimates of morbidity, measured
by disability-adjusted life years (DALYs), and mortality have
a major influence on resource allocation, targeting of disease-
control efforts, and establishment of research priorities. For
estimates of morbidity and mortality associated with infec-
tious diseases, the syndromes of diarrhea and respiratory
infection account for a large proportion of global DALYsS;
3.6% and 4.6%, respectively.! Because of the structure of
disease burden estimates, the contribution of the syndrome
of fever as a whole is currently unmeasured. Our findings
suggest that fever, including isolated fever, is sufficiently
common at the community level to warrant a coordinated
approach to understanding and addressing its causes. Further-
more, malaria does not appear to be the major driver of fever
among children highlighting the importance of building a
clearer picture of causes of non-malaria fever to inform both
patient management and prevention efforts. In this structure
of burden of disease estimates, the various conditions causing
febrile illness are distributed across a range of disorders and
diseases with some grouped together in the “other” or
“neglected tropical disease” category. Aggregation of these
disorders and diseases would help to focus attention on the
syndrome of fever as a public health problem. Although our
study was not designed to determine the severity or outcomes
of fever, cough, or diarrhea at the community level; severe
non-malaria fever is known to carry case fatality ratios that
equal or exceed malaria in low-resource areas.’

Our study has a number of limitations. DHS data rely on
information gathered from caregivers, and responses may be
colored by widely varying beliefs about and perceptions of
symptoms and their causes.'' The use of a 2-week recall period
for illness history has been shown to lead to an underestimation
of disease incidence, and may have affected our findings.'?
Because DHS and malaria data were aggregated at the national
level, we were unable to explore potentially important subna-
tional relationships. Furthermore, national malaria data were
not always exactly contemporaneous with DHS surveys. In addi-
tion, the relationship between malaria infection and disease,
including fever, is complex, influenced by transmission inten-
sity, age, and other factors not accounted for in our analysis.
Finally, since symptom histories covered a 2-week period, symp-
tom overlaps do not necessary indicate simultaneous occur-
rence or the same underlying cause for overlapping symptoms.

Despite the limitations, our analysis provides a valuable
insight into the prevalence of three major infectious disease-
associated symptoms. We propose that fever without localiz-
ing features be addressed as a syndrome in burden of disease
efforts. Multicenter research is needed in low-resource areas

to define the major treatable and preventable causes of non-
malaria febrile illness.
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