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Abstract. The causative factors for severe anemia incidence in sub-Saharan Africa are multifactorial. In an observa-
tional, longitudinal study of two cohorts of about 300 infants followed-up for six months in a malaria hyperendemic
area, the risk factors for severe anemia incidence were clinical malaria and pneumonia, which outweighed nutritional
and sociodemographic factors. Severe anemia incidence was 1–2/year at age 2 months, peaked around 6–7/year at age
7–12 months, and decreased back to 1–2/year at age 16–22 months. The age-dependent increase of severe anemia
incidence was shown to be parallel to the age-dependent increase of clinical malaria. Previous clinical malaria episodes
increased the severe anemia risk by 80%, and gametocyte carriage and pneumonia at prior visit was associated with
a six-fold increase and a > 10-fold increase, respectively. The role of pneumonia and malaria as risk factors, and areas
for interventions for severe anemia, should not be underestimated.

INTRODUCTION

Anemia is one of the biggest public health problems in
sub-Saharan Africa. The roots of the problem are multifactorial,
but iron deficiency is a major contributor.1 Nutritional factors
and malaria infection are major reasons for iron deficiency in
children in sub-Saharan Africa. A strong association between
anemia measured either by hemoglobin (Hb) levels or by packed
cell volume and Plasmodium falciparum parasitemia was seen in
several studies on mainland Tanzania.2–5 Severe anemia has
been identified as the most frequent life-threatening complica-
tion of malaria in high transmission areas in small children.3

Beyond being a reason for increased mortality, iron deficiency
anemia also causes a delay in the achievement of developmen-
tal milestones measured by cognitive or motor skills.6

Malaria is an important contributor to anemia and impaired
development on Pemba Island, Tanzania.7,8 At the time when the
study was carried out, P. falciparummalaria was the leading cause
of morbidity and mortality in children on the island.8,9 Parasite
prevalence varied between 30% and 50% in the age group under
study; mean = 39%.10 Malaria transmission has decreased sub-
stantially in recent years on Zanzibar and Pemba Island.10,11

In this study, we estimated the incidence and prevalence of
anemia and identified common risk factors for severe anemia
prospectively. A focus of our analysis relies on malaria as an
important contributing factor, including subclinical parasite-
mia and parallel infections with multiple malaria genotypes.

MATERIALS AND METHODS

Study population and study site. Two cohorts of 537 chil-
dren total were followed-up for six months each on a biweekly
visitation schedule on Pemba Island, which is located on
the east coast of Africa, north of Zanzibar Island. The basic
demographics of the children are shown in Table 1. The sec-
ond cohort of children had a higher average family-income
(73% versus 51% in the middle income bracket; P < 0.001).

Use of bed nets at enrollment was more prevalent in the
second cohort (48% versus 23%; P < 0.001). There were no
age or sex differences between the two cohorts. Overall com-
pliance was good; in general, 10–16 visits were recorded per
child (mean ± SD = 12.4 ± 2.6, range = 2–19). Malaria treat-
ment was given according to the guidelines of the Ministry of
Health in Zanzibar and according to World Health Organiza-
tion recommendations. Supplemental oral iron substitution
was prescribed (and provided for free) for children with Hb
levels < 7 mg/dL. For children with life-threatening anemia
(Hb level < 5 mg/dL) hospitalization was advised. The study
is described elsewhere in greater detail.10 Ethical clearance
was obtained by the Johns Hopkins Institutional Review Board
and the Zanzibar Health Research Council.
The cohort was nested into a large ongoing micronutrient

trial that had changed from a four-factorial design (zinc, iron,
zinc plus iron, and placebo) to a two-factorial design. Iron sup-
plementation was stopped three months before the beginning of
the cohort study after increased morbidity and a trend towards
increased mortality was seen in the iron group.12 During the
study period, children in the intervention group received zinc
supplementation with vitamin A and children in the placebo
group received only vitamin A. Children were enrolled with-
out knowledge to which study arm they belonged. The study
took place during December 2003–January 2005 in Wete and
Michweni Districts, approximately halfway between Chake
Chake andWete Towns. The main income-generating sources
in this region are fishing, farming, and clove production.
DNA extraction and microsatellite genotyping. Blood sam-

ples were obtained to standard procedures by a finger prick.
Blood slides for malaria parasites were prepared according to
standard protocols and read against 200 leukoyctes.13 Blood
was also collected on dried No. 1 filter paper (Whatman,
Maidstone, United Kingdom), placed into individual enve-
lopes, and stored at room temperature. The protocol for DNA
extraction was modified from that of Plowe and others.14 A
0.5% saponin solution in PBS was used for lysis of erythrocytes.
One milliliter of the mixed solution was used to soak each dried
filter paper, and then incubated for 15–30 minutes in 37°C. The
soaked filter papers were stored overnight at 4°C. Approxi-
mately 1 mL of PBS from each tube was aspirated and dis-
carded; new PBS was inserted and incubated for 15–30 minutes
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at 4°C. Again, the aspirated 1 mL of PBS from each tube was
discarded. For metal chelation, 10 g of chelex were mixed in
50 mL of distilled water to prepare a 20% chelex-solution. A
total of 200 mL of the 20% chelex solution were added to each
tube and heated at 95°C for 10 minutes and vortexed. Tubes
were then centrifuged at 10,000 + g for 2 minutes and super-
natant were collected into new autoclaved tubes.
A heminested microsatellite polymerase chain reaction (PCR)

protocol was adapted from Anderson and others.15 The total
reaction volume was 15 mL containing 2 mL of template, 1.5 mL
of 10 + buffer, 0.2 units of Taq polymerase (Mg++ included),
and 0.75 mL of each primer. The thermocycling was initiated
with denaturation at 94°C for 2 minutes; followed by 25 cycles
at 30 seconds at 94°C, 30 seconds at 42°C, 30 seconds at 40°C,
and 40 seconds at 65°C; and 2 minutes at 65°C. Ninety-six
well plates (Fisher Scientific, Pittsburgh, PA) were used for
the first two rounds of PCR and for genotyping (ABI 96-well
plates; Applied Biosystems, Foster City, CA).
After amplification, microsatellites were genotyped by using

an ABI 3100 Avant capillary sequencer (Applied Biosystems).
Analysis of microsatellite alleles was performed by using the
Genemapper 4.0 program (Applied Biosystems). Peaks were
automatically scored with minimum height of 500 and > 25%
of the respective highest peak in every category/run. All micro-
satellite peaks were checked by individual visual inspection in the
in the Genemapper program. Typical artifacts (e.g., stuttering
or bleed-over) were filtered out manually by visual inspection.
Because of the amplification properties of the heminested PCR
protocol, peak height as a limiting parameter is only a semi-
quantitative measure; thus, it could fall below a threshold with
a peak still clearly visible. Peaks below the height of 500 that
were clearly visible were manually added to the existing peaks.
Three selection-neutral microsatellite markers were used

for genotyping (Supplemental Table 1). They were chosen as
they are located on different chromosomes, are trinucleotide

markers (which are known to be more robust), and performed
best among the markers we tested before. Multiplicity of
infection (MOI) was calculated in PCR-positive samples as
the maximum number of alleles present per sample measured
by up to 3 microsatellite markers.
Malaria and pneumonia definitions. Pneumonia was defined

according to Integrated Management of Childhood Illness
(IMCI) criteria (radiographic evidence was not available). We
evaluated four definitions of a clinical malaria episode as pre-
viously described10 as possible risk factors for severe anemia
incidence. The first definition was a child with 5,000 parasites/
mL plus a history of fever (past 48 ours) or fever (³ 37.5°C) at
presentation.16 The second definition was a child with either 1)
documented fever (³ 37.5°C) and a parasite count > 1,000/mL;
2) history of fever (past 48 hours) and a parasite count
> 3,000/mL; or 3) a parasite count > 8,000/mL. This definition
was developed and used in the zinc/iron trial12 in which this
study was nested. The third definition was a child with any
parasites per microliter plus history of fever (past 48 hour) or
fever ³ 37.5°C) at presentation. This definition represents the
performance of most malaria rapid diagnostic tests or malaria
dipstick test with a detection threshold of approximately
50–100 parasites/mL. The fourth definition was child with a
history of fever (past 48 hours or fever (³ 37.5°C) at presen-
tation and no sign of invasive bacterial disease (e.g., bacterial
pneumonia) by judgment of the clinician (IMCI definition).
Statistical analysis. Risk factors for incident severe anemia

cases (Hb level £ 7 mg/dL) were evaluated by using a nested
case–control approach based on incidence density sampling.
Candidate risk factors included malaria episodes, bed net use,
nutrition, family income, parents’ education, acute respiratory
infections, and MOI. Predictors or candidate risk factors
were either obtained at enrollment, were generated from pre-
vious visits, or from the history (2 weeks/3 days before current
visits) of the current visit. Predictors from the previous visit
were generated for those visits in the time window 5–21 days
before the current visit. In 88% of all visits, the previous visit
was within the time window of 5–21 days before the current visit.
An incident case of anemia was defined as a patient with a

diagnosis of severe anemia (Hb level < 7 mg/dL) at any given
visit provided that information on the Hb level from the
previous visit (up to 20 days before the current visit) was
available and that the Hb level was still above the respective
threshold (7 mg/dL). Among the controls available, a rank
was created and controls were selected based on their degree
of non-missing data on genotyping and other covariates. In
120 cases of severe anemia, up to 5 controls were matched to
one case depending on availability of controls.
A conditional (fixed effects) logistic regression was fitted

(clogit command in STATA version 9.2; StataCorp LP, Col-
lege Station, TX) with robust standard error and grouped
on the case–control match by date of presentation (Logit
P(anemia)/1 – P(anemia) = b0 + b1 +1 + b2 +2 + b3 +3,
grouped by identification (which is the case-to-control-
match). The robust option of the standard error was chosen
because of the internal correlation of some of the cases (mul-
tiple cases of anemia per person). In case of several simi-
lar predictors (e.g., socioeconomic status: family income,
father’s education, mother’s education) the best predictor
was selected using the correlation between those variables,
comparing univariate, bivariate, and multivariate regression
and variance component estimation. Potential collinearity

Table 1

Demographic characteristics of two cohorts of children on Pemba
Island, Zanzibar*

Characteristic

First cohort (n = 291) Second cohort (n = 246)

No. % No. %

Age at enrollment, months
1–6 109 37 97 39
7–12 130 45 75 31
> 13 52 18 74 30

Sex
M 142 49 111 45
F 149 51 135 55

Household income ($/month)
< 10 132 45 33 13
10–40 147 51 179 73
> 40 12 4 34 14

Father’s education
Illiterate 197 68 76 31
Primary 65 22 83 34
Secondary 29 10 87 35

Mother’s education
Illiterate 139 48 52 21
Primary 79 27 73 30
Secondary 73 25 121 49

Bed net use by child
No 191 66 111 45
Yes 67 23 119 48
Do not know 33 11 16 7

*The study periods were December 15, 2003–June 15, 2004 for the first cohort and
December 15, 2003–June 15, 2004 for the second cohort.
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was assessed by using variance inflation factors (vif command
in STATA).

RESULTS

Hemoglobin level at enrollment was available for 480
(89.4%) of 537 children. Data for Hb level at enrollment was
missing for 57 children. Mean ± SD Hb level at enrollment
was 9.3 ± 1.7 mg/dL (range = 4.8–17.3 mg/dL). At enrollment
34 (7.0%) of 480 children were severely anemic and had an
Hb level < 7 mg/dL and 296 children (61.7%) had an Hb level
< 10 mg/dL. Life-threatening anemia (Hb level < mg/dL) was
recorded for two children at enrollment and subsequently
18 times during the follow-up. These children were treated
immediately with oral iron supplementation and/or hospital
admission. Most of the anemia encountered in children on
Pemba Island was microcytic anemia (mean corpuscular
volume = 62 fl) within the whole cohort. Follow-up values
for Hb levels were available for 5,635 of 6,125 visits.
Anemia prevalence and incidence. Anemia period preva-

lence per two-week period is shown in Figure 1. Anemia with
an Hb level < 10 mg/dL was highly prevalent. Approximately
60–80% of the children were moderately anemic at any
point in time. Severe anemia with an Hb level < 7 mg/dL was
present in approximately 5–10% of the children. The Hb
values were higher in the second cohort (9.5 mg/dL; 95% con-
fidence interval = 9.45–9.55 mg/dL) compared with the first
cohort (9.1 mg/dL; 95% confidence interval = 9.03–9.12 mg/dL),
which may have been caused by higher family income average
in the second cohort (Table 1).
Incidence of severe anemia (Hb level < 7 mg/dL) peaked

between the age at visitation of 8 and 13 months. The increase
in severe anemia incidence occurred synchronously with the
increase in malaria incidence, pointing towards the important
role of malaria in the causation of severe anemia (Figure 2).
After 13 months, severe anemia incidence markedly decreases
and clinical malaria incidence continued to show a slow increase.
Multiplicity of infection. In 3,066 PCR-positive visits (of

6125 total visits), MOI was 1 in approximately 40% of the
cases, 2 in 25%, and ³ 3 in 35% (Table 2). The MOI did
not differ by bed net use reported at enrollment (P = 0.397, by
chi-square test) as unlike previously reported.17 Within the age
range of 5–18 months (where most observations were made)
(Figure 3A), MOI was constant with age. AnMOI of 1 showed
a maximum of 55% at three months of age and decreased to

approximately 40% by month 5 to month 6 (Figure 3B). We
also found a non-significant trend towards lower MOI in game-
tocyte-positive malaria infections (P = 0.244, by chi-square
test), which needs to be further explored (gametocytes were
found in 78 of 6,125 visits among 537 children).
Risk factors for severe anemia incidence. Risk factors for

severe anemia (Hb level < 7 mg/dL) are shown in Table 3. Two
multivariate models are presented: model 1, without MOI as a
risk factor; and model 2, which included MOI, but at the cost
of a considerably reduced number of total observations (not
parasitemic or MOI not available). Univariate regressions were
conducted on an extended list of candidate risk factors for
severe anemia (Supplemental Table 2). In the univariate regres-
sions, arm circumference was the strongest predictor among
the nutritional variables. None of the nutritional variables was
found to be statistically significant in the multivariate models.
Within the demographic and socioeconomic status vari-

ables age, sex, and family income were associated with severe
anemia incidence. The association of male sex with a 30–40%
reduction in severe anemia risk was only significant in the
univariate regression. The effect of age group on severe ane-
mia incidence corresponds to the pattern shown in Figure 2
in which the intermediate age group of 7–12 months showed
a greater than two-fold increased risk for severe anemia com-
pared with children 1–6 months of age in univariate and in
the first multivariate model (without MOI). In the children

Figure 1. Anemia prevalence (< 7 mg/dL; < 10 mg/dL) and
malaria parasite prevalence per two-week period in 537 children on
Pemba Island, Zanzibar, Tanzania. Hb = hemoglobin.

Figure 2. Incidence of severe anemia (hemoglobim < 7 mg/dL)
and incidence of malaria (as by any parasites plus fever/history of
fever) per age in months in 537 children on Pemba Island, Zanzibar,
Tanzania, December 2003–January 2005. rdt = rapid diagnostic test.

Table 2

MOI in 3,066 PCR-positive visits of 6,125 total visits among
533 children on Pemba Island, Zanzibar, Tanzania, December
2003–January 2005*

MOI No. %

1 1,237 40
2 765 25
3 544 18
4 368 12
5 126 4
6 21 1
7 4
8 1
Total 3,066

*Multiplicity of infection (MOI) was calculated as the maximum number of alleles per
visit for three microsatellite markers. PCR = polymerase chain reaction.
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13–22 months of age, the severe anemia risk is comparable
with the risk in children 1–6 months of age. In the second
multivariate model, the effect size of age group is higher be-
cause of smaller sample size. As expected, household income
was associated with a significant protection against severe ane-
mia in the category of ³ $10 per month in the univariate and in
the first multivariate model (without MOI), which reflected the
nutritional and sociodemographic causes of severe anemia.
Infectious diseases are the most important risk factor for

severe anemia in this study. Two independent risk factors
highlight the importance of malaria infections for severe ane-
mia incidence, namely diagnosis of clinical malaria at prior
visit (–5 to –21 days), which increases the severe anemia risk
by 80%; and gametocytes at current visit, which increases the
severe anemia risk by a factor of six. Parasite density at prior
visit did not significantly alter the estimates (except display-
ing partial collinearity with diagnosis of clinical malaria at
prior visit) and was not included in the best model. Among
the four candidate definitions tested for clinical malaria, the
third definition (fever or history of fever and any parasites,
corresponding to a rapid diagnostic test) performed best in
the univariate regressions and was therefore included in the
multivariate models (Supplemental Table 2). Pneumonia at
prior visit (–5 to –21 days) was associated with a more than
10-fold increase in severe anemia risk, which highlights the
importance of bacterial infections in the causation of anemia.
In the multivariate model, this risk increase was independent
of malaria status and gametocyte presence.
When MOI at current/prior visit was added to the multi-

variate model (resulting in a reduced number of observations
in the model), malaria diagnosis at prior visit as a risk factor

was replaced by parasite density at prior visit, which increased
the anemia risk by 70%.
An MOI of 2 or 3 was associated with a 2–7-fold increase

in severe anemia risk (reference category MOI = 1), but a
protective effect (odds ratio = 0.82/0.60 in univariate and
0.06/0.24 in multivariate analysis) was seen with MOI
values > 4. This pattern reached borderline statistical signifi-
cance and was present for MOI at current and at previous
visit, which supports the robustness of this finding in our data.
Collinearity between gametocytes, malaria definitions (1–4),
and MOI was negligible.

DISCUSSION

Incidence of severe anemia (Hb level < 7 mg/dL) showed a
clear peak in the second six months of the first year of life on
Pemba Island. This age distribution matches the age range in
which young children are confronted with malaria parasites
and develop their own immunity after gradually losing the
protection by passively transferred maternal antibodies and
by fetal Hb. Severe anemia is often reported as prevalence.
We report incidence and can therefore better display the
dynamic nature of the changes in Hb level with malaria infec-
tion and MOI.
Malaria incidence (as by any parasites plus fever/history of

fever) is increasing synchronous in time with anemia incidence
at approximately seven months of age, reaches a plateau, and
then slowly continues to increase at approximately 13 months of
age when anemia incidence decreases back to the baseline risk
experienced by children < 1–6 months of age. We confirm the
important role of infectious diseases (malaria and pneumonia)
for anemia and can report about independent contributions of
malaria diagnosis, gametocyte presence, or MOI to anemia inci-
dence. Family income is the only non-infectious risk factor still
significant in the multivariate model, which suggests the under-
lying nutritional and sociodemographic reasons of anemia (e.g.,
micronutrient malnutrition).18 This study was nested into a
micronutrient intervention trial, in which iron supplementation
was found to lead to an increased hospitalization rate,12 which
was attributed to the high malaria endemicity in the study area.
Enrollment for this study was independent of the ongoing

micro-nutrient trial, and not all children enrolled in this study
were also included in the micro-nutrient trial. Information on
micro-nutrient substitution status (zinc or control arm) was not
investigated as a risk factor for anemia. The focus of this study
was on risk factors of anemia related to malaria and bacterial
infections. The association of anemia with zinc substitution is
better reflected in the entire dataset of the intervention trial.
Anemia (especially microcytic anemia) is often multifac-

torial in origin. In malaria transmission areas, malaria-specific
factors coincide with factors that are present in any acute
or chronic infection, e.g., bacterial infections. The malaria-
specific factors are described in detail in a review by Ghosh
and Ghosh.19 One of the key features that explain chronic
anemia as one complication of severe malaria is a low reticu-
locyte response and high serum erythropoietin levels and ongo-
ing hemolysis.20 These factors interact with other coexisting
infections and nutritional deficiencies.21 Severe malaria anemia
is recognized as a serious complication of malaria predomi-
nantly in high transmission areas.22 Our data show the magni-
tude of the problem in a hyperendemic transmission setting.10

The pattern that children 7–12 months of age are at highest risk

Figure 3. Multiplicity of infection (moi) by age in months, in
3,066 polymerase chain reaction–positive visits among 533 children
on Pemba Island, Xanzibar, Tanzania.A, Absolute frequency (1–4+);
B, Relative frequency of monoclonal infections (including 95% con-
fidence interval [CI]).
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for severe anemia is similar to that described for holoendemic
areas.23 In our study, malaria-specific risk factors outweighed
nutritional or demographic risk factors for severe anemia. Prior
malaria episodes and current gametocyte carriage were inde-
pendent risk factors for incident severe anemia.
The role of MOI as a risk factor for severe anemia could

only be assessed with a limited data set. The MOI at the cur-
rent visit outweighed the MOI at the previous visit as a pre-
dictor, but the effect of MOI at previous visit (–5 to –21 days)
was similar to the effect of MOI at the current visit (when
severe anemia was diagnosed). An MOI of 2 or 3 was associ-
ated with an increased risk for anemia compared with an
MOI of 1. An MOI ³ 4 was associated with a moderate pro-
tection from anemia in our data independent of parasite den-
sity at prior visit, parasite density at present visit, age group,
and gametocyte status at current visit. This finding can be
interpreted as a signal that the ability to harbor or tolerate
a higher number of multiple parallel infections represents
a correlate of an immune mechanism in malaria. In the past,
the role of MOI as a risk factor for malaria and anemia was
mainly assessed in a binary (single versus multiple) way. In
spite of the fact that inter-laboratory differences exist and
that MOI is frequently measured by genotyping polymorphic

regions of merozoite surface proteins 1 and 2 (which is dif-
ferent from our approach), we believe that a more quantita-
tive assessment of MOI is needed. A high MOI was associated
with anemia in another study, in which MOI was included as
a continuous predictor.24 In our analysis, we allowed for a non-
continuous relationship with an interesting result as reported
above. The MOI and severe anemia were not associated with
bed net use (as by enrollment) (Supplemental Table 2).
Bacteremia has been identified as an important, often

underestimated, cause for anemia in malaria-endemic areas.25

In our data, pneumonia and leukocyte counts were investigated
and showed significant associations with increased severe ane-
mia risk by univariate regressions. However, only pneumonia at
prior visit was significant in the multivariate model. The odds
ratio of 11.6 in the multivariate model highlights the impor-
tance, but also raises caution because of the limited number
of cases and the large confidence interval (95% confidence
interval = 2.1–65.2). Because pneumonia was identified on the
basis of clinical criteria (according to IMCI guidelines), a con-
siderable number of pneumonia cases might have been missed.
Treating bacterial infections could open up another avenue to

control severe anemia in malaria-endemic regions, especially
because malaria transmission has decreased substantially in some

Table 3

Final model for conditional logistic regression on anemia matched for day of presentation on Pemba Island, Zanzibar, Tanzania*

Predictor

Univariate regressions (n = 120 cases and 556 controls) 95% CI
Multivariate model 1

(n = 114 cases and 527 controls)
Multivariate model 2

(n = 49 cases and 243 controls)

No. cases (%) No, controls (%) Univariate OR (P) 95% CI Multivariate OR (P) 95% CI Multivariate OR (P) 95% CI

Age, months
1–6 15 (12.5) 80 (14.3) Reference Reference Reference
7–12 68 (56.6) 217 (39) 2.36 (0.003) 1.28–4.38 1.82 (0.060) 0.98–3.41 0.36 (0.284) 0.54–2.35
³ 13 37 (30.8) 259 (45.5) 0.94 (0.846) 0.49–1.18 0.88 (0.699) 0.46–1.68 0.11 (0.011) 0.21–0.61

Sex
M 65 (54.1) 274 (49.2) Reference Reference Reference
F 55 (45.8) 282 (50.8) 0.69 (0.037) 0.49–0.98 0.82 (0.351) 0.55–1.24 0.58 (0.381) 0.17–1.97

Household income ($/month)
< 10 48 (40) 201 (36.1) Reference Reference Reference
³ 10 72 (60) 355 (63.9) 0.55 (0.003) 0.37–0.82 0.53 (0.006) 0.38–0.84 0.61 (0.469) 0.15–2.31

Malaria at previous visit†
No 74 (64.9) 404 (76.6) Reference Reference
Yes 40 (35.1) 123 (23.4) 1.89 (0.003) 1.23–2.87 1.78 (0.014) 1.12–2.81

Parasite density at
previous visit (log10/mL)

2.1 (SD 1.7) 1.6 (SD 1.7) 1.22 (< 0.001) 1.09–1.37 1.75 (0.031) 1.05–2.91

Parasite density at
current visit (log10/mL)

2.1 (SD 1.9) 1.5 (SD 1.8) 1.29 (< 0.001) 1.15–1.45 0.95 (0.731) 0.70–1.29

Pneumonia at visit prior
to current visit
No 107 (93.8) 511 (96.4) Reference Reference
Yes 7 (6.2) 19 (3.6) 14.07 (0.001) 2.90–68.15 11.63 (0.005) 2.07–65.21

Gametocytes at current visit
No 114 (95) 550 (98.9) Reference Reference Reference
Yes 6 (5) 6 (1.1) 6.13 (0.001) 2.04–18.43 6.24 (0.005) 1.72–22.58 11.07 (0.030) 1.27–96.54

Information on MOI only available in a limited data set
MOI at current visit‡
1 30 (38.9) 128 (42.1) Reference Reference
2 26 (33.7) 76 (25) 2.66 (0.005) 1.35–5.25 7.05 (0.036) 1.14–43.57
3 17 (22.0) 46 (15.1) 2.00 (0.114) 0.85–4.68 2.00 (0.328) 0.50–7.90
³ 4 4 (5.1) 54 (17.7) 0.82 (0.627) 0.38–1.79 0.06 (0.012) 0.01–0.55

MOI at prior visit§
1 29 (39.1) 175 (40.5) Reference Reference
2 22 (29.7) 116 (26.8) 1.39 (0.279) 0.77–2.52 3.04 (0.134) 0.71–13.02
3 14 (18.9) 62 (14.3) 1.84 (0.115) 0.86–3.93 3.58 (0.256) 0.40–32.32
³ 4 9 (12.1‘) 79 (18.2) 0.60 (0.250) 0.24–1.44 0.24 (0.129) 0.04–1.51

*OR = odds ratio; CI = confidence interval; MOI = multiplicity of infection.
†As per definition 3: ³ 10 parasites/mL plus history of fever or documented fever. Information on previous malaria was not available for the time window –5 to –21 days in 10 cases and

84 controls.
‡Information on MOI at current visit (–5 to –21 days) was not available in 43 cases and 252 controls. These are microscopy-negative cases and microscopy-positive cases in which the polymerase

chain reaction did not yield a result.
§Information on MOI at previous visit (–5 to –21 days) was not available in 46 cases and 124 controls. These are microscopy-negative cases and microscopy-positive cases in which the

polymerase chain reaction did not yield a result.
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areas of eastern Africa, and the relative importance of pneumo-
nia or other bacterial infections could increase in the future.
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