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Abstract

Objective To study the diagnosis and outcomes in
people admitted to hospital with a diagnosis of severe
malaria in areas with differing intensities of malaria
transmission.

Design Prospective observational study of children
and adults over the course a year.

Setting 10 hospitals in north east Tanzania.
Participants 17 313 patients were admitted to
hospital; of these 4474 (2851 children aged under 5
years) fulfilled criteria for severe disease.

Main outcome measure Details of the treatment
given and outcome. Altitudes of residence (a proxy for
transmission intensity) measured with a global
positioning system.

Results Blood film microscopy showed that 2062
(46.1%) of people treated for malaria had Plasmodium
Jalciparum (slide positive). The proportion of slide
positive cases fell with increasing age and increasing
altitude of residence. Among 1086 patients aged >5
years who lived above 600 metres only 338 (31.1%)
were slide positive, while in children <5 years living
in areas of intense transmission (< 600 metres) most
(958/1392, 68.8%) were slide positive. Among 2375
people who were slide negative, 1571 (66.1%) were
not treated with antibiotics and, of those, 120 (7.6%)
died. The case fatality in slide negative patients was
higher (292/2412, 12.1%) than for slide positive
patients (142/2062, 6.9%) (P <0.001). Respiratory
distress and altered consciousness were the strongest
predictors of mortality in slide positive and slide
negative patients and in adults as well as children.
Conclusions In Tanzania, malaria is commonly
overdiagnosed in people presenting with severe
febrile illness, especially in those living in areas with
low to moderate transmission and in adults. This is
associated with a failure to treat alternative causes of
severe infection. Diagnosis needs to be improved and
syndromic treatment considered. Routine hospital
data may overestimate mortality from malaria by over
twofold.

Introduction

In the year 2000 about 42% of hospital diagnoses and
32% of hospital deaths in Tanzania were attributed to
malaria,' a figure typical of countries in Africa where
malaria is endemic.” Despite this, little is known about
the accuracy of hospital diagnosis or the appropriate-
ness of treatment. A recent study from Tanzania found
that of 75 adults diagnosed and treated for cerebral
malaria in a teaching hospital only two met World
Health Organization criteria for the diagnosis.” Studies
of district hospitals in Africa have identified frequent
problems with the organisation and planning of care.* ®

Given the high proportion of admissions attributed
to malaria, overdiagnosis of malaria and consequent
neglect of alternative diagnoses could lead to avoidable
morbidity and mortality. In addition, overdiagnosis
burdens health services with costs they can ill afford.’
Unreliable hospital data hamper health service
planning.

Accuracy of hospital diagnosis of malaria is likely to
depend on the epidemiological probability of the
disease (defined by intensity of malaria transmission
and age of patients) and this is important as most of
the population of sub-Saharan Africa live in areas of
moderate or low malaria transmission.” We thus
prospectively examined the diagnosis and outcome in
all patients admitted and treated for severe or
potentially complicated malaria during one year in 10
hospitals serving people living under varying levels of
malaria transmission. A clinician’s decision to admit a
patient for treatment of malaria defined those eligible
for inclusion in the study.

Methods

The study was conducted in north east Tanzania, which
has a populated altitude ranging from sea level to about
1800 metres. In this area, altitude has been shown to be
a valid proxy for the intensity of malaria transmission®
with measured entomological inoculation rates of 300
infectious bites per year on the coast, 30 at an altitude of
930 metres, and < 1 above 1500 metres.

We selected 10 hospitals that provided a well
organised service and had trained staff willing to
participate. This represents most government hospitals
in the area. The study ran at nine hospital sites from
February 2002 to February 2003. Because of the large
number of admissions to the district hospital at the
lowest altitude, patients aged <13 years were recruited
on alternate days (a 50% sample of paediatric
admissions).

All patients admitted for the treatment of malaria
were eligible for the study. After the patients (or
parents) gave informed consent, researchers collected
details of age, sex, and village of residence for every
case. Patients were assessed for potentially severe
disease based on WHO criteria for severe malaria’ with
the addition of moderate anaemia (haemoglobin
<80 g/1). If any of these were present, the researcher
also recorded axillary temperature, respiratory pattern
and rate, and Blantyre coma score." Blood glucose was
measured if the Blantyre coma score was <b5. As stain-
ing methods varied between hospitals, a separate blood
film was taken (“research slide”) in addition to the

This is the abridged version of an article that was posted on
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hospital slide, though only the hospital slide result was
available to contribute to the patient’s care.

Research laboratory staff stained research blood
slides with Giemsa stain and counted the number of
Plasmodium  falciparum asexual parasites per 200
leucocytes; a slide was considered negative if no para-
sites were found after 100 high power fields were
scanned. All slides were read twice independently by
microscopists blind to other data. Discordant slides
were read a third time. The majority result was
accepted for positive/negative discrepancies. Analyses
relate to the research slide result unless specified oth-
erwise. Villages from which people with malaria had
been admitted were visited by a field assistant, and a
global positioning point was taken from the central
point in the village.

Analysis

We double entered data in Microsoft Access and used
Stata 8 (StataCorp, College Station, TX) for the statisti-
cal analysis. Univariate analyses examined the distribu-
tion of slide positivity and case fatality overall and
within categories. We used random effects logistic
regression to assess the adjusted effect of covariates on
slide positivity and mortality and to adjust for correla-
tion within hospitals. When logistic regression was
used the data were weighted to adjust for the sampling
of children on alternate days in one district hospital
and stratified by two six month periods.

Results

A total of 17 313 cases were recruited into the study
over one year. Of these, 12 643 patients had a diagno-
sis of malaria but did not have any study criteria for
severe disease, of whom 120 (1.0%) died. In total 4670
patients had at least one of the study criteria for severe
disease and were treated for severe malaria, in 95% of
cases with quinine. Of these patients, 196 (4.2%) had a
missing or unreadable blood slide. Among the 4474
remaining patients, 2062 (46.1%) had a positive blood
slide as determined by the presence of P falciparum
asexual parasites on the research slide (slide positive).
Most adults at every altitude band and most children
under 5 years living above 600 metres had a negative
slide (table 1). The proportion of patients with positive
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Percentage of patients with at least one study criterion of severe
disease who had a positive research blood slide for any P falciparum
asexual parasites by age and altitude of residence
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Table 1 Patients admitted to hospital with diagnosis of malaria with at least one study
criterion of severe disease by research blood slide result, age, and altitude (metres) of

residence

Altitude Total* No (%) slide positive No (%) slide negative
Age <5 years

<600 m 1392 958 (68.8) 434 (31.2)
600-<1200 m 1185 584 (49.3) 601 (50.7)
>1200 m 212 46 (21.7) 166 (78.3)

Age >5 years

<600 m 457 88 (19.3) 369 (80.7)
600-<1200 m 750 264 (35.2) 486 (64.8)
>1200 m 336 74 (22.0) 262 (78.0)

*Altitude of residence missing in 141 cases, age missing in 1 case

Table 2 Prevalence of selected clinical features by research blood slide result and age

Age (years) No (%) slide positive

No (%) slide negative

Respiratory distress*:

<5 162 (10.1) 241 (19.5)

5-14 27 (13.9) 25 (10.3)

>15 26 (10.3) 108 (11.7)
Severe anaemiat:

<5 654 (40.7) 337 (27.8)

5-14 47 (24.4) 69 (28.8)

>15 43 (17.8) 211 (23.5)
Altered consciousness}:

<5 77 (5.4) 78 (7.2)

5-14 42 (264.5) 34 (16.9)

>15 60 (25.1) 202 (23.8)

*Presence of chest indrawing (intercostals or subcostal recession) or abnormally deep breathing. Data

missing or incomplete in nine cases.

THaemoglobin <50 g/l from fingerprick sample. Data missing or incomplete in 80 cases.
FlInability to localise painful stimulus (or, in those under 1 year, no motor response to pain) in absence of
hypoglycaemia (blood glucose <2.2 mmol/l) and without convulsion in preceding 60 minutes or
administration of anticonvulsant in previous six hours. Data missing or incomplete in one case.

slides decreased systematically with increasing age and
with increasing altitude of residence (figure).

When we used logistic regression, controlled for
clustering within hospitals, the odds of a positive slide
decreased by 10% (odds ratio 0.90, 95% confidence
interval 0.86 to 0.94, P<0.001) with each 100 metre
increase in altitude. Age had a significant effect in the
model (P<0.001). Compared with children under the
age of 2 years the odds of a positive slide was higher
among 2-4 year olds (1.35, 0.96 to 1.89) and then
declined with age to 0.74 (0.39 to 1.40) at 5-15 years
and 0.24 (0.10 to 0.59) at over 15 years. There was no
significant difference in distribution of the three main
categories of severe disease (severe anaemia, respira-
tory distress, and altered consciousness) between slide
positive and slide negative patients stratified by age
group, except that in children under the age of 5 years
severe anaemia was more common among slide
positive patients (P<0.001) and respiratory distress
was more common among slide negative patients
(P=0.027) (table 2). (See bmj.com for full details.)

The unadjusted odds of dying among slide
negative patients were higher than among slide
positive patients (1.85, 1.37 to 2.49, P <0.001), an effect
observed across all age groups (table 3). Respiratory
distress, severe anaemia, altered consciousness, age,
and altitude of residence were all significantly
associated with death (see bmj.com). After we control-
led for these, patients who were slide negative still had
increased odds of dying but the difference was of bor-
derline significance (1.55, 0.94 to 253, P=0.08).
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Mortality increased with age and decreased with
increasing altitude.

When we used the definitive double read research
slide as the reference, only 2949/4451 hospital slides
were correct (66% agreement, k=0.33, P<<0.0001)
with 988 false positives (39% of positives) and 514
false negatives (27% of negatives). This equates to a
sensitivity, specificity, and positive predictive value of
hospital slides in this group of 75%, 59%, and 61%,
respectively.

Of 2375 patients who were slide negative by
research results, 1571(66.1%) were not treated with
antibiotics in addition to the antimalarial drug. A sub-
stantial proportion of these died, many of them were
also slide negative according to the hospital slide
(table 4).

Discussion

Patients treated for severe malaria often have no
malaria parasites

Considerable advances have been made in the
management of people with febrile illness in Africa
and in ensuring that those who are severely ill get to
hospital."""* What happens when they reach hospital
has received less attention, despite considerable scope
for improvement." Malaria is the commonest reason
given for admission to hospital and for death in many
African countries. Even small improvements in the
management of severe febrile illness classified as
malaria therefore have the potential to lead to impor-
tant health gains.

While overdiagnosis of malaria is widely suspected,
it has not previously been shown systematically at
different levels of malaria transmission and at different
ages. With the exception of children aged under 5 liv-
ing in areas of high malaria transmission, most
children and adults treated for malaria had no
evidence of parasites on carefully examined research
slides, and the chances of an episode treated as malaria
actually being malaria decreased systematically with
decreasing intensity of transmission.

Attempts to improve management of people diag-
nosed with severe malaria, however well implemented,
will have little impact if most of those treated do not, in
fact, have the disease. The proportion of admitted
patients treated for malaria who were slide positive was
similar to the local prevalence of malaria parasitae-
mia,'" suggesting that malaria was often used as a

default diagnosis for severe febrile illness.

Patients without parasites are often not treated with
antibiotics

Mortality was higher in slide negative patients than
slide positive patients in all age groups, a result also
found in another recent study.” Our study was not
designed to determine the aetiology of febrile illness
not caused by malaria, but it does suggest the need for
the wider use of antibiotics in slide negative cases. Two
thirds of patients treated for severe malaria but with a
negative hospital slide result were not treated with
antibiotics. It may be that doctors do not trust slide
results. The poor correlation of hospital slides with
double or triple read research slides suggests this may
be justified. If clinicians are unsure of the diagnosis in a
patient with severe febrile illness it is reasonable to
treat for malaria, but if they do it seems difficult to jus-
tify not treating with antibiotics as well. Almost half
(43%) of patients who died and had a negative hospital
slide result (available to clinicians at diagnosis) did not
receive an antibiotic in hospital.

It is possible, but unlikely, that our study hospitals
were atypical of east African hospitals generally. The
area of Tanzania where the study was conducted is sta-
ble, and study hospitals included most district hospitals
in the region. Clinicians knew hospital practice was
being observed and any alteration to their practice as a
result of the study was likely, if anything, to have stimu-
lated more careful diagnosis. The clear cut nature of
the measures (age, altitude of residence, pattern of dis-
ease, outcome, and double read blood slides) and the
consistency of the findings both internally and with
other studies from east Africa also suggest the findings
are robust.” 7

Table 3 Case fatality by research blood slide result and age among cases with at least one study criterion of severe disease

Slide positive

Slide negative

Age* (years) Total No of cases No (%) of deaths No of cases No (%) of deaths
<2 1855 1016 67 (6.6) 839 82 (9.8)
2-4 996 598 27 (4.5) 398 28 (7.0)
5-14 441 196 21 (10.7) 245 29 (11.8)
>15 1181 252 27 (10.7) 929 153 (16.5)

*Age missing in one (non-fatal) case.

Table 4 Number (%) of all cases and fatal cases treated with any antibiotic during hospital admission, according to hospital blood

slide result and research blood slide result

All cases*

Fatal cases

No of patients

Not treated with antibiotic

No of patients Not treated with antibiotic

Hospital slide resultf:

Negative 1897 1236 (65.2) 248 99 (39.9)
Positive 2499 1999 (80.0) 174 101 (58.0)
Research slide resultf:

Negative 2375 1571 (66.1) 290 120 (41.4)
Positive 2043 1680 (82.2) 142 86 (60.6)

*Antibiotic treatment refers to record of antibiotic treatment during hospital admission; all cases were treated with antimalarial.
tData on antibiotic treatment of hospital slide result missing in 78 cases (including 12 fatal cases).

fData on antibiotic treatment missing in 56 cases (including two fatal cases).
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What is already known on this topic

Falciparum malaria is a major cause of morbidity
and mortality in Africa

Around half of all hospital admissions in much of
Africa are attributed to malaria

Diagnostic facilities in most hospitals in Africa are
limited, and diagnosis of many diseases, including
malaria, is often inaccurate

Certain presentations, especially raised respiratory
rate and reduced level of consciousness, are
predictive of poor outcome in children with
malaria

What this study adds

Except for children in areas of high transmission,
children diagnosed and treated for severe
malaria often have no parasites on their

blood film

Most adults at every transmission level who are
treated for severe malaria do not have laboratory
evidence of disease

Many of those with severe febrile illness with no
malaria parasites are not treated with antibiotics

The syndromes associated with poor outcome in
severe childhood malaria are also predictive of
poor outcome in febrile children without malaria,
and in adults with and without malaria

True slide negative cases of severe malaria are rare. A
positive slide, however, is a common incidental finding
in areas where many people are semi-immune to
malaria and have asymptomatic parasite carriage. The
predictive value of positive slides for clinical malaria may
be improved by considering parasite density.” If our
definition of malaria had included a parasite density of
>1000 asexual P falciparum parasites per microlitre, the
number of cases defined as not malaria would have
increased by about 15%. We therefore think our estimate
of overdiagnosis of malaria is conservative.

As in previous studies, respiratory distress and
altered consciousness were the strongest predictors of
mortality.” 7 Our findings emphasise that these
associations with mortality apply to both severe
malaria and other severe febrile illness and to adults as
well as children.

Conclusion

Overdiagnosis of malaria is widespread and is evidence
of the need to improve basic standards of hospital care
in Africa, where massive need has to be met with
limited resources. Current evidence suggests that many
of the existing guidelines are not followed," laboratory
workload compromises quality,” and triaging hospital
admissions to prioritise care is rare.’” One option to
improve the situation is to improve diagnostic
accuracy, although this is not easy. An alternative is to
move to a more syndromic approach to hospital care
in Africa, concentrating efforts on treating the
probable causes of severe febrile illness.” * Our results
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suggest that the age of the patients and the local trans-
mission intensity of malaria are often not taken into
account in making a diagnosis and that patients with
severe illness and a negative blood slide have high case
fatality and often do not receive appropriate treatment.
If the unacceptable levels of mortality due to treatable
infections in Africa are to be reduced these problems
need to be addressed.
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