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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 falciparum (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 for countries in Africa where malaria is endemic.” Despite
this striking statistic, little is known about the accuracy of hospi-
tal diagnosis or the appropriateness 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,” and two studies

BM] Online First bmj.com

of district hospitals in Africa identified several 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 and make progress towards targets such as
those set by the Roll Back Malaria initiative impossible to assess.
The spread of drug resistance means that there is a need to move
to considerably more expensive drugs, but if a large proportion
of the people treated for malaria do not have the disease this will
substantially increase the costs of change.

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 is
important as most of the population of sub-Saharan Africa live
in areas of low or moderate malaria transmission.” We prospec-
tively examined the diagnosis and outcome in all patients admit-
ted and treated for severe or potentially complicated malaria
during one year in 10 hospitals serving people for areas with
various transmission intensities. A clinician’s decision to admit a
patient for treatment of malaria defined those eligible for inclu-
sion in the study.

Methods

The study was conducted in north east Tanzania, an area charac-
terised by the Eastern Arc mountains with 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 coastal plain, 30 at an altitude
of 930 metres, and <1 above 1500 metres.

We selected hospitals that provided a well organised service
and had trained staff willing to participate. This represents most
government hospitals in the area. Six were highland district hos-
pitals at altitudes ranging from 940-1450 metres, one regional
and one referral hospital served a semiurban area of 200 000
people at an altitude of 900-970 metres, and two were district
hospitals on the coastal plain at 320 metres and 198 metres.

The study ran at nine hospital sites from 16 February 2002 to
15 February 2003, with an additional hospital for six months
(from 15 August 2002). Because of the large number of
admissions to the district hospital at the lowest altitude, patients
aged <13 years were recruited on alternate days (that is, a 50%
sample of paediatric admissions). At the three busiest hospitals
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research staff were based in the paediatric ward and visited other
wards two to three times daily. In the seven remaining district
hospitals, one dedicated clinician and a team of clinical and
laboratory staff from within each hospital collected data in the
course of their normal work, supported by twice weekly visits
from a project clinician.

All patients admitted for the treatment of malaria were eligi-
ble 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. Criteria included haemo-
globin <80 g/1 (HaemoCue AB Angelhom), inability to drink or
suck (observed), inability to sit unsupported in patients aged > 1
year, inability to localise pain in patients aged > 1 year, confusion
in patients aged > b year, lower chest indrawing or deep breath-
ing, and jaundice. If any of these were present, the researcher also
recorded axillary temperature, respiratory pattern and rate, and
Blantyre coma score."” Blood glucose was measured (Accu-
Check Active, Roche Diagnostics) if the Blantyre coma score was
<b. As staining methods varied between hospitals, a separate
blood film was taken (“research slide”) in addition to the hospital
slide, though only the hospital slide result was available to
contribute to the patient’s care. Outcome and treatment received
were recorded at discharge or death.

Research laboratory staff stained blood slides with Giemsa
stain and counted the number of Plasmodium falciparum asexual
parasites per 200 leucocytes. A slide was considered negative if
no parasites were found after 100 high power fields were
scanned. All slides were read twice independently by micro-
scopists blind to other data. Discordant slides were read a third
time. The majority result was accepted for positive/negative dis-
crepancies, and the geometric mean density of positive readings
used for parasite density. Analyses relate to the research slide
result unless specified otherwise.

Villages from which people with malaria had been admitted
were visited by a trained field assistant and a global positioning
point for altitude, latitude, and longitude 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 statistical analysis. Initial
tabulations and univariate analyses examined the distribution 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 correlation within hospitals. Data are presented on actual
cases recruited except where logistic regression has been used
and 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 to allow for the hospital that was included in the
study only for the latter six months.

Results

A total of 17 313 cases were recruited into the study over one
year (fig 1). Of these, 12 643 patients had a diagnosis 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 admitted to hospital and treated for
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
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Fig 1 Patients admitted to 10 hospitals with diagnosis of malaria over one year
by outcome, presence of any P falciparum asexual parasites on the research
blood slide, and case fatality

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 slides decreased systematically with increasing age and
with increasing altitude of residence (fig 2).

When we used logistic regression, controlled for clustering
within hospitals and adjusted for differential sampling at one
hospital, 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

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 one case.

80
—— <600 m (n=1849)

---- 600 m - <1200 m (n=1935)
-------- >1200 m (n=548)

% slide positive

0-1 2-4 5-14 15-24 25-34 >35
Age group (years)

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

Age (years)
Respiratory distress*:

No (%) slide positive No (%) slide negative

<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/I from fingerprick sample. Data missing or incomplete in 80 cases.
tlnability 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.

1.40) at 5-15 years and 0.24 (0.10 to 0.59) at over 15 years.
Adjustment for the reported use of antimalarial drugs in the 48
hours before admission and rainy season did not alter the effect
of age and altitude and neither factor had a significant
association with slide result. There was no significant difference
in distribution of the three main categories of severe disease
(severe anaemia, respiratory 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).

The unadjusted odds of dying among slide negative patients
was higher than among those who were slide positive (1.85, 1.37
to 2.49,P<0.001), an effect observed across all age groups (table
3). Table 4 shows the odds ratios from a logistic regression model
for mortality after adjustment for clustering within hospitals.
Respiratory distress, severe anaemia, altered consciousness, age,
and altitude of residence were all significantly associated with
case fatality. After we controlled for these variables, those who
were slide negative still had increased odds of dying but the dif-
ference was of borderline significance (1.55, 0.94 to 2.53,
P=0.08). After adjustment for the effect of the slide result, respi-
ratory distress and altered consciousness were associated with
the largest increase in the odds of a fatal outcome. Mortality
increased with age and decreased with increasing altitude.

In 683/4474 (15%) patients there were discrepancies in the
reading of the research slides between the first and second
research microscopists. These slides were read again by a third
microscopist. When we used the definitive agreed result as the
reference, only 2949/4451 hospital slides were correct (66%
agreement, k = (.33, P <0.0001), with 988 false positive (39% of
positives) and 514 false negative (27% of negatives). This equates

to a sensitivity, specificity, and positive predictive value of hospi-
tal 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. The research slide was not immediately avail-
able to clinicians as it was read later but the hospital slide result
was available to clinical staff at the time of diagnosis. Patients with
negative hospital slides were more likely to have received antibi-
otics (661/1897, 34.8%) compared with those with positives
slides (500/2499, 20.0%) (x*=122.1, 2 df, P<0.001). Among
patients with negative hospital slides, those who died were more
likely to have received antibiotics than those who survived
(x*=18.5,2 df, P<0.001) (table 5).

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 important health gains.

With the exception of children aged under 5 living 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. While overdiagnosis of malaria is
widely suspected, it has not previously been shown systematically
at different levels of malaria transmission and at different ages.

Our findings have importance for individual case manage-
ment and for public health. Attempts to improve management of
people diagnosed with severe malaria, however well imple-
mented, 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 parasitaemia," 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,” although the reduced effect in the adjusted model raises
the possibility of residual confounding. Our study was not
designed to determine the cause of febrile illness not caused by
malaria, and we cannot determine whether the mortality in slide
negative patients was preventable by antibiotic treatment, but it
does identify the wider use of antibiotics as one possible

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 | 196 21 (10.7) 245 29 (11.8)
>15 1181 252 27 (10.7) 929 153 (16.9)

*Age missing in one (non-fatal) case.
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Table 4 Logistic regression model* of predictors of mortality among cases with at least one study criterion of severe disease

Actual cases (deaths, %) Projected casest (deaths, %) 0dds ratio (95% Cl) P valuet
Age group (years):
0-1 1855 (149, 8.0) 2465 (223, 9.1) 1.0 0.057
2-4 996 (55, 5.5) 1164 (74, 6.4) 0.87 (0.56t0 1.32)
5-15 441 (50, 11.3) 483 (52, 10.8) 1.15 (0.63to 2.11)
>15 1181 (180, 15.2) 1181 (180, 15.2) 1.70 (1.191t02.42)
Respiratory distress§:
No 3876 (251, 6.5) 4542 (297, 6.5) 1.0 <0.001
Yes 589 (179, 30.4) 741 (228, 30.8) 6.61 (5.25108.33)
Severe anaemia§:
No 3033 (285, 9.4) 3445 (330, 9.6) 1.0 0.02
Yes 1361 (138, 10.1) 1766 (188, 10.7) 1.42 (1.06 to 1.90)
Altered consciousness§:
No 3476 (229, 6.6) 4209 (299, 7.1) 1.0 <0.001
Yes 493 (112, 22.7) 517 (125, 24.2) 3.83 (2.43106.03)
Slide positivef:
No 2412 (292, 12.1) 2661 (336, 12.6) 1.0 0.08
Yes 2062 (142, 6.9) 2633 (193, 7.3) 1.55 (0.94 to 2.53)
Altitude of residence (100 m)™":
<600 1849 (193, 10.4) 2616 (285, 10.9) 0.91 (0.841t00.97) 0.01
600-<1200 1936 (149, 7.7) 1974 (152, 7.7)

21200 543 (65, 11.9)

549 (65, 11.8)

*Based on predicted numbers of cases when adjusted for sampling methods as described in methods. Factors tested in model but found to contribute no significant effect (P>0.1) were rainy
season, reported treatment for malaria before admission, literacy of patient or mother if patient <15 years of age.
tPredicted cases (%) after adjustment for sampling of 50% of children under the age of 13 years admitted to one low altitude hospital; the projected numbers correspond to number of cases if

sampling at this site was 100%.
fWald test for linear trend.

§Case definitions as in table 2; incomplete data in 9 cases of respiratory distress, 80 cases of anaemia, and 505 cases of altered consciousness. Missing age in one case, and missing altitude of

residence in 141 cases.

IResearch blood films double read for presence of any P falciparum asexual parasites as described in methods.
**Model estimates for every 100 m increase in altitude of village of residence. Descriptive data shown for grouped altitude bands.

intervention. Two thirds (66%) of admitted patients treated for
severe malaria but with a negative hospital slide result were not
treated with antibiotics, suggesting that clinicians ignored slide
results. The poor correlation of hospital slides with double or tri-
ple 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. What is more surprising is
that when clinicians had doubts about the diagnosis they chose
not to treat patients with antibiotics. The case fatality of those
treated with antibiotics in hospital (in addition to antimalarial
drugs) was higher than in those treated with antimalarial drugs
alone, probably because clinicians identify the most critically ill
patients for dual therapy. However, almost half (43%) of patients
who died and had a negative hospital slide result (available to cli-
nicians at diagnosis) did not receive an antibiotic while in hospi-
tal.

It is possible, but unlikely, that our study hospitals were atypi-
cal of east African hospitals generally. The area of Tanzania
where the study was conducted is stable and well ordered, and
study hospitals included most district hospitals in the region. Cli-

nicians knew hospital practice was being observed (possible
Hawthorn effect) and any alteration to their practice as a result of
the study was likely, if anything, to have stimulated more careful
diagnosis. The clear cut nature of the measures (age, altitude of
residence, pattern of disease, 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.®

True slide negative cases of severe malaria are rare (although
it can be confirmed only by postmortem examination). A
positive slide is, however, 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 para-
site density." If our definition of malaria had included a parasite
density of >1000 asexual P falciparum parasites per pl, 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.

Table 5 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 resultt:

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).

1Data 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

As in previous studies, respiratory distress and altered
consciousness were the strongest predictors of mortality."” " 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 an important part 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 rarely prac-
tised.” One option is to try to improve diagnostic accuracy,
although this is not easy. An alternative is to move to a more syn-
dromic approach to hospital care in Africa, concentrating efforts
on treating the probable causes of severe febrile illness.” *' For
severe febrile disease the most effective approach is likely to
depend on the setting and on the true incidence of malaria. We
have shown that this is a major priority in all age groups and at
all transmission intensities. Efforts to improve the management
of clinically diagnosed severe malaria are as important in areas
of low transmission and in adults as in the young children in high
transmission areas who constitute the majority of the over one
million deaths from malaria every year.
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