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Abstract objective In sub-Saharan Africa, the use of malaria rapid diagnostic tests (mRDT) has raised

awareness of alternative fever causes in children but few studies have included adults. To address this

gap, we conducted a study of mRDT-negative fever aetiologies among children and adults in

Tanzania.

methods A total of 1028 patients aged 3 months to 50 years with a febrile illness and negative

mRDT were enrolled from a Tanzanian hospital outpatient department. All had a physical

examination and cultures from blood, nasopharynx/throat and urine. Patients were followed on Days

7 and 14 and children meeting WHO criteria for pneumonia were followed on Day 2 with chest

radiology.

results Respiratory symptoms were the most frequent presenting complaint, reported by 20.3% of

adults and 64.0% (339/530) of children. Of 38 X-rayed children meeting WHO pneumonia criteria,

47.4% had a normal X-ray. Overall, only 1.3% of 1028 blood cultures were positive. Salmonella

typhi was the most prevalent pathogen isolated (7/13, 53.8%) and S. typhi patients reported fever for

a median of 7 days (range 2–14). Children with bacteraemia did not present with WHO symptoms

requiring antibiotic treatment. Young children and adults had similar prevalences of positive urine

cultures (24/428 and 29/498, respectively).

conclusion Few outpatient fevers are caused by blood stream bacterial infection, and most adult

bacteraemia would be identified by current clinical guidelines although paediatric bacteraemia may be

more difficult to diagnose. While pneumonia may be overdiagnosed, urinary tract infection was

relatively common. Our results emphasise the difficulty in identifying African children in need of

antibiotics among the majority who do not.

keywords aetiology, fever, Integrated Management of Childhood Illness, Integrated Management of

Adolescent and Adult Illness, non-malaria, Tanzania

Introduction

In 2010, WHO replaced the strategy of antimalarial

treatment for children with any non-specific febrile illness

(‘presumptive treatment’) with a policy of restricting anti-

malarial treatment to patients with a positive parasitolog-

ical test for malaria [1]. This policy has been adopted

throughout Africa, but its implementation challenges the

diagnostic capacity of clinicians who for many years have

assumed that any unexplained fever is likely due to

malaria. The widespread introduction of antigen-based

RDTs for malaria (mRDTs) is now showing clinicians

that many, and often the large majority, of patients previ-

ously treated for malaria in fact have a non-malarial ill-

ness [2, 3]. Lack of diagnostic capacity in much of Africa

means that there is little evidence of causes of non-malar-

ial illnesses, without which it will be difficult to correct

the irrational and wasteful tendency of clinical staff to

treat mRDT-negative patients for malaria [4, 5].

Although there are now several studies of causes of

febrile illness in African children [6–10], there are few

that have compared causes of illness in older children

and adults [11, 12]. One reason for this is that the strat-

egy of presumptive treatment for malaria was limited to
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young children and never formally extended above that

age. However, the practice of presumptive treatment has

been commonly applied to all age groups, and these

patients often constitute a majority of presumptive treat-

ments for malaria.

In order to fill this gap in evidence, we conducted this

study to determine the syndromic diagnosis and likely

causative pathogen among febrile patients under the age

of 50 years attending an outpatient department (OPD) in

a malaria endemic area of Tanzania.

Materials and method

Study area

The study was conducted from July 2011 until November

2012 at St Augustine’s Hospital (formally Teule Hospi-

tal), the District Designated Hospital of Muheza District,

Tanzania. The hospital serves a predominantly rural pop-

ulation exposed to perennial transmission of malaria with

seasonal peaks coinciding with the short and long rainy

seasons. The prevalence of Plasmodium falciparum infec-

tion in the area has declined dramatically in recent years

[13]. To facilitate patient follow-up, the study area was

defined as residence in one of the 85 villages which con-

tributed >10 paediatric admissions to St Augustine’s

Hospital in 2006.

Procedures

Children between 3 months and 5 years of age were con-

secutively recruited from the Reproductive and Child

Health clinic (RCH); older children and adults up to

50 years of age were recruited from the adult OPD. All

patients were screened for absence of life-threatening ill-

ness, presence of fever today or yesterday and residency

in the study area. A negative HRP-2-based RDT for

P. falciparum (ParacheckTM; Orchid Biomedical, Mum-

bai, India) was required to enter into the study.

A second screening excluded patients with a chronic

condition except HIV infection – which was only

recorded if reported by the patient –, soft tissue infection,

patients who had already been enrolled in the same study

within the previous month and patients who reportedly

had been treated with malaria drugs in the previous

two weeks.

If eligible for enrolment, patients or their legal guar-

dian were read the study information, and after

patient/caretaker’s informed consent had been obtained,

a study clinical officer collected information on the

patient’s symptom progression and any treatment taken

before arrival at the hospital. Patients were then

examined and treated using WHO’s Integrated

Management of Childhood Illness (IMCI) or Integrated

Management of Adolescent and Adult Illness (IMAI)

algorithms [14, 15].

Children under 5 years of age with symptoms sugges-

tive of pneumonia (cough or difficult breathing with a

raised respiratory rate or chest indrawings or grunting)

had a frontal chest X-ray performed on either the same

day of enrolment or at the follow-up visit on Day 2.

Chest X-rays were interpreted by ordinary hospital staff

according to internal standards to inform any necessary

change in treatment. In addition, all X-rays were digitised

using high-resolution photography and photographs were

sent for interpretation by an experienced chest radiologist

(KC) using the WHO document for standardisation of

interpretation of paediatric chest radiographs [16].

All patients were followed over a period of two weeks

with scheduled follow-up visits at the clinic after one and

two weeks. Patients with symptoms suggestive of pneu-

monia had an additional follow-up visit on Day two,

according to the IMCI/IMAI guidelines. Follow-up visits

included data collection on symptom progression and

patient examination.

Laboratory procedures

All enrolled patients underwent a sterile venepuncture

using a butterfly and syringe and drawing a maximum of

10 ml of blood from children and 20 ml from adults. At

least 3–6 ml of blood was used for aerobic blood culture

in children, and 10 ml was used for adult cultures. Blood

was aseptically inoculated into a BactALERTTM (bioMer-

ieux, France) fan bottle and incubated in the BacT/

ALERT 3D automated microbial detection system. All

bottles were weighed before and after blood inoculation

to determine the amount of blood collected. Cultures that

flagged positive were Gram-stained and subcultured at

36.5 °C after which isolates were identified to the species

level by standard biochemical methods. Cultures positive

for non-Cryptococci yeasts, coagulase-negative Staphylo-

cocci, Micrococci, Corynebacterium and Bacillus spp

were considered contaminants and classified as ‘negative

culture’ unless a pathogenic organism was also isolated.

Positive cultures were reported back to the clinicians as

soon as identified to allow for immediate follow-up of

affected patients.

Venous blood was also used for measurement of hae-

moglobin (HemocueTM, €Angelholm, Sweden) and point

of care tests for a related study (not yet published).

All enrolled patients had a pooled nasopharyngeal/

throat swab taken [17]. Samples were transnasally taken

using a flexible sterile swab by trained staff where after
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throat samples were collected using a stiff flocked swab.

Swabs were put in 1 ml of saline and plated on agar

plates upon arrival at the laboratory.

All patients provided a urine sample at enrolment.

Careful instructions for cleaning before sample collection

were given to all patients and caretakers in order to avoid

skin pathogen contamination of urine samples. A urine

screening multistix dipstick was performed immediately

upon receiving the urine, and if leucocyte or nitrate posi-

tive, urine was sent for bacterial culture. A urine culture

was considered positive if a colony count of greater than

or equal to 105 colony forming units (cfu)/ml was found

on testing clean voided specimens.

Data management and analysis

Data were doubled entered in MS Access and analysed

using Stata12. Proportions with confidence intervals were

calculated for prevalence of symptoms and pathogens.

Wilcoxon rank-sum test was used to compare continuous

variables between groups while chi-square test was used

to compare proportions. Logistic analysis was used to

calculate prevalence odds ratios with 95% confidence

intervals between groups.

Ethics

Written informed consent was obtained from enrolled

patients or, for children, the legal guardian on their

behalf. If illiterate, the study information was read to the

patient after which they were asked to sign by putting

their thumbprint at the place for signing with a witness

confirming the thumbprint with his/her signature. The

Ethical Review Boards of the National Institute for Medi-

cal Research in Tanzania approved the above consent

procedures and the study (NIMR/HQ/R.8aN 01. IX/1

087).

Results

Overall 2427 patients between 3 months and 50 years of

age were screened and 1028 were enrolled in the study;

428 were children <5 years of age, 102 were aged 5–
12 years, and 498 were between 13 and 50 years of age.

At enrolment screening, 59 of 1024 (5.8%) of under-

fives, 52 of 190 (27.4%) of children aged 5–12 and 96 of

1268 (7.5%) of patients 13 years and older were

excluded due to a positive mRDT. A total of 964 of

1028 (93.8%) patients were followed with return visits at

the clinic to Day 14, 36 of 1028 (3.5%) were followed

up by phone and 28 of 1028 (2.7%) patients were lost to

follow up after the day of enrolment.

Clinical features on enrolment

Table 1 shows basic details at enrolment. Measured fever

(>37.5�C per axilla) was more common among children

<5 years of age than in older children and adults. Patients

13 years of age or older reported a longer duration of

fever than younger patients (P < 0.01). HIV infection

was reported by 19/498 (3.8%) of adults and 1/102

(1.0%) of children between 5 and 12 years of age. No

child <5 years of age was reported to be infected with

HIV.

The most common presenting symptom at enrolment

for all age groups was cough, reported in 279 of 428

(65.2%) of all under-fives and almost the same propor-

tion among older children; 58/102 (56.9%). Table 2 pro-

vides an overview of symptom presentation at enrolment

in all age groups. Non-severe pneumonia as defined in

the IMCI/IMAI guidelines was more common among

under-fives than adults (OR 3.4, 95% CI 1.8–6.4) while

15 of 102 (14.7%) of children aged 5–12 years fulfilled

criteria of ‘severe pneumonia’ whereas 15 of 428 (3.5%)

of young children and 19 of 498 (3.8%) of adults

(P < 0.01) did.

Results of bacterial cultures

Results of bacterial cultures from urine, nasopharyngeal/

throat swabs and blood are presented in Table 3.

Blood cultures

A bacterial pathogen was isolated from only 13 of 1028

(1.3%) of blood cultures, and a further 30 of 1028

(2.9%) grew an organism judged to be a contaminant.

The most commonly identified pathogen was Salmonella

typhi (7/13, 53.8%) followed by Escherichia coli (3/13,

23.1%) and Streptococcus pneumonia (2/15, 13.3%).

One young child’s blood grew group A betahemolytic

Table 1 Basic characteristic of enrolled patients per age group

3–59 months

(n = 428)

5–12 years

(n = 102)

13–<50 years

(n = 498)

Females, n (%) 195 (45.6) 52 (51.0) 370 (74.3)

Temp >37.5, n (%) 196 (45.8) 19 (18.6) 51 (10.2)

Days with fever,
Mean (median) 3.3 (3) 3.5 (3) 5.8 (4)

Haemoglobin,

Mean (median) 10.9 (11.0) 12.7 (13.0) 13.4 (13.7)

Reportedly HIV
positive, n (%) Nil 1 (1.0) 19 (3.8)

Admitted*, n (%) 27 (6.3%) 1 (1.0) 6 (1.2)

*Admitted during the study period (d0–d13).
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Streptococcus. Salmonella was the only pathogen isolated

from children between 5 and 12 years of age (n = 3).

Patients with S. typhi reported fever for a median 7 days

(range 2–14). Adults with E. coli in blood also reported

on urinary tract symptoms and positive growth of E. coli

in urine cultures (n = 2). S. pneumonia was only seen in

children aged <3 years (n = 2), and these children both

reported cough but none of them presented with symp-

toms of severe focal or systemic disease which would lead

to treatment with antibiotics following the IMCI algo-

rithm. One young child with E. coli in blood presented

with symptoms of severe pneumonia while the child with

group A betahemolytic Streptococcus in blood had no

signs of antibiotic-requiring illness. None of the patients

with reported HIV infection had a positive blood culture.

Urine cultures

A total of 318 of 1028 (30.9%) patients presented with

leucocytes in urine and had their urine sent for bacterial

culture. Table 3 shows proportions of positive urine cul-

tures by age group. The most common pathogen found

was E. coli, present in 19 of 24 (79.2%) of urine cultures

in young children and 22 of 29 (75.9%) of adult cultures.

Klebsiella was the second most common pathogen. The

assessing physician correctly diagnosed more adults than

children with urinary tract infections (UTI), based on

reported symptoms and results of urine dipstick (14/24,

58.3% and 23/29, 79.3%, respectively). There was a

higher risk of a positive urine cultures among patients

with a measured fever at enrolment compared to patients

with a normal temperature (OR 2.1, 95% CI 1.1–4.2).

Nasopharyngeal/throat cultures

Isolation of a potential pathogen from nasopharyngeal/

throat swabs was significantly more common among

young children compared to older children and adults

(OR 5.1, 95%CI 3.6–7.2) (Table 3). The main pathogens

were S. pneumonia e 124/191(64.9%) and Haemophilus

influenza 73/191(30.4%). Positive respiratory culture was

unrelated to an IMCI/IMAI diagnosis of non-severe or

severe pneumonia (OR 1.5, 95% CI 1.0–2.4).

Pneumonia X-rays

Of 45 children meeting IMCI criteria of non-severe pneu-

monia, 51.1% had a readable chest X-ray, of which

60.9% were normal and 13.0% showed consolidation

while 26.1% showed pathology other than consolidation,

mainly interstitial infiltrates suggestive of viral infection.

All children fulfilling criteria for IMCI severe pneumonia

(n = 15) had a readable X-ray with four normal (26.7%)

and four with consolidation (26.7%). Seven of 15

(46.7%) of children classified with IMCI severe pneumo-

nia had an X-ray showing diffuse pathology, suggestive a

viral aetiology as the most likely cause of illness. Table 4

shows relations between proportions of children with

cough or difficult breathing, IMCI pneumonia and X-ray

findings.

Admission

Admissions were more common among children

<5 years of age (n = 27, 6.3%) compared to older

children (n = 1) and adults (n = 6, OR 5.7, 95%CI

Table 2 Clinical features presentation at enrolment by age group

3–59 months n (%, 95% CI) 5–12 years n (%, 95% CI) 13–<50 years n (%, 95% CI)

Cough/difficult breathing 281 (65.7, 61.1–70.2) 58 (56.9, 47.2–66.5) 101 (20.3, 16.7–23.8)
Coryza/runny nose 91 (21.3, 17.3–25.1) 10 (9.8, 4.0–15.6) 30 (6.0, 3.9–8.1)
Rapid breathing for age* 68 (15.9, 12.4–19.4) 7 (6.9, 1.9–11.7) 297 (59.6, 55.3–64.0)
Diarrhoea or vomiting 117 (27.3, 23.1–31.6) 16 (15.7, 8.6–22.8) 39 (7.8, 5.5–10.2)
Fever without other symptoms 36 (8.4, 5.8–11.0) 14 (13.7.0–20.4) 132 (26.5, 22.6–30.4)
IMCI/IMAI non-severe pneumonia 57 (10.5, 8.8–14.6) 1 (0.9, �0.9–2.9) 24 (4.8, 2.9–6.7)
IMCI/IMAI severe pneumonia 15 (3.5, 1.8–5.3) 15 (14.7, 7.8–21.6) 19 (3.8, 2.1–5.5)

*Increased respiratory as defined by IMCI/IMAI algorithms per age group, 1–12 months > 50 breaths/minute, 1–5 years > 40 breaths/

minute, 5–12 years > 30 breaths/minute, above 13 years > 20 breaths/minute.

Table 3 Results from bacterial cultures from blood, urine and

respiratory tract per age group

3–59 months,

n (%)

5–12 years,

n (%)

13–<50 years,

n (%)

Blood

Bacteria 6 (1.4) 3 (2.9) 4 (0.8)

Urine
Bacteria 24 (5.6) Nil 29 (5.8)

Respiratory

Bacteria 139 (32.5) 11 (10.8) 41 (8.2)
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2.5–13.2). The main reason for admissions among

young children, according to the admitting clinician,

was pneumonia (18/27, 66.7%). Among adult admis-

sions, diarrhoea and UTI were the most common diag-

noses and one of the adult patients with reported HIV

infection was admitted due to anaemia. Among patients

with a positive blood culture, only one was admitted –
an infant with symptoms of severe pneumonia and

growth of E. coli in blood who was admitted immedi-

ately after enrolment (d0).

Discussion

Consistent with other studies from similar settings, our

results provide evidence of low levels of invasive bacterial

illness among children and adult outpatients in a hospital

in north-east Tanzania [9, 18, 19]. While bacteraemia

among paediatric inpatients is associated with substantial

mortality, only one of the patients with growth of E. coli

in blood was considered sick enough to require admission

and none of the patients with bacteraemia had developed

severe illness upon being contacted by the study team to

adjust treatment.

The association between malaria and non-typhoidal

Salmonella (NTS) infection is now well established

although details of how the prevalence of NTS infection

varies with malaria endemicity are still unclear [20, 21].

The results of this study suggest that NTS becomes rare

when the prevalence of malaria in older children drops

below 30%. More studies are needed to elucidate the

details of this association. This study also suggests an

inverse relationship between malaria and S. typhi that

has been found in other studies [22] and for which, if

true, there is currently no explanation and is an area of

further research. Typhoid fever is associated with a sub-

stantially lower case fatality than blood stream NTS

infection [23] but may be difficult to diagnose. Patients

with S. typhi bacteraemia in our study had non-specific

symptoms, as is often the case with typhoid fever. How-

ever, all but one reported fever for at least five days prior

enrolment, directing the clinician at enteric fever [24].

Respiratory symptoms were the most common present-

ing complaint of fever in all age groups with the highest

proportion of patients with symptoms of severe pneumo-

nia among children between 5 and 12 years of age. The

current IMAI algorithm (applied to patients over the age

of 5 years) uses the presence of cough or difficult breath-

ing in combination with a pulse rate of 120 beats per

minute or more as one definition of severe pneumonia.

As children have a higher pulse rate than adults during

normal conditions, the pulse rate cut-off may contribute

to the high proportion of children between 5 and

12 years of age who fulfilled criteria of severe pneumonia

and revisions to improve specificity may be needed in this

age group.

The presence of bacterial growth from nasopharyngeal/

throat samples was more common in young children than

in adults, but no significant difference in nasopharyngeal

growth was seen between those who fulfilled criteria of

IMCI/IMAI pneumonia and those with no or non-severe

respiratory problems. Asymptomatic carriage of bacteria,

and viruses, is common and cannot confirm pneumonia

diagnosis. Although nasopharyngeal bacteria may point

at the causative organism in patients with pneumonia

symptoms, the analysis of nasopharyngeal samples does

not seem to add much in aetiology studies unless the

analysis of viral pathogens is added.

Radiological abnormalities are likely to increase the

specificity of pneumonia diagnosis, and our results sug-

gest that almost half of young children with IMCI pneu-

monias had normal X-ray findings. The IMCI algorithm

is expected to ensure 80% of children with pneumonia

receive an antibiotic while accepting that 20–30% of

those prescribed an antibiotic will not need it [25]. How-

ever, a placebo-controlled trial from Pakistan failed to

find a significant difference in study outcomes between

children with IMCI non-severe pneumonia who received

antibiotics compared to placebo [26]. This questions the

proportion of children with IMCI pneumonia that are

responsive to antibiotic treatment and suggests many may

suffer a viral illness. Children with chest indrawings (thus

fulfilling definitions for severe pneumonia according to

Table 4 Proportions of upper respiratory tract infections
(URTI), non-severe, and severe pneumonia as defined by the

Integrated Management of Childhood Illness (IMCI) and X-ray

findings in children 3–59 months of age

URTI

IMCI
non-severe

pneumonia

IMCI severe

pneumonia

Total number

(% of children <5 years)

221

(65.7)

45 (10.5) 15 (3.5)

X-ray unavailable, n
(% of diagnosis)

– 22 (48.9) –

Normal X-ray, n
(% of X-rayed)

– 14 (60.9) 4 (26.7)

Consolidation

on X-ray, n
(% of X-rayed)

– 3 (13.0) 4 (26.7)

Other pathology*

on X-ray, n
(% of X-rayed)

6 (26.1) 7 (46.7)

*Other pathology on X-ray defined as any non-consolidation

abnormality such as interstitial infiltrates.
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the IMCI algorithm) had a higher prevalence of consoli-

dation on X-ray than those with non-severe pneumonia

but were otherwise not severely ill. This finding supports

the revised definitions of chest indrawing as part of the

IMCI non-severe pneumonia algorithm [27].

Streptococcus pneumonia bacteraemia was only identi-

fied in young children. The absence of severity signs in

these children combined with findings of S. pneumonia in

nasopharynx corresponds well to the criteria of occult

pneumococcal bacteraemia [28]. These children were thus

at risk of developing a focal or more severe invasive

infection. Still, as much as 97% of occult pneumococcal

bacteraemia manage to clear the infection without any

treatment [29] and the benefits of treating this group is

thus unclear. The prevalence of occult pneumococcal

bacteraemia in our study population is similar to that

reported from paediatric emergency settings in the United

States [29, 30], where the prevalence declined after the

introduction of pneumococcal vaccines [31].

While overtreatment in sick patients is generally a rea-

sonable approach, the decline in bacterial pneumonia

associated with the use of vaccines against H. influenza

and S. pneumococci suggests an increasing number of

patients with acute respiratory illness may suffer from a

viral illness [9].

More than 5% of young children and adults had a

significant bacterial growth in their urine. UTI in chil-

dren can have long-term consequences that include renal

scarring [32] with the potential development of hyper-

tension and end-stage renal disease. Moreover, even in

the absence of urinary tract anomalies, the recurrence

rate for UTI in young children is substantial [33], which

puts these children at increased risk from invasive illness

and possible sepsis. While diagnosis is less complicated

in adults, who usually report on symptoms related to

the infection, evidence of high rates of antimicrobial

resistance [34] is of concern for appropriate treatment

[35], and we report on two adult female who had

developed E. coli bacteraemia as a result of urinary tract

infection. UTIs have received limited attention in the

sub-Saharan African health systems, but this study along

with evidence of similar or higher proportions of UTIs

among febrile patients in nearby settings [9, 34]

highlights the need for improved management of

these infections.

Study limitations

Our laboratory methods were restricted to those available

at the study hospital, and patients may have been

infected with pathogens that were beyond the diagnostic

ability of our laboratory. In particular, viral diagnostics

could not be performed although viral infections proba-

bly caused the majority of fevers. As pathogen identifica-

tion by use of multiplex polymerase chain reaction has

been made possible, a number of studies have pointed at

the importance of pathogens that were previously rarely

considered as major causes of infectious diseases [7, 36,

37]. Still, our study offers insight on the prevalence of

clinically important diagnoses that can be confirmed in a

reasonably well-equipped laboratory in a sub-Saharan

African hospital. Many of the study patients were

enrolled on the basis of reported but not objective fever

and this probably reduced the proportions of positive

bacterial cultures. The identification of the causative

pathogen in pneumonia is a clinical challenge and also a

limitation of this study. Due to the frequent power inter-

ruptions not all children with pneumonia were X-rayed.

Also, we cannot report on the sensitivity or specificity of

the IMCI pneumonia algorithm as those who did not ful-

fil criteria for pneumonia were not X-rayed.

Conclusion

Our study presents a low prevalence of bacteraemia in

Tanzanian outpatients and adds to the growing knowl-

edge of aetiologies of non-malarial fevers in sub-Saharan

Africa. Our results suggest that symptoms from the respi-

ratory tract are the most frequently reported but many

young children with WHO pneumonia have normal X-

rays. While adult patients with bacteraemia presented

with symptoms indicating bacterial illness, many children

with bacteria in blood had no symptom that would lead

to antibiotic treatment using the IMCI algorithm. Also,

young children with UTI remain difficult to diagnose.

Presumptive treatment of non-malarial fevers with

antibiotics is likely to continue as long as there are no

tools to assist the differentiation between bacterial and

self-limiting viral infections.
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