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Background. We describe antibacterial use in light of 
microbiology data and treatment guidelines for common 
febrile syndromes in Moshi, Tanzania.

Methods. We compared data from 2 hospital-based prospective 
cohort studies, cohort 1 (2011–2014) and cohort 2 (2016– 
2019), that enrolled febrile children and adults. A study team 
member administered a standardized questionnaire, performed 
a physical examination, and collected blood cultures. 
Participants with bloodstream infection (BSI) were categorized 
as receiving effective or ineffective therapy based upon 
antimicrobial susceptibility interpretations. Antibacterials 
prescribed for treatment of pneumonia, urinary tract infection 
(UTI), or presumed sepsis were compared with World Health 
Organization and Tanzania Standard Treatment Guidelines. We 
used descriptive statistics and logistic regression to describe 
antibacterial use.

Results. Among participants, 430 of 1043 (41.2%) and 501 of 
1132 (44.3%) reported antibacterial use prior to admission in 
cohorts 1 and 2, respectively. During admission, 930 of 1043 
(89.2%) received antibacterials in cohort 1 and 1060 of 1132 
(93.6%) in cohort 2. Inpatient use of ceftriaxone, metronidazole, 
and ampicillin increased between cohorts (P ≤ .002 for each). 
BSI was detected in 38 (3.6%) participants in cohort 1 and 47 

(4.2%) in cohort 2. Of 85 participants with BSI, 81 (95.3%) 
had complete data and 52 (64.2%) were prescribed effective 
antibacterials. Guideline-consistent therapy in cohort 1 and 
cohort 2 was as follows: pneumonia, 87.4% and 56.8%; UTI, 
87.6% and 69.0%; sepsis, 84.4% and 61.2% (P ≤ .001 for each).

Conclusions. Receipt of antibacterials for febrile illness was 
common. While guideline-consistent prescribing increased 
over time, more than one-third of participants with BSI 
received ineffective antibacterials.
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Fever is a common reason for seeking healthcare in low- and 
middle-income countries (LMICs). In such settings, clinical di
agnosis is difficult and access to diagnostic methods can be lim
ited. The diagnosis and treatment of specific causes of febrile 
illness often occur based on clinical suspicion, and broad- 
spectrum antibacterials are commonly prescribed empirically 
[1–3]. Empiric antimicrobial use is often appropriate when 
there is high suspicion for bacterial infection or incipient severe 
illness. However, widespread use of broad-spectrum antibacte
rials is common in LMICs and contributes to the major public 
health concern of antimicrobial resistance [4–7].

Antibacterial prescribing practices and the positive impact of 
antimicrobial stewardship programs are well documented in 
high-income countries [8, 9]. LMICs face unique challenges 
that hinder the implementation of antimicrobial stewardship 
programs, including overuse of antimicrobials in the commu
nity and in hospitals, limited access to therapeutics in some ar
eas, underuse and distrust of laboratory services, and limited 
laboratory and human resources [10, 11]. However, despite 
these barriers, several countries in sub-Saharan Africa have 
successfully implemented both community- and hospital- 
based antimicrobial stewardship programs [12]. In Tanzania, 
although national guidelines exist, adherence to standard 
treatment guidelines (STGs) varies among regions, with studies 
reporting levels of adherence ranging from 15% to 84% 
[13–15]. To advance antimicrobial stewardship programs in 
Tanzania, further data are needed on empiric antibacterial 
prescribing patterns both prior to and during hospital care, 
use of appropriate and targeted therapy for laboratory- 
confirmed infections, and adherence to available treatment 
guidelines [16].

To provide insight into antimicrobial prescribing practices 
in northern Tanzania, we conducted an analysis of patients en
rolled in prospective hospital-based fever surveillance studies 
in Moshi, Tanzania. We describe use of antibacterial therapy 
in this patient population, use of effective therapy for 
laboratory-confirmed bloodstream infections (BSIs), and 
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adherence to published guidelines for common febrile 
syndromes.

MATERIALS AND METHODS

Study Aims

The primary aim of this study was to describe antibacterial pre
scribing patterns in participants with febrile illnesses in north
ern Tanzania. Secondary aims were (1) in participants with 
BSIs, to assess concordance of antibacterial therapy with the or
ganism’s drug susceptibility, and (2) in participants with non
study clinician–furnished diagnoses of pneumonia, urinary 
tract infection (UTI), or sepsis, to describe concordance of pre
scribed antibacterials with published pediatric and adult STGs.

Setting

Our analysis utilized data from hospital-based fever surveil
lance studies conducted at Kilimanjaro Christian Medical 
Centre (KCMC) and Mawenzi Regional Referral Hospital 
(MRRH) in Moshi, Tanzania. The prospective studies occurred 
from 26 September 2011 through 31 May 2014 (cohort 1) and 7 
September 2016 through 31 May 2019 (cohort 2). Results from 
these studies have been previously described [17–19]. Moshi 
has a population of >180 000 and is at an elevation of approx
imately 890 meters above sea level [20]. KCMC is a zonal refer
ral hospital with 630 inpatient beds serving the regions of 
Kilimanjaro, Tanga, Arusha, Manyara, Dodoma, and Singida 
in northern Tanzania. MRRH is a regional hospital with 300 in
patient beds serving the Kilimanjaro region.

Study Participants

Adults aged ≥13 years admitted to both KCMC and MRRH and 
children aged 2–12 years and infants aged 0–1 years admitted to 
MRRH were enrolled in cohort 1. Participants were also en
rolled in outpatient clinics in cohort 1, but we excluded them 
from our analyses. Admitted adults, children, and infants at 
both hospitals were enrolled in cohort 2. Inpatients were eligi
ble for enrollment if they had a documented fever defined as 
tympanic temperature of ≥38.0°C or a history of fever within 
the previous 72 hours. All patients were screened and enrolled 
within 24 hours after admission.

Study Procedures

After obtaining informed consent, a trained study team mem
ber administered a standardized questionnaire recording de
mographics, history of illness, and antimicrobial use. They 
also performed a physical examination. The study team at
tempted blood culture collection on all participants within 24 
hours of admission. We recorded participant self-reported hu
man immunodeficiency virus (HIV) status in the 2011–2014 
period, and during the 2016–2019 study period offered testing 
to participants using the SD Bioline (Abbott Laboratories, 
Abbott Park, Illinois) HIV-1/2 3.0 test with confirmation by a 

second rapid test, Uni-Gold (Trinity Biotech, Bray, Ireland). 
A study team member recorded antimicrobials prescribed dur
ing the hospitalization, participant vital status at discharge, and 
preliminary and discharge diagnoses furnished by the treating, 
nonstudy clinician(s) using the International Classification of 
Diseases, Tenth Revision.

Laboratory Methods

Full details of blood culture collection procedures have been 
previously published [21]. In brief, BacT/ALERT Pediatric 
FAN or BacT/ALERT Pediatric FAN Plus and BacT/ALERT 
Standard Aerobic or BacT/ALERT Standard Aerobic Plus 
(bioMérieux, Marcy l’Etoile, France) bottles were used for pe
diatric and adult patients, respectively. We monitored blood 
culture fill volumes to ensure adequate sample collection. 
Blood cultures were analyzed using the BacTAlert 3D 
Microbial Detection system (bioMérieux) with a maximum in
cubation period of 5 days. Standard methods were used for 
identifying bloodstream isolates [22]. Antimicrobial suscepti
bility testing was manually performed according to the meth
ods of the Clinical and Laboratory Standards Institute (CLSI, 
Wayne, Pennsylvania). Susceptibility interpretations were 
based on the 2019 CLSI guidelines and interpretive criteria, 
classified as susceptible, intermediate, or resistant [23].

Definitions

Prior antibacterial and prior antimalarial use were defined as 
self-reported usage of medications for the present illness prior 
to admission to either KCMC or MRRH. The use of 
trimethoprim-sulfamethoxazole prophylaxis for prevention of 
HIV-associated opportunistic infections was also self-reported 
by participants and such use was not included in the tally of pri
or antibacterial use for treatment of the present illness. 
Inpatient antibacterial use was defined as antibacterials pre
scribed after admission. Among the antibacterials recorded 
on study case report forms (see Supplementary Table 1), the 
following were categorized as broad spectrum based on pub
lished frameworks: ceftriaxone, ciprofloxacin, amoxicillin- 
clavulanate, or azithromycin [17].

Among participants with BSIs, 2 authors with clinical train
ing in infectious diseases (G. S. M. and M. P. R.) determined ef
fectiveness of prescribed antibacterials through manual data 
review and discussion to ensure agreement. Effective therapy 
was defined as receiving an antibacterial with demonstrated 
activity based upon phenotypic antimicrobial susceptibility 
testing of the isolate or based upon CLSI guidance that suscept
ibility can be assumed. Ineffective therapy was defined as 1 
or more of the following: (1) participant was prescribed an 
antibacterial without adequate activity against the microbiolo
gically identified organism or intrinsic resistance; (2) no anti
microbial was prescribed to the participant; (3) enteral 
therapy was prescribed for a clinical scenario where enteral 
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therapy was not indicated; and/or (4) the microbiologically 
identified organism generally has susceptibility to the pre
scribed antibacterial but the specific isolate demonstrated resis
tance against the antibacterial the participant was prescribed.

Antimicrobials prescribed for preliminary or final diagnosis 
of pneumonia, UTI, or presumed sepsis were compared with 
syndrome- and age-specific recommendations from the 
World Health Organization (WHO) and the Tanzania STGs 
and National Essential Medicines List, fourth edition (2013) 
and fifth edition (2017) (Supplementary Table 2) [24–28]. In 
participants with the aforementioned clinical conditions, we 
assessed for guideline-consistent therapy, defined as inpatient 
antibacterial selection consistent with recommendations of ei
ther the WHO or Tanzania STGs. We then assessed country- 
specific guideline consistency with the recommendations of 
the Tanzania STGs.

Statistical Analysis

Statistical analyses were performed with R software, version 
4.1.1. Descriptive statistics were performed for demographics 
and baseline participant characteristics. Continuous variables 
were expressed using median and interquartile range or mean 
and standard deviation. Categorical variables are expressed as 
frequencies. Differences between the 2 study periods were as
sessed using Pearson χ2 test for categorical variables and the 
Wilcoxon rank-sum test for continuous variables. Statistical 
significance was evaluated at P values <.05.

Multivariable logistic regression analyses were performed 
to identify factors associated with antibacterial prescription 
prior to enrollment and predictors of broad-spectrum 
inpatient antibacterial administration. Univariable logistic 
regression was performed to assess for a relationship between 
ineffective antimicrobial therapy for BSI and in-hospital 
mortality.

To understand temporal trends in guideline-consistent treat
ment of pneumonia, UTI, and sepsis, predictive margins with 
95% confidence intervals (CIs) were computed. First, we con
structed logistic regression models with the dependent vari
ables as guideline-consistent therapy for each syndrome and 
the explanatory variable as time in years adjusted for partici
pant age in years, sex, and hospital location. Time zero was as
signed to the first date of enrollment in cohort 1. We then 
plotted the predicted probabilities of guideline-consistent ther
apy in 1-year increments.

Research Ethics

The febrile surveillance studies were approved by the 
Kilimanjaro Christian Medical University College of Tumaini 
University Health Research Ethics Committee, the Tanzania 
National Institute for Medical Research National Health 
Research Ethics Coordinating Committee, and an 
Institutional Review Board of the Duke University Health 
System. Written informed consent was obtained from all par
ticipants or from the participant’s parent or guardian.

Table 1. Demographic, Clinical, and Laboratory Characteristics of Participants With Febrile Illness Enrolled in 2 Fever Surveillance Studies, Northern 
Tanzania, 2011–2014 and 2016–2019

Characteristic
Cohort 1 

(2011–2014)
Cohort 2 

(2016–2019) P Value Total

No. of participants enrolled 1043 1132 2175

Age, y, median (IQR) 29 (5–41) 22 (2–45) .122 26 (3–43)

Adults (≥13 y) 729 (69.9) 653 (57.7) <.001 1382 (63.5)

Children (2–12 y) 241 (23.1) 320 (28.3) 561 (25.8)

Infants (0–1 y) 73 (7.0) 159 (14.0) 232 (10.7)

Female 569 (54.6) 518 (45.8) <.001 1087 (50.0)

Death during admission 30 (2.9) 66 (5.8) .001 96 (4.4)

Days of illness, median (IQR) 7 (3–14) 5 (3–11) <.001 5 (3–14)

Days of fever, median (IQR) 4 (3–7) 3 (2–7) <.001 4 (2–7)

HIV infection confirmed by testinga Not done 196 (17.3) … …

Trimethoprim-sulfamethoxazole prophylaxis 117 (11.2) 114 (10.1) .386 231 (10.6)

Reported use of antimalarials prior to admission 353 (33.8) 122 (10.8) <.001 475 (22.0)

Reported use of antibacterials prior to admission 430 (41.2) 501 (44.3) .161 931 (42.8)

Positive malaria parasite smear 23 (2.2) 42 (3.7) .046 65 (3.0)

Laboratory-confirmed bacteremia 38 (3.6) 47 (4.2) .546 85 (3.9)

Prescribed inpatient HIV antiretroviral medications 125 (12.0) 147 (13.0) .544 272 (12.5)

Prescribed inpatient treatment for tuberculosis 41 (4.0) 25 (2.2) .025 66 (3.0)

Prescribed inpatient antibacterials for febrile illness 930 (89.2) 1060 (93.6) <.001 1990 (91.5)

Prescribed inpatient broad-spectrum antibacterials 548 (52.5) 682 (60.2) <.001 1230 (56.6)

Data are presented as No. (%) unless otherwise indicated.  

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range.  
aHIV status was obtained by self-report in cohort 1 and by HIV rapid antibody test in cohort 2.
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RESULTS

Sociodemographic and Clinical Characteristics of Study Participants

Demographic and clinical characteristics of participants with 
febrile illness at KCMC and MRRH are shown in Table 1. A to
tal of 34 184 inpatients were screened (15 305 in cohort 1 and 
18 879 in cohort 2). Among those screened, 5461 were eligible 
for enrollment: 1837 in cohort 1 and 3624 in cohort 2. A total of 
2182 participants were enrolled: 1050 in cohort 1 and 1132 in 
cohort 2. We analyzed data from 2175 enrolled participants: 
1043 in cohort 1 and 1132 in cohort 2. There were 30 (2.9%) 
in-hospital deaths in cohort 1 and 66 (5.8%) in cohort 2.

Antibacterial Treatments Reportedly Used by Participants Prior to 
Admission to KCMC or MRRH

Antibacterial use prior to admission to KCMC or MRRH is re
ported in Table 2. There were higher odds of antibacterial use 
for infants (odds ratio [OR], 1.65 [95% CI, 1.23–2.20]) and chil
dren (OR, 1.43 [95% CI, 1.16–1.75]) compared to adults. 
Participants in cohort 2 had increased odds of reporting anti
bacterial use (OR, 1.21 [95% CI, 1.02–1.45]) compared to co
hort 1 participants.

Antibacterials Prescribed to Participants During Admission to KCMC or 
MRRH

In cohort 1, 930 (89.2%) participants received antibacterials 
during admission for febrile illness compared with 1060 
(93.6%) in cohort 2 (P < .001) (Table 3). Among participants 
receiving inpatient antibacterials, 548 (52.5%) in cohort 1 and 
682 (60.2%) in cohort 2 (P ≤ .001) received broad-spectrum 
therapy. Use of ceftriaxone, metronidazole, and ampicillin in
creased from cohort 1 to cohort 2 (ceftriaxone P ≤ .001; metro
nidazole P = .020; ampicillin P = < .001) (Table 3).

Antibacterial Prescription Among Admitted Participants With BSI

BSI was identified in 38 (3.6%) cohort 1 participants and in 47 
(4.2%) cohort 2 participants. Complete data to determine effec
tiveness of antibacterial prescription were available for 81 of the 
85 (95.3%) participants (38 in cohort 1 and 43 in cohort 2). 
Overall, 52 of 81 (64.2%) participants were prescribed effective 
therapy (Supplementary Table 3). In cohort 1, 25 (65.8%) par
ticipants were prescribed effective therapy and 13 (34.2%) inef
fective therapy. Among the 13 who were prescribed ineffective 
therapy, 3 (7.9%) participants were prescribed antibacterial 

Table 2. Antibacterials Used Prior to Admission to Kilimanjaro Christian Medical Centre or Mawenzi Regional Referral Hospital as Reported by Study 
Participants With Febrile Illness, Northern Tanzania, 2011–2014 and 2016–2019

Characteristic

Cohort 1 
(2011–2014)

Cohort 2 
(2016–2019) Total

Adults Children Infants Adults Children Infants Adults Children Infants

No. of participants enrolled 729 241 73 653 320 159 1382 561 232

Participants reporting antibacterial use prior 
to admission, No. (%)

300 (41.2) 101 (41.9) 29 (39.7) 258 (39.5) 156 (48.8) 87 (54.7) 558 (40.4) 257 (45.8) 116 (50.0)

No. of prior antibacterials per person, mean 
(SD)

1.3 (0.7) 1.2 (0.4) 1.4 (0.6) 1.3 (0.9) 1.2 (0.9) 1.4 (0.9) 1.3 (0.8) 1.2 (0.7) 1.4 (0.9)

Type of antibacterial reported as used prior to admission, No. (%)

Ampicillin 9 (1.2) 1 (0.4) 3 (4.1) 7 (1.1) 11 (3.4) 12 (7.5) 16 (1.2) 12 (2.1) 15 (6.5)

Ampicillin-cloxacillin 9 (1.2) 7 (2.9) 0 (0.0) 15 (2.3) 12 (3.8) 5 (3.1) 24 (1.7) 19 (3.4) 5 (2.2)

Amoxicillina … 47 (7.2) 33 (10.3) 18 (11.3) …

Amoxicillin-clavulanate 72 (9.9) 29 (12.0) 7 (9.6) 9 (1.4) 10 (3.1) 10 (6.3) 81 (5.9) 39 (7.0) 17 (7.3)

Cloxacillin 12 (1.6) 2 (0.8) 2 (2.7) 0 (0.0) 1 (0.3) 2 (1.3) 12 (0.9) 3 (0.5) 4 (1.7)

Penicillin 17 (2.3) 7 (2.9) 4 (5.5) 18 (2.8) 11 (3.4) 10 (6.3) 35 (2.5) 18 (3.2) 14 (6.0)

Cephalexina … 4 (0.6) 8 (2.5) 2 (1.3) …

Ceftriaxone 12 (1.6) 1 (0.4) 0 (0.0) 42 (6.4) 15 (4.7) 8 (5.0) 54 (3.9) 16 (2.9) 8 (3.4)

Trimethoprim-sulfamethoxazoleb 25 (3.4) 24 (10.0) 6 (8.2) 9 (1.4) 16 (5.0) 9 (5.6) 34 (2.5) 40 (7.1) 15 (6.4)

Doxycycline 12 (1.6) 0 (0.0) 0 (0.0) 14 (2.1) 3 (0.9) 0 (0.0) 26 (1.9) 3 (0.5) 0 (0.0)

Chloramphenicol 7 (1.0) 1 (0.4) 1 (1.4) 0 (0.0) 1 (0.3) 1 (0.6) 7 (0.5) 2 (0.4) 2 (0.9)

Azithromycin 8 (1.1) 2 (0.8) 1 (1.4) 16 (2.5) 10 (3.1) 7 (4.4) 24 (1.7) 12 (2.1) 8 (3.4)

Erythromycin 10 (1.4) 13 (5.4) 7 (9.6) 4 (0.6) 14 (4.4) 9 (5.7) 14 (1.0) 27 (4.8) 16 (6.9)

Gentamicin 6 (0.8) 2 (0.8) 1 (1.4) 10 (1.5) 13 (4.1) 13 (8.2) 16 (1.2) 15 (2.7) 14 (6.0)

Ciprofloxacin 16 (2.2) 0 (0.0) 0 (0.0) 32 (4.9) 1 (0.3) 0 (0.0) 48 (3.5) 1 (0.2) 0 (0.0)

Metronidazole 34 (4.7) 6 (2.5) 3 (4.1) 46 (7.0) 16 (5.0) 5 (3.1) 80 (5.8) 22 (3.9) 8 (3.4)

Other antibacterial 22 (3.0) 8 (3.3) 7 (9.6) 4 (0.6) 5 (1.6) 3 (1.9) 26 (1.9) 13 (2.3) 10 (4.3)

Unknown antibacterial 11 (1.5) 3 (1.2) 1 (1.4) 11 (1.7) 2 (0.6) 0 (0.0) 22 (1.6) 5 (0.9) 1 (0.4)

Abbreviations: SD, standard deviation.  
aCase report form in cohort 1 did not collect data regarding use of amoxicillin and cephalexin prior to admission.  
bUsed for therapy rather than disease prophylaxis among persons with human immunodeficiency virus.
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therapy to which the isolate exhibited phenotypic resistance. In 
cohort 2, 27 (62.8%) participants were prescribed effective ther
apy and 16 (37.2%) ineffective therapy. Five of the 43 (11.6%) 
participants with BSI were prescribed antibacterial therapy to 
which the isolate exhibited phenotypic resistance. Further de
tails regarding susceptibility for selected isolates are shown in 
Supplementary Table 4.

Among the 85 participants with BSI, 8 (9.4%) died while hos
pitalized and, of these, 4 (50.0%) received ineffective therapy. 
Odds of in-hospital mortality for ineffective therapy were 
0.52 (95% CI, .11–2.37).

Consistency With Global and National Standard Treatment Guidelines

Consistency of prescribed therapy with WHO or Tanzanian 
STGs, and consistency with the Tanzanian STGs alone, are 
shown in Table 4. We observed an increase in WHO or 
Tanzanian STG-consistent therapy for pneumonia, UTI, and 
sepsis over time (Figure 1).

DISCUSSION

In this large descriptive study of 2 inpatient febrile illness co
horts spanning from 2011 through 2019, we found that broad- 
spectrum antibacterial use was common both prior to and after 
admission. Antibacterial selection did not align with blood cul
ture data among a substantial proportion of participants with 
BSI. Guideline-consistent therapy for pneumonia, UTI, and 
sepsis increased over time. Our findings highlight mismatches 
between clinical and laboratory diagnoses and antibacterial 
management that have implications for patient outcomes, 
judicious use of antibacterial medications, and guideline- 
recommended therapy. Additionally, our findings of increasing 
antimicrobial resistance in Enterobacterales (Supplementary 
Table 4) suggest that currently available empiric treatment 

guidelines for BSI may not fully reflect the current epidemiol
ogy and antibacterial resistance.

More than 40% of participants self-reported using antibacte
rials prior to admission for febrile illness. Adults commonly 
reported use of amoxicillin, amoxicillin-clavulanate, and 
metronidazole prior to admission (Table 2). Antibacterials 
are widely available in many areas of Tanzania, often prescribed 
in the outpatient setting, and commonly obtained with and 
without prescriptions from pharmacies despite government 
regulations [3, 29, 30].

The majority of febrile patients enrolled in the 2 study co
horts received inpatient antibacterials, which is appropriate 
for febrile inpatients. Use of broad-spectrum antibacterials, 
specifically ceftriaxone, increased between the 2 cohorts. 
Ceftriaxone was prescribed to >40% of all adult participants, 
and this is similar to findings in other regions of Tanzania 
[13, 15]. Ceftriaxone is recommend by guidelines for empiric 
therapy of pneumonia, sepsis, and UTI. Increased use aligns 
with increased guideline-consistent therapy for the aforemen
tioned diagnoses [24, 25, 28]. Several participants in cohort 2 
had BSIs caused by organisms with intrinsic or acquired resis
tance to ceftriaxone (Supplementary Tables 3 and 4), and resis
tance to third- and fourth-generation cephalosporins has been 
described in Tanzania [5]. Use of ampicillin and gentamicin 
was common in children and infants. While these antibacterials 
are guideline consistent, the prevalence of resistance to ampicil
lin among Enterobacterales in these surveillance cohorts was 
81.2% (Supplementary Table 4) and elsewhere in Tanzania is 
as high as 92.0% [31–33]. These data should inform future re
visions to the Tanzanian STGs.

Metronidazole use was common among adults and children 
and increased between cohort 1 and cohort 2, similar to previous 
studies (Table 3) [3, 13]. However, generally metronidazole is not 
indicated as empiric therapy or definitive treatment in 

Table 4. Consistency of Inpatient Antibacterial Prescription With World Health Organization and/or Tanzanian Standard Treatment Guidelines Among 
Participants Enrolled in 2 Fever Surveillance Studies, Northern Tanzania, 2011–2014 and 2016–2019

Diagnosis and Guideline

Cohort 1 (2011–2014) Cohort 2 (2016–2019)

Total, No.
Pediatric 
(<13 y)

Adult 
(≥13 y)

Pediatric 
(<13 y)

Adult 
(≥13 y)

Diagnosis of pneumonia, No. 83 130 195 139 547

Therapy consistent with either WHO or Tanzanian STGs 65 (78.3) 56 (43.0) 177 (90.8) 115 (82.7) 413

Therapy consistent with Tanzanian STGs 61 (73.5) 53 (40.8) 167 (85.6) 106 (76.3) 387

Diagnosis of UTI, No. 15 27 84 69 195

Therapy consistent with either WHO or Tanzanian STGs 12 (80.0) 18 (66.7) 73 (86.9) 63 (91.3) 166

Therapy consistent with Tanzanian STGs 2 (13.3)a 8 (29.6) 5 (6.0)a 22 (31.9) 37

Diagnosis of sepsis, No. 20 34 111 101 266

Therapy consistent with either WHO or Tanzanian STGs 14 (70.0) 22 (64.7) 95 (85.6) 84 (83.2) 215

Therapy consistent with Tanzanian STGs 14 (70.0) 22 (64.7) 95 (85.6) 84 (83.2) 215

Data are presented as No. (%) unless otherwise indicated.  

Abbreviations: STGs, Standard Treatment Guidelines; UTI, urinary tract infection; WHO, World Health Organization.  
aPediatric UTI therapy recommendations are available in the Tanzania STGs, fourth edition (2013), but not in the fifth edition (2017).
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community-acquired pneumonia or bacteremia. Use of ampicil
lin also increased between cohort 1 and cohort 2. This may reflect 
variation in demographic composition between the 2 study co
horts; cohort 1 included pediatric patients only at MRRH and co
hort 2 included pediatric patients at both MRRH and KCMC. 
Finally, prescription of doxycycline was low despite Q fever and 
rickettsial diseases being common in northern Tanzania [34, 35].

Among those with BSI, receipt of ineffective therapy due to 
lack of adequate activity against the microbiologically identified 
organism, receipt of no inpatient antibacterial therapy or inap
propriate enteral therapy, or growth of a resistant organism with 
demonstrated resistance against the antibacterial prescribed was 
common. Phenotypic antimicrobial resistance occurred in 

approximately 10% of all patients with BSI. These inadequate 
or inappropriate prescribing patterns are likely multifactorial 
and may be due to outdated treatment guidelines, failure to 
modify therapy considering culture data, and distrust in micro
biological culture results. [11]. Some participants did not receive 
antibacterial therapy for BSI and this may have occurred due to 
discharge prior to availability of BSI results, ineffective use of 
microbiologic results, or clinician choice. Further understand
ing of physician prescribing practices, educational initiatives, 
and interventions to refine therapy when culture data are avail
able are needed to better tailor treatment in patients with 
laboratory-confirmed infections.

Figure 1. Adjusted prediction of guideline-consistent therapy among hospitalized patients with pneumonia, urinary tract infection (UTI), and sepsis in 2 febrile surveillance 
studies from September 2011 through May 2019. Time zero was assigned to the first date of enrollment in cohort 1. The black line displays the mean; gray areas represent the 
95% confidence interval.
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Consistency with WHO and Tanzania STGs substantially in
creased between cohort 1 and cohort 2. This may be due to in
creased awareness of the guideline recommendations, more 
accurate clinical diagnoses, or changes in preferred empiric ther
apy. Adherence to the Tanzanian STGs for pneumonia and UTI 
was similar to prior studies conducted in the Dodoma and 
Mbeya regions [13, 14]. Less than a third of participants with 
clinical diagnosis of UTI received country-specific guideline- 
consistent therapy; this may be because Tanzanian STGs advise 
ciprofloxacin or amoxicillin for cystitis, whereas WHO guidance 
provides additional choices (Supplementary Table 2) [28].

Our study had several limitations. Data collected before ad
mission relied on self-report, are subject to recall bias, and are 
a poor surrogate of antimicrobial use [21, 36]. Data collection 
practices slightly differed between the 2 cohorts; specifically, 
HIV status was self-reported in cohort 1 and case report forms 
in the 2 cohorts included different pick lists of antimicrobials. 
The clinical diagnoses given by hospital clinicians were not re
evaluated by the study team. Many participants had multiple di
agnoses, suggesting diagnostic uncertainty, and antibacterials 
noted in the record may not have been assigned to a specific di
agnosis. Finally, practices at the referral hospitals included in this 
study may not be generalizable to other hospitals locally or na
tionally, based upon resources and level of specialty training.

CONCLUSIONS

We demonstrate that receipt of antibacterials prior to admis
sion and inpatient antibacterial use were common within 2 
large cohorts of participants admitted with febrile illness in 
northern Tanzania. Use of broad-spectrum antibacterials was 
also common. A substantial proportion of participants with 
BSIs were treated with ineffective antibacterials. Consistency 
of antibacterial prescribing with WHO and Tanzanian guide
lines improved over time. A global point prevalence survey 
would provide deeper insight into antimicrobial indications 
and utilization at these hospitals. Improved diagnostics for fe
brile illness, data on local antimicrobial resistance patterns, 
institution-specific clinical guidelines, and provider education 
may improve rational prescribing practices.
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