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Background. Neutropenic fever (NF) is associated with significant morbidity and mortality for patients receiving cancer treat-
ment in sub-Saharan Africa (sSA). However, the antibiotic management of NF in sub-Saharan Africa has not been well described. 
We evaluated the timing and selection of antibiotics for patients with NF at the Uganda Cancer Institute (UCI).

Methods. We conducted a retrospective chart review of adults with acute leukemia admitted to UCI from 1 January 2016 to 31 
May 2017, who developed NF. For each NF event, we evaluated the association of clinical presentation and demographics with an-
tibiotic selection as well as time to both initial and guideline-recommended antibiotics. We also evaluated the association between 
ordered antibiotics and the in-hospital case fatality ratio (CFR).

Results. Forty-nine NF events occurred among 39 patients. The time to initial antibiotic order was <1  day. Guideline-
recommended antibiotics were ordered for 37 (75%) NF events. The median time to guideline-recommended antibiotics was 3 days. 
Fever at admission, a documented physical examination, and abdominal abnormalities were associated with a shorter time to ini-
tial and guideline-recommended antibiotics. The in-hospital CFR was 43%. There was no difference in in-hospital mortality when 
guideline-recommended antibiotics were ordered as compared to when non-guideline or no antibiotics were ordered (hazard ratio, 
0.51 [95% confidence interval {CI}, .10–2.64] and 0.78 [95% CI, .20–2.96], respectively).

Conclusions. Patients with acute leukemia and NF had delayed initiation of guideline-recommended antibiotics and a high 
CFR. Prospective studies are needed to determine optimal NF management in sub-Saharan Africa, including choice of antibiotics 
and timing of antibiotic initiation.
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Cancer is a growing cause of morbidity and mortality in 
sub-Saharan Africa (sSA). By 2030 more than 1.28 million 
new cancer cases and 970  000 cancer-related deaths are ex-
pected in sSA annually [1]. As cancer detection and treatment 
has improved, treatment-related infections are a growing con-
cern [2–7]. Chemotherapy-associated neutropenic fever (NF) 
is an oncologic emergency requiring rapid initiation of em-
piric broad-spectrum antibiotics to avoid early death [8, 9]. 

Consensus guidelines for NF management have been devel-
oped and validated in high-income countries (HICs) [8, 9]. 
According to these guidelines, patients should receive empiric 
broad-spectrum antibiotics that have antipseudomonal activity 
[8, 9]. The time from NF onset to guideline-recommended an-
tibiotic administration is an important predictor of outcomes 
[10, 11]. Accordingly, antibiotic administration within 1 hour 
of NF onset is a key clinical care metric [12]. In HICs where NF 
guidelines are well-established, case fatality ratios (CFRs) range 
from <5% in patients with solid tumors to 15%–20% in patients 
with hematologic malignancies [13].

Several small retrospective studies from sSA suggest that NF 
is associated with high CFRs [14–20]. We recently showed that 
up to 46% of Ugandan patients with hematologic malignan-
cies died within 30 days of NF onset [3]. The reasons for these 
high CFRs are not clear. Providers may have incomplete knowl-
edge of the NF guidelines, there may be inconsistent access to 
guideline-recommended antibiotics, and international guide-
lines may not adequately account for the antimicrobial resistance 
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patterns found in sSA [20, 21]. Identifying the unique factors 
that influence timely initiation of guideline-recommended anti-
biotics is key to improving antibiotic delivery and decreasing 
CFRs among patients with NF in sSA. While several studies 
from sSA describe the antibiotics prescribed to treat NF, few 
have evaluated provider adherence to guideline recommenda-
tions [20–22].

Our primary objective was to evaluate baseline adherence 
to guideline-recommended antibiotics for patients with NF at 
a national cancer referral center in sSA before the initiation 
of antimicrobial stewardship interventions. Accordingly, we 
completed a retrospective chart review of adult patients with 
acute leukemia and NF at the Uganda Cancer Institute (UCI) in 
Kampala, Uganda, to evaluate provider adherence to guideline-
recommended antibiotics and to identify factors associated with 
timely antibiotic orders. Our secondary objective was to explore 
associations between clinical outcomes and the time from NF 
onset to the order for guideline-recommended antibiotics.

METHODS

Study Design

We conducted a single-center retrospective cohort study of 
adults with acute leukemia admitted to the UCI from 1 January 
2016 to 31 May 2017, and developed NF during their hospital 
admission. The study period occurred after the release of the 
updated 2016 UCI neutropenic fever guidelines and before the 
launch of our prospective cohort study regarding the microbi-
ology of NF in patients with acute leukemia at UCI [3].

Study Setting and Population

The UCI is a national cancer referral hospital located in 
Kampala, Uganda, and is the African Development Bank–des-
ignated East African Center of Excellence in Oncology. More 
than 5000 patients are treated at the UCI annually. Adults with 
acute leukemia receive treatment at the inpatient Liquid Tumor 
Centre (LTC). Daily patient care is conducted by medical of-
ficers. They are supervised by fellowship-trained oncologists 
who oversee the cancer treatment plan. All medical documen-
tation occurs in paper charts that are stored in the UCI Medical 
Records Department when they are not in clinical use.

We used the LTC admission logbook to identify patients 
>18  years of age with acute leukemia who were hospitalized 
during the study period. We obtained the medical charts from 
the UCI Medical Records Department and reviewed each chart 
for inclusion criteria. We included only patients with histo-
pathologically confirmed leukemia who experienced at least 1 
NF event during a hospital admission.

The Uganda Cancer Institute Neutropenic Fever Guidelines

The “UCI Guidelines for NF Management” were established in 
2014 and updated just before our study period (Table 1). The 
UCI NF guidelines include recommendations for the clinical 

identification, microbiologic evaluation, and choice of empiric 
antibiotics for patients with NF (Table 1). To create these guide-
lines, a group of UCI clinicians and pharmacists collaborated 
with infectious diseases specialists from the Fred Hutchinson 
Cancer Research Center (Seattle, Washington). The group 
adapted the Infectious Diseases Society of America clinical 
practice guidelines for the management of fever in neutro-
penia [8] to account for locally available microbiologic tests and 
antibiotics.

Neutropenic Fever

We defined neutropenia as an absolute neutrophil count (ANC) 
of <500 cells/µL. When a temperature was recorded, we defined 
fever as a single axillary temperature of >37.5°C. When a tem-
perature was not recorded, we defined fever as any use of the 
word “fever” or “febrile” to describe the patient in the medical 
record. We considered a febrile patient to have NF if they had 
documented neutropenia within 2  days before fever onset or 
within 2 days after NF occurred [8]. We defined an NF event 
as the first neutropenic fever that occurred during that hospital 
admission. For patients who had >1 hospital admission during 
the study period, each admission was evaluated independently. 
Thus, each patient could have up to 1 NF event per hospital ad-
mission (Supplementary Table 1).

Antibiotic Treatment

For each NF event, we evaluated the time from NF onset to 
the first antibiotic ordered (time to initial antibiotics) regard-
less of whether the antibiotic was guideline-recommended. 
We also evaluated the time from NF onset to the first order 
for guideline-recommended antibiotics (time to guideline-
recommended antibiotics). We considered an antibiotic to be 

Table 1. Summary of Microbiologic Evaluation and Antibiotic 
Recommendations for Adult Inpatients With Neutropenic Fever per the 
2016 Uganda Cancer Institute Neutropenic Fever Guidelines

Guideline Recommendation

Microbiologic evaluation 
of neutropenic fever

Blood cultures obtained within 30 minutes of 
fever detection

Blood cultures obtained prior to antibiotic 
 initiation

Empiric antibiotic 
 regimens for  
neutropenic fever

First-line: If no suspicion for MDRO  
- Piperacillin-tazobactam  
- If evidence of sepsis/shock: add gentamicin

First-line: If high suspicion for MDRO  
- Chloramphenicol, meropenem, or imipenem

Second-line: if first-line regimens unavailablea  
- Ceftriaxone ± ciprofloxacin ± gentamicin  
-  If suspected abdominal source: add metroni-
dazole

Abbreviation: MDRO, multidrug-resistant organism.
aCeftriaxone only recommended in cases where no first-line antibiotics are available 
due to drug shortages; fluoroquinolones and gentamicin are not considered guideline-
recommended unless ordered in conjunction with ceftriaxone.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab307#supplementary-data
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guideline-recommended if it was a first- or second-line antibi-
otic in the UCI NF guidelines (Table 1).

Data Collection, Management, and Quality Assurance

We provided standardized training for all data collectors. We 
used EpiInfo (Centers for Disease Control and Prevention, 
Atlanta, Georgia) to abstract data into case report forms. 
Abstracted data included patient demographics, clinical pres-
entation, and laboratory findings. To evaluate NF manage-
ment, we abstracted all blood cultures and antibiotics ordered 
throughout the hospitalization. We used a checklist to record 
physical examination abnormalities documented within 2 days 
of NF onset. Finally, we recorded the date of hospital dis-
charge or in-hospital death. We analyzed the data using R (R 
Foundation for Statistical Computing, Vienna, Austria) and 
Stata 16 (StataCorp, College Station, Texas) software.

Statistical Analysis

We used descriptive statistics to summarize categorical variables 
as frequencies and percentages and continuous variables as me-
dians with interquartile ranges (IQRs). We conducted Kaplan-
Meier analyses of the time to initial and guideline-recommended 
antibiotic orders. We measured time in days and classified or-
ders written on the date of NF onset as 0.1 day to ensure inclu-
sion in the survival analyses. We excluded the NF episodes in 
which patients already had guideline-recommended antibiotics 
ordered at the time of NF onset. For the time to initial anti-
biotics analyses, we followed patients from NF onset to the first 
new antibiotic order or until they were censored due to death 
or hospital discharge. For the time to guideline-recommended 
antibiotics analyses, we followed patients from NF onset to the 
first guideline-recommended antibiotic order or until they were 
censored due to death or hospital discharge. We then estimated 
the percentage with 95% confidence intervals (CIs) of NF epi-
sodes for which any antibiotics and guideline-recommended 
antibiotics were ordered within 1  day of NF onset. We used 
Cox proportional hazards regression to estimate hazard ratios 
(HRs) with 95% CIs to describe associations between the time 
to initial and guideline-recommended antibiotics with patient 
characteristics including age, sex, reason for hospital admission, 
time from admission to NF onset, and physical examination 
findings at the time of NF. We used clustered standard error 
estimation to account for correlation between repeated NF epi-
sodes in the same patient.

For the mortality analyses, we included the first hospitaliza-
tion with an NF event. We followed patients from NF onset to 
death or until they were censored due to hospital discharge. We 
treated orders for antibiotics as a time-varying categorical ex-
posure with 3 possible values: 0 from NF onset to any antibiotic 
order; 1 following the order of non-guideline-recommended 
antibiotics and prior to the order of guideline-recommended 
antibiotics; or 2 following the order of guideline-recommended 

antibiotics. We analyzed participant demographics and clin-
ical characteristics as potential confounders of the association 
between antibiotics with in-hospital mortality. We considered 
P < .05 as statistically significant for all analyses.

Ethical Considerations

The University of Virginia Institutional Review Board (IRB), 
the Fred Hutchinson Cancer Research Center IRB, the Uganda 
Cancer Institute Research and Ethics Committee, and the 
Uganda National Council on Science and Technology approved 
the study with a waiver of consent.

RESULTS

Study Population and Demographics

Of the 95 patients with acute leukemia, we located 66 (69%) 
charts for review (Supplementary Figure 1). Of these, 39 (59%) 
patients had at least 1 NF event. Among these 39 unique pa-
tients, there were 49 hospitalizations with an NF event. Nine 
of 49 (18%) NF events occurred at admission or within 1 day 
of hospitalization. For the remaining 40 NF events, the median 
time from hospital admission to documented fever onset was 
15 (IQR, 9–18) days. In 44 of 49 (90%) NF events, the measured 
temperature was documented at NF onset.

Among the 39 patients, the median age at the time of first hos-
pitalization was 31 years, and approximately half were female 
(Table 2). The most frequently encountered cancers were acute 
lymphocytic leukemia (n = 22 [56%]) and acute myelogenous 
leukemia (n = 14 [36%]). Most patients had newly diagnosed 

Table 2. Characteristics of Adult Inpatients With Acute Leukemia and 
Neutropenic Fever at Time of First Hospital Admission to the Uganda 
Cancer Institute, 1 January 2016 to 31 May 2017

Characteristics Total (N = 39)

Demographics  

 Age, y, median (IQR) 31 (25–49)

 Male sex 20 (51)

Cancer history  

 Cancer type  

  ALL 22 (56)

  AML 14 (36)

  Othera 3 (8)

 Stage of malignancy  

  Initial diagnosis 32 (82)

  Relapsed disease 4 (10)

  Other 3 (8)

HIV  

 Positive 1 (3)

 Negative 25 (64)

 Unknown 13 (33)

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

Abbreviations: ALL, acute lymphomatous leukemia; AML, acute myelogenous leukemia; 
HIV, human immunodeficiency virus; IQR, interquartile range.
aTwo with undifferentiated acute leukemia and 1 with a history of myelodysplastic syn-
drome with blast crisis, which was managed like AML.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab307#supplementary-data
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cancer at the time of first hospitalization (n = 32 [82%]). There 
were 9 (23%) patients who had documented comorbidities, 
which included hypertension, diabetes, and renal disease. One 
patient was living with human immunodeficiency virus.

Clinical Presentation

A review of systems was documented within 2  days of fever 
onset in 36 of 49 (73%) NF events (Supplementary Table 1). 
Among these 36 NF events, the most frequent complaints were 
subjective fever (n = 14 [39%]), nosebleed (n = 6 [17%]), head-
ache (n = 6 [17%]), diarrhea (n = 6 [17%]), and abdominal pain 
(n = 5 [13%]). A physical examination was documented within 
2 days of fever onset in 34 (69%) NF events. Among these 34 NF 
events, the most frequently documented abnormalities were ab-
dominal tenderness (n = 12 [35%]), hepatosplenomegaly (n = 7 
[20%]), and skin rashes or lesions (n = 7 [20%]). All patients 
had at least 1 ANC obtained during their hospitalization. The 
median ANC at the time of NF onset was 50 (IQR, 10–120) 
cells/µL.

Microbiologic Evaluation

Blood cultures were ordered in 9 of 49 (18%) NF events. In 1 
NF event, cultures were ordered twice for a total of 10 blood 
cultures. The median days from fever onset to first culture order 
was 9 (IQR, 2–21) days. Only 4 of 10 (40%) cultures had results 
documented in the chart: 3 had no growth and 1 had growth 
of gram-negative cocci, which were susceptible to meropenem.

Antimicrobial Management

In 8 of 49 (16%) NF events, patients already had guideline-
recommended antibiotics ordered at the time of fever onset 
(Figure 1). In the remaining 41 NF events, antibiotics were 
ordered in 39 (95%). In these 39 NF events, guideline-
recommended antibiotics were ordered for initial treatment in 
18 (46%), and non-guideline-recommended antibiotics were 
ordered for initial treatment in 21 (54%). In 11 (52%) of these 
21 NF events, guideline-recommended antibiotics were sub-
sequently ordered. Thus, guideline-recommended antibiotics 
were ordered in 37 of 49 (75%) NF events. Among the 2 NF 
events in which no antibiotics were ordered, 1 patient died in 
the hospital and 1 was discharged alive. The antibiotics ordered 
for initial NF treatment are shown in Figure 2.

Time to Initial Antibiotic Therapy

Among 32 of 41 NF events, antibiotics were ordered within 
1  day of fever onset (78% [95% CI, 65%–89%]) (Figure 3A); 
the median time from NF onset to the first antibiotic order was 
<1 day (95% CI, 0–3 days). We found no association between 
sex or type of malignancy and time to initial antibiotics. For all 
9 events in which NF was documented at admission, antibiotics 
were ordered within 1 day, compared to 23 of 32 (72% [95% CI, 

56%–86%]) when NF was not documented at admission (HR, 
1.50 [95% CI, 1.12–2.00]). When a physical examination was 
documented at NF onset, antibiotics were ordered within 1 day 
in 25 of 30 NF events (83%; [95% CI, 68%–94%]) compared 
with 7 of 11 (64% [95% CI, 37%–89%]) when no physical ex-
amination was documented (HR, 1.66 [95% CI, .98–2.81]). In 
the 30 NF events in which a physical examination was docu-
mented, antibiotics were ordered within 1 day for all 7 events in 
which there was an abnormal abdominal examination finding, 
compared with 18 of 23 NF events (78% [95% CI, 60%–92%]) 
with no documented abdominal findings (HR, 1.53 [95% CI, 
1.15–2.03]).

Time to Guideline-Recommended Antibiotic Therapy

Among 15 of 41 NF events, guideline-recommended anti-
biotics were ordered within 1  day of fever onset (37% [95% 
CI, 24%–53%]). The median time from NF onset to the first 
order for guideline-recommended antibiotics was 3 days (95% 
CI, 1–11 days) (Figure 3B). We found no association between 
sex or type of malignancy and time to guideline-recommended 
antibiotics. When NF was documented at admission, guideline-
recommended antibiotics were ordered within 1  day in 6 of 
9 NF events (67% [95% CI, 38%–92%]), compared to 9 of 32 
(28% [95% CI, 16%–47%]) when NF was not present on admis-
sion (HR, 2.42 [95% CI, 1.12–5.22]). When a physical exami-
nation was documented at NF onset, guideline-recommended 
antibiotics were ordered within 1  day for 14 of 30 NF events 
(47% [95% CI, 31%–66%]), compared to 1 of 11 (9% [95% CI, 
1%–49%]) in which no physical examination was documented 
(HR, 1.96 [95% CI, .94–4.09]). Among the 30 NF events in 
which a physical examination was documented, antibiotics 
were ordered within 1 day for 5 of 7 NF events (71% [95% CI, 
39%–96%]) in which there was an abnormal abdominal exam-
ination finding, compared with 3 of 23 (10% [95% CI, 23%–
62%]) with no documented abdominal findings (HR, 1.84 [95% 
CI, .87–3.90]).

Mortality

Of the 39 patients with NF included in the study, 20 (51%) 
were known to have died during the study period. Seventeen 
patients died during their initial hospitalization for a CFR of 
43%. An order for non-guideline-recommended antibiotics 
or guideline-recommended antibiotics was associated with a 
nonsignificant lower hazard of in-hospital mortality (HR, 0.51 
[95% CI, .10–2.64] and 0.78 [95% CI, .20–2.96], respectively). 
This relationship did not change with adjustment for partici-
pant characteristics.

DISCUSSION

In this study, we retrospectively evaluated the antibiotic man-
agement of adult inpatients with acute leukemia and NF at a 

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab307#supplementary-data
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single national cancer center in sSA. In most NF events, anti-
biotics were ordered on the day of NF onset. However, only 
about one-third had guideline-recommended antibiotics or-
dered on the day that NF occurred, and it took a median of 
3  days for guideline-recommended antibiotics to be ordered. 
The in-hospital CFR of 43% was high, and we did not find a 
significant association between mortality and an order for 
guideline-recommended antibiotics.

Since most NF events had at least 1 antibiotic ordered on 
the day of NF onset, there seemed to be general recognition 
that NF requires rapid antibiotic initiation. However, most 
patients had non-guideline-recommended antibiotics or-
dered for initial NF treatment. Understanding why guideline-
recommended antibiotics were not routinely ordered is key 

to improving NF management at UCI and in similar cancer 
centers throughout sSA. Lack of guideline knowledge is fre-
quently identified as a barrier to guideline adherence [23, 24]. 
Since our goal was to assess baseline adherence to guideline 
recommendations, our study started shortly after the UCI NF 
guidelines were updated and before the launch of our ongoing 
prospective cohort study investigating the microbiology of 
NF at UCI. Thus, lack of knowledge may have contributed to 
low guideline implementation. Since this was a retrospective 
study, we were unable to assess provider knowledge as a con-
tributing factor. We are currently evaluating the knowledge 
and attitudes regarding the NF guidelines among UCI clin-
icians. We will use these findings to determine whether tar-
geted educational interventions (eg, lectures, online modules) 

Neutropenic fever
episodes
(n = 49)

Guideline-recommended
antibiotics already ordered

at fever onset
(n = 8)

Neutropenic fever
episodes for analysis

(n = 41)

Antibiotics ordered
(n = 39)

First ordered antibiotic
guideline-recommended

(n = 18)

First ordered antibiotic
non-guideline-recommended

(n = 21)

Guideline-recommended
antibiotic ordered later

(n = 11)

Guideline-recommended
antibiotic not ordered later

(n = 10)

Antibiotics never ordered
(n = 2)

Figure 1. Antibiotic orders for neutropenic fever events among adult inpatients with acute leukemia at the Uganda Cancer Institute, 1 January 2016 to 31 May 2017.
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could improve knowledge and increase guideline adherence 
[21, 25].

The unique management of patients with neutropenia could 
also have affected antibiotic selection. The Uganda Ministry 
of Health has created the Uganda clinical guidelines for man-
agement of common conditions to provide standardized, evi-
dence-based recommendations for managing priority health 
conditions. These guidelines recommend using relatively 
narrow-spectrum antibiotics (eg, cloxacillin) to treat febrile pa-
tients if they do not appear critically ill [26]. Since patients with 
neutropenia have attenuated neutrophil-mediated inflamma-
tion, they may lack the traditional signs and symptoms of severe 
infection [27]. In our study, patients with a documented phys-
ical examination abnormality had a shorter time to guideline-
recommended antibiotic order. A previous study from Uganda 
showed that increased frequency of vital sign documentation 
was associated with higher illness acuity and increased mor-
tality in patients with sepsis [28]. Similarly, a documented phys-
ical examination abnormality may be a surrogate marker for 
illness severity, indicating that those who appeared clinically 
unwell were more likely to receive the broad-spectrum anti-
biotics (eg, piperacillin-tazobactam, ceftriaxone) recommended 
by the UCI NF guidelines [29]. We also found that patients who 
were febrile at the time of hospital admission were more likely 
to have guideline-recommended antibiotics ordered on the day 
of NF onset than those who developed fever later during hospi-
talization. Since it is standard UCI practice to document a full 

history and physical examination when a patient is admitted to 
the hospital, those with severe illness may be more quickly rec-
ognized and guideline-recommended antibiotics more rapidly 
ordered. These findings suggest that educating clinicians about 
the need to initiate broad-spectrum antibiotics (eg, piperacillin-
tazobactam) regardless of illness severity could improve guide-
line adherence among patients with NF.

Antibiotic stockouts (lack of product in the pharmacy) 
are another key barrier to guideline implementation in low-
resource settings [30]. Stockouts are associated with the use of 
alternative antibiotics that are less effective, have increased rates 
of adverse events, and can drive antimicrobial resistance [25]. 
While we do not have records of the available antibiotics during 
the study period, stockouts due to local or national shortages 
occur periodically at the UCI. During these times, clinicians 
must prescribe non-guideline antibiotics or ask patients to pur-
chase the preferred antibiotic at a local pharmacy, which may 
not be feasible. This reliance on antibiotic self-procurement 
from local pharmacies is associated with the use of substandard 
or falsified medications, which can result in increased mortality 
and drive antimicrobial resistance [25]. The extent to which 
stockouts resulted in the prescription of non-guideline anti-
biotics could not be determined in our study but should be pro-
spectively evaluated.

We found an in-hospital CFR of 43% for the first hospitali-
zation of patients with NF. This is consistent with findings from 
our ongoing prospective cohort study among patients with NF 

Piperacillin-tazobactam

Fluoroquinolone

Metronidazole

Gentamicin

Aminopenicillin

Cotrimoxazole

Ceftriaxone
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Figure 2. First antibiotic ordered for after fever onset for adult inpatients with acute leukemia and neutropenic fever at the Uganda Cancer Institute, 1 January 2016 to 
31 May 2017 (N = 39). Among the 39 neutropenic fever events, 16 (41%) had 1 antibiotic ordered, 17 (44%) had 2 antibiotics ordered, and 6 (15%) had 3 antibiotics ordered.
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at UCI [3]. However, it is significantly higher than the 7%–22% 
CFR among patients who are hospitalized for sepsis in Uganda 
[31–33] and the 5%–20% CFR for patients with NF who live 
in HICs [13]. NF studies from HICs show that decreasing the 
time to guideline-recommended antibiotics reduces mortality 
[10, 11]. In our study, we found no difference in CFRs among 
those who received an order for guideline-recommended 
antibiotics compared to those who received an order for non-
guideline-recommended or no antibiotics. This may reflect our 

relatively small sample size. It is also possible that the antibiotics 
that were ordered were not administered. Alternatively, it may 
reflect the presence of antibiotic resistance, which resulted in 
treatment failure even among those who received guideline-
recommended antibiotics. Given the increasing prevalence of 
multidrug-resistant bacteria in sSA [34, 35], it is possible that 
the UCI NF guidelines provide evidence-based recommenda-
tions in accordance with international guidelines but do not 
adequately address local antimicrobial resistance patterns. 
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Prospective studies are currently underway to investigate the 
presence of multidrug-resistant bacteria at UCI and to evaluate 
patient outcomes in relation to antibiotic administration.

Our study had other limitations, including the retrospective 
chart review study design. Although we identified 95 patients 
hospitalized with acute leukemia during our study period, only 
69% of patient charts were available for review. However, there 
is no reason to believe that patients with missing charts expe-
rienced different antibiotic prescription patterns than those 
whose charts were available. Consequently, we believe that our 
findings can be extrapolated to other patients at the UCI. The 
use of paper medical records and incomplete medical docu-
mentation also posed a challenge since all microbiology results 
were handwritten and antibiotic administration was inconsist-
ently documented. As noted, we did not have a list of antibiotics 
available at the UCI pharmacy during the time of our study. 
Thus, it is possible that some patients did not receive the pre-
scribed antibiotics.

In conclusion, most patients at the UCI who had acute leu-
kemia and developed NF had antibiotics ordered on the day 
that fever occurred, but experienced delayed prescription of 
guideline-recommended antibiotics. These findings emphasize 
the need for prospective studies to understand why providers 
do not always adhere to the NF guidelines. Given the high 
CFRs among this patient population, it is also vital to under-
stand the microbiologic causes of NF in sSA in order to deter-
mine whether international guidelines adequately address local 
antimicrobial resistance patterns. Meanwhile, clinicians in sSA 
should continue to treat neutropenic fever as an emergency that 
requires rapid procurement of blood cultures and empiric ad-
ministration of broad-spectrum guideline-recommended anti-
biotics when they are available. Further studies are needed to 
develop implementation strategies to facilitate rapid initiation 
of guideline-recommended antibiotics among patients with 
cancer and NF in sSA.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility 
of the authors, so questions or comments should be addressed to the 
corresponding author.
Supplementary figure 1. Flow diagram for adult patients with acute leu-
kemia admitted to the Uganda Cancer Institute from 1 January 2016 to 31 
May 2017. Patients could have 1 neutropenic fever event per hospital admis-
sion during the study period.
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