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Abstract. Invasive Salmonella infection is a common cause of acute febrile illness (AFI) among children in sub-
Saharan Africa; however, diagnosing Salmonella bacteremia is challenging in settings without blood culture. The Uganda
AFI surveillance system includes blood culture-based surveillance for etiologies of bloodstream infection (BSls) in hos-
pitalized febrile children in Uganda. We analyzed demographic, clinical, blood culture, and antimicrobial resistance data
from hospitalized children at six sentinel AFI sites from July 2016 to January 2019. A total of 47,261 children were
hospitalized. Median age was 2 years (interquartile range, 1-4) and 26,695 (57 %) were male. Of 7,203 blood cultures, 242
(8%) yielded bacterial pathogens including Salmonella (N = 67, 28%), Staphylococcus aureus (N = 40, 17 %), Escherichia
spp. (N = 25, 10%), Enterococcus spp. (N = 18, 7%), and Klebsiella pneumoniae (N = 17, 7%). Children with BSIs had
longer median length of hospitalization (5 days versus 4 days), and a higher case-fatality ratio (13% versus 2%) than
children without BSI (all P < 0.001). Children with Salmonella BSls did not differ significantly in length of hospitalization or
mortality from children with BSI resulting from other organisms. Serotype and antimicrobial susceptibility results were
available for 49 Salmonella isolates, including 35 (71%) non-typhoidal serotypes and 14 Salmonella serotype Typhi
(Typhi). Among Typhi isolates, 10 (71%) were multi-drug resistant and 13 (93%) had decreased ciprofloxacin suscepti-
bility. Salmonella strains, particularly non-typhoidal serotypes and drug-resistant Typhi, were the most common cause of
BSI. These data can inform regional Salmonella surveillance in East Africa and guide empiric therapy and prevention in

Uganda.

INTRODUCTION

Invasive Salmonella disease, including typhoid and para-
typhoid fever and invasive non-typhoidal salmonellosis (INTS),
is a significant cause of morbidity and mortality in sub-
Saharan Africa.’™ In 2017, an estimated 10.9 million cases of
typhoid fever and 116,800 deaths were attributed to Salmo-
nella enterica serotype Typhi (Typhi) globally.®> Sub-Saharan
Africa accounted for 15.9% of global deaths resulting from
typhoid and paratyphoid fever, and mortality rates were
highest among young children.® An estimated 535,000 cases
of INTS and 77,500 deaths occurred globally, with the highest
disease incidence in sub-Saharan Africa (34.5 cases per
100,000 person-years) and in children younger than 5 years
old (34.3 cases per 100,000 person-years).® In resource-
limited settings, it has traditionally been challenging to de-
termine the true disease incidence because diagnosis was
dependent on the availability of blood culture. However, re-
cently, modeling and high-quality incidence studies have used
multipliers or health-care utilization surveys to account for
under-ascertainment.”™®

In Uganda, robust surveillance data on the common etiologies
of acute febrile illness (AFI) in children are lacking. Several
studies have evaluated the contribution of community-acquired
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bacterial bloodstream infections (BSls) to non-malarial AFI in
hospitalized children. These studies have primarily targeted
specific sub-populations, including children younger than 5
years old or children with immunocompromising conditions
(severe malnutrition and/or HIV infection).'®'2 Additional blood
culture-based surveillance data are needed in a broader pop-
ulation of children. The Uganda AFI surveillance system was
developed to address these data gaps and expand diagnostic
capacity for non-malarial causes of AFI.

Since 2016, the Uganda AFI surveillance system has con-
ducted sentinel surveillance for non-malarial causes of AFl in
hospitalized children < 14 years old across 6 sites in Uganda
(Figure 1). The system was developed to build a sustainable
laboratory and surveillance capacity for identifying (non-
malarial) etiologies of AFI in children. The system was imple-
mented through a consortium of public—private partnerships,
including the Uganda Ministry of Health, the Uganda Virus
Research Institute, the Infectious Diseases Institute, Makerere
University Department of Medical Microbiology (DMM), the
Infectious Diseases Research Collaboration, the Health In-
formation Systems Program Uganda, and the U.S. CDC. The
AFI surveillance system generated crucial data on the non-
malarial etiologies of AFI in hospitalized Ugandan children,
evaluating for BSls, arboviruses (West Nile, yellow fever,
dengue, chikungunya, and Zika), and zoonotic diseases
(brucellosis, leptospirosis, and rickettsioses). As the pre-
liminary data on Uganda AFI serological surveillance for
arboviruses and zoonotic diseases have been presented
previously,™ in this report we present a sub-analysis of
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Ficure 1. Acute febrile iliness (AFI) surveillance sites— Uganda, 2016-2019. This figure appears in color at www.ajtmh.org.This figure appears in

color at www.ajtmh.org.

Uganda AFI surveillance system data from 2016 to 2019 to
characterize the incidence, clinical features, outcomes, and
antimicrobial resistance (AMR) patterns for Salmonella BSI
among febrile hospitalized children in Uganda.

MATERIALS AND METHODS

AFI surveillance. The AFI surveillance proposal was ap-
proved by the Uganda Ministry of Health and the U.S. CDC,
with a CDC non-research determination (NCEZID #031416) for
public health surveillance.’® Inpatient surveillance sites in-
cluded Apac and Tororo District hospitals, and Arua, Kabale,
Jinja, and Mubende regional referral hospitals (RRHS)
(Figure 1). The RRHs are referral locations for district hospitals,
and each served a catchment area of more than 2 million
people. Five inpatient sites (Apac, Jinja, Kabale, Mubende,
and Tororo) were established previously for malaria surveil-
lance. They were located strategically to monitor the impact of
malaria interventions, including insecticidal nets and indoor
residual spraying of insecticides, and to represent varying
malaria transmission.'*'® An additional inpatient site, Arua,
was added for geographic representation in northern Uganda.
Site activation occurred between July 2016 and October 2017
(Supplemental Figure 1). Surveillance data collection ended at

all sites in January 2019. The detailed development of this
surveillance platform and site activations with phased in-
troduction of on-site diagnostic capacity for blood culture and
serology have been described previously.'® Briefly, the stan-
dard practice at each hospital was to test all children < 14
years old with fever (defined as history of subjective fever or
documented temperature > 37.5°C) for malaria using rapid
diagnostic testing (RDT) and/or microscopy. The AFI testing
algorithm recommended that admitted children with fever and
anegative malaria test should be considered for further testing
with blood cultures. Testing decisions are ultimately driven by
clinicians; therefore, blood cultures were collected outside of
the algorithm based on individual clinical judgment. A stan-
dardized medical record form and a real-time web-based data
management platform, the District Health Information System
(DHIS2), were used to streamline epidemiological, clinical, and
laboratory data collection across sites.

Antimicrobial treatment decisions were also at clinician
discretion and in accordance with national guidelines. Per the
2016 Uganda Clinical Guidelines, the first-line agent for treat-
ment of typhoid fever was ciprofloxacin, with chloramphenicol,
ceftriaxone (for severe disease), and amoxicillin (in pregnancy)
as alternatives. The recommended first-line agents for chil-
dren with uncomplicated malaria were artemisinin-based
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combination therapies. For severe malaria, the first-line
agent was IV artesunate, with quinine or artemether as
alternatives.

We reviewed Uganda AFI surveillance system data for pa-
tients with culture-confirmed Salmonella BSlIs from July 2016
through January 2019. Data obtained from the DHIS2 included
demographic (age and gender), clinical (symptom history,
admission diagnosis, antimicrobial therapy, length of hospital
stay, discharge diagnosis, and disposition) and laboratory
(malaria testing results and blood culture results) information.

Microbiological methods. Blood samples were inoculated
into BD BACTEC™ Peds Plus™ medium bottles (Becton,
Dickinson and Company, Franklin Lakes, NJ), with collection
volume up to 3 mL/bottle dependent on patient age as follows:
1 mL for < 1 year old, 2 mL for 2 to 3 years old, and 3 mL for >3
years old. Inoculated blood bottles were incubated on-site using
the BACTEC 9050 System or transported to a central laboratory
at DMM in Kampala. Before installation of on-site BACTEC 9050
Systems, or if on-site systems became non-functional, all blood
cultures were processed centrally in Kampala. Positive bottles
were transported to the central laboratory for identification and
antimicrobial susceptibility testing (AST). Isolates were identified
using standard microbiological methods, and, in the case of
Salmonella species, sero-grouping and serotyping were per-
formed. In addition, 49 Salmonella isolates were shipped to the
CDC, in Atlanta, GA, for confirmatory identification, serotyping,
and AST. The isolates were tested for susceptibility to 14 anti-
microbial agents: amoxicillin/clavulanic acid, ampicillin, azi-
thromycin, cefoxitin, chloramphenicol, ceftriaxone, ciprofloxacin,
gentamicin, meropenem, nalidixic acid, streptomycin, sulfisox-
azole, tetracycline, and trimethoprim-sulfamethoxazole using the
broth microdilution method (SensititreTM; Thermo Fisher Scien-
tific, Grand Island, NY) according to the manufacturer’s instruc-
tions. The criteria used to categorize minimum inhibitory
concentration results are based on current breakpoints provided
by the Clinical and Laboratory Standards Institute.'®

Definition of terms. Blood culture and AMR data for Sal-
monella isolates were obtained from a composite of three
sources: the DHIS2, review of DMM laboratory records, and
CDC serotyping and AST summary reports. Patients with
evidence of bacterial pathogen growth from blood culture
were considered to have BSI. Patients with no bacterial
growth from blood culture were defined as patients without
BSI. Growth of any of the following organisms was considered
a contaminant: Bacillus spp., coagulase-negative Staphylo-
coccus, Corynebacterium spp., Micrococcus spp., Rhodo-
coccus spp., or viridans group streptococci. For Salmonella,
multi-drug resistance (MDR) was defined as resistance to at
least one antimicrobial in three or more drug classes.'” Nali-
dixic acid-resistant or ciprofloxacin intermediate isolates were
considered to have decreased ciprofloxacin susceptibility
(DCS). Malaria positivity was defined as a positive RDT or
blood smear. For children with Salmonella BSls, we used
patient identifiers to link clinical and blood culture data man-
ually from the DHIS2, DMM, and CDC identifiers included:
specimen identification numbers, patient name, age, gender,
and hospitalization and specimen collection dates.

Data analysis. Analyses were conducted using SAS v9.4
software (SAS Institute, Cary, NC). Demographic and clinical
characteristics of the children were presented and compared
across age categories (< 1, 1-4, and 5-14 years old), BSI
status (positive or negative), and BSI pathogen (Salmonella or

non-Salmonella). We also determined the cumulative fre-
quency of inpatient prescribed antimicrobials and antimalar-
ials for children with BSls. In all comparisons, we used xZ or
Fisher’s exact test as appropriate for categorical variables. For
comparisons of continuous variables, we used the Wilcoxon
rank-sum and Kruskal-Wallis tests as appropriate.

RESULTS

Baseline characteristics. From July 1, 2016 to January 31,
2019, there were 47,261 pediatric admissions across the six
surveillance hospitals (Table 1). The median age was 2 years
old (interquartile range [IQR], 1-4), with 26,695 (57 %) admis-
sions among males, and median length of hospitalization was
3 days (range, 2-5 days). The most common presenting
symptoms were fever (N = 40,876, 87%) and cough (N =
29,067, 62%). Fewer hospitalized patients presented with
vomiting (N = 15,417, 33%), diarrhea (N = 12,354, 27%), or
difficulty breathing (N = 10,719, 23%). Malaria positivity
among tested patients was 44 %, ranging between 2% and
66% across hospitals (Supplemental Table 1). The most
common discharge diagnoses were malaria (N = 14,979,
39%), pneumonia (N = 7,410, 19%), and sepsis (N = 7,229,
19%). Use of antimicrobials or antimalarials in the week before
admission was self-reported by 6,483 (15%) and 8,100 (18%)
of patients, respectively (Table 1). Among 4,220 (8.9%) pa-
tients with data on HIV status, 203 (4.8%) were HIV seropos-
itive. Death occurred in 1,691 (4%) of the admissions.

Presentation by age categories. Most hospital admis-
sions were children 1 to 4 years old (24,629, 52%) compared
with infants younger than 1 year (11,675, 25%), and children 5
to 14 years old (10,957, 23%; Table 1). Fever, cough, and
vomiting were the most common presenting symptoms within
each age group. The prevalence of clinical symptoms (except
vomiting) was statistically different by the three age groups
(Table 1). Malaria was the most common discharge diagnosis
for 1- to 4-year-olds (N = 8,570, 42%) and 5- to 14-year-olds
(N = 4,458, 49%), whereas pneumonia was the most common
discharge diagnosis for infants (N = 2,839, 30%). A greater
proportion of infants died (N = 613, 6%) compared with chil-
dren in all other age groups (N = 741 [3%] and 337 [3%]; P <
0.001).

Bloodstream infections. Of 47,261 pediatric admissions,
39,344 (83%) had available data on whether blood cultures
were collected (Figure 2). Among these, 10,401 (26%) had
blood cultures indicated as collected. Of 7,203 collected
blood cultures for which results were available, 6,563 (91%)
showed no growth, 393 (5.4%) yielded a contaminant, and 242
(3.4%) yielded one or more pathogens. The contamination
rates across five surveillance hospitals ranged from 1% to 7%;
however, in the sixth AFI site, with few blood culture results
available, the contamination rate was 52% (42/81) (Supple-
mental Table 1). Among 242 positive blood cultures, the most
frequently isolated pathogens were Salmonella (N = 67, 28%),
Staphylococcus aureus (N = 40, 17%), Escherichia spp. (N =
25, 10%), Enterococcus spp. (N = 18, 7%), and Klebsiella
pneumoniae (N = 17, 7%) (Supplemental Table 2).

Children with BSIs had longer median length of hospitali-
zation than children without BSIs (5 days versus 4 days, P <
0.001; Table 2). There were no statistically significant differ-
ences between the two groups by age or frequency of self-
reported antimicrobial use during the week before admission.
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TaBLE 1

Demographic and clinical characteristics of pediatric admissions by age category

Characteristic All admissions <1yold 1-4yold 5-14yold P value
Total admission, N (%) 47,261 11,675 (25) 24,629 (52) 10,957 (23) < 0.001
LOS, d; median (IQR) 3 (2-5) 3(2-5) 3 (2-5) 3(2-5)
Gender, N (%) - - - - 0.032
Male 26,695/47,043 (57) 6,666 (57) 13,951 (57) 6,078 (56)
Female 20,348/47,043 (43) 4,958 (43) 10,556 (43) 4,834 (44)
Symptoms, N (%)
Fever 40,876/46,898 (87) 9,679 (84) 21,906 (89) 9,291 (85) < 0.001
Vomiting 15,417/46,430 (33) 3,856 (34) 7,976 (33) 3,585 (33) 0.131
Diarrhea 12,354/46,430 (27) 4,558 (40) 6,503 (27) 1,293 (12) < 0.001
Bloody diarrhea 1,510/46,238 (3) 402 (4) 805 (3) 303 (3) 0.006
Cough 29,067/46,528 (62) 7,586 (67) 15,806 (65) 5,675 (53) < 0.001
Difficulty breathing 10,719/46,421 (23) 3,886 (34) 5,250 (22) 1,583 (15) < 0.001
Convulsions 4,634/46,296 (10) 924 (8) 2,888 (12) 822 (8) < 0.001
Altered consciousness 814/45,798 (2) 157 (1) 456 (2) 201 (2) 0.003
Admission diagnosis, N (%)
Anemia 8,013/44,137 (18) 1,120 (10) 4,209 (18) 2,684 (27) < 0.001
Pneumonia 9,077/44,137 (21) 3,552 (33) 4,543 (20) 982 (10) < 0.001
Respiratory infection 5,783/44,137 (13) 1,359 (13) 3,320 (14) 1,104 (11) < 0.001
Sepsis 8,881/44,137 (20) 2,559 (24) 4,448 (19) 1,874 (19) < 0.001
Sickle cell 2,328/44,137 (5) 94 (1) 887 (4) 1,347 (13) < 0.001
Typhoid fever 76/44,137 (0.17) 2(0) 22 (0) 52 (1) < 0.001
Diarrhea 6,205/44,137 (14) 2,671 (25) 3,148 (14) 386 (4) <0.001
Malaria 19,620/44,137 (44) 2,840 (26) 11,270 (48) 5,510 (55) < 0.001
Malnutrition 2,369/44,137 (5) 601 (6) 1,557 (7) 211 (2) <0.001
Discharge diagnosis, N (%)
Anemia 6,173/38,895 (16) 832 (9) 3,274 (16) 2,067 (23) < 0.001
Pneumonia 7,410/38,895 (19) 2,839 (30) 3,751 (18) 820 (9) <0.001
Respiratory infection 3,976 /38,895 (10) 932 (10) 2,360 (11) 684 (8) < 0.001
Sepsis 7,229/38,895 (19) 1,964 (21) 3,668 (18) 1,597 (18) < 0.001
Sickle cell 2,416/38,895 (6) 93 (1) 904 (4) 1,419 (16) < 0.001
Typhoid fever 57/38,895 (0.15) 5(0.01) 21 (0.05) 31 (0.08) < 0.001
Diarrhea 4,796/38,895 (12) 2,202 (24) 2,349 (11) 245 (3) < 0.001
Malaria 14,979/38,895 (39) 1,956 (21) 8,570 (42) 4,453 (49) < 0.001
Malnutrition 1,887/38,895 (5) 497 (5) 1,232 (6) 158 (2) < 0.001
Malaria positivity, N (%) - - - - <0.001
Positive 19,128/43,892 (44) 2,633 (25) 11,132 (48) 5,363 (53) -
Negative 23,455/43,892 (53) 7,440 (71) 11,619 (50) 4,396 (44) -
Not tested 1,309/43,892 (3) 387 (4) 612 (3) 310 () -
Antimicrobial before admission, N (%) 6,483/44,401 (15) 1,892 (17) 3,163 (14) 1,428 (14) < 0.001
Antimalarial before admission, N (%) 8,100/44,284 (18) 1,249 (11) 4,530 (20) 2,321 (23) < 0.001
HIV status, N (%) - - - - < 0.001
HIV seropositive 203/4,220 (5) 32(1) 106 (1) 65 (2) -
HIV seronegative 4,017/4,220 (24) 986 (25) 2,130 (23) 901 (24) -
Not tested 12,840/17,060 (75) 2,853 (74) 7,217 (76) 2,770 (74) -
Died, N (%) 1,691/43,805 (4) 613 (6) 741 (3) 337 () < 0.001

IQR = interquartile range; LOS = length of stay in the hospital.

Presenting with difficulty breathing (N = 44, 20%) and dis-
charge diagnosis of pneumonia (N = 31, 17%) were both less
common among the 237 children with BSIs compared with
among the 6,563 children without BSIs (N = 1,916, 30% and
N =1,572, 29%, respectively; both P < 0.001). Conversely, a
discharge diagnosis of malnutrition (N = 22, 12%) was more
common in children with BSlIs, than in children without BSls
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Ficure 2. Flow diagram of blood culture results.

(N =302, 6%, P < 0.001). Sepsis was the most common dis-
charge diagnosis in both groups, reported in 64 (36 %) children
with BSIs and 1,619 (30%) of children without BSls (P = 0.089).
Thirty-two (14%) of the admissions with BSIs had a positive
malaria test. None of the admissions with BSIs were reported
to be HIV seropositive. In-hospital mortality was more com-
mon among children with BSIs than among children without
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TABLE 2
Clinical characteristics of pediatric admissions based on bloodstream infection and Salmonella bloodstream infection status

Characteristic Without BSI (N = 6,563)  With BSI (N = 237) P value Non-Salmonella BSI (N =170)  Salmonella BSI* (N = 44) P value
Age, median (IQR) 1(0-4) 1(0-3) 0.7791 1(0-3) 3 (1-5.5) <0.001
LOS, d; median (IQR) 4 (3-6) 5 (4-9) <0.001 5 (3-9) 5.5 (4-10) 0.2541
Age group, y; n (%) - - 0.5190 - - 0.0030
<1 1,872 (29) 62 (26) 55 (32) 49
1-4 3,352 (51) 130 (55) 90 (53) 27 (61)
5-14 1,339 (20) 45 (19) 25(15) 13 (30)
Gender, n (%) - - 0.0305 - - 0.2342
Male 3,694 (56) 149 (63) 102 (61) 31(70)
Female 2,869 (44) 86 (37) 66 (39) 13 (30)
Symptoms, n (%)
Fever 6,264 (96) 221 (94) 0.1251 154 (92) 44 (100) 0.0456t
Vomiting 2,213 (34) 68 (30) 0.1620 44 (27) 16 (36) 0.2431
Diarrhea 1,903 (30) 71(31) 0.5549 45 (28) 18 (41) 0.1041
Bloody diarrhea 220 (3) 6 (3) 0.5348 6 (4) 0(0) 0.3435t
Cough 4,566 (71) 148 (65) 0.0509 105 (65) 31(70) 0.4837
Difficulty breathing 1,916 (30) 44 (20) <0.001 38(23) 6 (14) 0.1639
Convulsions 474 (7) 25(11) 0.0442 19 (12) 5(11) 0.9467
Discharge diagnosis, n (%)
Anemia 550 (10) 23 (13) 0.2385 16 (13) 7(19) 0.3299
Pneumonia 1,572 (29) 31(17) < 0.001 26 (20) 3(8) 0.0828
Respiratory infection 664 (12) 19 (11) 0.5137 13 (10) 4(11) NA*t
Sepsis 1,619 (30) 64 (36) 0.0893 46 (36) 12 (32) 0.6715
Sickle cell 510 (9) 13(7) 0.3336 10 (8) 1(3) 0.4587t
Typhoid fever 9(0) 18 (10) <0.001F 1(1) 11 (30) <0.001F
Diarrhea 974 (18) 20 (11) 0.0195 14 (11) 3(8) 0.7652t
Malaria 363 (7) 19 (11) 0.0404 5(4) 11 (30) <0.0011
Malnutrition 302 (6) 22 (12) <0.001 20 (16) 2 (5) 0.167871
Malaria co-infection, n (%) - - < 0.001 - - 0.001t
Positive 331 (5) 32 (14) 13(8) 12 (27)
Negative 6,077 (95) 192 (85) 147 (91) 30 (68)
Not tested 0(0) 3(1) 1(1) 2 (5)
HIV status, n (%) - - <0.001 - - 0.1797
HIV seropositive 27 (2) 0(0) 0(0) 0(0)
HIV seronegative 843 (72) 29 (22) 23 (26) 4 (14)
Not tested 305 (26) 103 (78) 66 (74) 25 (86)
Antimicrobial before admission, n (%) 1,042 (16) 37(17) 0.9277 23 (15) 8(19) 0.5255
Antimalarial before admission, n (%) 898 (14) 51 (23) < 0.001 22 (14) 19 (44) < 0.001
Died, n (%) 145 (2) 28 (13) <0.001 24 (15) 3(7) 0.1614

BSI = bloodstream infection; IQR = interquartile range; LOS = length of stay in the hospital; NA = not applicable.
*Isolates with confirmatory serotype and antimicrobial susceptibility testing conducted at the CDC, and matched to clinical data. Excludes 23 Salmonella spp. isolates without confirmatory testing

(N = 18) or linkage to clinical data (N = 5).
1 Fisher’s exact test.

BSls (N =28, 13% versus N = 145, 2%; P < 0.001). The most
frequently prescribed antimicrobials for admissions with BSls
were gentamicin (N = 109, 46%), ceftriaxone (N = 31, 13%),
and ampicillin (N = 9, 4%); artesunate, an antimalarial, was
prescribed for 64 (27 %) admissions with BSls. No use of azi-
thromycin, fluoroquinolones, or meropenem was reported.
Salmonella BSI. Of 67 Salmonella isolates, 49 were sub-
mitted for confirmatory identification, serotyping, and mini-
mum inhibitory concentration testing (Table 3). Thirty-five
isolates were NTS serotypes (21 Enteritidis, 13 Typhimurium,

and one | 4,5,12:i:-) and 14 isolates were serotype Typhi. Of
the Enteritidis and Typhimurium isolates, 19 (56%) of 34
were MDR and one (3%) was MDR with DCS (Table 3). The
most common AMR pattern was resistance to ampicillin,
chloramphenicol, streptomycin, sulfisoxazole, tetracycline,
and trimethoprim-sulfamethoxazole, which was seen for 17 of
21 (81%) of Enteritidis isolates. Most Typhimurium isolates
(N = 11, 84%) were susceptible to all tested antimicrobials.
The 14 Salmonella Typhiisolates were from five of the six sites.
The most common resistance pattern observed for Typhi was

TaBLE 3
Antimicrobial resistance pattern by Salmonella serotype (N = 49)

Serotype N MDR only* (N = 20), N (%) DCS onlyt (N = 4), N (%) Both MDR and DCS (N = 10), N (%) No resistance (N = 15), N (%)
Non-typhoidal 35 19 (54) 0(0) 1) 15 (43)
Enteritidis 21 17 (81) 0(0) 0(0) 4(19)
Typhimurium 13 1(8) 0(0) 1(8) 11 (84)
1 4,[5],12:i:- 1 1(100) 0(0) 0(0) 0(0)
Typhi 14 1(7) 4(29 9 (64) 0(0)

DCS = decreased ciprofloxacin susceptibility; MDR = multi-drug resistant.

*MDR isolates exhibited resistance to at least one antibiotic in three or more drug classes. Nineteen non-typhoidal isolates were resistant to ampicillin, chloramphenicol, and trimethoprim-
sulfamethoxazole. One Salmonella enteritidis isolate was resistant to ampicillin, streptomycin, sulfisoxazole, and tetracycline, but susceptible to chloramphenicol and trimethoprim-

sulfamethoxazole.

T Isolates with DCS exhibited resistance to nalidixic acid and were intermediate to ciprofloxacin.
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resistance to ampicillin, chloramphenicol, streptomycin, sul-
fisoxazole, nalidixic acid, and trimethoprim-sulfamethoxazole
(10 isolates). Nine (64%) of 14 Typhi isolates were MDR with
DCS, one (7%) was MDR only, and four (29%) had DCS only
(Table 3). All isolates were susceptible to ceftriaxone, azi-
thromycin, or meropenem.

Overall, 8 (19%) admissions with Salmonella BSls were treated
with ceftriaxone, which is considered appropriate antimicrobial
therapy. However, more admissions were treated with genta-
micin (N = 11, 26%) or ampicillin (N = 8, 18%), which were likely
ineffective. Compared with children admitted with non-Salmo-
nella BSls, children admitted with Salmonella BSls were older
(median age, 3 years versus 1 year; P < 0.001), and higher pro-
portions reported receiving antimalarials (N =19, 44% versus N =
22, 14%; P < 0.001) and antimicrobials (N = 8, 19% versus N =
23, 15%) in the week before admission. Malaria co-infection
occurred in 13 (8%) patients with non-Salmonella BSIs com-
pared with 12 (27 %) patients with Salmonella BSls (P = 0.001).
The two groups did not differ by gender, clinical symptoms (apart
from fever), length of hospitalization, or mortality.

Of 49 confirmed Salmonella isolates, 44 (90%) were linked with
patient clinical data (Supplemental Table 3). Median age was 3
years (IQR, 1-5.5 years) and 70% were male. Patients with INTS
were younger than those with typhoid fever (median age, 2 years;
IQR, 1-3 years versus median age, 5 years; IQR, 2-8 years)
(Supplemental Table 3). All 44 patients with Salmonella BSls
presented with fever. Cough (N = 31, 70%), followed by diarrhea
(N =18, 41%) and vomiting (N = 16, 36%), were other frequently
reported symptoms (Table 2). None had bloody diarrhea. Median
length of hospitalization was 5.5 days (IQR, 4-10 days).

Three (10%) of 31 patients with NTS BSIs and available clinical
data died; two of the three had malaria co-infection and required
blood transfusion (Supplemental Table 3). All three were male
and presented with fever, cough, and diarrhea, and received
antimalarials preceding admission. The youngest decedent, a 1-
year-old, was hospitalized for 6 days in 2016 and had also pre-
sented with convulsions. He had MDR Salmonella Enteritidis BSI
and malaria co-infection and was treated with intravenous
artesunate and paracetamol; no antimicrobials were recorded as
given. Cause of death was listed as septicemia and severe
malaria. A 7-year-old decedent, also with malaria co-infection,
was hospitalized for 16 days in 2017. He had MDR Salmonella
Enteritidis BSI and was treated with artesunate, penicillin, and
amoxicillin. Causes of death were listed as severe malaria,
anemia, sickle cell disease, and respiratory infection. Last, a
3-year-old decedent was hospitalized for 1 day in 2017 with a
diagnosis of pneumonia. His blood culture yielded Salmonella
Typhimurium that was susceptible to all tested antimicrobials.
He was treated with artesunate, gentamicin, and ampicillin; no
cause of death was listed. All 14 admissions with Salmonella
serotype Typhi BSI recovered.

DISCUSSION

Bacterial BSls are a leading cause of severe febrile iliness in
children in sub-Saharan Africa.®'® Our study found bacterial
pathogens in 3% of 7,203 blood cultures from children hos-
pitalized at six sentinel hospitals. The proportion of BSls at-
tributable to recovered pathogens was similar to findings in
other hospital-based surveillance studies among febrile pe-
diatric patients in East Africa.’®2® Median prevalence of BSls
of 14.6% (range, 3.4-38.2%) was calculated in a recent

systematic review and meta-analysis of community-acquired
blood stream infection (Co-BSlI) studies among 19,838 febrile
hospitalized patients in nine countries in Africa.* Children <15
years old accounted for 11,078 (55.8%) of patients analyzed.

Adult and pediatric Co-BSI studies in Uganda found a
prevalence of 24% and 18%, respectively, among 305 adult
(15-65 years old) and 250 pediatric (< 5 years old) febrile pa-
tients admitted to an urban tertiary hospital.''?” In the pedi-
atric study, eligibility was limited to children with negative
malaria smears and no history of recent antimicrobial use. The
lower detection of BSIs in our study may have been the result
of prior antimicrobial use (reported for 16% of children with
BSls) and challenges with blood volume collection, particu-
larly in malnourished patients, and clinician-directed collec-
tion of blood culture samples.

Co-BSI has been associated with high mortality among
hospitalized African children.?®-%° In our study, children with
BSls had higher proportions of malaria co-infection and worse
outcomes than children without BSls, including a longer me-
dian duration of hospitalization and a higher mortality ratio.
The higher proportions of malaria co-infection should be
interpreted with caution as the decision to obtain a blood
culture was clinician directed, and testing practices varied by
site. In addition, given the suggested testing algorithm, few
patients with positive malaria test had blood cultures per-
formed, which may have selected for testing in patients with
more clinically severe disease. In the algorithm, we recom-
mended only testing those patients without a known diagnosis
of malaria based on resource allocation and the limited num-
ber of blood culture bottles available per site. None of the
children with BSIs were confirmed or known to be HIV sero-
positive, but only 12% had documented test results.

Salmonella was the most commonly isolated pathogen
(28%) in our study, with predominance of NTS serotypes
Enteritidis and Typhimurium among the subset of strains that
were serotyped. Among non-Salmonella pathogens, Staphy-
lococcus aureus and Escherichia spp. were isolated most
frequently. These results are consistent with findings from the
Typhoid Fever Surveillance in Africa Program (TSAP) study;
Salmonella were the primary pathogens isolated from blood
culture of 13,431 febrile hospitalized patients from across 13
sub-Saharan African sentinel sites in 10 countries from 2010
to 2014.° In contrast to our findings, a higher proportion of
Typhi (24%) were identified compared with NTS (17%) in the
TSAP study, which may be reflective of the non-random se-
lection of TSAP sites, with priority given to locations with re-
ported typhoid fever occurrence.®" Staphylococcus aureus
(12%), E. coli (8%), and S. pneumoniae (8%) were the other
frequently isolated pathogens in the TSAP study. Similarly, in
the meta-analysis of Co-BSls in 24 African studies, NTS
(29.5%) was the most common pathogen isolated, followed
by S. pneumoniae and E. coli.*

In African children, NTS infections have been associated with
several risk factors, including young age, malnutrition, sickle
cell disease, severe anemia, HIV, and malaria infection.3>=° In
our study, children with and without Salmonella BSls did not
differ by age group or frequency of diagnoses of malnutrition,
sickle cell disease, anemia, and HIV infection. However, the
median age of children with NTS BSI was younger than that of
children with Typhi BSI. Multiple observational studies have
shown a positive correlation between the malaria transmission
intensity in an area and the incidence of NTS, and conversely, a
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negative correlation with the incidence of typhoid fever.*'=%4

Notably, in our study, 81% of NTS isolates were detected from
one site with high malaria transmission intensity. Arua, in
northwest Uganda, has an estimated malaria prevalence of
more than 60% and an entomological inoculation rate of more
than 100 infective mosquito bites per person per year.*>46 We
found high proportions of AMR among Salmonella isolates;
57% of NTS and 71% of Typhi were MDR. A previous AMR
study from Uganda also found MDR in 50% of NTS and 60% of
Typhi.2®

In addition, we detected DCS in 3% of NTS and in 93% of
Typhi isolates. Typhi strains with DCS have been reported
sporadically in sub-Saharan Africa, including from Kenya, the
Democratic Republic of the Congo, South Africa, and
Zimbabwe.*"~% In the TSAP study, 48% of NTS and 47% of
Typhi strains were MDR, whereas DCS was uncommon (3% of
NTS and 9% of Typhi).° Notably, there was a greater preva-
lence of MDR Typhi in East Africa (Kenya and Tanzania), as we
found in our study, than in many parts of West Africa.®*’

Regional heterogeneity in Typhi AMR patterns has been at-
tributed to the emergence and expansion of the MDR H58
haplotype (genotype 4.3.1) from South Asia into East
Africa.5""%* Recent genomic and phylogenetic analyses have
further shown that some MDR 4.3.1 Typhi strains in Kenya and
Uganda now share mutations that confer reduced susceptibility
to fluoroquinolones, raising concern for the rapid spread of
ciprofloxacin-resistant Typhi across East Africa.®®® In our
study, Enteritidis strains exhibited MDR phenotypes, but none
demonstrated DCS. The sequencing data from the isolates in
our study will be published separately. In NTS strains, genomic
analyses have also detected emergence of MDR Salmonella
Typhimurium strains (sequence type ST313), including strains
that have acquired extended spectrum beta lactamase re-
sistance. These Typhimurium strains, with conferred ceftriax-
one resistance, have been reported sporadically from Kenya,
Malawi, and the Democratic Republic of the Congo.?%-%°
Globally, Salmonella strains continue increasingly to acquire
antimicrobial resistance, highlighting the urgent need for global
AMR surveillance to inform antimicrobial treatment. MDR has
been widespread in Asia and Africa since the 1990s.%' As em-
piric treatment guidelines changed correspondingly from the
former first-line agents to ciprofloxacin, widespread fluo-
roquinolone resistance emerged. Alarmingly, in 2016, the first
outbreak of an extensively drug-resistant Typhi strain (with
MDR, ciprofloxacin and ceftriaxone resistance) emerged in
Pakistan.?°®® In 2018, another outbreak of highly drug-
resistant Typhi (with ciprofloxacin and ceftriaxone resistance)
emerged in Iraq.%®

Our findings had several limitations. First, admission prac-
tices varied by site, and blood culture testing was clinician
directed, which may have introduced selection bias. Veni-
punctures were difficult to obtain in some pediatric patients,
and we did not measure blood culture volumes systematically
to ensure adequate samples. These factors likely contributed
to the high proportion of blood cultures without results or with
no growth (Figure 2). Not all sites were activated for surveil-
lance at the same time, and stockouts in blood cul-
ture collection materials meant blood culture testing was
available inconsistently across the sites during the study pe-
riod (Supplemental Figure 2). At the time of this analysis, for
non-Salmonella isolates, identification to the level of species,
subspecies, or serotype was dependent on the laboratory

capacity in-country. Because of the unavailability of reagents
or the difficulty in performing phenotypic identification,
species-level identification was not available for many
organisms.

For some patients, surveillance data were incomplete, of
variable quality, or unavailable. History of prior antimicrobial or
antimalarial use was self-reported, and HIV serological (anti-
body) testing was not performed routinely. Apart from ad-
mission and discharge diagnoses, we did not capture data on
underlying chronic medical conditions associated with NTS
infections. Although we did not evaluate the timing and se-
lection of antimicrobials in relation to blood culture results, it is
likely that many treatment decisions were empiric and not
based on targeted therapy. Anecdotally, delays in specimen
transport and processing led to slow turnaround in reporting of
blood culture results. As 32% of children with Salmonella
bacteremia had discharge diagnoses of sepsis, this could
explain the preponderance of (likely empiric) treatment with
ampicillin and gentamicin in this group. Given the high rates of
MDR at our sites, ampicillin was likely ineffective therapy for
children with Salmonella bacteremia. Gentamicin, even if
susceptible in vitro, should not be used to treat invasive Sal-
monella given its poor penetration of intracellular sites of
infection.®”

Despite these limitations, our findings provide valuable data
on the clinical features and AMR patterns among hospitalized
Ugandan children with Salmonella BSls, including the de-
tection of MDR Salmonella strains. In strengthening blood
culture-based diagnostic capacity, the AFI surveillance sys-
tem addresses a critical gap in the detection of non-malarial
causes of fever in hospitalized Ugandan children.

Invasive Salmonella, predominantly NTS serotypes, were
the leading cause of bacterial BSIs among Ugandan children
hospitalized with AFI. High proportions of antimicrobial re-
sistance were detected in both NTS and Typhi strains, con-
sistent with regional MDR phenotypes reported in East Africa.
The increasing global threat of AMR limits treatment options
for potentially fatal Salmonella BSls in children, and empiric
treatment guidelines should be informed by local AMR data.
This highlights the urgent need for improved capacity for
blood culture and AST in sub-Saharan Africa and other lower
resource settings. These data can inform regional Salmonella
AMR surveillance and more targeted use of antimicrobials and
prevention measures, including typhoid vaccines, in Uganda.
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