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ABSTRACT

Background

Bloodstream infections (BSI) are a significant cause of morbidity and mortality of children,
especially in resource-limited settings. The objective of this study was to assess proportion of
BSI, bacterial aetiology, antimicrobial susceptibility patterns, and factors associated with poor
treatment outcomes in children with BSI at Muhimbili National Hospital.

Materials and methods: This was a cross-sectional study design conducted at the Muhimbili
National Hospital between June and October 2020. A total of 650 Blood culture samples from
children of age 0-15 years were studied. Microbiological data of bacterial, social-demographics
and clinical data were captured summarized in descriptive tables and analyzed by using Stata
software. A statistical tool STATA version 12 was used during analysis and a p-value of <=
0.05, at 95% CI was considered significant.

Results: Out of 650 blood culture samples, 289 (44.5 %) were culture positive. The proportion
of bacteria pathogens was 21.5% (140/650) of the total blood culture samples. The proportion of
BSI based on age (years) group was <1, 1-24, 25-48, 49-72, 73-96, 97-120 and >120 were
33.2%, 15.6%, 14.5%, 21%, 10.5%, 13.6% and 11.8%, respectively. Gram-negative bacteria
(GNB) were mostly isolated (102/140, 72.9%), and the common isolated bacteria was Klebsiella
spp. (35.0%). Other isolated bacteria were Staphylococcus aureus (22.1%), Escherichia coli
(15.7%), Acinetobacter baumannii (8.6%), Pseudomonas aeruginosa (7.1%), Streptococcus spp
(5.0%) and other Gram-negative bacteria 9 (5.9%). The overall resistance of bacteria to
ampicillin and Gentamycin were 72.1% and 56.4% respectively. Gram-negative bacteria were
resistant to ampicillin (79.4%), Gentamycin (60.8%), Ceftriaxone (73.5%), ciprofloxacin
(55.9%), ceftazidime (80.2%) and was less when tested to amoxicillin-clavulanic acid (33.3%)
and Meropenem (19.6%). The analysis shows that, in-hospital mortality rate following BSI was
10.3%, and was associated with Gram-negative bacteria infection. The length of stay in the
hospital was associated with MDR, admission in the oncology ward, initially prescription of

antibiotics.

Conclusions: The proportion of BSI from blood culture samples obtained from hospitalized

children was 21.5%. Majority of isolated bacteria showed high resistance to the commonly use
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antimicrobial agents in children (especially in neonates and under five children) for first-line
and second-line. Therefore, more studies are required to be done so as to extract more
information and hence to come out with a valuable decision on treatment and management of
children with BSI.
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DEFINITION OF TERMS

According to this stud, BSI is going to be defined as the presence of bacteria microorganisms in
the bloodstream.

Blood culture: Collection and inoculation of blood into the culture medium to grow pathogenic

bacteria or fungi for diagnostic purposes.

Bacteremia: The presence of viable bacteria in the bloodstream which may be transient (e.g.
following dental procedures), intermittent (e.g. undrained abscesses), or continuous (e.g.

endovascular infection).

Contaminations of blood cultures refer to blood cultures positive for growth due to organisms

that were not present in the bloodstream

Fever is a human's body temperature above the normal range of 36-37° Centigrade (98-100°
Fahrenheit).

A contaminant is a non-pathogenic bacterium (mostly from the skin) such as coagulase-negative
Staphylococcus species, Corynebacterium species, alpha- or gamma-hemolytic Streptococci,

Micrococcus species, Bacillus species, and Propionibacterium species found in the blood.

Hospital-Acquired bloodstream infection that is first identified (culture has drawn) > 48 h after

hospital admission and within 48 h following hospital discharge

Community-Acquired Infection- Are those that occur in outpatients or are first identified <48 h
after admission to the hospital
Sepsis is defined as "life-threatening organ dysfunction caused by a deregulated host response to

infection.

Inappropriate antibiotic-initially prescribed antimicrobial agent which was not able to provide

the intended purposes as observed during in vitro antimicrobial susceptibility test.

Poor treatment outcome: is when death or increased length of hospital stay by a patient when the

initially prescribed with antimicrobial agent fail to provide the intended purpose



CHAPTER ONE

1.0 Introduction
1.1 Background:

Bacteria bloodstream infections (BSI) are a significant cause of morbidity and mortality in
children (1). It can be community-acquired bloodstream infections (CA-BSI), or
healthcare-associated bloodstream infections (HA- BSI) depending on the time of onset of
the sign and symptom and bacteria isolation. HA- BSI is associated with morbidity,
prolonged length of hospitalization, and mortality among children (2). In countries with
limited resources, empiric management is applied for managing children with clinical signs
and symptoms of BSI using broad-spectrum antimicrobial agents(3). However, this may
lead to inappropriate management due to infection with multidrug-resistant bacteria and
may cause the development of antimicrobial resistance of bacteria (4,5).

It should be noted that the aetiology of BSI is not static/same, but it changes with time,
region, country, level of development, age, weight, nutrition status, immunologic maturity,
co-morbidity, the physiologic state of the children, and the location of the child (home,
hospital ward, intensive care, community) (6-8). Children of a young age are prone to
infection since their immune system is immature and has less protection against infection
(9). Neonates and children with co-morbidities have challenged immunity remaining
susceptible to infectious agents (10). Recently, reported profiles of bacteria that cause BSI
among under-five children in our settings are not limited to Klebsiella pneumonia,
Escherichia coli, Acinetobacter baumannii, Pseudomonas aeruginosa, Salmonella spp.
Enterococcus faecium, Staphylococcus aureus, Coagulase-negative Staphylococcus
(CoNS), and Enterobacter spp.) (1,11-13). Children of higher age get an infection due to
pathogenic bacteria, however, the information is still limited.

In Tanzania, Gram-negative bacteria such as K. pneumonia, E. coli, and Salmonella spp are
the most common cause of BSI among children of different ages (6-10). Among neonates,
the isolation rate of Streptococcus pneumoniae, Haemophilus influenzae type b, and

Neisseria meningitides in Tanzania have decreased due to the introduction of prenatal



screening and immunization (14). Furthermore, the emerging of multidrug resistance
bacteria and Extended-spectrum better lactamase Enterobacteriaceae (ESBL) among
pathogenic bacteria that cause BSI in children of different even to WHO recommended

antimicrobial agents for first-line and second-line treatment options of children (3).

Therefore, this study aimed to demonstrate the current proportional, aetiology, the
antimicrobial susceptibility pattern and to determine the factors associated with poor

treatment outcomes of BSI in children at MNH.
1.2 problem Statement

Bloodstream infection is a major public health problem associated with high morbidity and
mortality among children worldwide (15). Previous studies are reporting on the burden,
aetiology, and antimicrobial susceptibility pattern of bacteria that cause BSI among
children. (7-10). E. coli, S. aureus and Klebsiella spp., Streptococcus pneumoniae (S.
pneumoniae), Klebsiella spp. and non-typhoidal Salmonella (15) are among of the reported
bacteria in neonates. In older children, Salmonella typhi, E. coli, Staphylococcus aureus
and Klebsiella spp. are Some of the bacterial pathogens that can be isolated (16-18).
However, there is a shortage of data on the current situation concerning BSI in children at
Muhimbili national hospital (MNH). A periodic clinical surveillance is required to update
the data and the information that would help to establish the best antibiotic management
options for children with BSI at (MNH). In 2007, Blomberg and others reported on the

burden and aetiology of BSI among under five children (1).

The aetiology that cause BSI in children changes from time, region, location and health
condition of a child and with age groups. Furthermore, there is an increased emerging of
multidrug-resistant (MDR) bacteria and ESBL-E that cause BSI in children and imposes a

great challenges on treatment and management of BSI among children at MNH.

Therefore, this study was aimed at demonstrating out the current magnitude, the aetiology
and their resistance pattern. Also, the factors associated with poor treatment outcomes

among children with bloodstream infection at MMNH.



1.3 Conceptual framework
BSI among children can be associated with a health status of a child, age, sex, prematurity,
location birth weight, nutrition status, aetiology agent, HIV status, hospitalization, and

other co-morbidities. It also shows the outcome after treatment including death, prolonged

time of stay in the hospital (1,2,11).

( Associated factors )
Age, sex, premature Co-morbidities, Malnutrition,
wards other co-morbidities, inappropriate antibiotics
therapy, and antibiotics prescription. )

G

\ 4

In-hospital
patient

\ 4

/[ Outcome ]\

Death Discharge

Figure 1: Conceptual framework



1.4 Rationale

The results of this study revealed the current magnitude of BSI, a profile of bacterial
aetiology and their antimicrobial susceptibility pattern among isolated bacteria from
positive blood culture samples collected from children at MNH. The study also revealed
the factors associated with BSI and the factors associated with poor treatment outcomes
among children with BSI at MNH.

Furthermore, the findings of this study also provide the opportunity to update the
information on the aetiology of BSI in older children. The information on antimicrobial
susceptibility patterns in this study can also be used to review and appraise the current
practice of antimicrobial agent prescriptions for children with BSI during empiric

management and the establishment of antimicrobial stewardship at the study settings MNH.

1.5 Research questions

1. What is the current magnitude of bloodstream infection in children admitted at
MNH?

2. What is the current aetiology of BSI in children admitted at MNH?

3. What is the antimicrobial susceptibility pattern of isolated bacteria from children
with BSI at MNH?

4. Which factors contribute to poor treatment outcomes in children with BSI admitted
at MNH?

1.6.0 Objectives

1.6.1 Main objective
To determine the proportion of positive blood cultures, bacterial aetiology, antimicrobial
susceptibility pattern, and factors associated with poor treatment outcomes in children with

BSI, at Muhimbili National Hospital in Tanzania.

1.6.2 Specific objectives
1. To determine the proportion of positive cultures among the samples processed at
CPL.



2. Determine bacterial aetiology of BSI among the samples processed at CPL.

3. To determine antimicrobial susceptibility pattern of bacteria isolated from blood

culture samples of children admitted at MNH.

4. To determine factors associated with poor treatment outcomes in children with BSI
admitted at MNH.

1.7.0 Literature review

1.7.1 Overview

Bacteria bloodstream infections (BSI) are a significant cause of morbidity and mortality
among children (1). Samples for blood culture from children of age O to 15 years old
suspected to have BSI were studied. BSI can either be community-acquired bloodstream
infections (CA-BSI), or healthcare-associated bloodstream infections (HA-BSI) depending
on the time of symptom and bacteria isolation. HA-BSI is associated with in-hospital
children morbidity, prolonged length of hospitalization, and mortality among children (2).
In 2012 about 6.9 million (uncertainty range 5.5 — 8.3 million) of death among neonates
was due to bacterial infections in South Asia, sub-Saharan Africa, and Latin America (20).

Children’s BSI can be caused by either Gram-negative bacteria or Gram-positive bacteria
or both of the two at the same time (21). Treatments of BSI requires a proper diagnosis
which involves blood culture techniques for isolation identification of pathogenic bacteria
and sensitivity to direct the correct patient treatment options (22—-24). However, in low and
middle-income countries, this is still a challenge and Mostly, treatments of BSI is based on
empirical management using board spectrum antimicrobial agents using clinical diagnosis
(3, 22). Fever and tympanic or auxiliary temperatures of >38.0 or <36°C are the most

common clinical sign which is used for a suggestion of BSI in children (26,27).

1.7.2 Aetiology of bloodstream infection in children globally.

The spectrum of bacteria that cause BSI in children is widely changing by age, presenting
symptoms, the resistance of the pathogen to antibiotics, and immune status (21). The
introduction of vaccines for bacteria such as Haemophilus influenzae, Neisseria

meningitides and Streptococcus pneumoniae has shifted the aetiology of BSI aetiology in



children especially among neonates and infants (8). The commonest bacteria that causes
BSI in neonatal and infants are E. coli, S. aureus and Klebsiella spp., Streptococcus
pneumoniae (S. pneumoniae), Klebsiella spp. and non-typhoidal Salmonella (15). In older
children, Salmonella typhi, E. coli, Staphylococcus aureus and Klebsiella spp. are Some of
the bacterial pathogens that can be isolated (16-18).

Among the study conducted in the United State including children of <19 years old,
reported the Gram-positive bacteria to be the leading cause of bloodstream infection in
children and CoNS was reported to be the common bacteria (28). Furthermore, a study
from England and Wales reported on CoNS as the most common cause of BSI in children.
Other bacteria reported in the study were Neisseria meningitides, Escherichia coli and
Staphylococcus aureus (8), and there was a higher proportion of cases in children aged 1-
11 months due to E. coli compared to children aged 1-4 years and 5-15 years (8).
Furthermore, Staphylococcus aureus was reported as the common bacterial pathogen
among bacteria isolates in South Africa followed by Escherichia coli among young
children included in the study (29).

1.7.3 Aetiology of bloodstream infection among children in Tanzania.

In Tanzania, Klebsiella pneumoniae, salmonella spp, E. coli, Staphylococcus aureus,
Pseudomonas aeruginosa, Enterococci spp. and CoNS have been reported to be the most
common bacteria isolated from children especially in under five years (1,11,12,30,31).
Some of these bacteria are reported to be MDR, ESBL producing pathogen, MRSA, and
CRE (12,32,33). Studies have reported that Gram-negative bacteria from children with BSI
are mostly isolated than Gram-positive bacteria and predominated by K. pneumoniae (1,14,
20). This study was aimed at determining the current magnitude, aetiology of BSI,
antimicrobial pattern and the factors associated with poor outcomes among children of 0 to
15 years old at MNH.

1.7.4 Burden of BSI in children

The magnitude of BSI differs with time, place (geographical locations), age, comorbidities,
development, and availability of health care facilities for providing health services and
management to patients (35,36). In developed countries, children morbidity and mortality

associated with BSI is low compared to that in low and middle-income countries like those



in Sub-Saharan Africa where morbidity and mortality are significantly higher (39,38). By
improving the health care services and health facilities will reduce the rate of morbidity and
mortality among children (37). Many studies in African countries have reported a higher
prevalence of BSI, for example, Guinea-Bissau, reported a prevalence of 12% in 2014,
Uganda 19.1% in 2015 and Ethiopia 20.6% in 2011 (39-41). In Tanzania, the burden of
BSI among children is still higher ranging from 13.9% to 19.2%, and differs with study
area and study population (1,11,12,14).

1.7. 5 Antimicrobial susceptibility pattern

The susceptibility pattern among bacteria that cause BSI is reported to change with
increased resistance rate toward antimicrobial agents including the commonly used broad-
spectrum antimicrobial agents as recommended by WHO for first-line and second-line
options for children treatments and management (1,3,14). Many studies have reported on
the changing of antimicrobial patterns among bacteria that cause BSI in children (12,42—
44). The reported emergence of multidrug resistance bacteria including MRS and ESBL-E

bacteria has changed the susceptibility pattern and favour resistance profile (1,14,45).

1.7. 6 Risk factors associated with BSI in children.

BSI can be influenced by many factors including age, immune status, nutrition status
(malnutrition), premature birth, hospitalization time, birth weight and co-morbidities (1,2).
Neonates and infants have immature immune systems to resist infection (1). Malnutrition
suppresses different components of the immune system resulting in increased vulnerability
and severity to infections in children of all ages (46). BSI caused by drug resistance,
including MDR and ESBL bacteria has complications in management and treatments (7).
Cancer patients and HIV-infected children have a higher chance of contracting BSI since
their immune system is challenged. Furthermore, HIV-infected children are at higher risks
of bacterial infection compared to HIV-uninfected children, including those with HIV-
infected children on antiretroviral therapy (ART) (47).

1.7.7 Poor treatment outcome among children with BSI
It has been reported that death, increased length of hospital stay and health care costs, are

among the poor outcome following children treatment and management (7,47). BSI is



among the cause of poor treatment outcomes and has been reported to cause death,
increased hospital time and affects the social and income state of the family (49). Studies
have reported a high rate of morbidity and mortality in neonates, infants, young children,
and older children (31). Prolonged hospital stay is also attributed to factors such as co-

morbidity, malnutrition, inappropriate antibiotic therapy (1,5).

The situation becomes complicated if BSI is caused by drug resistance bacteria, including
MDR, CRE, and ESBL as they increase the morbidity of children. Co-morbidity is also
reported to accelerate the poor outcome in children with positive culture blood (8). The
situation becomes more worth in Low and Middle-Income countries where there are
limited resources and health care facilities for providing good health care to patients.
Incorrect antibiotic therapy may lead to drug resistance, prolonged hospital stay, higher

health care costs and death (5).



CHAPTER TWO

2.0 Study Material and Methods:

2.1 Study design
A designed cross-sectional study was carried out on 650 blood culture samples collected
from children of age 0 to 15 years old from May to October 2020 at MNH.

2.2 Study site

This study was conducted at Muhimbili National Hospital (MNH) in Dar es Salaam,
Tanzania. MNH is the largest National tertiary health care facility in Tanzania and is a
University teaching hospital with 1,500-bed capacities where 295 pediatric beds and
approximately 1800 children get health care at MNH per month. It has 2700 employees
where about 300 are doctors and specialists, 900 registered and enrolled nurses and the rest
are supporting operations employees.

Geographically, MNH is located in Dar es Salaam at Upanga West administrative ward in
Ilala district of Dar es Salaam region. It is located at 6°48' South, 39°17" East (—6.8000,
39.2833), on a natural harbour of the eastern coast of East Africa. The hospital saves
referred patients from the regional, referral and zonal hospital of Tanzania and those within

the Dar es Salaam region.

2. 3 Study population

The study involved blood culture specimens collected from children aged 0-15 who were
admitted at MNH with clinical signs and symptoms of BSI as indicated by medical doctors.
Some of these clinical signs and symptoms are temperature (of > 38 °C or < 36 °C), age-
specific tachycardia, age-specific tachypnea, convulsions, altered state of consciousness

and abnormal feeding (24).
2.4.0 Selection criteria

2.4.1 Inclusion criteria:
1. All blood culture samples were collected from children of age 0-15 yrs.
2. All blood culture samples were obtained from children received at Central

Pathology Laboratory (CPL) during the period study.
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2.4.2 Exclusion criteria
1. All blood culture samples were collected from children hospitalized apart from
Muhimbili National Hospital.

2. All repeated blood culture samples.

2.5 Study duration
This study was conducted for five months after the ethical clearance was given by the

Muhimbili University of Health and Allied Sciences.

2.6 Sample size
The required sample size was estimated by the Kish Leslie formula.
e n=27%(1-p)

€2
Where,
n = sample size, p = (20.6%) prevalence at Jimma University Hospital, Ethiopia (40), Z =
Standard normal deviation 95% (o = 1.96) and € = Margin of error 0.03.

n = 1.962*0.206 (1- 0.206)?
0,032

n =554
Adjusted sample size 1/0.85*554

~ 652 blood culture samples.

2.8 Sampling technique’
The Conservative sampling technique was used to obtain blood culture samples, whereby
every blood culture collected and meets inclusion criteria was enrolled in the study until the

sample size was achieved.

2.9.0 Variables of the study

2.9.1 Independent variables
Sex, age, clinical conditions (malignancy, congenital malnutrition), prematurity, isolated
organisms (MDR, Gram reaction), history of antibiotics use. All of this information ware

obtained and collected from patient’s files and databases at MNH.
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2.9.2 Dependent variables
Bloodstream infection and outcomes (death or recovered) and duration of hospitalization

2.10.0 Data collection

2.10.1 Information collection
Social demographical and clinical information about patients were collected using a

structured form from the hospital database and patient’s files.

2.10.2 Specimen collection

Non-repetitive  routine blood culture samples, collected by medical doctor
paediatrician/nurses/medical person from children in hospital wards ware received at CPL,
then identified to meet selection criteria before enrolled in the study for laboratory

procedure.

2.11.0 Laboratory procedures

BD BACTEC machine was used to incubate and detect positive blood culture vial within 5
(five) days. Gram staining technique was performed (using standard procedure) on positive
blood cultures samples to detect bacteria gram reaction before it was sub-cultured on
media. The CLSI 2019 will be used as a standard guideline during isolation, identification

and antimicrobial susceptibility testing of bacteria (50).

2.11.1 Culture technique and procedure

Positive blood culture vials with Gram-positive bacteria were sub-cultured on solid agar
plates; blood agar media (BA) and chocolate agar media (CA). Optochin disk was included
on BA plate and the plate was inoculated at 37°C up to 48 hours in a 5-10% CO- incubator.
On the other hand, positive blood-cultures vials with Gram-negative bacteria were sub-
cultured on solid agar plates; MacConkey agar media (MCA) and the plate were incubated
aerobically at 37 °C up to 24 hours. Blood agar media (BA) and chocolate agar (CA) were
inoculated and incubated in a 5-10% CO2 incubator at 37°C up to 48 hours to recover

fastidious bacteria.
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2.11.2 Identification

Preliminary identification based on colonial morphology and other features on the culture
plate after the growth of the bacteria was performed. Hemolytic effect and lactose
fermentation were amongst the observable effects on the plate. A purity plate was prepared
from a mixed growth plate to obtain a pure colony before the further test was performed.
Gram stain was performed and examined microscopically at 100x objective lens.

2.11.3 Biochemical test

Conventional biochemical methods were used during the identification of microorganisms
after they have been recovered from culture plates. Oxidase on Gram-Negative bacteria
isolates followed by SIM (Hydrogen Sulphide, Indole and Motility production test),
Urease, citrate test, and (KIA) Kligler Iron Agar were carried out. The standard control
strain for the oxidase and Indole test was Pseudomonas aeruginosa ATCC 27853 and
Escherichia coli ATCC 25922, respectively. Gram-positive bacteria were tested for
Catalase production using catalase reagent. A catalase-positive bacterium was then tested
for both Slide and tube Coagulase test to differentiate Coagulase-positive Staphylococcus
spp. A standard bacteria control strain of Staphylococcus aureus ATCC 25923 was used
(45).

2.11.4 Antimicrobial Susceptibility Test (AST)

Identified bacteria were tested with antimicrobial agents to find their antimicrobial
susceptibility pattern for different antimicrobial agents. Kirby-Bauer’s Disk diffusion
method using Muller Hinton Agar media (MHA) was performed. AST for Streptococcus
spp was performed by following the Clinical & Laboratory Standards Institute's Guidelines
recommendations (50). Briefly, a colony of identified bacteria from a pure culture was
transferred into a test tube with approximately 5ml of normal saline to make a turbid
suspension. The turbid suspension was then compared to 0.5 McFarland standards before it
was inoculated and distributed evenly on MHA using sterile swabs.

Sterile forceps were used to place the antibiotic disks at a distance not closer than 24 mm
(centre to centre) on the MHA plate. The plate was then incubated aerobically for up to
24hrs at 37°C. Zone of inhibition around each disk was measured using a ruler to obtain the

diameter distance in millimetres (mm) and was recorded. Depending on the size of the
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diameter of a zone of inhibition, isolated bacteria were classified as either susceptible,
intermediate, or resistant to the tested antimicrobial agent as directed and described by the
CLSI guidelines (50).

2.11.5 Gram-positive organism (Staphylococcus aureus and Streptococcus spp.)

Disks tested were; penicillin (10units), ampicillin (10pg), gentamicin (10pg), erythromycin
(15pg), tetracycline (30pg), ciprofloxacin (5pg), clindamycin, (2pg), Vancomycin (2pug),
trimethoprim/ sulphamethaxazole (1.25/23.75ug) and chloramphenicol (30ug).

2.11.6 Gram-negative organism (Klebsiella spp. Escherichia coli, Acinetobacter
baumannii and etc.)

Disks tested were; Amoxicillin-clavulanic acid (20/10ug), Ceftriaxone (30pg), Ceftazidime
(30ug), Cefotaxime (30pg) gentamicin (10pg), Piperacillin/Tazobactam, Aztreonam,
ciprofloxacin (5pug), chloramphenicol (30ug), Meropenem (10ug).

2.11.7 P. aeruginosa:

Disks tested were; Ceftazidime (30ug), gentamicin (10pg), Amoxicillin/clavulanate
(20/10pg), and ciprofloxacin (Spg, Piperacillin  (100ug), Aztreonam (30pg) and
meropenem (10pg).

2.11.8 Acinetobacter spp:

For Acinetobacter spp discs tested were; Ceftazidime (30ug), gentamicin (10ug),
ciprofloxacin (5pg), tetracycline (30pg), Amoxicillin/clavulanate (20/10ug), Piperacillin
(100pg), Aztreonam (30pg) and meropenem (10ug).

2.11.9 Streptococcus spp:

The following agents were tested; Penicillin, VVancomycin, Clindamycin, Ampicillin,
Oxacillin, and Erythromycin.

Plates were incubated aerobically at 35°C for 24hour in an enriched CO2 incubator and
zone oh inhibition was measured. The interpretation was sensitive, intermediate, or

resistant as explained in the CLSI of 2019.
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2.7 Data Management and Analysis

Social demographics, clinical information, and Laboratory results concerning samples of
children were crosschecked, coded, and entered into excel computer software before
analysis was performed by a Statistical tool STATA version 12. Frequency distribution and
two-way tables were used to summarize the data. Descriptive analyses such as frequencies
and mean were included. The fisher’s exact test was employed to determine the association
between BSI and children's poor outcomes. Univariate and multivariate Logistic regression
was performed on associated factors. A p-value of < 0.05 was considered statistically

significant.

2.8 Ethical Considerations

Ethical approval was obtained from the Muhimbili University of Health and Allied
Sciences (MUHAS) senate Research and Publications Committee. Permission was
requested from the MNH administration to carry out the Hospital. There was no consent
form since there was no researcher-patient interaction in this study as collected information
was obtained from the patient's database and files. The patient's registration number was

used instead of names to maintain the confidentiality of the collected information.

2.9 Plan for the dissemination of results

Results obtained from this study were disseminated to MNH health care providers and the
MUHAS community. These findings will be published in international peer-reviewed
journals, contributing information to the wider scientific and health provider in the

community.
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CHAPTER THREE
3.0 RESULTS

3.1 Demographic and clinical information

Of 650 blood culture samples collected from children of 0-15y, 21.5% (140/650) were
positive blood cultures. The majority of these samples were collected from children of less
than one month (36.7%; 238/650), and many samples were of male children (58.3%,
379/650) (Table 1). The median length of stay (LOS) in the hospital among children was
17 days (IQR: 8.00-33.00) and the majority of children were prescribed one or more
antimicrobial agents before blood culture collection (87.5%; 569/650). The frequently
prescribed antimicrobial agent during empiric management was Ceftriaxone (61.0%;
347/650), Ampicillin (29.0%; 165/650), and Gentamycin (33.2%; 189/650) (Table 1). The
mortality rate among children prescribed with an antimicrobial agent and resistant after in-
vitro AST was 49.5% (48/97).
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Table 1: Socio-demographic and clinical characteristics among children

Variable Frequency (%)
The median length of hospital stay = 17 days [IQR:8.00 33.00]

Age (month)

<1 238(36.7)
1-24 201(30.6)
25-48 69(10.6)
49-72 33(5.1)
73-96 38(5.9)
97-120 21(3.2)
>120 51(7.9)
Sex

Female 271(41.7)
Male 379(58.3)
Wards

Neonatal ward 245(37.7)
General ward 227(34.9)
PICU 59(9.1)
Oncology 91(14.0)
Burn Unit 28(4.3)
antibiotics prescription before blood culture

No 81(12.5)
Yes 569(87.5)
Co-morbidities

Sickle cell 46(7.1)
Malignancy 106(16.5)
Malnutrition 46(7.1)
Congenital 81(12.5)
Others co-morbidities 115(10.6)
Infection 348(53.5)

Premature babies

134(20.6)
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3.2: The proportion of culture-positive blood samples.

The proportion of BSI among the collected sample for blood culture was 21.5% (140/650).
With age-specific, the proportion of BSI for age group of <1, 1-24, 25-48, 49-72, 73-96,
97-120 and >120 were 33.2%, 15.6%, 14.5%, 21%, 10.5%, 13.6% and 11.8%, respectively.
Also, the proportion of BSI among wards Neonatal ward, General ward, PICU, Oncology
and Burn Unit were 33.1%, 11.5%, 18.6%, 9.9% and 21.4%. Furthermore, the reported
proportion of BSI in children who were prescribed antibiotics drugs before sample for
blood culture collection was 23.3% while the proportion of 8.8% was observed from

children who did not receive any antibiotics before sample for blood culture was collected.



Table 2: Proportion of confirmed bloodstream among children
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Proportional

Variable Frequency (%)
Confirmed bloodstream infection

Yes 140
Age (month)

<1 79(56.4)
1-24 31(22.1)
25-48 10(7.1)
49-72 7(5.0)
73-96 4(2.3)
97-120 3(2.1)
>120 6(4.3)
Sex

Female 59(42.1)
Male 81(57.9)
Length of hospital stay (days)

<7 22(15.7)
7-24 27(19.3)
15-21 23(16.4)
22-28 25(17.9)
>29 43(30.7)
Wards

Neonatal ward 83(59.3)
General ward 26(18.6)
PICU 13(9.3)
Oncology 12(8.6)
Burn Unit 6(4.3)
Antibiotics prescription before blood culture

No 7(5.0)
Yes 133(95)
Outcome

Alive 73(52.1)
Death 67(47.9)

215

33.2
15.6
14.5
21.2
105
13.6
11.8

20.7
20.3

16.9
16.8
240
32.9
23.0

331
115
18.6
9.9
21.4

8.8
23.3

15.0
41.9
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3.3: Bacteria aetiology among children

The current study reported a total of 140 (21.5%) bacteria pathogens from the sample of
blood collected for blood culture at MNH during the study period. The majority of bacterial
pathogens isolated were Gram-negative bacteria (GNB), 102/140 (72.9%). This includes
Klebsiella spp. (35.0%), Escherichia coli (15.7%), Acinetobacter baumannii (8.6%), and
Pseudomonas aeruginosa (7.1%). Other Gram-negative bacteria (GNB) isolates accounted
for 6.4% (9/140) of which Serratia marcescens = 3, Haemophilus influenzae = 2, Protease
spp. = 1, Salmonella Typhi = 1, Citrobacter spp = 1 and Aeromonas hydrophila = 1 (Figure
1). Gram-positive bacteria accounted for 27.1% (38/140). The common organism among
Gram-positive bacteria was Staphylococcus aureus (22.1%) and the rest (5.0%) was

Streptococcus spp. (Figure 1).

Figure 2: Bacteria species from children with blood stream infections.
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Other Gram-negative bacteria (GNB) includes; Serratia marcescens = 3, Haemophilus influenzae

= 2, Protease spp. = 1, Salmonella Typhi = 1, Citrobacter spp = 1 and Aeromonas hydrophila =1
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3.4 Antimicrobial drug prescription among children

Among the 650 children, 569 (87.5%0) were prescribed antimicrobial drugs before blood
culture collection. The median (IQR) age of children prescribed antimicrobial drugs was 10
+ (0.2-48) months. The frequently prescribed antimicrobial agent was Ceftriaxone
347(61.0), Ampicillin  165(29.0), Gentamycin 189(33.2), Ciprofloxacin 100(17.6),
Amoxicillin-clavulanic acid 70(12.3), Meropenem 61(10.7), Piperacillin—tazobactam
55(9.7), Cefoperazone-sulbactam 64(11.2) and other antibiotics 33(26.7) Table 1. The
resistance rate among prescribed antibiotics (inappropriate antimicrobial drug prescription)
was 72.9%.

Figure 3 Antimicrobial agent prescribed to children suspected to have BSI
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Other Antimicrobial agents includes; pen V, Metronidazole, Carbapenem, Vancomycin,
Erythromycin, Chloramphenicol and Amikacin
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3.5 Antimicrobial resistance Pattern

Table 3: represents the resistance pattern of bacteria isolates. There was a greater resistance
of bacteria isolates even to mostly prescribe (WHO recommended) first-line antimicrobial
agents, including ampicillin (72.1% 101/140) and Gentamycin (56.4%; 79/140). The
majority of Gram-negative bacteria were resistant to 3" Gen. Cephalosporin antimicrobial
agents by 73.5% and 80.4% (Ceftriaxone and Ceftazidime respectively), Table 3. The
moderate to high-level resistance was reported to Meropenem (19.9%) chloramphenicol
(18.6%), Piperacillin-tazobactam 38.2%), amoxicillin-clavulanic acid (33.3%) and
Amikacin (36.3%). The study also reported a small resistance rate of Gram-positive
bacteria to Clindamycin and Vancomycin antimicrobial agents (2.6% and 10.5%

respectively). Furthermore, the isolated bacteria were resistant by 55.9% to ciprofloxacin.
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Table 3: Resistant patterns of bacteria isolates and their percentage

Gram-positive (% of resistance)

Gram-negative (% of resistance)

Antibiotics tested S gureus Streptococcus Total A. baumannii E.coli  Klebsiella ~ P.aeruginosa Other Total
N=31) spp. N=7 N=38 N=12 N=22  spp N=49 N=10 GNBN=9 =102

Cefoxitin 18(58.1) 7(100) 25(65.8) NT NT NT NT NT

Erythromycin 16(51.6) 3(42.9) 19(50.0) NT NT NT NT NT

Clindamycin 1(3,2) 0(0) 1(2.6) NT NT NT NT NT

Doxycycline 6(19.4) 1(14.3) 7(18.4) NT NT NT NT NT

Vancomycin 2(6.5) 2(28.6) 4(10.5) NT NT NT NT NT

Ampicillin 16(51.6) 4(57.1) 20(52.6) 11(91.7) 19(86.4)  39(79.6) 5(50.0) 7(778)  81(79.4)

Gentamycin 13(41.9) 4(57.1) 17(44.7) 9(75.0) 13(59.1)  31(63.3) 4(40.0) 5(55.6)  62(60.8)

Ciprofloxacin 12(38.7) 4(57.1) 16(42.1) 10 (83.3) 10(455)  30(61.2) 3(30.0) 4444)  57(55.9)

Meropenem 9(29.0) 0(0) 9(23.7) 8(66.7) 3(136)  4(8.2) 3(30.0) 222.2)  20(19.6)

Chloramphenicol 2(6.5) 0(0) 2(5.3) 2 (16.7) 4(182)  6(122) 5(50.0) 2(22.2)  19(18.6)

Amikacin 10(32.3) 1(14.3) 11(29.0) 4(33.3) 9(409)  16(32.7) 3(30.0) 5(55.6)  37(36.3)

Ceftriaxone NT NT 11 (91.7) 18(81.8)  39(79.6) 3(30.0) 4(44.4)  T5(73.5)

AMC NT NT 9(75.0) 10(455)  11(22.5) 2(20.0) 20222)  34(33.3)

Ceftazidime NT NT 11 (91.7) 18(81.8)  42(85.7) 5(50.0) 6(66.7)  82(80.4)

Cefepime NT NT 6(50.0) 12(54.6)  22(44.9) 2(20.0) 4(44.4)  46(45.1)

Pip-Tazobactam NT NT 6(50.0) 6(27.3)  20(40.8) 2(20.0) 5(55.6)  39(38.2)

Aztreonam NT NT 7 (58.3) 15(68.2)  27(55.1) 4(40.0) 3(333)  56(54.9)

Key: AMC = Amoxicillin clavulanic acid, NT = note tested
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3.6. Bivariate and Multivariate logistic regression analysis on factors associated with BSI at
MNH

Table 4 presents a summary of bivariate and multivariate logistic regression model analysis. Factors
with a p-value of <0.2 were included in the multivariate analysis to determine the independencies. A
large per cent of bacteria isolates were found from children who were premature children [OR
(95%Cl): 3.13(1.67-5.87), p = 0.040. In addition to that, age of 1-24, 25-48, 73-96, >120, sickle cell,
malignancy, general ward and oncology ward were associated with bloodstream in the univariate

logistic regression analysis.
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Table 4: Bivariate and Multivariate logistic regression analysis on factors associated with BSI
among children

Frequenc BSI (%) Bivariate analysis Multivariate analysis
Variable y

(n=650) (N =140) cOR(95%CI p-value  aOR(95%ClI p-value
Age
<lmonth 238 79(33.2) 1 1
1-24 199 31(15.6) 0.37(0.23-0.59) 0.000 0.72(0.39-1.32) 0.289
25-48 69 10(14.5) 0.34(0.23-0.59) 0.004 0.79(0.33-1.86) 0.59
49-72 33 7(21.2) 0.54(0.23-1.30) 0.174 1.37(0.50-3.79) 0.544
73-96 38 4(10.5) 0.24(0.08-0.69) 0.008 0.55(0.17-1.81) 0.324
97-120 22 3(13.6) 0.32(0.08-0.69) 0.072  0.79(0.20-3.08) 0.738
>120 51 6(11.8) 0.27(.09-1.106) 0.004 0.55(0.20-1.51) 0.246
Sex
Female 271 59(21.8) 1 1
Male 379 81(21.4) 0.98(0.94-0.67) 0.936 1.08(0.71-1.61) 0.721
Co-morbidities
Sickle cell 46 5(10.9)  0.30(0.11-0.79) 0.014 0.70(0.24-1.10) 0.503
Malignancy 106 14(13.2)  0.38(0.20-0.70) 0.002 0.79(0.37-1.66) 0.526
Malnutrition 46 8(17.4)  0.52(0.23-1.16) 0.11  0.97(0.40-4.2.35) 0.947
Congenital 81 16(19.8)  0.61(0.33-1.11) 0.105 1.01(0.51-2.02) 0.969
Others 69 10(14.5)  0.41(0.20-0.86) 0.017 0.48(0.23-1.01) 0.054
Infections 302 87(28.8) 1 1
Prematurity
No 516 81(15.7) 1 1
Yes 134 59(44.5)) 4.22(2.79-6.40) 0.000 3.13(1.67-5.87) 0.000

Key: cOR = crude odds ratio, aOR = adjustable odd ration, 95%CIl = 95% Confidence interval, p =

0.2 for inclusion of factors on multivariate logistic regression analysis.
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3.7. Bivariate and Multivariate logistic regression analysis on factors associated with overall
mortality among children at MNH

The analysis of the factors associated with mortality among children in this study was done using
bivariate and multivariate logistic regression model analysis, Table 5. A p-value of <0.2 was used to
include a factor in the multivariate analysis to determine the independencies of the factors. Confirmed
BSI, Antibiotic status, age of 1-24 months and age of 49-72 months, were factors found to be
associated with mortality among children hospitalized at MNH [OR (95%Cl): 3.49(2.30-5.28), p =

0.000, 2.88(1.326.27), p = 0.008, 0.30(0.12-0.73), p = 0.008, and 0.10(0.01-0.88), p = 0.038,
respectively].
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Table 5: Bivariate and Multivariate logistic regression analysis on factors associated with overall mortality

. Frequenc Bivariate analysis Multivariate analysis

Variable C(lN) ¥ Deathn (%) COR(95%ClI : p-value COR(95%ClI i;-value
Age
<lmonth 238 88(36.6) 1 1
1-24 199 35(17.6) 0.36(0.23-0.57) 0.000 0.30(0.12-0.73) 0.008
25-48 69 11(15.9) 0.32(0,16-0.65) 0.001 0.27(0.10-1.57) 0.185
49-72 33 5(15.2) 0.30(0.11-0.82) 0.018 0.10(0.01-0.88) 0.038
73-96 38 6(15.8) 0.32(0.13-0.79) 0.014 0.56(0.07-4.40) 0.579
97-120 22 3(13.6) 0.27(0.08-0.94) 0.039 0.29(0.02-3.37) 0.322
>120 51 14(27.5) 0.64(0.33-1.26 0.199
Sex
Female 272 70(43.2) 1
Male 378 92(56.8) 0.92(0.65-1.33) 0.685
Confirmed BSI
No 510 95(18.6) 1 1
Yes 140 67(47.9) 4.01(2.69-5.98) 0.000 3.49(2.30-5.28) 0.000
MDR
No 32 11(16.4) 1
Yes 108 56(83.6) 1.67(0.90-4.67) 0.085
Antibiotic status
Appropriate 43 19(19.4) 1 1
Inappropriate 97 48(80.6) 2.89(1.34-6.22) 0.006 2.88(1.326.27) 0.008

Key: MDR = multidrug resistance, GNB = Gram-negative bacteria, GPB = Gram positive bacteria, p = 0.2 for inclusion of factors on

multivariate logistic regression analysis.



27

3.8. Bivariate and Multivariate logistic regression analysis on factors associated

with poor treatment outcome BSI.

In the table below is a summary of the bivariate and multivariate logistic regression analysis on
associated factors with poor treatment outcomes following BSI. The mortality rate among children
with BSI and initially prescribed with resistance antimicrobial agents was 49.5% (48/97), (Table 1).
The infection with Gram-negative was found to associate with poor treatment outcome among [OR
(95%Cl): 4.55(1.26-16.57), p = 0.002]. The crude old ratios multidrug-resistant bacteria (MDR),
hospital-acquired infection (HAI) and prematurity in the Univariate logistic regression model
analyses appear to associate with poor treatment outcomes among children but not independently
(Table 6).
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Table 6: Bivariate and Multivariate logistic regression analysis on factors associated poor treatment outcome among children
following BSI

. Bivariate analysis Multivariate analysis
Variable Frequency (n) Death (%)

cOR(95%CI p-value aOR(95%ClI p-value
Age
<lmonth 79 36(45.6) 1 1
1-24 31 6(19.4) 0.29(0.11-0.78) 0.014 0.27(0.03-2.86) 0.278
25-48 10 3(30.0) 0.51(0.12-2.12) 0.356 0.27(0.01-7.32) 0.434
49-72 7 1(14.3) 0.20(0.2-1.73) 0.144 0.46(0.01-22.71) 0.695
73-96 4 1(25.0) 0.40(0.04-4.00)) 0.434 0.60(0.01-45.33) 0.816
97-120 3 1(33.3) 0.60(0.05-6.86) 0.679 3.01(0.04-223.48) 0.616
>120 6
Sex
Female 59 20(33.9) 1 1
Males 81 28(34.6) 1.03(0.51-2.09) 0.934 1.09(0.452.65) 0.849
Prematurity
No 81 10(23.5) 1 1
Yes 59 29(49.2) 3.15(1.53-6.51) 0.002 1.32(0.34-5.14) 0.681
Organism type
GPB 38 4(10.5) 1 1
GNB 102 44(43.1) 6.45(2.13-19.52) 0.001 4.55(1.26-16.57) 0.021
MDR
NO 32 6(18.8) 1 1
Yes 108 42(38.3) 2.76(1.05-7.26) 0.040 1.02(0.28-3.75) 0.974

Key: MDR = multidrug resistance, GNB = Gram-negative bacteria, GPB = Gram positive bacteria, p = 0.2 for inclusion of factors on

multivariate logistic regression analysis.
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3.9. The association between factors and length of stay in the hospital among children.
Table 7. Summarizes the length of hospital stay among children with BSI and their
associated factors. This study observed that children prescribed antibiotics before blood
culture collection stayed in the hospital for a long time than those without prescription of
antibiotics before collection of blood sample [median + (IQR): 18.00+ (8.00-33.00), p =
0.003. In addition, children whose blood culture samples were positive were observed to stay
in the hospital compared to those children whose blood culture samples were negative after
laboratory tests [median £ (IQR): 18.00 + (9.00-33.00), p = 0.049, (Table 7). On top of that
children with confirmed BSI spent more time in the hospital than children whose samples
were not laboratory-confirmed to have bacterial infection 19.5 + (9.25-34.00), 0.043].
However, children with confirmed to have an infection due to multidrug-resistant bacteria
(MDR) has a short median length of stay in the hospital [median £ (IQR):19.00 £ (9.00 -
28.75)], p = 0.043. Furthermore, the median time of hospital stay among children with
malignancy was longer than those children with other co-morbidities. [Median + (IQR):
31.50 £ (12.00-55.25)], p = 0.001. And there was no statistically significant difference in the
length of stay in the hospital for females children and males children [Median £ (IQR): 18.00
+ (8.00-34.00], p = 0.508, (Table 7).



Table 7: Factors association with length of stay in the hospital among children
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Table 6
Variable Category Median (IQR) p-value  Test
Age
<lmonth 18.00+(10.00-32.25)
1-24 15.00+(6.00-28.00) 0.048 Kruskal-Wallis
25-48 19.00£(6.50-53.00) test
49-72 18.00+(7.00-41.50)
73-96 12.00(5.00-19.50)
97-120 19.50+(8.75-42.00)
>120 20.00+£(8.00-38.00)
Sex
Female 18.00+(8.00-34.00) 0.508 Mann-Whitney
Male 16.00£(8.00-32.00) test
Antibiotics prescription
No 10.00£(5.00-27.75) 0.003 Mann-Whitney
Yes 18.00£(8.00-33.00) test
Co-morbidities
Sickle cell 8.00+(5.00-18.25) 0.001 Kruskal-Wallis
Malignancy 31.50+(12.00-55.25) test
Malnutrition 17.50£(8.00-27.25)
Congenital 16.00£(9.00-29.50)
Other co-morbidities 14.00£(5.00-24.00)
No co-morbidity 18.00£(8.00-.00)
Blood culture
Negative 15.00+(7.00-32.00) 0.049 Mann-Whitney
Positive 18.00£(9.00-33.00) test
Confirmed BSI
No 16.00+(8.00-32.00) 0.043 Mann-Whitney
Yes 19.5+(9.25-34.00) test
MDR
No 31.00£(15.00-53.25) 0.043 Mann-Whitney
Yes 19.00+(9.00-28.75) test

MDR (Multidrug resistance), BSI (Bloodstream infection)
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CHAPTER FOUR

4.0 DISCUSSION.

Bloodstream infection is a major public health problem associated with high morbidity and
mortality among children worldwide. Both Gram-negative and Gram-positive bacteria cause
BSI in children of all ages (8). However, in resource-limited countries like Tanzania,
treatments are mostly done empirically using broad-spectrum antimicrobial agents (27). The
current proportion of BSI, the aetiology, the antimicrobial susceptibility pattern and the
factors associated with poor treatment outcome of children with BSI at MNH was reported in
this study.

The majority of blood samples were collected after antibiotic prescription. However, 21.5%
had bacterial pathogenic bacteria that cause BSI. This proportion was greater than 13.9%
reported in the previous study at the same setting in 2007 by Blomberg et al (1). It was also
higher than the prevalence of BSI reported by Moyo SJ et al in 2020 in the region of Dar es
salaam (12). In addition, this proportion was significant dissimilar to the overall prevalence
of 14.2% which was reported in a study conducted in North-Western Tanzania by Seni et al
in 2019 (11) but was comparable to the specific prevalence at Bugando medical centre in the
same study. Furthermore, the current proportion of BSI in children at MNH was comparable
to 20.6%, a prevalence of BSI among malnourished children at Jimma hospital in Ethiopia,
but was less than 29.1% prevalence of BSI in reported from India (40,51).

The findings of this study reported that Klebsiella species, E. coli and Staphylococcus aureus
were the commonest Gram-negative and Gram-positive bacteria pathogens. The aetiology of
BSI in children at MNH remains almost the same and comparable to that reported in previous
studies in the same setting (1,14). The results, however, differed from those reported in other
previous studies which report that Coagulase-negative staphylococci species and S. aureus
were the common bacteria (8,29,40). Gram-negative bacteria pathogen dominated among the
isolates. They are associated with morbidity and mortality among children of different ages
(33). A larger per cent of the aetiology was resistant to commonly used antibiotics for the

first line and second-line treatment options during empiric managements at the settings.

The findings of this study present the overall pattern of resistance to the tested isolates. It was

reported that the resistance to ampicillin and Gentamycin was 72.1% and 56.4% respectively.
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The majority of Gram-negative bacteria were resistant to 3" Gen. Cephalosporin
antimicrobial agents by 73.5% and 80.4% (Ceftriaxone and Ceftazidime respectively. The
resistance pattern of bacteria to the mostly used antibiotic agent is increasing as reported by

other previous studies in the same setting (1,14,33).

Furthermore, this study reported that, Gram-negative bacteria were associated with in-
hospital stay and higher mortality rate among hospitalized children. Treatment and
management of children with BSI require a proper diagnosis to reveal the right causative
agent (21,27). BSI due to Gram-negative and Multidrug Resistance (MDR) bacteria have
complications on treatments due to poor response to multiple antimicrobial agents used (52).
The resistance pattern of Gram-negative bacteria is widening as reported in this study and
other previous studies from different parts (1,12,14,31,32). In addition, a previous study on
Gram-negative bacteria reported that Gram-negative bacteria was associated with mortality
among children with BSI at MNH (33).

When the length of hospital stay (LOS) was studied, we found that children with malignancy
and BSI in the oncology ward were likely to stay in the hospital for a long time than in other
wards. Children with malignancy have challenged immune systems and are prone to bacterial
infection (35). In the case of antibiotic prescription before blood sample for blood, children
with prescription were found to stay for a long time than those with no prescription. It should
be noted that resistant bacteria may lead to inappropriate antibiotic use. (4,5,42). Children
with positive blood cultures positive and confirmed to have BSI were found to stay for a long
time in the hospital since infection is known to complicate the treatment and management
process (4).

Limitations: It was difficult to deal with anaerobic bacteria for isolation and identification
due to a lack of material and equipment. The insufficient fund was a big treble and had made
me fail to perform further identifications of the isolated bacteria.

Conclusions: The proportion of BSI among the collected sample from children of age 0 to 15
years, was 21.5% which was higher to be reported at the setting. The most isolated bacteria
pathogen were Klebsiella species, E. coli and Staphylococcus aureus of which, large per cent
of bacteria pathogens were resistant to recommended antimicrobial agents for first-line and

second-line treatment options on children with BSI. In addition, this study found Gram-
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negative bacteria to be associated with poor treatment outcomes in children with bloodstream
infections at MNH. Therefore, more studies are required to be done so as to extract more
information and hence to come out with a valuable decision on treatment and management of
children with BSI.

Recommendation: Due to the observations of this study, further studies on BSI among
children are recommended to be done at MNH to gain more information which will help to
review the treatment guideline for the management of children suspected to be with BSI and

establishment of antimicrobial stewardship at the Muhimbili national hospital.
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