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ABSTRACT

Background: Bloodstream infections are important causes of morbidity and mortality in people of all age groups, especially in
sub-Saharan Africa. In Tanzania, a recent report indicates that case fatality rate of 37% is attributed to bloodsiream infections.
The aim of this study was to determine the prevalence and factors associated with bloodstream infections as well as to defermine
resistance pattern of bacterial isclates among patients visiting Kilimanjaro Christian Medical Centre (KCMC).

Methods: A cross-sectional study was conducted from April o June 2019 at KCMC. A total of 200 patients were included in
the study. Blood samples were collected for culture, malaria rapid test, typhoid and brucella tests. Clinical features, co-morbid
conditions and patients' hospitalization data were recorded in the questionnaire. Logistic regression was used o examine the
factors associated with bloodstream infections. Predictors of the outcome were considered significant at p<0.05.

Results: The prevalence of bloodsiream infections was 52(26%). Participants with stomachache had less odds of having
bloodstream infections as compared fo other patients with symptoms (AOR=0.22, 5.33, 95%Cl=0.05-0.97; p=0.04). Of
the 41 identified isolates, Staphylococcus aureus showed the highest rates of resistance for Meropenem 8 (88.8%), Cefotaxime

6 (66.6%), Amikacin 6 (66.6%), Gentamicin 6 (66.6% (and Imipenem (6 (66.6%). The lowest level of resistance was observed
in Ceftriaxone 1(11.1%).

Conclusion: Bloodsiream infections were highly prevalent in this sample (26%). Staphylococcus spp was the most commonly
isolated organism and exhibited a high resistance rate to most antibiofics. This calls for increased and coordinated efforts to
improve the identification, freatment and management of bloodstream infections and antimicrobial resistance, thereby improving
clinical practice.

INTRODUCTION ranges from 13% to 14.5% in different parts of the
Tanzania*®7.
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to guide the treatment of patient who present with
febrile illness'® which is less accurate in identifying
BSIs, hence risking poor clinical outcomes and
promotion of AMRY,

Various factors have been found to be associated with
BSI, including; socio-demographics, comorbid
conditions, prior hospitalization and recent
exposures’. Comorbid conditions found to be
associated with BSI include: acute and chronic renal
failure, hepatic disease, diabetes, hypertension,
congestive heart failure, and intravenous drug abuse!s.

However, there is limited information about BSIs in
Northern Tanzania. Specitically, the prevalence, level
of resistance and factors associated have not been
documented. Notably, the extent of AMR in most BSIs
has not been studied. Understanding BSI at KCMC,
resistance patterns, and the factors associated with
BSIs will guide clinical management and appropriate
antibiotic use. Therefore, the present study was
designed to document prevalence, factors associated
with BSI and resistance patterns of bacteria isolated
among patients with BSI.

METHODS

Study design and area

This was a hospital-based cross-sectional study. The
study was conducted at KCMC referral hospital,
located in the foothills of the snowcapped Mount
Kilimanjaro in Tanzania (http://www.kcmc.ac.tz/).
KCMC has a 650-bed capacity and the second largest
consultant referral university teaching hospital in the
country serving over 15 million people from northern
and central regions of Tanzania, attending more than
800 — 1000 outpatients daily.

Study population and inclusion criteria

The study included all out- and inpatients suspected
with BSI. The study included patients of all age
suspected of having bacterial or malarial infections. All
patients who were critical ill, mentally unfit, and not
able to communicate were excluded from the study.

Sample Size Estimation

Samples was calculated based on the following
formula:

_Lpa-p

EZ
Where: N = Sample size, Z = Level of confidence
(1.96) , P =proportion previous prevalence (13.4%) 6
and € = Margin error (5%), plus 10% non-response.
Sample size = 1.962%0.134%(1-0.134)/(0.05)2. The
minimum sample size was 178+10%=196, we

rounded up to give a sample size approximation of 200
patients.

N
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Data collection

Interview

Data was collected by three research assistants who
were experienced in data collection. All information
was collected during face-to-face interviews using
questionnaire in Swahili language. The interview
lasted between 30 and 45 minutes. The interviews for
Out-patients were conducted in a private room where
no one other than the research assistant and the
patients and/or guardian were allowed to be present.
For inpatient, bedside interviews were conducted. The
children’s information’s were given by their parents/
guardians.

The questionnaire had three sections. Section 1:
recorded patient’s socio-demographic characteristics
such as age, sex, occupation, level of education,
income per month and residence. Section 2: assessed
patient’s clinical features and conditions. Other
patients” information such as clinical outcomes were
retrieved from the patient’s medical records. Section
3: collected details on antibiotic usage, and lastly
section 4 collated the laboratory investigations

Pre-testing of the questionnaire

To maximize its validity, the questionnaire was
pretested on appropriate respondents before
distribution. Interviews were conducted in five (5)
patients to examine how patients understood and
responded to the questions. In addition to the pilot,
two experts in the field of survey design approved the
quality of the questionnaire. After the pretest,
adjustments in phrasings were made as necessary so
that the questionnaire was simple and easily
understood.

Blood sample collection and Blood culture

Venous blood was drawn aseptically from each
patient. A total of 2-5ml of blood was collected in BD
BACTEC bottles from pediatrics patients (BD BACTEC
Peds PlusTM/F Culture Vials, Becton Dickinson and
Company) and 8-10ml from adults (BD BACTEC Plus
Aerobic/F Culture Vials, Becton Dickinson and
Company). Blood samples were immediately
transported at room temperature to the KCMC clinical
laboratory and incubated in the BACTEC machine for
further investigation. Blood samples were incubated in
BD BACTEC machine for a maximum of 5 days.
Positive blood cultures were inoculated on Blood agar,
Chocolate agar (both from HI Media Laboratories,
Mumbai, India), and MacConkey agar (Becton
Dickinson and Company, Cockeysville, MD, USA) and
incubated for 18-24 h at 37°C. Standard
microbiological technique were conducted to identity
bacteria including colony morphology, Gram stain,
and biochemical tests (Oxoid). Gram-positive cocci
were identified based on their gram reaction, catalase
and coagulase test results. Gram-negative rods were
identitied by performing a series of biochemical tests
such as Kligler ITron Agar (KIA), Simon’s citrate agar,
Indole, urea, and motility. Blood collected for malaria
and serology were analyzed within 30 minutes in their
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respective sections after collection. Samples were
collected and processed by qualitied laboratory
technologist.

Susceptibility Test

Antimicrobial susceptibility testing was performed
using disc diffusion on Miiller-Hinton Agar according
to Clinical Laboratory Standards Institute guidelines!®.
Bacterial isolates were tested against amoxicillin-
clavulanic acid (30 pg), Amikacin (30 pg), Ceftriaxone
(30 pg), Gentamicin (10 pg), Imipenem (30 ug),
Trimethoprim-sulfamethoxazole (23.75 upg/1.25 ug),
Ciprofloxacin (5 pug), Clindamycin (2 ug),
Erythromycin =~ (15 pg), Meropenem (10 pg),
Vancomycin (30 ug), Tetracycline (30 pg), Cefotaxime
(30 pg), Penicillin (10 pg) and Chloramphenicol (30
pg). All antibiotic discs were from Oxoid,
ThermoFisher, and Scientiticc USA. Antimicrobial
sensitivity was reported as resistant, intermediate, and
sensitive according to the Clinical Laboratory Standard
Institute'®. The choice of antibiotic agents varied
depending on the range of antibiotics available to the
laboratory.

Case definition

BSI was defined as having either positive blood
culture, malaria parasites, a positive serological result
or any co-infections.

Data analysis plan

Data were analyzed using IBM SPSS Statistics for
Windows, Version 22.0 (IBM Corp, Armonk, NY,
USA). Cross-tabulation of categorical variables was
calculated using Chi-square test (x2) while Fisher’s
exact test was used in cases when expected counts
were < 5. The association between categorical
predictors and the BSI was presented as odds ratio
(OR) with 95% contidence intervals (95% CI) using
logistic regression. Predictors significantly associated
with BSI in the bivariate analysis were selected for
multivariable analysis in the final model. A
significance level < 0.05 was used throughout.

Ethical Consideration

Ethical approval to conduct this study was obtained
from the Kilimanjaro Christian Medical University
College Research and Ethics Review Committee
(CRERC) with ethics certificate number 2472. Written
consent was signed before filling the questionnaire.
Permission to conduct the study was obtained from
KCMC administration. Though all measures to protect
the privacy and confidentiality was considered that
neither name nor registration number was mentioned
during data collection.

RESULTS

Demographic characteristics of the study population

A total of 200 patients were enrolled in the study,
giving a response rate of 100%. The modal age group
was 0-5 years with a frequency of 72 (36%). More
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than half of the participants were female 110 (55%).
The majority of the participants lived in urban 119
(59.5%). Most participants were self-employed 65
(32.5%). Lastly, 58 (29%) and 62 (31%) had primary
and secondary education respectively (Table 1).

Prevalence and common etiologies of BSI infections
Overall, 52/200 (26%) of the participants were
evident of having BSI infections. A total of 123 blood
cultures were performed, 76/123 (61.8%) trom
children (0-17 years) and 47/123 (38.2%) from adults
>17 years. Positive bacterial growth was observed in
41/123 (33.3%) isolates with 18/123 (14.6%) being
signiticant for antimicrobial susceptibility testing. The
number of pathogens recovered in the study period is
presented in Figure 1. A total of 67 samples were
subjected to serological tests. Out of these, 27(40.3%)
were tested for Widal, 20(29.9%) tested for Brucella
and the remaining were tested for syphilis. The
decisions for specitic tests on samples were based on
the clinical symptoms presented by the patient and the
tests ordered by the attending clinician. A total of
10(37.0%) were positive for Widal while 2(10.5%)
were positive for Brucella. Two of the participants had
co-infection (typhoid and Brucellosis), Figure 2. A
total of 51 participants were tested for malaria, only
1(2.0%) was found positive.

Antimicrobial susceptibility patterns of bacterial isolates
Antibiotic-resistance patterns of bacteria against the
antimicrobial agents is shown in Table 2. Coagulase
Negative Staphylococcus (CoNS) showed highest
resistance for Gentamicin 24 (96%),
Trimethoprim/sulfamethoxazole 24 (96 %), Imipenem
24 (96%), Chloramphenicol 24 (96%), Ciprofloxacin
23 (92%), Clindamycin 23 (92%) and Gentamycin 22
(88%). Staphylococcus aureus showed the highest
resistance for Meropenem 8 (88.8%),
Chloramphenicol 8 (88.8%), Cefotaxime 6 (66.6%),
Tetracycline 6 (66.6%), Amikacin 6 (66.6%),
Gentamicin 5 (66.6%) and Imipenem 6 (66.6%). The
lowest level of resistance was observed in Ceftriaxone
1(11.1%).

Risk factors associated with BSI

The results of the bi- and multivariate analyses of the
association between selected predictors and BSI are
shown in Table 3. In the bivariate analysis: age of the
participants, education level, infection risk, admission,
length of admission and hospitalization showed an
association with the outcome and were then selected
to be included in the multivariate model. Only two
factors remained independently associated with the
occurrence of BSI after adjusting for confounding.
Participants who reported having a diploma as their
highest level of education had a higher odds of having
BSIs compared to those with a degree (AOR= 5.33,
95%CI=1.39-20.38; P=0.01). Participants with a
stomachache had lower odds of having BSI compared
to other patients with symptoms (AOR=0.22, 5.33,
95%CI1=0.05-0.97; P=0.04).
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TABLE 1: Socio-demographic characteristics of the respondents (N =200)

BSl infection
Positive Negative
Variable n (%) n (%) n (%)
Age group (years)
0-5 72 (36.0) 26 (49.1) 46 (31.3)
6-17 7 (3.5) 1(1.9) 6 (4.1)
18-45 69 (34.5) 17 (32.1) 52 (35.4)
More than 45 52 (26.0) 9 (17.0) 43 (29.3)
Locality
Urban 119 (59.5) 31 (58.5) 88 (59.9)
Rural 81 (40.5) 22 (41.5) 59 (40.1)
Sex
Male 90 (45.0) 26 (49.1) 64 (43.5)
Female 110 (55.0) 27 (50.9 83 (56.5
Education level
Illiterate 4 (2.0 0 (0.0) 4 (2.7)
Primary level 58 (29 19 (35.8) 39 (29.5)
Secondary level 62 (31 17 (32.1) 45 (30.6)
Diploma level 32 (16 2 (3.8) 30 (20.4)
Degree level 32 (16 11 (20.8) 21 (14.3)
Others 12 (6. 4 (7.5) 8 (5.4)
Occupation status
Employed 61 ( 13 (24.5) 48 (32.7)
Unemployed 43 ( 12 (22.6) 31 (21.1)
Student 31 ( 7 (13.2) 24 (16.3)
Selt-employed 65 ( 21 (39.6) 44 (29.9)
Income
Less than 300,000/= 62 ( 18 (34.0) 44 (29.9)
300,000/= to 1,000,000/= 57 ( 14 (26.4) 43 (29.3)
More than 1,000,000/= 4 (2. 1(1.9) 3 (2.0)
No income 77 ( 20 (37.7) 57 (38.8)
FIGURE 1: Isolated Bacteria
X
[C]
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Z 3
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. | | | |
CONS S. AUREUS S. PYOGENES KLEBSIELLA SPP P. GNB COLIFORM
AUREGINOSA
BACTERIA ISOLATED
CONS- Coagulase negative Staphylococcus
GNB- Gram negative bacilli
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FIGURE 2: Other Laboratory Tests Performed
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TABLE 3: Factors associated with BSI
Variable COR P-value AOR P-value
Age group (years)
0-5 0.37 (0.15-0.87) 0.02 1.29 (0.17-9.41) 0.7
6-17 1.25 (0.13-11.74) 0.8 3.77 (0.25-55.05) 0.3
18-45 0.69 (0.27-1.72) 0.4 0.61 (0.20-1.89) 0.3
More than 45 Reference Reference
Locality
Urban 1.10 (0.58-2.10) 0.7
Rural Reference
Sex
Male 0.84 (0.44-1.59) 0.6
Female Reference
Education level
Primary level 1.12 (0.45-2.73) 0.8 2.37 (0.69-8.07) 0.1
Secondary level 1.47 (0.60-3.61) 0.3 2.75 (0.89-8.53) 0.07
Diploma level 5.04 (1.44-17.58) 0.01 5.33 (1.39-20.38) 0.01
Degree level and above Reference Reference
Occupation
Employed 1.93 (0.86-4.32) 0.1 1.69 (0.59-4.79) 0.3
Unemployed 1.65 (0.78-3.47) 0.1 1.44 (0.59-3.49) 0.4
Self-employed Reference
Income
Less than 300,000/= 0.91 (0.09-9.11) 0.9
300,000/= to 1,000,000/= 1.02 (0.09-10.65) 0.9
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Fever
Headache
Stomachache
Diarrhea
Others*
Co-morbidities
Diabetes
Hypertension
Cancer
Others
None
Infection risks (N=87)
Urinary catheter
Intravascular catheter
None
Admission
Yes
No
Duration of hospitalization
Less than 7 days
7 to 14 days
More than 14 days
Not admitted
Ward
Medical
Surgical
Pediatric
Others

0.78 (0.35-1.75
1.56 (0.44-5.52
0.44 (0.13-1.53
0.44 (0.06-3.01
Reference

—_— —_— — —

1.78 (0.20-16.67)
0.89 (0.26-2.98)
0.35 (0.49-2.60)
1.06 (0.27-4.13)
Reference

0.59 (0.14-2.45)
0.43 (0.22-0.84)
Reference

0.32 (0.16-0.65)
Reference

0.41 (0.19-0.87)

0.29 (0.11-0.73)

0.18 (0.04-0.82)
Reference

0.75 (0.26-2.15)

0.34 (0.07-1.57)

0.32 (0.15-0.67)
Reference

0.5 0.67 (0.27-1.69) 0.4
0.4 1.14 (0.27-4.84) 0.8
0.1 0.22 (0.05-0.97) 0.04
0.4 0.22 (0.02-2.13) 0.1
0.6
0.8
0.3
0.9
0.4 0.80 (0.15-4.13) 0.7
0.01 0.74 (0.29-1.85) 0.5
Reference
0.02 0.12 (0.005-3.10) 0.2
Reference
0.02 1.35 (0.02-68.09) 0.8
0.009 0.71 (0.01-39.24) 0.8
0.02 0.46 (0.006-34.71) 0.7
Reference
0.5 4.70 (0.35-62.17) 0.2
0.1 3.22 (0.17-59.01) 0.4
0.02 1.31 (0.07-22.70) 0.8
Reference

COR: Crude Odds Ratio, AOR: Adjusted Odds Ratio
* Other symptom such as Rashes and vomit/nausea

DISCUSSION

This study was conducted among patients who visited
KCMC. The study aimed at determining the prevalence
of BSIs, associated factors, and antibiotic susceptibility.
The prevalence of positive blood culture in this study
was found to be 14.6% which is comparable to other
studies conducted in the same region (Zanzibar
(14.0%)?°, Muhimbili-Tanzania (13.4%).°® A higher
prevalence was observed in a study done in Malawi
which reported a prevalence of 30%, also difference
may be due to different study population whereby it
was specitic to adults only who presented with fever??.
Coagulase Negative Staphylococcus (61.0%) was the
most predominant bacteria isolated among participants
with bacterial infections, followed by Staphylococcus
aureus (22.0%). This pattern is similar to a study
conducted in Dar Es Salaam Tanzania which also
reported that Staphylococcus aureus as the most
common cause of BSIs®. CoNS was also reported to be
the most isolated bacteria in a study conducted in
Ghana %, while Staphylococcus aureus was the second
most isolated bacteria among patients with BSI in
Ghana?? and Malawi?*. Salmonella typhi was the most
common organism isolated among the positive
participants. Ditferent studies have also reported
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Salmonella being a major cause of infection in
Bangladesh (36.9%)?!, Nepal (71%)?° and Malawi?*.

Coagulase Negative Staphylococcus showed the
highest rates of drug resistance to
Trimethoprim/sultamethoxazole, Imipenem,

Chloramphenicol, Ciprotloxacin, Clindamycin and
Gentamycin. Similarly, a study in India reported that
Ciprofloxacin and Clindamycin was resistance to
CoNS?¢.  Staphylococcus aureus showed the highest
rates of resistance for gentamicin (66.6%). This finding
is comparable to similar reports from Brazil??, India®®
and Senegal®®. In contrary, a study conducted in
Zanzibar reported high susceptibility ot Staphylococcus
aureus to Cefotaxime and Tetracycline?’. In general,
our findings suggest that the that isolates found on the
Tanzanian mainland are quite similar to those found
elsewhere?2%. However, we noted small differences
with a study conducted in Zanzibar?°. It is possible that
the smaller population and more limited circulation of
people reduces the transmission of some strains of the
pathogen. Based on the observed results in this study,
treatment should follow microbiology investigations
and not be solely based on clinical symptoms. This will
improve the accuracy of diagnosis and support the
reduction in the occurrence of AMR. Further efforts
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are needed to raise awareness amongst the community
and healthcare workers as to the rapid increase in drug
resistance and advocate on the antimicrobial
stewardship program in these settings.

The education of individuals can help tackling the
spread of disease, given that educated people may be
more aware how diseases circulate in their community.
The probability of having or dying from infections such
as malaria is inversely related to income and
education?”. However, this was not the case in this
study, our results suggest that those with a higher level
of education (diploma) were more likely to have a BSI.
It is possible that this result is caused by a selection bias,
the study was hospital based, so it is possible that those
who are more educated may have better health seeking
behavior and therefore more likely to attend hospital
and then be included in this study. A study conducted
in America showed that education level was a
significant factor associated with BSIs for more than
30% of participants!®. Though lacking statistical
significance our tindings suggest that participants with
diabetes were 78 % more likely to have BSIs compared
to others. Our sample size was small, and this may have
reduced our power to detect an association. Further
studies should be conducted to investigate this
association. Finally, our study suggests that increased
efforts should be taken to reduce opportunities for
infection.

The findings ot this study should be considered with
the following limitations in mind. Firstly, a single
blood culture specimen was collected from each
patient, therefore it was not possible to determine if the
patients with CoNS isolation had true bacteremia or the
finding was due to skin contamination. The data for
this study were obtained for three months between
April and June 2019, and therefore seasonal variations
in the frequency of BSI and causative microorganisms
could not be assessed.

CONCLUSION

We identitied a high prevalence of BSIs across all age
groups and more commonly associated with education
level. Staphylococcus spp was the most commonly
isolated organism among patients with BSIs and
exhibited high levels of AMR. We recommend that
laboratory investigations and susceptibility tests of
isolated bacteria should guide treatment protocols, and
these should not be solely based on clinical symptoms.
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