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Abstract

Introduction. Bloodstream infections (BSI) are a major public health burden with high mortality, and when
coupled with antimicrobial resistance, the healthcare costs increase. This study aimed to establish the
prevalence of antimicrobial resistance patterns of pathogens isolated from blood cultures at Livingstone
Central Hospital (LCH) from 2019 to 2021.

Methods. A single-centre laboratory based retrospective study with information collected from electronic
laboratory system generated reports on all isolated organisms at LCH microbiology laboratory for a
period of 3 years.

Results. A total of 765 specimens were processed from January 2019 to December 2021 and only 331
(43.3%) met the inclusion criteria. More specimens from female (61.3%) than males (38.7%), and from
out-patient departments (65.9%) than in-patient departments (34.1%) specimens were processed.
Amongst the bacteria isolates identified, Escherichia coli (27.2%) was the commonest isolate followed by
Enterobacter agglomerans (22.7%), Klebsiella pneumoniae (13%), Klebsiella oxytoca (6.3%), Enterobacter
aerogenes (5.4%), Enterobacter cloacae (5.4%), Citrobacter freundii (C4.8%), Serratia marcescens (3.6%),
Proteus mirabilis (3.3%), and Staphylococcus aureus (2.7%). Antibiotic susceptibility testing identified the
least potent antibiotic as ampicillin (92.9%) followed by co-trimoxazole (82.7%), nalidixic acid (68.3%),
penicillin (66.7%), tetracycline (63.5%), and chloramphenicol (50.3%) whereas the most effective
antibiotic was imipenem (84.6%) followed by norfloxacin (64.7%) and nitrofurantoin (61.2%). Resistance
maybe affected by patient gender and location.

Conclusion. Multidrug resistance strains causing BSI are increasing and imipenem is still effective but
risk being over-used. This will impact healthcare costs and increase mortality rates at the hospital level.

Introduction

Bloodstream infections (BSI) are infectious diseases recognized by the presence of viable
microorganisms in the bloodstream [1]. Globally, BSI are a major public health burden with high mortality
as the infections account for 10—20% of all nosocomial infections and are the eighth leading cause of
mortality (15%) in the United States [2—4]. In BSI, patient outcome is critically influenced by delayed
therapy, and fast and accurate pathogen diagnostics decisively improves the care of patients [4]. In spite
of the increased mortality rate that accompanies BSI, prolong patient stay in the hospital and increased
health care costs had been reported, and inadequate empirical therapy is usually associated with adverse
outcomes [2]. The mechanism of quick identification of pathogens (like automated blood culture
systems) and their susceptibility patterns in patients with bacteraemia is lacking in many healthcare
facilities. Few healthcare facilities especially those in urban areas use the traditional method of blood
culture bottles that are usually incubated for a number days (before declaring them negative) with daily
subcultures on solid media that subsequently increase the chances of false positives due to possible
contamination [5]. Because of this, broad spectrum antibiotics are liberally and mostly unnecessarily
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used resulting to an increase in emerging resistance and when combined with poor infection control
practices, resistant bacteria can easily be disseminated to other patients and the environment [6].

Antimicrobial resistance (AMR) is another major public health concern, worldwide. In low and medium-
income countries (LMIC), AMR monitoring is inadequate, but the extensive usage of antibiotics to prevent
and treat infectious diseases has led to the emergence and spread of antibiotic resistance which has
influenced a particular force on susceptible bacteria leading to resistant strain survival, consequently
increasing medical costs, illness, and mortality [8]. Therefore, surveillance of bloodstream infections from
blood cultures and their antibiotic resistance patterns are vital to the care of patients and prevention of
BSI [2]. Studies have shown increased prevalence of extended spectrum beta lactamase (ESBL)
producing strains and carbapenem resistance strains among blood pathogens [7-9].

In Zambia, several reports have indicated the prevalence of antibiotic resistant bacterial pathogens [10-
14], and more recently, a spike in resistance to imipenem, ciprofloxacin and ampicillin against Escherichia
coli, Klebsiella pneumoniae, Proteus mirabilis and Proteus species from blood and other specimen
sources was observed [15]. Despite these reports, irrational use of antibiotics is widely practiced and lack
of control policies on over-the-counter antibiotics increase emergence of multidrug resistant (MDR)
strains. To circumvent the MDR issue at a hospital level, monitoring of the pathogenic spectrum and
changes in bacterial antibiotic resistance help in effective clinical therapy and infection control [16].
Therefore, our study aimed at understanding the resistance patterns of pathogens isolated from blood
cultures at Livingstone Central Hospital (LCH).

Material And Methods

Study design and site. A hospital based retrospective study was conducted at Livingstone Central
Hospital (LCH) on routine specimen isolates from patients who visited the hospital between January
2019 — December 2021. The cultures of patient specimens, identification of bacterial isolates and
antimicrobial susceptibility testing were conducted on commercially and in-house prepared media, but
quality controlled with American Type Culture Collection (ATCC) standard strains following the Clinical
and Laboratory Standards Institute (CLSI) recommendations [17]. The LCH microbiology laboratory
participates in a bacteriology External Quality Assessment (EQA) program and has been accredited by the
Southern African Development Community Accreditation Service (SADCAS).

Eligibility criteria. This study included all specimens having information on the patient’'s gender, age,
location (ward/clinic), name of organism and antibiotic susceptibility testing. However, any isolated
organism without a species name, and with unknown source (i.e., lack of age-, location-, and gender of
patient, and sample type) were excluded from the study.

Data collection and analysis. Data from electronic laboratory system generated reports on all isolated
organisms at LCH microbiology laboratory for a period of 3 years (January 2019 to December 2021) was
used from which information such as age, gender, patient’s location, name of the organism and the

antibiotic susceptibility were considered. The collected data was entered, assorted, and coded using
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Microsoft Excel 365 and then exported to IBM Statistical Package for Social Science (SPSS) version 20
for analysis. Descriptive statistics was used to describe our data. Microsoft Excel 365 was used for graph
generation. A chi-square test was used for categorical variables. A p-value of < 0.05 was considered
statistically significant.

Ethical consideration. The study considered data from the hospital laboratory generated reported for
routine laboratory diagnosis and was granted ethical waiver from Mulungushi University School of
Medicine and Health Sciences Research Ethics Committee (reference no.: SMHS-MU2-2021-33v1) while
permission to use the Disa*Lab system generated data was obtained from Livingstone Central Hospital
management. No personal identifiers were included in the study.

Results

Characterization of bacterial organisms isolated from blood
specimens

A total of 765 specimens were processed from January 2019 to December 2021 and only 331 (43.3%)
met the inclusion criteria for this study. Of the 331, 203(61.3%) specimens were received from female and
128 (38.7%) from males, ranging age between 0 and 80 years with the median age of 32+ 20.9 years.
Categorizing the age groups in 0—16 years, 17-39 years, and 40-80 years, 55 (16.6%)-, 171 (51.7%)-, and
105 (31.7%)- specimens were received, respectively (Fig. 1). Most specimens came from out-patient
departments (OPD; 218, 65.9%) while 113 (34.1%) came from the in-patient departments (IPD), and 104
(31.4%) specimens were analysed in the year 2019, while 130 (39.1%) for the year 2020 and 97 (29.3%)
were processed in year 2021 (Fig. 1). Amongst the bacteria isolates identified, Escherichia coli (E. coli; 90,
27.2%) was the commonest isolate followed by Enterobacter agglomerans (E. agglomerans, 75, 22.7%),
Klebsiella pneumoniae (K. pneumoniae, 43, 13%), Klebsiella oxytoca (K. oxytoca; 21, 6.3%), Enterobacter
aerogenes (E. aerogenes; 19, 5.4%), Enterobacter cloacae (E. cloacae; 18, 5.4%), Citrobacter freundii (C.
freundii; 16, 4.8%), Serratia marcescens (S. marcescens, 12, 3.6%), Proteus mirabilis (P mirabilis; 11,
3.3%), and Staphylococcus aureus (S. aureus; 9, 2.7%) as presented in Fig. 2.

Antibiotic susceptibility testing was conducted with a panel of antibiotics that are commonly used at
LCH. The resistance percentage of used antibiotics showed ampicillin (92.9%) as the least effective drug
followed by co-trimoxazole (82.7%), nalidixic acid (68.3%), penicillin (66.7%), tetracycline (63.5%), and
chloramphenicol (50.3%) whereas the most effective antibiotics were imipenem (15.4%), norfloxacin
(35.3%) and nitrofurantoin (38.8%) as shown in Fig. 3.

In trying to understand the association of independent variables with antibiotic resistance, we conducted
a chi-square test. According to this analysis, the resistance patterns of E. agglomerans to nitrofurantoin
(p=0.041), E. colito cefuroxime (p =0.014), K. oxytoca to cefuroxime (p = 0.026) were affected by patient
gender (Table 1). Furthermore, patient location (IPD vs OPD) had a negative effect on chloramphenicol
and ciprofloxacin. E. agglomerans and K. pneumoniae isolates from IPD were resistant to
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chloramphenicol (p = 0.002) and ciprofloxacin (p = 0.021) whereas the resistance of E. aerogenes to co-
trimoxazole (p = 0.008) and E. colito ampicillin (p = 0.034) varied on the year the bacteria were isolated
(Table 1).

Table 1

The resistant pattern of some blood isolated bacteria with respect to patient gender, patient location,
and year of isolation.

Gender

Microorganism  Female Male p-value Drug

E. agglomerans  30.3% (10/33) 66.7% (8/12) 0.041 Nitrofurantoin

E. coli 10% (1/10) 100% (3/3) 0.014 Cefuroxime

K. oxytoca 0% (0/7) 62.5% (5/8) 0.026 Cefotaxime

Location

Microorganism  IPD OPD p-value Drug

E. agglomerans 87.5% (7/8) 15.4% (2/13) 0.002 Chloramphenicol

K. pneumoniae  100% (6/6) 28.6% (2/7) 0.021 Ciprofloxacin

Year

Microorganism 2019 2020 2021 p-value Drug

E. aerogenes 100% (10/10)  40% (2/5) 0% (0/1) 0.008 Co-trimoxazole

E. coli 83.3% (5/6) 95.2% (40/42)  74.1% (20/27) 0.034  Ampicillin
Discussion

Bacteraemia is the presence of viable bacteria in the circulatory system that may result from an existing
focus of infection, a site with commensal flora or direct inoculation of contaminants via a trauma. Our
study found that bacteraemia cases at LCH was mostly from female patients (61.3%) and were
community-acquired as the OPD (65.9%) recorded the highest numbers of infections. Furthermore,
increasing in age was a risk factor for BSI because the age groups 17-39years (51.7%) and 40-80years
(31.7%) had more BSI than the paediatric age group (0-16years). This agreed with Laupland et al. [18]
study that showed older and male patients of having increased risk of contracting BSI but disagreed on
the at-risk gender as our study indicated more BSI from the female patients. This could be due to the
variations in the types of studies and the study population as they. The findings of more community-
acquired BSI agreed with another retrospective study conducted in the United Stated by Page et al. study
[19] where more cases of community-acquired severe sepsis than healthcare-associated severe sepsis
and hospital-acquired severe sepsis.

Page 5/11



The commonest blood pathogens at LCH were E. coli (27.2%), E. agglomerans (22.7%), K. pneumoniae
(13%), K. oxytoca (6.3%), E. aerogenes (5.4%), E. cloacae (5.4%), C. freundii (4.8%), S. marcescens (3.6%),
P mirabilis (3.3%), and S. aureus (2.7%). Similarly, Enterobacteriaceae were the most prevalent
microorganisms followed by Coagulase-negative Staphylococciand S. aureus in people living with HIV
[20] and another study [21] that found E. coli as the most common cause of bacteraemia.

The highest prevalence of resistant strains was discovered in this study. Ampicillin lost its potency by
92.9% followed by co-trimoxazole (82.7%), nalidixic acid (68.3%), penicillin (66.7%), and tetracycline
(63.5%). Studies have reported an increased trend of BSI caused by methicillin-resistant S. aureus (MRSA)
and third-generation cephalosporin-resistant E. coli which subsequently exert pressure on prolonged
hospital stay thereby increasing the healthcare costs [22]. Our study revealed high numbers of gram-
negative bacteria that showed resistance to a wide range of antibiotics including ceftazidime (42.9%),
cefuroxime (42.9%) and cefotaxime (44.6%). This is an indication that whenever, a gram-negative
bacterium is identified in BSI, careful selection of therapeutic drugs should be evidence-based because
the practice of commencing patients on broad-spectrum antibiotics has contributed to the multidrug
resistance development being observed today. Furthermore, our study found imipenem with the
sensitivity of 84.6%, norfloxacin with 64.7% and nitrofurantoin with 61.2%. This finding was in
concordance with Serretiello et al. study [23] that found E. coli with high sensitivity to carbapenems and
amikacin. Despite these antibiotics retaining their potencies against the isolated blood pathogens, the
pathogens were slowing exhibiting resistances perhaps due to their over-use, and hence implementing
effective antimicrobial resistance surveillance system such as antimicrobial stewardship programs
and/or using the global antimicrobial resistance surveillance system(GLASS) should be considered by
various hospitals [21].

In addition, our study found E. agglomerans resistance to nitrofurantoin (p = 0.041), E. coliresistance to
cefuroxime (p =0.014), and K. oxytoca resistance to cefuroxime (p = 0.026) were high in male patients by
66.7%, 100% and 62.5%, respectively. Additionally, E. agglomerans resistance to chloramphenicol (p =
0.002) and K. pneumoniae resistance to ciprofloxacin (p = 0.021) were high in IPD by 87.5% and 100%,
respectively. Through unclear mechanisms, males are more prone to having MDR-BSI as discovered in
this study and supported by other studies [24-26]. Moreover, there is an increased chance of having MDR
BSI| amongst hospitalized patients due to the over-use of assorted chemotherapy [19, 27].

Multidrug-resistant (MDR) pathogens are making common infections more difficult to treat or untreatable,
and burdensome to the health care system. Studies have shown increased prevalence of ESBL producing
strains and carbapenem resistance strains among blood pathogens [7-9]. The MDR patterns of bacterial
isolates from our study clearly suggest that ESBL producing strains may be circulating at LCH.
Intensifying infections control and prevention practices, periodic antibiogram studies and implementing
the antimicrobial stewardship program may reduce the generation of MDR strains and regulate antibiotic
prescribing at the hospital level.

Conclusion
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Our study had shown a rise in MDR strains causing blood stream infections. Treating these infections,
imipenem was still effective but risk being over-used. Furthermore, Enterobacteriaceae and S. aureus were
the commonest cause of blood stream infections at Livingstone Central Hospital. Therefore, the choice of
antibiotics to manage Enterobacteriaceae- and S. aureus-related blood stream infections should be
evidenced-based to reduce the MDR strains to a minimum, and the prescribing of broad-spectrum
antibiotics should be condemned or considered as a last resort. Otherwise, this alarming antibiotic picture
may trickle down to the high cost of managing bacterial infections consequently increasing mortality and
morbidity rates.
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Figure 1

Percentage frequencies of blood isolates based on patient gender, year of isolation, patient age group
and patient location. IPD: in-patient departments, OPD: out-patient departments, yr: year.
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Figure 2

Percentage frequencies of the type of bacterial isolates from blood specimens. CoNS: Coagulase
negative Staphylococci.
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Figure 3

Percentage frequencies of the susceptibility pattern of blood isolates.
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