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ABSTRACT

Background: Bloodstream infections (BSI) are of
public health concern because they are usually
associated with high fatality rate if therapy is
delayed. A combination of these infections with
antibiotic resistance increases healthcare costs. In
this study, microorganisms identified from blood
cultures at Livingstone University Teaching
Hospital (LUTH) between 2019 and 2021 were
evaluated for their antibiotic resistance patterns.

Methods: This was a single-centre laboratory based
retrospective study. Data on isolated organisms from
electronic laboratory system generated reports at
LUTH microbiology laboratory for a period of 3
years, was analysed with SPSS version 20.

Results: A total of 765 specimens were processed
and only 331 (43.3%) met the inclusion criteria. Of
the 331 specimens, 61.3% and 38.7% were collected
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from female and male patients, respectively whereas
65.9% came from out-patient departments and
34.1% from in-patient departments. The commonest
bacteria isolate was Escherichia coli (27.2%)
followed by Enterobacter agglomerans (22.7%),
Klebsiella pneumoniae (13%), Klebsiella oxytoca
(6.3%), Enterobacter aerogenes (5.4%),
Enterobacter cloacae (5.4%), Citrobacter freundii
(4.8%), Serratia marcescens (3.6%), Proteus
mirabilis (3.3%), and Staphylococcus aureus
(2.7%). Of the common utilized antibiotics,
ampicillin (92.9%) was the least effective drug
followed by co-trimoxazole (82.7%), nalidixic acid
(68.3%), penicillin (66.7%), tetracycline (63.5%),
and chloramphenicol (50.3%), while imipenem
(15.4%), norfloxacin (35.3%), and nitrofurantoin
(38.8%) were the most effective. The patient's
gender and hospital location may have an impact on
antibiotic resistance.

Conclusion: The most common bacterial pathogens
were Gram-negative Enterobacteriaceae that
showed increased resistance to various classes of
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commonly used antibiotics at LUTH but with low
resistance to imipenem. Due to the observed
multidrug resistant pathogens for BSI, it is cardinal
for healthcare facilities to monitor bacteria
resistance patterns regularly and encourage the
prudent use of antibiotics. However, antibiotic
selection for susceptibility testing should be based
on the Clinical and Laboratory Standards Institute
(CLSI) and Zambia National Formulary (ZNF)
recommendations to only test antibiotics 1r for BSI
instead of those recommended for other infections
like urinary tract infections (e.g., tetracyclines).

INTRODUCTION

Bloodstream infections (BSI) are infectious
diseases recognized by the presence of viable
microorganisms in the bloodstream . 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 . In
BSI, patient outcome is critically influenced by
delayed therapy, and fast and accurate pathogen
diagnostics decisively improves the care of patients
. Moreover, the mainstay of therapy for patients with
bacteraemia remains antimicrobial therapy,
together with the optimal management of its
consequences (e.g., shock or metastatic suppurative
complications), and surgical treatment of an
infection site (e.g., debridement, abscess drainage,
or removal of intravascular devices), when
appropriate. Thus, early adequate treatment is key
and should use available guidelines and direct
examination of samples should be performed from
the infectious source to clearly identify the
causative agent. 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
traditionalmethod of blood culture bottles that are
usually incubated for a number of days (before
declaring them negative) with daily subcultures on
solid media that subsequently increase the chances

of false positives due to possible contamination.
Because of this, broad spectrum antibiotics are
liberally and mostly unnecessarily used resulting
into 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 .

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. Therefore, surveillance of
bloodstream infections from blood cultures and their
antibiotic resistance patterns are vital to the care of
patients and prevention of BSI . Studies have shown
increased prevalence of extended spectrum beta
lactamase (ESBL) producing strains and
carbapenem resistance strains among blood
pathogens.

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

Study design and site. Asingle-centre laboratory
based retrospective study was conducted at
Livingstone University Teaching Hospital (LUTH)
on routine specimen isolates from patients who
visited the hospital between January 2019 and
December 2021. The cultures of patient blood
specimens, identification of bacterial isolates and
antimicrobial susceptibility testing were conducted
on commercially and in-house prepared media that
were quality controlled with the American Type
Culture Collection (ATCC) standard strains
following the Clinical and Laboratory Standards
Institute (CLSI) recommendations. The LUTH
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 blood
specimens having information on the patient's
gender, age, location (ward/clinic), name of
organism and antibiotic susceptibility testing.
However, any blood isolated organism without a
species name, and with unknown source (i.e., lack of
age-, location-, and gender of patient) were excluded
from the study.

Data collection and analysis. Data from a Disa*Lab
system generated reports on all isolated bacteria
from blood specimens at LUTH 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
bacterium and the antibiotic susceptibility were
considered. The collected data was entered, assorted,
and coded using Microsoft Excel 365 and then
exported to IBM Statistical Package for Social
Science (SPSS) version 20 for analysis. Descriptive
statistics was used to describe the data. Microsoft
Excel 365 was used for graph generation and a chi-

square test was used for categorical variables. A p-
value of < 0.05 was considered statistically
significant.

Ethical consideration. The ethical clearance was
obtained 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
University Teaching 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 eligible blood specimens, the variations in
the number of processed specimens are presented in
Figure 1. Briefly, more specimens were processed
from females (61.3%) than males (38.7%).
Furthermore, it was observed that the number of
specimens processed in the year 2020 was higher
than specimens processed in the years 2019 and
2021. Patients from the age group 17- to 39-year-old
had more blood specimens than those from 0 to 16
years old or 40 to 80 years old. Lastly, there was
more blood specimens from the out-patient
departments (OPD) than the in-patient departments
(IPD).Amongst the bacteria isolates identified,
gram-negative strains were the majority with the top
five beingEscherichia coli (E. 90,
27.2%),Enterobacter agglomerans(E.

coli;

agglomerans; 75, 22.7%), Klebsiella pneumoniae
(K. pneumoniae; 43, 13%), Klebsiella oxytoca(K.
oxytoca; 21, 6.3%), andEnterobacter aerogenes (E.
aerogenes; 19,5.4%), as presented in Figure 2.
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Figure 1: The processed blood specimens based on patient
gender, year, patient age group and patient location. The

numbers represent percentage frequencies of specimens. IPD:

Figure 3: Susceptibility pattern of blood isolates on
commonly used antibiotics at LUTH. Percentage frequencies

in-patient departments, OPD: out-patient departments, yr: year.

are shown.
Gender
Microorganism ~ Female ~ Male p-value  Drug
E.agglomerans 303%  66.7%(8/12) 0.041 Nitrofurantoin
(10/33)
E. coli 10% 100% (3/3) 0.014 Cefuroxime
(1/10)
Koxytoca 0% (0/7)  62.5% (5/8) 0.026 Cefotaxime
Location
Microorganism  IPD 0PD p-value  Drug

Figure 2: Bacteria isolates from blood specimens. The
numbers indicate percentage frequencies of the isolate. CoNS: E.agglomerans 875%  154%(2/13) 0.002 Chloramphenicol

Coagulase negative Staphylococci. (18)

K. pneumoniae 100% 28.6% (2/7) 0.021 Ciprofloxacin
Assessment of susceptibility pattern of blood (6/6)
isolates

e e o eqe . . Yi
Antibiotic susceptibility testing was conducted with “r

a panel of antibiotics that are commonly used at Microorganism 2019 2020 2021 pvalue  Drug
LUTH. The resistance percentage of used antibiotics
showed ampicillin (92.9%) as the least effective
drug followed by co-trimoxazole (82.7%), nalidixic (1010)  (25)
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 Figure 3.

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

E. coli £3%  9%52%  41% 0034 Ampicillin
56 (@) (07)
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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.
According to this study, the majority of bacteraemia
cases at LUTH involved female patients (61.3%)
and were acquired in the community because the
OPD saw the greatest rates of infections (65.9%).
Additionally, there were more bacteraemiacases in
patients aged 17 to 80 years than in children (0-
16years)but this study could not establish whether
getting older was a risk factor for BSI because of the
wider range of age intervals. Elsewhere, Laupland et
al.”, found that older age and male patients were at
higher risk of developing BSI. Future studies should
consider assessing age as continuous variable in
establishing whether older age may be a risk factor
for BSI. However, the current study found more
female patients (61.3%) with bacteriemia cases than
male patients (38.7%) and was not in agreement
with Laupland et al.'s study findings. This
discrepancy might be because of the variation in
study population, study design and the numbers of
antibiotic-exposed isolates. The results of a
different retrospective study conducted in the
United States by Page et al.” that found more cases
of community-acquired severe sepsis than
healthcare-associated severe sepsis and hospital-
acquired severe sepsis agreed with the current study
findings of more community-acquired BSI.

The presence of bacteria in blood has long been
regarded as a sign of infection since human blood
has generally been thought of as a completely sterile
environment consisting only of blood cells,
platelets, and plasma’'. Although the possibility of a
healthy human blood microbiome is a contested idea
that calls for additional research, the current study
does not address the question of whether microbial
cells or cell-free microbial DNA may be detected in
healthy human blood. Considering the idea that
human blood is a sterile environment, any bacterial
isolate was therefore considered as a potential blood
pathogen in our investigation. As a result, E. coli
(27.2%), E.agglomerans (22.7%), K. pneumoniae
(13%), K.oxytoca(6.3%), E. aerogenes (5.7%), E.
cloacae(5.4%), C.freundii (4.7%), S. marcescens

(3.6%), P. mirabilis(3.3%), and S. aureus(2.7%)
were the most frequently found blood pathogens at
LUTH. Similar study results showed that E. coli was
the most frequent cause of bacteraemia™ and that
Enterobacteriaceae, Coagulase-negative
Staphylococci and S. aureus predominated blood
infections in HIV-positive individuals™.

Additionally, our susceptibility study found that
LUTH had the highest proportion of resistant
bacteria that had 63.5% to 92.9% resistance to
ampicillin, tetracycline, co-trimoxazole, nalidixic
acid, and penicillin. Studies have reported an
increased trend of BSI caused by methicillin-
resistant S. aureus (MRSA) and third-generation
cephalosporin-resistant £. coliwhich subsequently
exert pressure on prolonged hospital stay thereby
increasing the healthcare costs . High concentrations
of gram-negative bacteria that were resistant to a
variety of antibiotics, including ceftazidime
(42.9%), cefuroxime (42.9%), and cefotaxime
(44.6%), were found in our study. This shows that if
a gram-negative bacterium is found in BSI,
antibiotic drug selection for treatment should be
based on susceptibility testing results because the
practice of starting BSI patients on broad-spectrum
antibiotics may be contributing to the development
of multidrug resistance that is currently being
observed. Furthermore, our study discovered that
imipenem had an 84.6% sensitivity, norfloxacin had
a 64.7% sensitivity, and nitrofurantoin had a 61.2%
sensitivity. These results were consistent with the
Serretielloet al. study's conclusion that £. coli had a
high level of carbapenem and amikacin sensitivity™.
Despite the fact that these antibiotics were still
effective against isolated blood pathogens, the
pathogens were slowly developing resistances,
possibly as a result of their overuse, so various
hospitals should consider implementing an efficient
antimicrobial resistance surveillance system, such as
antimicrobial stewardship programs and/or using
the global antimicrobial resistance surveillance
system (GLASS) to monitor the antibiotic resistant
levels™.

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
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ESBL producing strains and carbapenem resistance
strains among blood pathogens™. The MDR
patterns of bacterial isolates from our study clearly
suggest that ESBL producing strains may be
circulating at LUTH. 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. Due to the retrospective nature of
our study, we were unable to determine the current
levels of antibiotic resistance at LUTH.
Consequently, prospective antibiogram tests are
warranted. Furthermore, it was observed that
tetracycline was tested on blood isolates when it is
not recommended for treating BSI but urinary tract
infection. Therefore, antibiotic selection for
susceptibility testing should be based on the CLSI
and Zambia National Formulary recommendations.

CONCLUSION

A surge in MDR strains that cause blood stream
infections has been reported in our study. Imipenem
was still useful in treating these infections, but it
risks of being overused. Additionally, S. aureus and
Enterobacteriaceae were the most typical causes of
blood stream infections at Livingstone University
Teaching Hospital. Therefore, in order to minimize
the numbers of MDR strains and manage blood
stream infections caused by Enterobacteriaceae and
S. aureus, the selection of antibiotics must be
supported by laboratory evidence. Broad-spectrum
antibiotics should only be prescribed as a last resort.
If not, the high expense of treating bacterial
infections may have an adverse effect on mortality
and morbidity rates due to the observed dismal
antibiotic resistant picture.
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