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Abstract

Purpose: As bloodstream infection is a significant cause of morbidity and
mortality, the surveillance study is required to continuously monitor the
pattern of infection and antibiotic resistance. Our study aimed to detect
the antibiotic susceptibility pattern of bacteria isolated from patients in
Rajshahi, Bangladesh.

Subjects and Methods: This study was conducted over 2 years from
January 2019 to December 2020 with a total of 1,367 suspected
hemocultures of inward and outward patients in Rajshahi medical college
hospital, Rajshahi, Bangladesh. The standard microbiological methods
were used in this study.

Results: Out of overall 35% positive growth, 34% and 37% showed blood
culture infection in the year 2019 and 2020, respectively. Females (55%)
were found higher than males (45%). The patients were the highest in the
age group 0-10 years (46%) but the number of infections rapidly
decreased in the age 11-20 years (21%) followed by a gradual reduction
of infection with the increasing age. All the infections were occurred due
to single culture and E. coli was accounted as the most frequent infection
(39.09%) followed by Staphylococcus aureus, Candida albican,
Klebsiella pneumonia, Staphylococcus epidermidis, Salmonella spp.,
Streptococcus viridans and Pseudomonas aeruginosa. Higher sensitivity
towards Cefepime, and Meropenem was demonstrated by both Gram-
negative and Gram-positive bloodborne bacteria. A terrifying scenario
was that a great number of those isolates showed resistance towards 4, 6,
and more than 6 antibiotics, respectively.

Conclusion: Our local work on bacteriological profile and antibiogram
might help to rationalize empiric treatment strategies.

1. Introduction

A disease that is transmitted by blood or body fluid is known as blood-borne disease.

Blood is normally sterile until it is contaminated (Castillo et al., 2019). The presence of
microorganisms in the blood is addressed by different terms, like bacteremia (presence of
bacteria in the blood), viremia (presence of virus in the blood), fungemia (presence of fungi
in the blood) (Viscoli, 2016). However, gram-negative bacteria are more common in
bacteremia causing 25% of nosocomial infections and 45% of community-acquired infections
(Gaynes & Edwards, 2005; Diekema, 2003). The common gram-negative bacteria that are
responsible for bacteremia include Escherichia coli, Pseudomonas, Klebsiella, Serratia,
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Salmonella, Enterobacter, etc. (Ahmed et al., 2017; Mia and Zerin, 2020). Whereas,
Staphylococcus, Streptococcus and Enterococcus species are the major gram-positive bacteria
that can enter the bloodstream during infection (Rolston et al., 2006).

Antibiotic resistance is a major concern worldwide and, in the USA, around 2 million
illnesses and 23,000 deaths per year are caused by antibiotic-resistant bacteria. If the recent
scenario continues, by 2050, the death may rise to 10 million/year worldwide where about
90% of the predicted death might occur in developing countries like Asia and Africa
(Laxminarayan et al., 2013; Islam et al., 2019). People from Indian subcontinents are using
3" or 4™ generation antibiotics whereas 1% or 2" generation antibiotics are being consumed
by European or American people (Farooqui et al., 2018). Bangladesh and neighbouring
countries contributed a mammoth risk due to inconsiderable uses and misuses of antibiotics,
thus, bacteria become resistant and can be able to proliferate in presence of antibiotics (Islam,
2020). To address the forthcoming threat of antibiotic resistance, this is a must to continue
systemic regional surveillance through comprehensive monitoring and analysis of the
frequency of occurrence and trends of resistance to properly conduct interferences. Hence,
our study endeavoured to detect the occurrence of microorganisms in bloodborne infections
and their antibiotic susceptibility pattern for 23 months in a hospital situated in Rajshahi,
Bangladesh.

2. Methodology and Procedures

The study was carried out in Rajshahi medical college hospital, Rajshahi, Bangladesh
over a period from January 2019 to November 2020. A total of 1,367 samples of inward and
outward patients clinically suspected as having bacteremia were evaluated for our study. The
standard microbiological methods were used in this study.

In paediatric cases, 1-2 mL of blood was collected and directly incorporated into
blood culture bottles (Microbiotech S.r.l., Maglie, Italy). In adults, blood samples of 5-10 mL
were collected and directly incorporated into blood culture bottles (Microbiotech S.r.l.,
Maglie, Italy). The bottles were incubated at 37°C aerobically for visible growth to come.
Following visible growth, 2-3 drops of the blood culture were inoculated on blood agar
(Oxoid) and MacConKey agar (Oxoid) media. Blood culture bottles that do not show any
significant growth till the 7th day of incubation were reported as culture negative. The
culture-positive samples were identified by colony morphology, microscopy, and
conventional biochemical tests as per the standard protocol followed in the microbiology
laboratory (Collee et al., 1996).

The antibiotic susceptibility pattern of bacterial isolates was performed by Kirby-
Bauer disc diffusion method on Mueller-Hinton agar plate, and the results were recorded
following the Clinical and Laboratory Standards Institute 2015 guidelines (Wayne, 2016).
Various categories of antibiotics were used in our study, including aminoglycosides
(Amikacin 25 pg and Gentamycin 10 pg), carbapenems (Imipenem 10 pg, Aztreonam 30 ug,
Meropenem 10 pg), cephalosporins (Cephradine 30 pg, Ceftazidime 30 pg, Ceftriaxone 30
Mg, Cefixime 05 pg, Cefepime 30 pg, Cefuroxim Sodium 30 pg), penicillins (Cloxacillin 05
Mg, Penicillin G 6 pg), fluoroquinolones (Levofloxacin 05 pg, Moxifloxacin 05 pg and
Ciprofloxacin 05 pg), macrolides (Azithromycin 15 ug), oxazolidinones (Linezolid 10 ug),
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tetracyclines (Doxycycline 30 ug), nitrofuran antibiotics (Nitrofurantoin 300 pg), polymyxin
(Colistin Sulphate 10 pg, Polymyxin B 50 pg) and sulfonamides (Cotrimoxazole 25 pg).

3. Results and Discussion

A 2-year extended study was carried out from January 2019 to December 2020 with a
total of 1,367 suspected hemocultures. Among them, 481 cultures showed growth and 886
cultures did not show\ any growth. In both of the years, the number of positive samples
increased or decreased in a much-synchronized pattern throughout the years. Whereas, the
highest number of positive specimens was observed in March in both of the years. However,
the number of positive samples bottomed in July 2019 and November 2020. The month-wise
distribution of growth positive and growth negative specimens for the years 2019 and 2020
was depicted in Figure 1. The year-wise frequency of positive and negative specimens was
summarized in percentage in Figure 2. Of the total samples, 34% in 2019 and 37% in 2020
yielded significant growth of blood-borne pathogens. Positive samples were almost half of
the negative samples over the two different years.
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Figure 1: The bar diagram presented the frequency distribution of positive and negative samples in
every month of the year 2019 and 2020.
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Figure 2: The pie graph showed the percentage of total positive and negative specimens in 2020 and
20109.
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Figure 3: The pie chart showed the percentage of total male and female patients throughout the study
period.

Our data showed that females were somewhat more prone (55%) to bloodborne
diseases than males (45%) which is illustrated in Figure 3. The bar graph showed the age-
wise distribution of both male and female patients throughout the study period (Figure 4).

Age groups

Number of positive patients

Figure 4: The bar diagram presented the age-wise distribution of male, female and total patients in
the study period.

The positive patients were age-wise divided into 6 categories as 0-10, 11-20, 21-30,
31-40, 41-50, and 51*. Overall, it was observed that the number of infected patients declined
with the increase of their age. However, the number of infections is very high in the early age
group (0-10). All the infections were occurred due to single culture. E. coli accounted for
39.09% of infections which was the most frequent organism followed by Staphylococcus
aureus (34.93%), Candida albicans (14.76%), Klebsiella pneumoniae (3.95%),
Staphylococcus epidermidis (3.12%), Salmonella spp. (2.70%), Streptococcus viridans
(1.04%) andPseudomonas aeruginosa (0.42%) (Table 1).

Table 1: Distribution of Microorganisms isolated from blood samples.
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Bacterial isolates Number %

E. coli 188 39.09
Staphylococcus aureus 168 34.93
Candida albicans 71 14.76
Klebsiella pneumoniae 19 3.95
Staphylococcus epidermidis 15 3.12
Salmonella spp. 13 2.70
Streptococcus viridans 5 1.04
Pseudomonas aeruginosa 2 0.42
Total 481 100.01

The analysis of antibiotic sensitivity patterns of gram-negative and gram-positive
bloodborne bacteria revealed higher sensitivity towards Cefepime and Meropenem. No
bacteria were found to acquire complete sensitivity or resistance towards all the antibiotics, as
well, none of the antibiotics showed complete sensitivity or resistance by all the bacteria.
Most of the bacteria showed a degree of resistance or sensitivity towards the antibiotics.
However, all the gram-positive bacteria showed the greatest sensitivity for Meropenem. A
degree of drug sensitivity pattern was observed by most of the isolates. Moreover, the lowest
sensitivity was observed by E. coli against Cefuroxim sodium, and Ceftriaxone, by P.
aeruginosa against Aztreonam and Colistin Sulphate, by K. pneumonia against Ceftriaxone,
and Moxifloxacin, by Salmonella spp. against Co-trimoxazole and Ciprofloxacin, by S.
aureus against Azithromycin and Linezolid, by S. epidermidis against Gentamicin, by S.
viridans against Cloxacillin (Table 2). However, our data revealed a terrifying scenario where
57.32% of isolates showed resistance to 4 antibiotics. No isolates were found to only one
antibiotic. Moreover, 3.41% and 2.68% of the isolates were resistant to 6 and more than 6
antibiotics, respectively (Figure 3).

Table 2: Antibiotic sensitivity pattern of bacteria isolated from blood culture
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Figure 5: The bar diagram depicts the number of bacterial isolates that were resistant towards 1 to
more than 6 antibiotics.

Discussion

Pathogenic organisms can enter into the blood that is an important factor for various
infections like circulatory system infections and local infections (Ruiz-Giardin et al., 2013).
Because of the increasing antibiotic resistance, it becomes indispensable to diagnose and
discover adequate treatment against antimicrobial resistance. This study strengthens the age-,
sex- and month-wise distribution of suspected patients and the prevalence of bacterial
pathogens responsible for bloodstream infections with their antimicrobial resistance over a 2-
year study period from January 2019 to December 2020. In both of the years, about one-third
of the total patients were tested as positive which is quite higher compared to other studies
(Mehta et al., 2005; China and Gupta, 2013). Nevertheless, the number varies in different
regions due to technical differences in identifying infection, and use of antibiotics before
culture or sensitivity tests (Shrestha et al., 2014; Gupta and Kashyap, 2016). The month,
March was the most critical time for patients because it accounted for the highest number of
infections in both of the years. The highest number of infections were found in the youngest
age group that was 10 or below 10 years might be due to the weaker immune system.
However, patients who are above 50 years old represented the least number of infections
which co-related with a study published in 2016, showed the highest infection was found in
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neonates (38.71%), where, the least infection was detected in elderly people (4.55%) (Sweta
et al., 2016). Our study found that women were comparatively more vulnerable to blood-
borne infections than men although previous studies reported that males were more infected
than females (Mia and Zerin, 2020; Weiss et al., 2005). However, there is no strong rationale
considered behind the scenario where any gender could be more prone to blood-borne
infections.

From our study, we observed the prevalence of bloodborne infection by gram-
negative bacteria was 222, by gram-positive bacteria was 188 and by fungus 71. Higher
occurrence of gram-negative bacteria in bloodborne infections is common which correlates
with previous studies (Mia and Zerin, 2020; Khanal, 2020; Mehdinejad et al., 2009; Barati et
al., 2009; Ayaobola et al., 2011) although it differs from some previous studies where gram-
positive bacteria took over the predominance in infection (China and Gupta, 2013; Kamgaet
al., 2011; Anbumani et al., 2008).In our study, E. coli accounted for the most frequent
organism followed by Staphylococcus aureus, Candida albicans, Klebsiella pneumoniae,
Staphylococcus epidermidis, Salmonella spp., Streptococcus viridans and Pseudomonas
aeruginosa. E. coli that gain access to and capable of surviving in the blood is called
extraintestinal pathogenic E. coli which can cause urinary tract infection (UTI), sepsis, or
neonatal meningitis. Among them, the most common site to colonize is the urinary tract, the
reason for UTI (Daga et al., 2019).

Our study revealed that 4™ generation cephalosporin; Cefepime and Meropenem that
belongs to the carbapenem class were the most sensitive antibiotics against both gram-
positive and gram-negative bacteria. However, Imipenem that also belonged to the
carbapenem class showed great sensitivity against gram-negative bacteria which correlates
with one previous study where they showed Imipenem was the most sensitive antibiotic
against all gram-negative bacteria tested (Prabhu et al., 2010). Nitrofurantoin worked great
against gram-positive bacteria. Subsequently, increasing resistance was observed against 3"
generation cephalosporins like Ceftazidime, Ceftriaxone and Cefixime. The maximum
resistance was observed by E. coli against Cefuroxim Sodium, and Ceftriaxone, by P.
aeruginosa against Aztreonam, and Colistin Sulphate, by K. pneumonia against Ceftriaxone,
and Moxifloxacin, by Salmonella spp. against Co-trimoxzole, and Ciprofloxacin, by S.
aureus against Azithromycin, and Linezolid, by S. epidermidis against Gentamicin, by S.
viridans against Cloxacillin. However, due to the unavailability of all of the antibiotics
throughout the study period, susceptibility tests were not performed against all the antibiotics
by all the isolates make it quite difficult to compare the pattern of sensitivity or resistance by
all the isolates. However, an alarming scenario was that more than 90% of the isolates were
resistant to 3 or more than 3 antibiotics. In one previous study, it was observed that 90% of
the uropathogens were multi-drug resistant (Badri and Mohamed, 2017). Nevertheless, the
easy access of antibiotics for self-therapy, treatment without a diagnosis, unnecessary use of
antibiotics, irregular use, and stop taking antibiotics before completing the course might be
responsible to generate bacteria with antibiotic resistance. Their easy dissemination into the
environment is the reason people are getting infected by those resistant bacteria.

Conclusion and Suggestion
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Our data revealed a very high resistance of bacterial isolates against commonly used
antibiotics. Regional studies are required to uncover the scenario of that particular region to
act on prevention and empirical treatment.
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