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ABSTRACT 

 

Infectious diseases caused by antibiotic-resistant infectious bacteria are a major threat to human 

survival and development. This is a retrospective study for a one-year period from January 2020 to 

December 2020 with a total of 1,112 urine, 318 blood, 167 stool, and 72 pus samples conducted in the 

Microbiology Laboratory of Rajshahi Metropolitan Hospital Ltd. and Diagnostic Center, Rajshahi, 

Bangladesh. Bacterial isolation, characterization, and antibiotic susceptibility were performed 

following the standard microbiological methods. Out of 1112 urine, 318 blood, 167 stool, and 72 pus 

specimens, bacteria were detected in 345 urine, 86 blood, 44 stool, and 50 pus specimens, 

respectively. Specimens from females (57.10%) were found more positive than those from males 

(42.90%) only in the case of urine samples. Among all the specimens, the highest number of 

infections was recorded in the age group 31–40, except in stool, where the highest positive cases were 

evidenced in the 0–10 age group. The greatest number of specimens was received, mostly in the 

summer and rainy seasons. However, E. coli bacteria were the most common among all the specimens 

excluding pus, where Staphylococcus aureus was the highest in number. Gram-positive and gram-

negative bacteria showed higher sensitivity towards Cefepime (against pathogens of blood and stool 

samples) along with Imipenem, and Meropenem (pathogens of both urine and pus samples). A 

terrifying scenario was the high degree of resistance of those isolated bacteria towards the 3rd and 4th 

generation cephalosporin antibiotics. This study might be helpful for physicians to rationalize empiric 

treatment strategies and provide awareness among government authorities and the population. 
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1. INTRODUCTION 

Infectious diseases (IDs) pose a 

significant burden on human health and 

survival. Infectious diseases are estimated to 

cause at least 25% of the approximately 60 

million deaths that occur worldwide each 

year (1). However, increasing antibiotic-

resistant bacteria due to conscious and 

unconscious use of antibiotics is an 

emergent public health concern. Among 

bacterial infections, urinary tract infections 

(UTIs) (usually caused by E. coli, 

Klebsiella, Pseudomonas, and Enterococcus 

spp.), bloodstream infections (BSIs) (can be 

caused by Salmonella spp., Staphylococcus 

aureus, S. epidermidis, Pseudomonas, E. 

coli, etc.), wound infections (may be 

associated with Staphylococcus aureus, S. 

epidermidis, Methicillin-resistant 

Staphylococcus aureus (MRSA), E. coli, 

Klebsiella pneumoniae, Pseudomonas 

aeruginosa, Proteus vulgaris, Proteus 

mirabilis, Enterococcus spp., Enterobacter 

spp. and Acinetobacter spp.), diarrheal 
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diseases and enteric infections (major 

causative agents are Salmonella spp. and 

Shigella spp.) are common in the human 

population (2, 3). Many different types of 

laboratory tests use a sample of blood, 

urine, sputum, pus, or other fluid/tissue 

from the body to identify microorganisms. 

Sometimes several different tests are done 

to identify every microorganism because 

tests that work well for one microorganism 

often do not work well for another (4). 

Among several tests, culture is one of the 

most important tools for their diagnosis (2). 

Although physicians know in general which 

antimicrobial drugs are effective against 

different microorganisms, the problem of 

the emergence of drug-resistant microbes 

very well characterizes many bacterial 

infectious agents such as Escherichia coli, 

Pneumococcal, Neisseria gonorrhoeae, 

Staphylococcus aureus, and so on. Many 

well-known antibiotics no longer clear 

bacterial infections due to microbial 

resistance (1, 4). Resistance to antibiotics is 

accelerated by the misuse, overuse, and 

overly prescribed antibiotics which leads to 

higher medical costs, prolonged hospital 

stay, and increased mortality (5). Thus, 

susceptibility testing (culture) is done to 

determine how effective various 

antimicrobial drugs are against the specific 

microorganism infecting the person. This 

testing helps physicians in determining 

which drug to use for a particular person's 

infection (4). Many medical advances are 

dependent on the ability to fight infections 

using antibiotics, including joint 

replacements, organ transplants, cancer 

therapy, and treatment of chronic diseases 

like diabetes, asthma, and rheumatoid 

arthritis (6). Therefore, our study was aimed 

to detect the season-, gender- and age-wise 

distribution of infected patients, identify the 

pathogenic microbes from infected patients, 

and analyze the sensitivity of isolated 

bacteria from clinical specimens towards 

commonly prescribed antibiotics in that 

region. 

 

 

2. MATERIALS AND METHODS 

Study Area, Period, and Population 

This study was carried out in the 

Microbiology Laboratory of Rajshahi 

Metropolitan Hospital Ltd. and Diagnostic 

Center which is located in C & B Mor, 

Laxmipur, Rajshahi, Bangladesh over a 

period from January 2020 to December 

2020. A total number of 1,112 samples of 

urine from clinically suspected UTI patients, 

318 samples of blood from clinically 

suspected patients with bacteremia, 167 

samples of stool from clinically suspected 

patients with having infections of the 

digestive tract, and 72 samples of pus from 

clinically suspected patients with wound 

infection were evaluated for our study. The 

standard microbiological methods were 

followed during the study period. 

 

Sample collection 

In brief, midstream urine samples 

were collected in a wide-necked sterile 

screw-cap container labelled with the date, 

time, patient’s Id, and name of the patients. 

In collecting blood samples, 1-2 ml and 5-

10 ml of venous blood were aspirated and 

directly incorporated into blood culture 

bottles aseptically in pediatric and adult 

cases, respectively. 

To collect the stool sample, a clean screw-

top container with the patient’s name, date, 

time, and patient’s Id was used. 

For dry wounds, the specimen was 

collected with two cotton-tipped swabs 

moistened with sterile non-bacteriostatic 

saline while in the case of moist pus, the 

sterile swab was used to collect it from a 

superficial wound site. For a deeper wound, 

the fluid was aspirated into a syringe which 

was aseptically transferred into a sterile 

specimen container. 

Samples were processed and 

cultured within 2 h of sample collection and 

in certain cases, they were stored at 4°C for 

less than 24 h. 

 

Process of culturing samples 

A calibrated loop was used to 

transfer urine for culturing uropathogens. To 
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culture, 0.1 ml urine sample was spread on 

Nutrient Agar (NA) (Oxoid) and 

MacConkey Agar (MAC) (Oxoid) media 

following standard bacteriological 

technique. After inoculation, all the plates 

were incubated aerobically at 37°C for 18-

24 h and following incubation, those were 

examined in terms of the number of 

colonies with colony morphology. The 

samples were considered positive when the 

colony number was ≥105 colony forming 

unit (CFU)/ml. 

To culture, blood culture 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 (BA) (Oxoid) and 

MAC agar (Oxoid) media. Blood culture 

bottles that do not show any significant 

growth till the 7th day of incubation were 

reported as culture negative. 

Stool specimens were inoculated 

onto MAC agar, Salmonella-Shigella agar 

(SS) (Oxoid) which were incubated 

overnight at 37°C. If no growth, the culture 

is considered negative but if there is growth, 

the culture is positive. 

Pus samples were inoculated onto 

BA and MAC agar media at 37°C for 24 h 

and growth was observed. If there is no 

growth, the plates were incubated for a 

further 24 h. 

 

Identification of microbial isolates 

All the colonies were sub-cultured 

onto fresh media to get pure culture. 

Microbial identification was performed as 

per the standard protocol followed in the 

microbiology laboratory. Microbial and 

colony morphology along with the 

conventional biochemical test results were 

recorded and bacterial identification was 

performed by standard protocol followed in 

the microbiology laboratory (7). 

 

Antibiogram of bacterial isolates 

Modified Kirby-Bauer disc diffusion 

method was followed to identify the 

sensitivity pattern of the isolates. In brief, 

isolated colonies were placed over Mueller-

Hinton Agar (MHA) media and then, paper 

discs containing antibiotics were placed on 

top of it. Following incubation at 37°C for 

24 h, the zone of inhibitions (ZOIs) was 

measured to detect the sensitivity or 

resistance of bacteria by comparing with the 

Clinical and Laboratory Standard Institute 

(CLSI) guideline (8). However, 

commercially available antibiotics that were 

available in the laboratory in time were 

considered for antibiogram study. 
 

3. RESULTS 

 
Figure 1: The bar graph presented the total number of growth and no growth of urine, blood, stool, and pus specimens (A), and 

month-wise distribution of total, growth, and no growth in urine (B), blood (C), stool (D), and pus (E) specimens. 
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It was a one-year study that was 

carried out from January 2020 to December 

2020 with a total number of 1112 urine, 318 

blood, 167 stool, and 72 pus samples. 

According to figure 1A, the number of 

collection of urine specimens was the 

highest while pus specimens were the 

lowest among the 4 specimens (urine, blood, 

stool, and pus). Though the number of pus 

samples was the lowest, the positive cases 

of pus samples were the highest which 

accounts for around 69.44%. The month-

wise distribution of growth positive and 

negative samples from figure 1B described 

that the bacterial growth in urine samples 

was top in June but relatively at the bottom 

in December. On the other hand, pathogenic 

growth (positive cases) from blood samples 

was upright in June and October while it 

was the lowest in February (Figure 1C). The 

bacterial growth (positive cases) in stool 

samples elevated in August and demoted in 

September and December (Figure 1D), 

while bacterial growth (positive cases) in 

pus samples was the highest in November 

and the lowest in January, June, and 

September (Figure 1E). 

On the basis of figure 2A, the 

number of positive cases of females (197) 

was higher than males (148) in the case of 

urine samples where positive cases of males 

(65 in case of blood, 26 in stool, and 34 in 

pus samples) were upper than females (48 in 

blood, 18 in stool and 16 in pus) among 3 

other specimens. The bar chart illustrated 

the age-wise distribution of both positive 

female and male cases which was divided 

into 6 different categories as 0-10, 11-20, 

21-30, 31-40, 41-50, and 51-above ages 

throughout the study period (Figure 2B, 2C, 

2D, and 2E). Overall, it was found that the 

number of infections was the highest at the 

age between 31 to 40 years in the case of 

urine, blood, and pus samples (Figure 2B, 

2C, and 2E). Nevertheless, the number of 

infections in stool samples was very high in 

the early ages especially in 0-10 years 

compared to other age groups (Figure 2D). 

In the case of pus specimens, the infected 

number of patients was the lowest at the age 

group 0-10 years (Figure 2E). All the 

infections were occurred due to single 

culture. 

 

 
Figure 2: Gender-wise distribution of overall positive cases in all the four types of specimens (A). Age- and Gender-wise distribution 

of positive specimens in urine (B), blood (C), stool (D), and pus (E) samples. 
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The most frequently found bacteria 

were E. coli in urine, blood, and stool 

specimens regardless of any gender (Figure 

3A, 3B, and 3C). Contrastingly, 

Staphylococcus aureus was recorded as very 

high in number in pus samples (Figure 3D). 

Besides those predominating bacteria found 

in the specimens, Klebsiella spp., 

Pseudomonas spp., Citrobacter spp., and 

Enterococcus spp. were found in urine 

samples; Klebsiella pneumoniae, 

Salmonella spp., Streptococcus viridans, 

Staphylococcus epidermidis, 

Staphylococcus aureus, and Candida 

albicans in blood samples; Vibrio cholerae, 

Salmonella spp. and Shigella spp. in stool 

samples; and E. coli, Pseudomonas spp., 

Klebsiella spp., Acinetobacter spp. in pus 

specimens (Figure 3). 

 

 
Figure 3: Occurrence of bacterial isolates in urine (A), blood (B), stool (C), and pus (D) specimens of infected male and female 

patients. 

Our antibiogram data showed higher 

sensitivity towards Imipenem, and 

Meropenem against pathogens of urine and 

pus samples; Meropenem, Imipenem, and 

Cefepime against pathogens of blood 

samples; and Meropenem, and Cefepime 

against pathogens of stool samples. No 

pathogens were found completely sensitive 

or resistant to all the antibiotics. Most of the 

bacteria manifested a degree of sensitivity 

or resistance towards all the antibiotics. 

Moreover, all gram-positive and gram-

negative bacteria showed a high level of 

sensitivity for Meropenem, and some of 

them were also noted as sensitive against 

both Imipenem and Cefepime. However, the 

lowest sensitivity was reported towards 

Nalidixic acid, Cotrimoxazole, and 

Gentamicin against most of the 

uropathogens. Most of the isolates in stool 

samples showed the highest resistance 

against Ampicillin. In the case of blood-

borne pathogens, the lowest sensitivity was 

observed against Cotrimoxazole in E. coli 

(20.70%), against Cefixime in 

Staphylococcus aureus (31%), against 

Ceftazidime in Staphylococcus epidermidis 

(25%), against Ciprofloxacin in Klebsiella 

pneumoniae (31.80%), against Cefuroxime 

sodium in Salmonella spp. and 

Streptococcus viridans against Cloxacillin 

(0%). In the case of pus isolates, Klebsiella 
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spp. against both Erythromycin and 

Cotrimoxazole (0%); Pseudomonas spp. 

against Penicillin (20%); Staphylococcus 

aureus against Amikacin (0%) and 

Gentamicin (20%); Acinetobacter against 

Cefotaxime (0%), Gentamicin (10%) and 

Cotrimoxazole (10%); and E. coli against 

Amikacin (0%) showed the lowest 

sensitivity by the antibiotic sensitivity 

pattern analysis (Table 1, 2, 3, and 4). 

 
Table 1: Antibiotic sensitivity of bacterial isolates collected from urine specimens. 
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Table 2: Antibiotic sensitivity of bacterial isolates collected from blood specimens. 
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Table 3: Antibiotic Sensitivity of bacterial isolates collected from stool specimens. 
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Table 4: Antibiotic sensitivity of bacterial isolates collected from pus specimens. 

Name of organisms 
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4. DISCUSSION 

According to our data, females were 

accounted for 57.10% (n=197) of all the 

patients with UTIs. In fact, women get UTIs 

up to 30 times more than men. Around 50-

60% of women develop at least one UTI 

episode in their lifetime due to a 

combination of factors like the anatomical 

differences as the shortened urethra and 

more sensitive skin than male, reproductive 

life cycles, menopause, pregnancy, etc. (9-

12). Conversely, males were more prone to 

other infections that were visible with the 

positive cultures from blood, stool, and pus 

specimens that are correlated with 

previously published studies (3, 13, 14). In 

any of the specimens, most positive cases 

were from adult (31-40 years) patients 
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except in the case of stool samples where 

most of the positive cases were from the 

early ages (0-10 years) (10, 11). This can be 

described as around 3-5 billion cases of 

acute gastroenteritis, and 2 million deaths 

occur under 5 years old children every year 

worldwide (15). Children are easily getting 

infected due to contaminated water and food 

as well as by contacting contaminated 

surfaces or animals that may carry certain 

bacteria like Salmonella spp. (16-18). 

Most positive cases were reported in 

summer-rainy seasons except in pus where 

the highest count was observed in late 

autumn. In summer, the atmosphere is 

suddenly changed as the heat and humidity 

rise which might be responsible to create 

unhygienic conditions, a source of 

contamination of water and food which is 

easier for pathogenic growth. It is also 

easier to lose fluid and those who do not 

stay hydrated could have a higher risk of 

getting UTIs. Moreover, geographical 

location, climate condition, and lack of 

hygienic practice are responsible for the 

causes of diseases (19-21). 

In our study, E. coli bacteria was 

accounted very frequently (53.04% in urine, 

36.28% in blood, and 54.55% in stool 

samples) which relates to other studies like 

31.4% in Cameroonian towns (11), 34.1% 

in Namibia (12) and 86% in Nepal (10) 

were detected in the specimen of urine. 

Likewise, E. coli is the most common 

etiology of diarrhea among children in 

Bangladesh as well as in other developing 

countries resembling India (44.2%) and 

Sudan (53.8%) (17). Even in a blood 

specimen, the count of E. coli was the 

highest (n=41, 36.28%) where Simkhada et 

al. in 2016 described Salmonella Paratyphi 

A (n=26, 54.17%) as the leading etiological 

agent in blood-borne infections and E. coli 

is only 6.25% (n=3) (22). The most 

common isolate in pus specimen was 

Staphylococcus aureus (n=29, 58%) 

followed by E. coli (n=8, 16%) which 

correlates with previous studies (18, 23). 

Although in some instances, E. coli was the 

most frequently detected bacteria in pus 

specimens (6, 21). As a normal flora, E. coli 

is commonly found in the gut of warm-

blooded organisms but due to some 

circumstances, it becomes pathogenic. 

Most of the gram-positive and gram-

negative bacteria showed a high degree of 

sensitivity towards Meropenem. Even, some 

of those showed a good degree of sensitivity 

towards Imipenem and Cefepime. Both 

Meropenem and Imipenem are from the 

carbapenem class of antibiotics and their 

overall spectrum is very similar as both act 

against gram-positive and gram-negative 

bacteria although Meropenem is more active 

against Enterobacteriaceae than gram-

negative bacteria (24). Furthermore, 

Cefepime is a 4th generation cephalosporin 

antibiotic that has an extended spectrum of 

activity against both gram-positive and 

gram-negative bacteria (25, 26). The 

sensitivity of both gram-positive and gram-

negative bacteria towards those antibiotics 

was reported previously in several research 

works (3, 9). The most alarming scenario is 

the generation of highly resistant bacteria 

species against 3rd generation (like 

Cefotaxime, Ceftazidime, Ceftriaxone, 

Cefixime) and even, 4th generation 

(Cefepime) Cephalosporin antibiotics. The 

increasing generation of drug-resistant 

bacteria against 3rd and 4th generation 

Cephalosporin antibiotics was reported 

previously that could render therapy against 

bacterial infections unsuccessful (27-30). 

If more stool and pus samples could 

be reported that would be good for our 

study. However, due to the unavailability of 

all of the antibiotics throughout the study 

period, susceptibility tests were not 

uniformly performed by all the isolates 

which made 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 more than 3 antibiotics. 

 

CONCLUSION 

Although drug resistance of common 

infectious bacteria is very distressing in the 

treatment of infectious diseases, it seems 
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like the issue will not tint until it would be 

very late. More specifically, in a developing 

country like Bangladesh, it is required to 

take immediate action, and implement laws 

and regulations to combat the most 

imminent biological threat to human 

civilization. Our study emphasizes the 

emergence of drug resistance against even 

the latest generations of antibiotics as they 

are used uncontrollably and unconsciously 

that poses scope for the generation of drug 

resistance in bacteria. Along with the 

systematic regional study to view the 

current scenario of drug resistance and 

governmental and nongovernmental actions, 

it is also required to search for natural or to 

generate synthetic or semi-synthetic 

antibiotics. 
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