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ABSTRACT 

Background: Urinary tract infections in ICU patients is widespread and carbapenem resistant uropathogenic 

Escherichia Coli in ICU admitted catheterized patients is alarming. To determine the frequency of carbapenem 

resistant UPEC in ICU patients of a tertiary care hospital in southern Punjab. 

Material and Methods: This cross-sectional study was done at Microbiology laboratory of Nishtar Medical 

University Multan, Pakistan from 01 March 2021 to 31 December 2021. A total of 367 urine samples were taken from 

patients admitted in ICU department. Urine samples were inoculated on CLED agar according to standard protocols 

and 160 E. coli were recognized with traditional biochemical tests. According to CLSI 2020 standards, the 

antimicrobial profile of isolates against carbapenems were determined using the Kirby-Bauer disc diffusion method, 

and carbapenemase production was determined by using the Modified Hodge test. All data was entered and analyzed 

in SPSS 26 version.  

Results: 271 samples (73.84%) were found positive for urinary tract infections while other 96 (26.15%) samples were 

found negative for UTIs. Among all the causative agents, E. coli (n=160) was the most commonly isolated organism. 

Its prevalence was pointedly higher in male, as 84 (52.5%) and 76 (47.5%) were isolated from males and females 

respectively. A total of 19 (11.88%) isolates of E. coli were carbapenem resistant. Further, 89.47% carbapenem 

resistant isolates were positive for MHT while rests were negative.  

Conclusion: Carbapenem resistance is alarming in UPEC among the patients admitted in ICU department, mainly due 

to carbapenemase enzyme. 
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BACKGROUND 

The infection of any component of the urinary system, 

including the kidneys, urethra, ureters, and bladder, is 

known as a urinary tract infection (UTI).1 UTIs are 

considered among the severe public health issues and 

many gram negative and gram positive bacteria are 

involved.2 Among all the pathogens E. coli  is found to 

be the most predominant in urinary tract infections.3 

Occurrence of urinary tract infections (UTIs) in the 

patients admitted in intensive care units (ICUs) is more 

common than in general population. It is thought that it 

is because of many sources of infection and their 

exposure to the ICU patients.4 Different studies 

showed that many drugs are not useful anymore 

against uro-pathogens because they have developed 

resistance against available drugs.5 This situation of 

increasing prevalence and antibiotics resistance is 

becoming a threat to the economy of the country and 

society.2  

Carbapenems are active against a wide variety of 

organisms.6 However; resistance has been developed 

against carbapenems. β-lactamase production by 

bacteria is the most important mechanism associated 

with carbapenem resistance.7   

Resistance in gram-negative bacteria is increasing day 

by day against carbapenems. Many alternate treatment 

regimens have been proposed to replace carbapenems 

in the face of increasing gram-negative pathogen 

resistance. To examine each of the numerous combined 

techniques, randomized clinical studies are required.8 

Antibiotic resistance is a rising concern in the UTI’s 

treatment, particularly when infections are induced by 

gram-negative bacteria. Different combinations of 

carbapenems, cefepime, nitrofurantoin, piperacillin-
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tazobactam, fosfomycin, and fluoroquinolones were 

suggested for UTI’s treatment.9 Bacterial isolates 

including uro-pathogens harbouring such lethal 

enzymes have been disseminated into community and 

hospital environment. This is the need of hour to do 

larger scale researches to elucidate the mechanism and 

burden of carbapenem resistance to contain its spread. 

The aim of this study was to evaluate the prevalence of 

urinary tract infections due to E. coli, and resistance of 

E. coli against carbapenems in patients admitted in 

ICU of Nishtar hospital, Multan. 

 

MATERIAL AND METHODS  

The cross-Sectional study was done in microbiology 

laboratory of Nishtar Medical University Multan from 

01 March to 31 December 2021. Sample size was 

calculated as; 

 

𝑛 =
 𝑍2

1−𝛼/2 P (1 − P)

𝑑2 
 

 

𝑍2
1−𝛼/20for 95% confidence level = 1.96 

P = Proportion of carbapenem resistance of uro-
107%,E. coli, pathogenic  

 

q    = 1-P                 

d    = Margin of error ≈ 4% 

n = 160 = (E. coli.) 

 

The non-probability convenient sampling technique 

was used. For confirmed 160 E.coli, a total of 367 

urine samples were collected with aseptic measures 

from the patients admitted in the intensive care unit of 

Nishtar Hospital Multan. Informed written consent was 

taken from patients/ attendants before collection of 

samples.  

Urine samples were collected by following method: 

1. Bag tubing of catheterized ICU patients was 

clamped 15 –20 minutes before sample collection.  

2. Distal part of Foley’s catheter where tubing is 

attached, was disinfected with 70% alcohol 

solution and stayed few minutes to dry. 

3. Bag tubing was removed from the Foley to collect 

urine sample. 

4. Separate sterile container was used for each urine 

sample. 

5. At least 10 ml urine was collected from each 

patient. 

Then all the collected samples were immediately 

transported to the microbiology laboratory for further 

processing. These specimens were streaked on the 

(CLED) agar using 0.001 ml wire loop and incubated 

for 24 hours at a temperature of 37o C. Criteria for 

defining significant growth of bacteria in urine was 

presence of 10⁴-10⁵cfu/ml or more for each pathogenic 

bacterium isolated. The isolates obtained after the 

over-night incubation of CLED agar plates, were 

further processed for bacterial identification. 

Identification was carried out on the basis of colonial 

characteristics, morphology, motility, gram staining 

and conventional biochemical tests. If any E. coli was 

in doubt, it was confirmed biochemically with the help 

of Analytical Profile Index -20E (BioMerieux, France).  

Kirby-Bauer disk diffusion method was used to 

evaluate E. coli resistance against carbapenems. 

Mueller Hinton agar was used to apply Kirby-Bauer 

disk diffusion method. 3 – 5 well separated and grown 

colonies with similar characters were transferred to a 

sterile tube having 5 ml normal saline. Then, colonies 

were suspended to make 0.5 McFarland bacterial 

suspensions. Each Mueller Hinton plate was inoculated 

with sterile cotton swab dipped in bacterial suspension. 

Antibiotic disks of different groups were then applied 

to check the resistance status. These plates were then 

incubated for 24 hours at a temperature of 37o C. After 

the completion of incubation period, antibiotic zones of 

inhibition were measured according to Clinical and 

Laboratory Standard Institute (CLSI, 2020) guidelines 

in millimeters. Samples were then categorized in three 

categories i.e resistant, susceptible and intermediate 

susceptible on the basis of size of antibiotic zone of 

inhibition. 

Furthermore, four drugs of carabapenem group were 

used to evaluate the carbapenem resistance. These 

were: Imipenems (10 µg), Meropenems (10 µg), 

Ertapenems (10 µg) and Doripenems (10 µg). After 

evaluation of resistance status of E. coli, all resistant 

isolates were further processed for Modified Hodge 

test (phenotypic method) to detect and evaluate 

carbapenemases. The test was performed according to 

guidelines of CLSI 2020. In Modified Hodge Test 

(MHT), carbapenemase causes the inactivation of the 

carbapenem drug of test isolates that enable 

carbapenem sensitive strain (E. coli ATCC 25922), that 

extended towards carbapenem disk along with lawn of 
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inoculums from test organism. Positive results of the 

test appear as indentation like clover leaf. 

Statistical Package for Social Sciences, version 26 was 

used for all statistical analysis. The frequency and 

percentages were used for carbapenem resistant E. coli 

and graphical presentation by bar charts. 
 

RESULTS 

For confirmed 160 UPEC, a total of 367 ICU patients 

were initially included in the study to collect and 

examine urine samples for the prevalence of UTI and 

other mentioned parameters according to our research 

topic. Among these, 191 (52%) were males while the 

remaining 176 (48%) were females.   

All 19 carbapenem-resistant isolates exhibited 

resistance to all four carbapenems tested (imipenem, 

meropenem, ertapenem, and doripenem) and we 

compiled the data about the resistance of E. coli 

against these drugs on the basis of different age groups 

and genders as shown below in Figure-I and  Table-

I. Antibiotic sensitivity of isolated E. coli strains were 

tested for all the mentioned carbapenems and results of 

each carbapenem are shown separately on the basis of 

age and gender of ICU patients (figure 1). Out of 19 

carbapenem resistant E. coli, majority of isolates 

(n=10, 52.63%) were isolated from male patients while 

rest were isolated from female patients (n=09, 

47.37%). We found that all the carbapenem isolates 

were resistant to all tested antibiotics, i.e. imipenem, 

meropenem, doripenem and ertapenem. If isolate is 

either sensitive to one carbapenem drug then it is 

sensitive to rest of carbapenem drugs. All the 

remaining isolates (n=141, 88.13%) were sensitive to 

all the tested antibiotics, i.e. imipenem, meropenem, 

doripenem and ertapenem. 

In this section, the resistance levels of E. coli causing 

urinary tract infections against all selected 

carbapenems on the basis of different age groups were 

evaluated. Table-I showed age wise distribution of 

resistance pattern of uro-pathogenic E. coli for 

carbapenems. Resistance to carbapenem drugs were 

more in age group of 36-45- and 46-55-years age 

groups and Older ICU patients may have increased 

resistance due to prolonged hospital stays, greater prior 

antibiotic exposure, or more frequent invasive 

procedures. We found that all the isolated E. coli were 

0% resistant for carbapenems for first age group (≥ 35 

years) while E. coli isolated from 36-45 years, 46-55 

years, and ≤ 56 years age group were resistant to 

carbapenems by 5%, 4.4% and 2.5% respectively.  

Modified Hodge test was used to identify the 

carbapenemase enzyme in E. coli isolates (Figure-II). 

This carbapenemase enzyme causes resistance against 

carbapenems. Out of 19 carbapenem resistant E.coli, 

17 (89.47%) carbapenem resistant isolates were 

positive for MHT while only two were negative. 

Majority of the isolates (47%) with MHT positive, 

were isolated from age group of 36-45 years. 

 

 

 

Table-I: Age wise overall resistance pattern of E. coli against carbapenems 

Age Imipenem Meropenem Ertapenem Doripenem 

≤ 35 years, (n=17) 0.00% 0.00% 0.00% 0.00% 

36- 45 years, (n=83) 5%, (n=08) 5%, (n=08) 5%, (n=08) 5%, (n=08) 

46- 55 years, (n=43) 4.4%, (n=07) 4.4%, (n=07) 4.4%, (n=07) 4.4%, (n=07) 

≥ 56 years, (n=17) 2.5%, (n=04) 2.5%, (n=04) 2.5%, (n=04) 2.5%, (n=04) 

Total (n=160) 19 (11.88%) 
 

 

 

 
Figure-I Gender wise resistance of E. coli against 

carbapenems. 

 Figure-II: Modified Hodge Test: Positive Modified 

Hodge test showing a clover leaf-type indentation at the 

intersection of test organism. 
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Figure-III: Modified Hodge test results on the basis of 

different age group. 
 

DISCUSSION  

The prevalence of urinary tract infections is much 

higher among ICU patients when compared with 

incidence of UTIs in general populations. UTI in 

patients with urinary catheters could be a serious 

complication in ICU admitted patients.11 A study from 

India reported that frequency of UTI in ICU was 

40%.12 In E. coli, carbapenem resistance has only been 

observed on a few occasions. In E. coli , carbapenem 

resistance was linked to the presence of an outer-

membrane porin deficiency and the production of a 

plasmid-mediated class C β-lactamase.13 A total of 19 

(11.88%) isolates of E. coli were carbapenem resistant 

in our study. 

In India, a study done in patients admitted in ICU with 

UTI, age more than 18 years showed gram negative 

bacteria of Enterobacteriaceae family 89.7% and 

16.4% isolates were carbapenem resistant, while E. 

coli was most prevalent followed by Klebsiella. This is 

in accordance to our study.14 

Multiple international studies reported similar 

carbapenem resistance pattern in E. coli. According to 

one study from Iran, 10% of clinical E. coli  isolates 

were carbapenem resistant, which is similar to the 

current study's findings.15 A study from India found 

that 8.7% of clinical E. coli  isolates were carbapenem 

resistant, which is similar to the current study's 

findings.16 The results of current study are different 

from the studies conducted in Iran,17 China,18 Nepal,19 

Bahrain20 and Bangladesh21as these studies reported 

that 38.5%, 19.8%, 6.2%, 0.5% and 0% clinical 

isolates of E. coli  were carbapenem resistant, 

respectively. These findings differ from those of the 

current study. This discrepancy in results could be 

explained by geographical differences. Furthermore, 

discrepancies in results could be related to differences 

in sample sizes and the time the bacterial isolates were 

collected.22   

As shown in figure-I resistance of uro-pathogenic E. 

coli against all the tested carbapenems is higher in 

male patients as compared to female patients. This 

study also indicates that all the tested drugs of 

carbapenem group have almost similar resistance and 

susceptibility levels of uro-pathogenic E. coli. These 

results were in line with the results of previously 

available literature.23 

The table 1 in results section consists of age wise 

resistance of E. coli for carbapenems. It was less for 

both age groups i.e. the youngest age group (< 35 

years) and the oldest age group (>56 years). These 

findings are consistent with those of a previous study.24   

But some recent studies showed that resistance is 

increasing with time.25,26   These findings also suggest 

that resistance of uro-pathogenic E. coli against 

carbapenems increases with age. Similar pattern of 

resistance of uro-pathogenic E. coli against 

carbapenems was also observed during our study i.e. 

resistance increases and susceptibility decreases with 

growing age.  

Similarly, a study done in Bangladesh on E. coli 

obtained from UTI cases. Isolates from male and elder 

patients had more drug resistance.27 

Our last parameter was to detect carbapenemase 

enzyme by MHT method. MHT is simple, reliable and 

easy to perform in laboratory to screen organisms for 

carbapenemase production.28 In India, a study 

conducted and reported that 94.4% bacterial isolates 

were MHT positive which is in accordance with results 

(89.47%) of our study.29 In a study done in India out of 

132 resistant gram-negative rods, 75% (99/132) were 

MHT positive.30 In another study out of 107 CRE, 46 

(43%) were confirmed by Modified Hodge Test.31  

In Pakistan, one study reported 69% MHT positivity 

among gram negative rods.28 Difference in 

carbapenemase detection rate might be due to inclusion 

of carbapenem sensitive isolates in studies, while our 

study population was only carbapenem resistant 

isolates. In a study conducted by only 67% E. coli were 

MHT positive.31 Moreover, in their study, MHT 

positivity was detected higher ratio in females as 

compared to males and this difference was due to 

47%
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difference in population because there were 18.2% 

males and 81.8% females in their study.32 

This study discovered a growing tendency of microbes 

developing resistance to widely prescribed antibiotics, 

which is concerning because broader spectrum 

medications are more expensive and rarely available in 

hospital pharmacies. 

 

LIMITATIONS 

This study was conducted in a single tertiary care 

center, which may limit generalizability of findings. 

Molecular characterization of carbapenem resistance 

genes (e.g., bla_KPC, bla_NDM) was not performed, 

which could have provided deeper insight into the 

resistance mechanisms. Additionally, the Modified 

Hodge Test, though easy to perform, may lack 

specificity compared to more recent diagnostic assays. 

The relatively small number of resistant isolates also 

restricts subgroup analysis.  

Future it is suggested to implement molecular 

diagnostics for early detection of resistance genes, 

active surveillance of ICU-acquired infections, and 

antimicrobial stewardship programs to mitigate the rise 

of carbapenem resistance. 

 

CONCLUSION 

To conclude, frequency of urinary tract infections is 

high in ICU admitted patients and may occur in both 

genders (males and females). The most common gram-

negative bacteria that cause urinary tract infections is 

E. coli. Resistance of E. coli against carbapenem drugs 

may vary depending upon age and gender. 

Carbapenemase enzyme is main cause of resistance for 

UPEC in our ICU patients. 
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