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Prevalence of Carbapenem Resistant Enterobacteriaceae Isolates Among Pregnant Women of Rural Areas from Dehradun, Uttarakhand, India
Abstract 
During this study, 250 clinical samples were gathered 88 from the outpatient and 162 from inpatients side. Along the way, researchers identified 110 gram-negative bacilli from the Enterobacteriaceae group using Gram’s stain, negative stain, and the standard biochemical tests. A phenotypic detection was done by Modified Hodge test and Imp-EDTA disk synergy test. Interestingly, these findings generally match earlier work, which points out that specimen types - blood, sputum, pus, urine, or bronchoalveolar lavage—often show quite a bit of variability. In this sample set, the bacteria turned out to be 60 Escherichia coli, 29 Klebsiella pneumoniae, 13 Pseudomonas aeruginosa, and 8 Proteus mirabilis, underscoring a diverse picture of infections. The objective of the study is to determine the prevalence of Carbapenem Resistant Enterobacteriaceae among pregnant women in rural areas of Dehradun, Uttarakhand, India. Rural Dehradun presents unique conditions that justify focused research: limited healthcare infrastructure, high antibiotic misuse due to over-the-counter access, poor sanitation and lack of routine microbial screening during pregnancy. Overall, this spread highlights why keeping an ongoing, careful watch and making spot-on identifications is so important, both in outpatient and inpatient settings, to guide effective antimicrobial therapy.
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1. Introduction
Over the past decade, there's been a growing worry about gram-negative bacteria that are increasingly shrugging off most antibiotics (Dan et al.,2021) (CDC,2016). People in hospitals and researchers have noticed that everyday bacterial infections, which used to be easily managed, are now showing unexpected levels of resistance to conventional treatments (Bielicki et al., 2022). Previous study from 2011 suggesting that in the USA, the annual price tag for tackling these resistant infections runs anywhere between $21 million and $34 million, really underlining the heavy economic impact of this challenge (Spellberg et al., 2011).  Carbapenems, a group of antibiotics valued for their wide-ranging attack, come with an unusual molecular design. They boast a core structure that's coupled with a protective ring, which helps keep out many beta-lactamases—enzymes like Metallo-beta-lactamases and extended-spectrum variants, in most cases (KnappK.M.2011). In simple terms, when bacteria manage to survive in the presence of what would be normally lethal amounts of carbapenems, we call that carbapenem resistance; the same idea applies when tests show these germs simply won't budge against the drugs (Durante-Magnoni E.2019). Increasingly, the rise of such carbapenem-resistant bugs is seen as one of today's most pressing health concerns (The white house 2014) (Bielicki et al., 2022).  Before the year 2000, cases of carbapenem-resistant Enterobacteriaceae (CRE) were pretty uncommon; yet in recent years, especially in healthcare settings, infections—often involving organisms like Escherichia coli and Klebsiella pneumoniae—have spiked noticeably (Gupta N et al.2011) (Dan et al.2021). Alarmingly, mortality rates linked to these infections can hit as high as 50%—a stark outcome due in part to the lack of alternative treatment options (Van Duin D 2013) (Bielicki et al., 2022). A comprehensive review even hinted that blending current strategies might keep CRE outbreaks at bay (French, C et al.2017) (Dan et al., 2021). Clearly, prevention strategies—focusing on both reducing transmission and minimizing infections—should be high on our agenda (Papp-Wallace 2011) (Bedenic et al., 2014). And while developing new antibiotics remains absolutely critical, it’s equally important to quickly and accurately identify those already infected, as well as individuals who might be quietly carrying these resistant organism (P. Nordmann 2014) (Bielicki et al., 2022). CRE poses an increasing public health issue because of its resistance to the strongest available antibiotics. This research is important as it highlights the occurrence of CRE in a sensitive population with restricted access to healthcare and diagnostic services. The aim of the study is to determine the prevalence and antimicrobial resistance patterns of carbapenem-resistant Enterobacteriaceae isolated from pregnant women in rural areas of Dehradun, Uttarakhand, India. Since CRE are resistant to last-line antibiotics, early detection in this population is critical to prevent complications such as urinary tract infections, bloodstream infections and risks during childbirth. The rural areas of Dehradun were chosen because limited healthcare access and inadequate antibiotic stewardship in these settings can lead to unregulated antibiotic use, which contributes to resistance. Data from rural populations is also underreported, so studying this region helps highlight an overlook public health issue and informs local health policy and preventive measures.
2. Subjects and Methods
At the Department of Microbiology at Doon (P.G.) Paramedical College & Hospital in Dehradun, Uttarakhand, India, an investigation got underway. Over a ten‐month stretch—from January 2021 until October 2021—we ended up cultivating a mix of gram‐negative Enterobacteriaceae isolates from a variety of clinical specimens. Blood, bronchial wash, pus, sputum, and urine were all thrown into the mix; interestingly, samples which were include in the study were isolates from pregnant women living in the rural areas of Dehradun, which helped paint a fuller picture of the local epidemiology. The bacterial isolates were identified using standard biochemical tests. The isolates underwent Kirby-Bauer disc diffusion test for antimicrobial susceptibility. The Kirby-Bauer disc diffusion test was our tool of choice, with meropenem (10 µg) and imipenem (10 µg) antibiotic discs—sourced from Hi-Media, Mumbai, India—being used to screen for carbapenem resistance. Zone diameters were measured using the CLSI 2017 guidelines (CLSI 2017). Generally speaking, zones of 16 mm or more were marked as sensitive; zones of 13 mm or less were labelled resistant, and though a 14 mm zone falls right in between, it was treated as resistant. To keep things honest, E. coli ATCC 25922 was run as the control strain. A phenotypic detection for carbapenemases was done by Modified Hodge test and the IMP-EDTA disk synergy test. In the Modified Hodge test, a positive result showed up as E. coli ATCC 25922 growing alongside the test isolate—producing a sort of cloverleaf indentation within the inhibition zone—whereas a negative result meant no mingling of growth in that zone. Then, the IMP EDTA disk synergy test picked up MBL production if there was a 7 mm increase in the zone diameter from the IMP EDTA disk compared to the IMP disk alone. Finally, the minimal inhibitory concentration (MIC) for each isolate against imipenem was determined via the Agar Dilution Method in keeping with the CLSI guidelines (CLSI 2017).
3. Result
We gathered 250 clinical samples – 88 from outpatients and 162 from the inpatient side – in a rather hands-on effort to get a real feel for bacterial isolates across different care settings. Along the way, 110 gram-negative bacilli from the Enterobacteriaceae group were picked out using a mix of Gram staining, negative staining and routine biochemical tests; generally speaking, these methods not only showed what we did but also gave a peek at the array of bugs found in day-to-day practice. It’s also interesting to note that differences emerged in the specimen types – blood, sputum, pus, urine, and even bronchoalveolar lavage – directly linked to these isolates, a reminder that the kind of sample matters a lot when figuring out and treating infections effectively (Dan et al., 2021). The range of gram-negative bacteria turned out quite varied: Escherichia coli appeared 60 times, Klebsiella pneumoniae 29, Pseudomonas aeruginosa 13 and Proteus mirabilis 8, among others (Table 1); this spread really drives home the clinical impact of these pathogens and the ongoing need to keep tabs on their resistance.
Table 1: - Distribution of various Bacterial spp. in different clinical samples.
	
Sample Type (Number)
	Number of bacterial species isolated 
	
Positive isolates No. (%)

	
	Escherichia coli 
	Klebsiella pneumoniae 
	Pseudomonas aeruginosa 
	Proteus mirabilis 
	

	Urine (90)
	35 
	12 
	09 
	08 
	64 (71.11%)

	Sputum (30)
	04
	04
	00
	00
	08 (26.66%)

	Bronchial wash (44)
	08
	05
	04
	00
	17 (38.63%)

	Blood (39)
	04
	00
	00
	00
	04 (10.25%)

	Pus cell (47)
	09
	08
	00
	00
	17 (36.17%)

	Total (250)
	60 (24%)
	29 (11.6%)
	13 (5.2%)
	08 (3.2%)
	110 (44%)



3.1. Clinical Sample Analysis
We looked at a mix of clinical samples—bronchial wash, blood, pus cells, and other biological materials—to get at the heart of antibiotic resistance among pathogens. The table below shows a rundown of what we found from this rather informal yet extensive study. Carbapenem resistance turned up in roughly 25.0% of E. coli isolates, about 37.93% of Klebsiella pneumoniae ones, and close to 15.38% in Pseudomonas aeruginosa, hinting that available treatments might not always do the trick. Out of a total of 110 isolates, a notable 28 (25.4 %) ended up resisting carbapenems, which really flags the growing problem in clinical settings (Table 2). Of the 28 carbapenem-resistant Enterobacteriaceae (CRE) isolates, 15 were Escherichia coli, with 12 recovered from urine, 2 from sputum, and 1 from blood. Klebsiella pneumoniae accounted for 11 isolates, 10 of which were from urine and 1 from sputum. Two Pseudomonas aeruginosa isolates were obtained from urine samples. Clearly, these results point to a need for ongoing checks and custom antimicrobial strategies, as noted in related studies (Dan et al., 2021), (Bielicki et al., 2022).
Table 2: - Species wise distribution of carbapenem resistant isolates
	Species
	Total
	CRE
	Percentage

	Escherichia coli
	60
	15
	25.0%

	Klebsiella pneumoniae
	29
	11
	37.93%

	Pseudomonas aeruginosa
	13
	02
	15.38%

	Proteus mirabilis
	08
	00
	0%

	Total
	110
	28
	25.45%



3.2 Species-wise Distribution of Carbapenem Resistant Isolates
110 bacterial isolates underwent testing with two antibiotics—one being meropenem, a drug that's key for tackling tough infections from multidrug-resistant bugs. Out of these samples, roughly 25.45% (28 isolates) showed resistance against meropenem, while about 23.63% (26 isolates) resisted imipenem; this, in most cases, hints at a notable presence of carbapenem resistance in the group. Among those strains, 14 turned out to be E. coli, 7 were flagged as Klebsiella pneumoniae, and 5 were identified as Pseudomonas aeruginosa—together making up the 26 imipenem-resistant entries, which underscores the mix of species involved. The Minimum Inhibitory Concentrations (MICs) for imipenem ranged widely from 0.5 to 64 μg/ml among these isolates, showing varied levels of resistance. Interestingly, every one of the 26 isolates checked out phenotypically was confirmed as a Metallo-beta-lactamase (MBL) producer using the IMP-EDTA disk synergy method; they were also tagged as carbapenemase producers based on regular microbiological tests—like the Modified Hodge test—which generally syncs with reports suggesting that clinical settings are facing an increasing challenge from carbapenem-resistant organisms ((Dan et al., 2021), (Bielicki et al., 2022)).
4. Discussion
In Indian healthcare settings, gram-negative bacterial infections are showing an ever-growing resistance to carbapenems, and this trend is a real cause for concern. A majority of experts propose this surge is largely due to the careless, widespread use of antibiotics—often given without strict adherence to proper guidelines—which has led to a rapid rise in multidrug-resistant bugs. Treatment options are now few and far between, making routine clinical management a tricky affair. Interestingly, a good number of these bacteria come equipped with mobile genetic elements, like transposons carrying drug-resistant genes, that make it surprisingly easy for resistance to jump from one organism to another—sometimes sparking dangerous outbreaks (Verma, Sukanya & S 2018). Researchers across various countries have noted that these infections can spiral into outbreaks that are not only severe but, in most cases, deadly, calling for urgent interventions. One major concern, as noted in current literature (Dan et al., 2021), is the emergence of carbapenem resistance, which demands immediate attention (Shorr AF 2009). The Clinical and Laboratory Standards Institute (CLSI) has outlined several methods to detect this resistance, tools that are indispensable for hospitals these days. For example, a study led by Sukanya Verma and S. Thorat et al. reported that 25.45% of Enterobacteriaceae were resistant to carbapenems. CRE based on a pooled clinical study from long-term acute care rehabilitation facilities in central Italy reported carriage of CRE in 28.4% of patients, underscoring the dire global situation (Arena et al., 2018). What’s more concerning is the variance in rates from region to region. For example, data from India exhibit a broad spectrum—approximately 12% in Mumbai, more than 71% in Delhi, and a little less than 8% in Chandigarh (Bielicki et al., 2022; Nair, 2013; Kumar, 2014; Datta et al., 2012). But the numbers do make clear that a one-size-fits-all approach isn’t going to work; local strategies adapted to local resistance patterns are needed. There’s another layer of complexity, however, beyond prevalence: treatment. Even within the carbapenems, our most potent antibiotics, resistance patterns are not uniform. Two of the most frequently used carbapenems, imipenem and meropenem, don't always act the same way against CRE. The difference originates with how these drugs engage with bacterial enzymes. KPC-type enzymes have a preference for hydrolyzing meropenem, whereas OXA-48-likeenzymes more commonly hydrolyze imipenem (Pitout et al., 2020, Kumar et al., 2020). And then there’s the difference in how the drugs actually get into bacterial cells: meropenem, being larger, relies much more on the presence of porin in channels, while imipenem can occasionally use other avenues (Rodriguez-Baño et al., 2022). These differences are more than theoretical — real-world data indicate that approximately 22% of CRE isolates respond differently to the two drugs (Bonomo et al., 2023). That’s a big deal in terms of treatment, and it means we need to be thinking bigger than routine lab tests and start using molecular tools to guide therapy more precisely. A study by Akani, Douglas, and Kamani (2022), examined stool samples from patients attending tertiary hospitals in Port Harcourt for carbapenem-resistant Enterobacteriaceae (CRE). The results were worrying: Multiple resistant strains had emerged, each with its own way of resisting the drug. Because there are little surveillance data in Nigeria, by their findings, they help close the information gap and could increase awareness that CRE is now commonly present in local healthcare delivery settings. In conclusion, the study highlights the urgent need for hospitals in West Africa to strengthen infection control practices and implement a more rational approach to antibiotic use (Akani et al., 2022). Bisht and coworkers (2023) reported similar findings from a more slightly from a different perspective, examining hospital-acquired infections caused by carbapenem-resistant organisms. Pseudomonas aeruginosa and Acinetobacter species as well as some strains of Enterobacteriaceae showed particularly high resistance levels, they noted in their analysis of clinical samples. Worryingly, colistin was among the few agents that remained reliably effective. They also pinpointed major risk factors, such as lengthy hospitalizations, prior use of antibiotics and invasive procedures. What was most notable in their conclusions was a call for better systems — better antimicrobial stewardship, tighter infection control and routine tracking of resistance patterns. In the absence of those measures, they warned, these hard-to treat infections could keep gaining ground in hospital settings (Bisht et al., 2023).   
Conclusion
[bookmark: _Hlk191544944]Carbapenem resistance pops up in about 25.45 % of patients, a fact that immediately grabs attention from a public health standpoint. There isn’t clear evidence in the studies pointing to one specific carbapenemase type being solely behind Gram-negative bacterial infections (Ebenezer et al., 2018). The limited options for strong antimicrobial drugs force us to rethink how these bugs make infections tougher to treat—it’s not that they show off any one unique trick, but rather they add up to create a heavier overall burden on our health systems (Bielicki et al.,2022). In India, there’s been a noticeable uptick in reports of carbapenem-resistant Gram-negative infections in clinical settings, which clearly signals that our infection control efforts need a major boost. Cutting down on these dangerous infections really hinges on putting a well-rounded strategy in place. This plan should mix active monitoring with everyday measures like diligent handwashing, strict contact precautions, and a careful, almost artful use of antibiotics so that we can keep resistant bugs under control and look after patient wellbeing.
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