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Abstract
Background

Due to shrinking therapeutic options, infections due to Carbapenem-resistant Enterobacterales (CRE) are
an urgent threat in healthcare systems. We compared the risk factors and outcomes of bacteremia
secondary to CRE with bacteremia secondary to carbapenem susceptible Enterobacterales (CSE).

Methods

We conducted a retrospective cross-sectional study on patients admitted to a tertiary care hospital in
Karachi, Pakistan between 2013 and 2016. Patients with CRE bacteremia were matched to those with
CSE bacteremia while excluding those with polymicrobial cultures.

Results

A total of 131 patients were enrolled (65 CRE and 66 CSE) with the mean age of 51.8 years and 57.1
years in CRE and CSE groups respectively. Compared with CSE, CRE bacteremia was more likely to occur
in patients with Diabetes Mellitus or those with a tracheostomy (P = 0.002 and 0.014, respectively). The
most common source of CRE bacteremia was central line associated (24.6% of all cases) as opposed to
urinary tract infections in those with CSE bacteremia (62.1% of all cases). Fewer patients with CRE
bacteremia received appropriate antibiotics (72.3% vs. 81.8%). Mortality was significantly higher in the
CRE group (41.5% vs. 12.1%, P = 0.001) even when adjusted for the severity of illness using the PITT-
bacteremia score. Increased mortality was also associated with central venous catheterization in both
groups. The median length of hospital stay was longer in patients with CRE (8 vs. 6 days, P = 0.021)

Conclusion

CRE bacteremia was associated with central lines and led to significantly higher mortality and length of
stay.

Background
Infections from antibiotic-resistant organisms occur in 2.8 million individuals and result in 35,000 deaths
annually in the United States alone(1). Globally, these infections result in an estimated 700,000 deaths
annually- a number expected to rise to 10 million by 2050 if no action is taken to counter antimicrobial
resistance (AMR)(2). The global economic loss from AMR is projected to be between USD 1 trillion to USD
3.4 trillion annually by 2030, with a greater impact on low-income countries(3).

Carbapenems have been considered one of the last treatment options for infections caused by multidrug-
resistant pathogens(4). In recent years, increased carbapenem use coupled with poor infection prevention
practices has led to an increase in the global rates of Carbapenem-Resistant Enterobacterales (CRE)(5).
CRE are typically resistant to other beta-lactams and often resistant to other antimicrobial classes,
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significantly limiting treatment options. Additionally, infections with CRE result in higher morbidity when
compared to non-CRE strains(6–8). This had led the Centers for Disease Control and Prevention to
classify CRE as an “urgent threat”.

Carbapenemase production is one of the more concerning mechanisms of carbapenem resistance in
Enterobacterales. Carbapenemase-encoding genes on mobile genetic elements can rapidly transmit
resistance to other bacteria, and infections from CP-CRE result in higher mortality compared to those with
non-CP CRE(9). The multi-national PANORAMA study from low and middle-income countries found most
CRE to be Carbapenemase producers (93.75%)(7) in these regions. In contrast, carbapenemase
production accounts for only 30% of carbapenem resistance in the US(1). Despite this evidence of
geographic variation in the more virulent CP-CRE strains, data from low and middle-income countries on
surveillance and outcomes from CRE infections remains scarce to date(10).

We, therefore, aimed to compare the risk factors for bacteremia caused by CRE compared to Carbapenem
Susceptible Enterobacterales (CSE) strains and subsequently assess outcomes of bacteremia caused by
CRE in an area of high CRE endemicity in a low-middle income country.

Methods
We conducted a retrospective cross-sectional study at a 700 bedded tertiary care teaching hospital in the
south of Pakistan. All adult patients admitted between January 2013 and July 2016 with bacteremia due
to Enterobacterales were included. For every case of CRE bacteremia identified, a CSE control was
randomly selected from the same month. We excluded patients with polymicrobial bacteremia.

Clinical data was collected from patients' medical records using a structured proforma. Data was
analyzed using the SPSS 19.0. The baseline parameters of patients with CRE and the CSE bacteremia
were compared. Comparison of differences in proportions was assessed by using the Chi-square test or
Fisher exact test where appropriate. In univariate analyses, a comparison between CRE and CSE was
done for each variable of interest. Multivariable analysis was conducted to identify the factors associated
with poor outcomes. All p-values were two-sided and considered statistically significant if < 0.05.

For this study, CRE was defined according to the clinical breakpoints defined by the Clinical and
Laboratory Standards Institute (CLSI) in the 21st edition of their document released in 2011 (11), as
Enterobacterales showing decreased susceptibility to carbapenems (diameter for imipenem greater than
19mm, meropenem greater than 19mm). On the other hand, CSE was also identified via blood culture and
susceptibility reports which showed Enterobacterales sensitive to any antibiotic of the carbapenem
family.

Appropriate antibiotic regimens were defined as one containing at least one agent to which the organism
was susceptible. For the CRE group, the antibiotic regimen considered appropriate in our setting was
primarily a meropenem-based regimen with or without Colistin. Patients receiving appropriate antibiotic
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therapy within 48 hours of having blood drawn for culture and susceptibility were defined to have
received early therapy. Outcomes studied included length of stay and inpatient mortality.

Results
Sixty-five patients with CRE bacteremia and 66 patients with CSE bacteremia were identified during the
study period. Basic demographics are described in Table 1. Both groups had a similar age distribution.
CRE bacteremia was more common in males (n = 45(69.2%)) than in females (n = 20(30.8%)). The most
common organism identified was E. coli for CRE (n = 40(61.5%)) and CSE (n = 55(83.3%) respectively. A
greater proportion of patients with CRE bacteremia had underlying comorbidities (n = 58(89.5%)) as
compared to patients with CSE bacteremia (n = 42(64.4%), p = 0.003). However, Diabetes Mellitus was
less common in the CRE group (n = 20(30.8%)) than in the CSE group (38(57.6%), p = 0.002). Most cases
of CRE bacteremia were attributed to Central Line-Associated Bloodstream Infections (CLABSI) (n = 
16(24.6%)) while CSE bacteremia was more commonly secondary to Urinary Tract Infections (UTI)(n = 
39(59.1%)). Similarly, more patients with CRE bacteremia had an indwelling central venous catheter (n = 
41 (60.5%) than did patients with CSE bacteremia (n = 27; (39.7%)). As shown in Table 2, patients with
CRE bacteremia also had more severe disease with a higher PITT bacteremia score (score > 4 in 20
patients (40%)) than patients with CSE (score > 4 in 11 patients, (20.4%), p value = 0.047) and were more
likely to be admitted in the Intensive Care Unit (24 vs. 5;37.5% vs. 7.7%; p-value < 0.01).
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Table 1
Demographics

  CRE (65) CSE (66) P value

Male 45 (69.2%) 24(36.4%) < 0.001

Female 20(30.8%) 42(63.6%)

Mean age in years

16–35 years

36–55 years

56–75 years

76–96 years

51.8 ± 16.6

10 (15.6%)

25 (39.1%)

24 (37.5%)

5 (7.8%)

57.4 ± 15.7

8 (12.1%)

18(27.3%)

32 (48.5%)

8 (12.1%)

0.367

Year of Presentation

2013

2014

2015

2016

2 (40%)

18 (46.2%)

27 (44.3%)

18 (69.2%)

3 (60%)

21 (53.8%)

34 (55.7%)

8 (30.8%)

0.167

Location in the Hospital

ICU

Ward

24 (37.5%)

40 (62.5%)

5 (7.7%)

60 (92.3%)

< 0.01

CLABSI = Catheter Line Associated Blood Stream Infection
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  CRE (65) CSE (66) P value

Comorbidities

Diabetes Mellites

Malignancy

Ischemic Heart Disease

Chronic Kidney Disease

HIV

Hepatitis B

Hepatitis C

Hypertension

Organ Transplant

Chemotherapy

Hemodialysis

20(30.8%)

19(29.2%)

10(15.4%)

11 (16.9%)

1(1.5%)

3(4.6%)

9(13.8)

28(43.1)

3(4.6)

14(21.5)

13(20)

38(57.6%)

15 (22.7%)

17(25.8%)

12(18.5%)

0(0)

0 (0%)

5(7.6)

39(59.1)

1(1.5)

11(16.7)

8(12.5)

0.396

0.142

0.82

0.492

0.077

0.245

0.067

0.302

0.478

0.249

Surgery within past year 33(52.4%) 22(34.4%) 0.041

ICU Stay

Duration

< 1 Weeks

>1 Weeks

19 (24.6%)

9 (47.4%)

10 (52.6%)

5 (7.6%)

3 (60%)

2 (40%)

0.421

0.615

Indwelling Lines

PICC Line

CVP Line

Jo Cath Line

41(60.3%)

12 (22.2%)

32(59.6%)

10 (18.5%)

27(39.7%)

7 (17.1%)

23 (56.1%)

11(26.8%)

0.014

0.214

0.11

0.812

Foley’s Catheter

Tracheostomy

55 (84.6%)

10(15.6%)

53 (81.5%)

2(3.1%)

0.64

0.14

Time of First Positive Culture from Admission

Before or within 48h of admission

After 48 hours of admission

31 (47.7%)

34 (52.3%)

51 (77.3%)

15 (22.7%)

< 0.01

CLABSI = Catheter Line Associated Blood Stream Infection
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  CRE (65) CSE (66) P value

Source

CLABSI

Primary

Urinary Tract Infection

Intra-abdominal infection

Others

Cholangitis

Postoperative infection

Chest

Multiple

16 (24.6%)

6 (9.2%)

14 (21.5%)

6 (9.2%)

6 (9.2%)

5(7.7%)

3(4.6%)

8(12.3)

1(1.5%)

6 (9.1%)

0 (0%)

39 (59.1%)

7 (10.6%)

3(4.5%)

4(6.1%)

0(0%)

2(3%)

5(7.6%)

0.001

Negative Culture Prior to Discharge

Yes

No

No culture sent further

25 (38.5%)

20 (30.8%)

19 (29.0%)

25 (37.9%)

4 (6.1%)

37 (56.1%)

0.001

Pitt Bacteremia Score

0–1

2–3

4 or more

14 (28%)

16 (32%)

20 (40%)

26 (48.1%)

17 (31.5%)

11 (20.4%)

0.047

CLABSI = Catheter Line Associated Blood Stream Infection
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Table 2
Treatment and Outcomes

  CRE CSE P-
value

Appropriate Antibiotics

Yes

No

47(72.3%)

18
(27.7%)

57
(86.4%)

9(13.6%)

0.195

Empiric appropriate antibiotic therapy

Within 48 hours of Culture Request

After 48 hours of Culture Request

Missing data

34(52.3%)

13(20.0%)

18
(27.7%)

50
(75.8%)

7
(10.6%)

9(13.6%)

0.073

Mortality

Dead

Alive

LAMA

32
(54.2%)

27
(45.8%)

6

50
(86.2%)

8 (13.8
%)

8

< 
0.001

Inpatient mortality among those who received appropriate
antibiotics

Inpatient mortality among those who did not receive appropriate
antibiotics

18(38.3%)

9 (50.0%)

5(8.7%)

3(33.3%)

< 
0.001

0.653

Mortality in Relation to Pitt Bacteremia Score

0–1

2–3

≥ 4

2 (14.3%)

7(43.8%)

13(65.0%)

2 (7.7%)

0 (0%)

5(45.5%)

0.148

Median Length of Hospitalization 8 6 0.021

LAMA = Leave Against Medical Advice

The Susceptibility pattern of the CRE and CSE organisms to various antibiotics is displayed in Fig. 1. The
CSE organisms were most often susceptible to aminoglycosides (n = 47, 71.2%) followed by Ceftriaxone
(n = 18, 27.3%). Similarly, the greatest number of CRE organisms were susceptible to Colistin (n = 59,
90.8%) followed by aminoglycoside (n = 36, 55.4%).

There was no significant difference observed in the time to initiate appropriate empiric antibiotic therapy
between the 2 groups. Appropriate empiric antibiotics were started within 48 hours of sending the
cultures in 34 patients with CRE bacteremia (52.3%) versus 50 patients with CSE bacteremia (75.8%). As
definitive treatment, 47 (72.3%) of the patients with CRE bacteremia and 57 (86.4%) of the patients with
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CSE bacteremia received at least one appropriate antibiotic during the course of the hospital stay. Fewer
patients with CRE bacteremia received appropriate antibiotics compared to the CSE subset, although this
difference was not statistically significant (72.3% vs 86.4%, P = 0.195).

The results of univariate and multivariate analysis are summarized in Table 3 and 4. The overall inpatient
mortality was significantly higher in the CRE group compared to the CSE group (27 vs 8, 41.5% vs 12.1%,
p-value 0.001). Inpatient mortality in those that received appropriate therapy was significantly higher in
the CRE group compared to the CSE group (18 vs. 5, 38.3% vs. 8.7%). However, mortality was higher in the
CRE group when appropriate therapy was administered for 48 hours or more (14 vs.4, 38.9% vs. 7.7%).
Moreover, a higher Pitt bacteremia score correlated with higher mortality (13 vs. 5; 65.0% vs. 45.5%). The
median length of hospital stay for patients with CRE bacteremia was 8 days, while that for patients with
CSE bacteremia was 6 days (p < 0.05). As shown in Table 3, CRE bacteremia (27, 45.8%; p < 0.01), ICU
admission (20, 71.4%; p < 0.01), PITT bacteremia score > = 4 (18, 62.1%; p,0.01), no negative blood culture
prior to discharge, indwelling lines (31, 49.2%; p < 0.01), central line (29, 50%; p,0.01) and presence of
Foley catheter (33, 34.7%; p = 0.023) were significantly associated with mortality. However, on multivariate
analysis, mortality was significantly associated with CRE bacteremia, placement of central line, no
negative blood culture (either not sent or not negative) before discharge, and ICU admission. In the overall
outcome among CRE patients, there was no significant difference in survival rates between patients
receiving colistin monotherapy and those receiving combination therapies of meropenem and colistin (7
vs. 25; 58.3% vs. 61%).
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Table 3
Univariate Analysis

    Mortality Odds Ratio[95% CI] P-value

CRE/CSE CRE 27 (45.8%) 0.190[0.077, 0.469] < 0.001

CSE 8 (13.8%)

Negative Blood culture prior to discharge No 12 (44.4%) 0.079[0.22,0.288] < 0.001

Yes 5 (10.6%)

ICU admission Yes 20 (71.4%) 13.03[4.79,65.42] < 0.001

No 14 (16.1%)

Pitt Bacteremia Score >=4 18 (62.1%)   < 0.001

2–3 7 (26.9%)

0–1 4 (10.8%)

Indwelling lines Yes 31 (49.2%) 0.084 [0.027, 0.262] < 0.001

No 4 (7.5%)

Central Line Yes 29 (50%) 0.113 [0.042, 0.304] < 0.001

No 6 (11.3%)

Foley Catheter Yes 33 (34.7%) 5.056[1.1, 23.0] 0.023

no 2 (10%)
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Table 4
Multivariate Analysis

Inpatient Mortality

Variable Odds ratio [95% CI] p value

Group

CSE

CRE

1.0

5.40[1.43–20.42]

0.01

Negative culture

No

Yes

1.0

0.07[0.01–0.39]

0.002

ICU Stay

No

Yes

1.0

9.05[1.55–52.84]

0.01

Central Venous Catheter

No

Yes

1.0

12.27[2.94–51.09]

0.001

Discussion
This study was designed to investigate the risk factors and outcomes of bacteremia caused by
Carbapenem-resistant (CRE) Enterobacterales compared to Carbapenem Susceptible Enterobacterales
(CSE). We found that infections with CRE were more severe than those with CSE, with a higher Pitt
bacteremia score, and led to significantly higher mortality, higher rates of ICU admission, and longer
median length of hospital stay. Moreover, CRE infections were most commonly nosocomial and
associated with central line placement.

Nearly a third of CSE were resistant to 3rd generation cephalosporins, possibly reflecting a high
endemicity of Extended-Spectrum Beta-Lactamase producers in the community. The increased
prevalence of ESBL producing species in India and South Asia in general have been hypothesized to have
driven the use of Carbapenems leading to selection pressure for the emergence of Carbapenem
Resistance among Enterobacterales(12–14). While overall most infections were community-acquired, the
frequency of nosocomial infections (37.4%) exceeded that reported in other resource-limited settings
(5.7%- 19.1%) (15). Additionally, we observed a higher proportion of nosocomial infections with CRE
(52.3%) than that observed in a multi-center study in resource-limited settings (40%) (7). These variations
can be due to differences in compliance with infection control, antibiotic stewardship, and endemicity of
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antimicrobial resistance, and highlight the relevance of individual institutional data to guide clinical
practice.

Outcomes and disease severity in patients with CRE infection remained worse compared to those with
CSE infection, even though there was no statistically significant difference in the initiation of timely and
appropriate antibiotic therapy between the groups. Existing literature in both developed and resource-
limited settings has consistently reported similar outcomes for infections(7, 16–22) with CRE Similar to
the findings of a meta-analysis(22), we observed a higher odds for mortality for CRE bacteremia
compared with CSE bacteremia on multivariate analysis. Similarly, compared to the multi-center
PANORAMA study that reported a 35% inpatient mortality for CRE bacteremia in resource-limited settings,
we found a higher mortality rate of 45.8% at our center(7). However, mortality in our study was slightly
higher than reported in the PANORAMA study. Mortality due to bacteremia is influenced by several
factors, including patient characteristics, source control, and appropriate antibiotic therapy. In our study,
patients with CRE had a higher PITT bacteremia score (Pitt score 4 or greater in 40% vs 20%). This may
be reflective of the higher proportion of CLABSI which is associated with more severe disease. Source
control also affects mortality; however, we were unable to document source control in our patients.
Finally, while there was no difference in the time to initiation of appropriate therapy in both groups, most
patients received colistin (71.2% vs 52%), due to limited availability of alternative agents in Pakistan.
Colistin may have contributed to the morbidity given the higher rates of adverse effects and possible
suboptimal efficacy(23, 24). Furthermore, due to resource constraints, we were unable to conduct genetic
analysis and were therefore unable to assess the proportion of carbapenemase-producing
Enterobacterales in our cohort, which are known to cause a 3 -fold higher mortality compared to non-
carbapenemase producing CRE(9).

Our study is limited by its retrospective design and restriction to a single, private tertiary care hospital in
Karachi- limiting generalizability to public sector hospitals in the region. Additionally, although by using
equal numbers of CRE and CSE infections we aimed to draw comparisons in outcomes and risk factors
between the two groups, we were unable to estimate the incidence of the CRE and CSE infections during
the study period.

Conclusion
Nevertheless, our study highlights that differences exist in the epidemiology and outcomes of infections
with CRE and CSE within the developing world, emphasizing the relevance of exploring local data. Future
studies are needed across multiple centers in Pakistan where antibiotic stewardship and quality
assurance for antibiotic procurement is inadequate (25, 26). The results of such studies should be
utilized to develop infection control policies tailored for this part of the world.

Abbreviations
CRE = Carbapenem Resistant Enterobacterales
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CSE = Carbapenem Sensitive Enterobacterales

USD = United States Dollars

CLSI = Clinical and Laboratory Standards Institute

CP =Carbapenemase Producing

CLABSI = Central Line-Associated Bloodstream Infections

UTI = Urinary Tract Infection
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Figure 1

Antibiotic Susceptibility Pattern (%)


