
Introduction 
Carbapenem-resistant rnterobacteriaceae (CRE) are a 
family of micro-organisms resistant to almost all the 
available antibiotics and are difficult to treat.1 Normally 
they are part of human gut flora that may become 
resistant to carbapenems due to acquisition of resistant 
mechanism which could be either the production of 
carbapenemases (beta-lactamase),2,3 reduced 
permeability of outer membrane, the altered affinity of 
penicillin-binding proteins (PBP) or modifying enzymes 
involving plasmid mediated resistance.3,4  

Amongst enterobacteriaceae, most common 
organisms are Klebsiella (K.) species and Escherichia 
(E.) coli which can be taken as an example of CREs.5 
Healthy people are not the primary targets of CRE. 
Patients residing in nursing homes and other 
healthcare settings whose treatment/management 
requires devices like ventilators, urinary catheters, 
naso-gastric tubes or intravenous (IV) catheters are 
their prime targets. They also attack patients with 
persistent infections and taking antibiotics for a long 
time.6-8 These CRE infections which are acquired from 

hospitals or healthcare settings are called healthcare 
acquired (HCA). On the other hand, community at 
large suffers from drug-susceptible 
enterobacteriaceae infections and it is speculated that 
this resistance of HCA-CRE might spread to 
enterobacteriaceae responsible for community 
infections. This impending danger of community 
transmission promulgates the need of proper 
epidemiological data regarding the prevalence of CRE 
in individuals in the community who have never been 
exposed to healthcare settings.9 

CREs have been classified into community-acquired (CA) 
and HCA. According to the Centers for Disease Control 
and Prevention (CDC), if a patient has CRE culture 
positive after 48 hours of hospitalisation or a resident of 
a healthcare facility looking after terminally ill patients, 
these CRE isolates would fall into the category of HCA. In 
case of CA-CRE, patients are usually harbouring infection 
at the time of reporting in out-patient department (OPD) 
with no history of hospitalisation.10 Moreover, a lower 
level of antimicrobial resistance is associated with CA-
CRE, while HCA-CRE is known for its devastating nature 
and outrageous antimicrobial resistance, like multi-drug 
resistance (MDR) which is common amongst them.3,11 
For the purpose of achieving absolute results in CRE-
infected patients, it is mandatory to have local 
microbiological data regarding susceptibility patterns of 
CA-CRE and HCA-CRE in hand, so that an appropriate 
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empirical therapy can be instituted promptly. Moreover, 
if clinical cultures be taken prior to the initiation of 
antibiotics therapy, proper options could be offered for 
treatment. As for now, most HCA-CRE bacteria can be 
devastating for patients. According to a study, these are 
responsible for the deaths of 50% patients who acquire 
them.11,12 Recently, pan-resistance to all antibiotics, 
including colistin and tigecycline, has also been 
reported.12,13 CDC3,11 has labelled CRE as "a serious 
threat to public health", and by the World Health 
Organisation (WHO) as "one of the three greatest threats 
to human health,".13,14 

Unfortunately, this association of CRE with MDR is the 
cornerstone of all the failures of treatment in infected 
patients. The current study was planned to differentiate 
between the antimicrobial susceptibilities associated with 
CA-CRE and HCA-CRE. 

Materials and Methods 
The cross-sectional study was conducted at the 
Department of Microbiology, Combined Military 
Hospital (CMH), and the Institute of Dentistry, Lahore, 
Pakistan, from November 2017 to July 2018. After 
approval from the ethics committees of CMH, the 
Institute of Dentistry and the National University of 
Medical Sciences (NUMS), Rawalpindi,  The sample size 
was calculated using WHO calculator, with a population 
proportion of 70.5%, 8.1% margin of error and 95% 
confidence interval (CI).15 

Patients having infection due to CRE at the time of 
hospital admission were labelled as having CA-CRE 
infection, and those who acquired infection during stay in 
the hospital were labelled as having HA-CRE infection. 
Samples were collected using non-probability 
convenience technique. Isolates which were resistant to 
carbapenem (meropenem, imipenem),3,11 were selected 
for the study. Data collection was done on daily basis and 
analysed.  

After obtaining written consent from the patients, 
relevant data regarding age, gender, ward and disease 
was noted along with history of any prior medical 
admission and antibiotics used, associated diseases, like 
diabetes mellitus, liver cirrhosis, chronic kidney disease, 
malignancy etc. Information regarding the use of medical 
devices like urinary catheters, IV lines, ventilators, central 
venous pressure (CVP) catheters was carefully registered. 
In addition, antimicrobial susceptibility patterns were 
noted.  

All CRE isolates were divided into CA-CRE and HCA-CRE 
groups and were further scrutinised to rule out 

duplication. If during hospitalisation, two or more than 
two isolates were identified from the same patient, only 
the first isolate was included for analysis. In case of two 
CRE isolates from the same patient, only one with higher 
resistance was chosen.  

The samples from which the strains were isolated 
included pus, pus swab, blood, urine, sputum, 
catheter tip, broncho-alveolar lavage (BAL), 
endotracheal secretions and body fluids. Isolation of 
organism was done by streaking the samples on 
appropriate agars as per requirement e.g MaConkey's 
agar, Blood agar, Cystein lactose electrolyte agar 
(CLED) plates etc. Further identification was done by 
gram's staining (gram-negative bacilli), catalase 
(positive), oxidase (negative), lactose fermentation, 
and hanging drop preparation (motility). All gram-
negative isolates were identified by standard 
biochemical tests using commercial identification kit 
20E (bioMerieux, France).  

Antibiotic susceptibility testing was performed on Muller 
Hinton Agar plates by Modified Kirby Bauer Disk Diffusion 
method as defined by Clinical and Laboratory Standards 
Institute (CLSI)15,16 against following antibiotics: 
Extended-spectrum β-lactam/β-lactamase inhibitor 
combinations; ampicillin, amoxicillin/ clavulanate 
(30/10μg/disc), piperacillin tazobactam (100μg/10 μg 
disc) ceftazidime (30μg/disc), cefipime (75μg/disc), 
cefaperazone+sulbactum (75+30μg/disc). Carbapenems 
tested were imipenem (10μg/disc), meropenem 
(10μg/disc). non β-lactam agents tested included 
gentamycin (10μg/disc), amikacin (230μg/disc), 
tobramycin (40μg/disc), ciprofloxacin, tetracyclin, 
tigecycline and colistin (100 units/disc).  

In case of tigecycline susceptibilities, guidelines of the 
European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) were considered,16,17 while for the rest 
of antimicrobials, updated CLSI guidelines14,16 were 
considered. 

Data was analysed using SPSS 23. Chi-square test was 
used to compare two sets of isolates. P<0.05 was 
considered statistically significant. 

Results 
Of the 123 CRE isolates identified, 97(79%) were HCA and 
26(21%) were CA. Dissimilar conditions were found 
between CA and HCA CRE isolates (Table-1).  

K. pneumoniae was the most common pathogen, 
followed by E. coli and others (Figure).  

Surgical site infections were 40(32.5%), followed by 
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Table-1: Antimicrobial susceptibilities pattern of community-acquired (CA) and healthcare-acquired (HCA) carbapenem-resistant enterobacteraceae-(CRE) n=123. 
 
Antibiotics                                                                                                                                                 % Non-Susceptible Rate                                                                                                           P-value 
                                                     ALL                                                                CA-CRE n=26                                                                                      HCA-CRE n=97                                                        HA Vs CA 
                                                                                                      Sensitive                                   Resistant                                       Sensitive                                     Resistant 
 
Ampicillin                              123(100)                                          0(0)                                            26(100)                                                0(0)                                               97(100)                                         NSS 
Augmentin                           123(100)                                          0(0)                                            26(100)                                                0(0)                                               97(100)                                         NSS 
TMP/SMZ                               123(100)                                          0(0)                                            26(100)                                                0(0)                                               97(100)                                         NSS 
Tetracyclin                            123(100)                                          0(0)                                            26(100)                                                0(0)                                               97(100)                                         NSS 
Doxycyclin                             123(100)                                          0(0)                                            26(100)                                                0(0)                                               97(100)                                         NSS 
Gentamycin                         108(87.8)                                     14(53.8)                                       12(46.1)                                               1(01)                                             96(98.9)                                     0.015* 
Amikacin                                97(78.8)                                       24(92.3)                                         2 (7.6)                                                2(2.0)                                            95(98.9)                                   <0.001* 
Ciprofloxacin                       110(89.4)                                     10(38.4)                                       16(61.5)                                             3(3.09)                                           94(96.9)                                      >0.99 
Ceftazidime                          123(100)                                          0(0)                                            26(100)                                                0(0)                                               97(100)                                         NSS 
Imipenem                             120(97.5)                                       3(11.5)                                        23(88.4)                                                0(0)                                               97(100)                                       0.217 
Meropenem                          123(100)                                          0(0)                                            26(100)                                                0(0)                                               97(100)                                         NSS 
TZP                                          122(99.1)                                       1(3.84)                                        25(96.1)                                                0(0)                                               97(100)                                       0.897 
SCF                                          119(96.7)                                        2(7.6)                                          24(92.3)                                              2(2.0)                                            95(98.9)                                   <0.001* 
Colistin                               02/123(0.01)                                   26(100)                                            0(0)                                                95(98.9)                                            2(2.0)                                      <0.001* 
Fosfomycin                         47/80(58.7)                                10/20(50.0)                                 10/20(50.0)                                     23/60(38.3)                                   37/60(61.6)                                   0.250 
Nitrofurantoin                    2/17(11.7)                                    7/7(100)                                         0/7(0)                                             8/10(80)                                         2/10(20)                                      0.426 
 

*p < 0.05 indicator of statistical significance; NSS, not statistically significant.  
TZP, Tazobactam piperacillin and SCF, Cefoperazone sulbactam. 

Figure: Total no of isolates in community-acquired (CA) and healthcare-acquired (HCA) carbapenem-resistant enterobacteraceae-(CRE); n=123.



ventilator-associated pneumonia (VAP) 19(15.4%), 
pneumonia 18(14.6%), urinary tract infections (UTIs) 
17(13.8%), sepsis 11(8.9%), skin wounds 8(6.5%), 
meningitis 2(1.6%) and miscellaneous infections 7(5.6%) 
(Table-2). 

Discussion 
In line with earlier studies, the current study indicated 
that not only susceptibility patterns differ among CA-CRE 
and HCA-CRE isolates,3,17,18 but also a clear difference 
could be marked out among clinical manifestations and 
antimicrobial characteristics in patients with CA-CRE and 

HCA-CRE infections.19,20 In the present study, K. 
pneumoniae was the most prevalent organism, clearly 
demonstrating that antimicrobial susceptibilities of HCA-
CRE were significantly dissimilar than those of CA-CRE and 
showed lower susceptibility to various antibiotics.21 The 
results of the current study supports the findings of a 
recent study which emphasised that cultures for 
antimicrobial susceptibility testing were required 
irrespective of the initial empirical antibiotic therapy, 
especially in case of CA-CRE, for the clinicians to switch 
over to relatively less toxic and pertinent antibiotic 
therapy.20 

The present study indicates that the most of the 
patients in the HCA-CRE group were more than 50 years 
of age and being admitted or readmitted within 30-40 
days of discharge from a hospital either after being 
through an invasive procedure or for a serious 
underlining condition/co-morbidities. Significant 
number of these patients were kept in Intensive cares 
(ITCs), immunocompromised, having had an exposure 
to indwelling urinary catheters and devices like central 
line, endotracheal tube and nasogastric tube, and those 
kept on ventilator including exposure to multiple 
antibiotics, which is in concordance with previous 
studies.19,20,22 Moreover, a profound difference was 
observed between CA and HCA CREs regarding clinical 
features. In most cases of CA-CRE the commonest 
clinical infections were pneumonia and UTIs. However, 
in this study a limited number of cases (18), as in 
previous study,20 fell in the category of CA-CRE, and it 
underlines the need to conduct a large-scale study to 
thoroughly investigate the demographic characteristics 
of CA-CREs. 

In comparison with HCA-CRE, patients having CA-CRE 
positive cultures directly reported in OPDs and had quite 
infrequent hospital visits. Consequently, same was the 
case with surgical site infections (SSI) (n=40), where 
patient was not hospitalised at the onset of infection, but 
the likely pathogens might be related to hospitals. Under 
such circumstances, although empirical antimicrobial 
agents should be the same for both HCA-CRE and CA-CRE 
patients, but mistake could take place if such awareness 
would not prevail, as in both the conditions the patient is 
from a community environment. Successful recognition 
may lead to adequate and proper treatment, and failure 
may even lead to adverse outcomes. Therefore, 
antimicrobial susceptibility testing is necessary in 
differentiating patients with HCA-CRE from those with 
CA-CRE. 

The most common organism among CRE in our study was 
K. pneumoniae, followed by E. coli and Ent. cloacae. This 
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Table-2: Clinical manifestations of n=123 patients with carbapenem-resistant entero-
bacteraceae (CRE). 
 
Variables                                         Community                 Health Care                 P-value 
                                                          Acquired n=26           Acquired n=97 
 
Age >60                                                   4(15.3)                            26(26.8)                      <0.001* 
Male%                                                     14(53.8)                           61(62.8)                      <0.001* 
Female%                                                 12(46.1)                           36(37.1)                      <0.002* 
ISOLATES                                                                                                                                           
Escherichia coli                                      18(66.6)                           14(10.7)                         0.570 
Klebsiella pneumoniae                        6(22.2)                            69(75.3)                      <0.001* 
Klebsiella oxytoca                                 1(5.55)                             3(3.07)                           0.621 
Enterobacter cloacea                            1(5.55)                               4(4.6)                            0.369 
Citrobacter koseri                                   0(0.0)                                1(1.5)                              NSS 
Morganella morganii                            0(0.0)                                1(1.5)                              NSS 
Serratia marsesence                              0(0.0)                               4(3.07)                            NSS 
Achanobacterium spp                           0(0.0)                                1(1.5)                              NSS 
SPECIMENS                                                                                                                                       
Blood                                                         3(11.5)                               9(9.2)                            0.136 
Pure pus                                                     2(7.6)                             11(11.3)                        0.0191 
Pus swab                                                  7(26.9)                            30(30.9)                      <0.001* 
Sputum                                                      1(3.8)                             11(11.3)                     <0.0052* 
Urine                                                          7(26.9)                            10(10.3)                         0.616 
BAL                                                              1(3.8)                               1(1.03)                          >0.99 
ETT                                                             3(11.5)                            22(22.6)                      <0.001* 
Catheter tip                                              1(3.8)                               2(2.06)                          >0.99 
Asciticfluid / drain fluid                       1(3.8)                               3(3.09)                           0.621 
DISEASES                                                                                                                                           
Sepsis                                                          2(7.6)                                9(9.2)                           0.059* 
SSI                                                                0(0.0)                             40 (41.2)                           NSS 
VAP                                                            0(0.00)                            19(19.5)                           NSS 
Pneumonia                                              5(19.2)                            13(13.4)                         0.084 
UTI                                                              7(26.9)                            10(10.3)                         0.463 
Meningitis                                                 2(7.6)                                0(0.0)                            0.498 
Peritonitis                                                  1(3.8)                                0(0.0)                              NSS 
Abcess                                                        1(3.8)                                0(0.0)                              NSS 
Diabettic foot                                           0(0.0)                               1(1.03)                            NSS 
Intra cranial bleed                                  0(0.0)                               1(1.03)                            NSS 
Bed sores                                                   0(0.0)                               2(2.06)                            NSS 
Wounds                                                    8(30.7)                               0(0.0)                              NSS 
 

*p < 0.05 indicator of statistical significance; NSS, not statistically significant.  
BAL, broncho-alveolar lavage; ETT, endotracheal tube; SSI, surgical site infection; VAP, ventilator 
associated pneumonia and UTI, urinary tract infection. 



frequency is consistent with previous studies.20,23 
According to a study done in Asia, Klebsiella spp happens 
to be most frequent organism isolated followed by 
Serratia spp, Enterobacter spp., Proteus spp., and 
Citrobacter spp.24 This mismatch of findings suggest that 
CRE isolate has varied distribution depending upon their 
region of emergence and urges the requirement of 
proper investigations to be carried out by every region to 
find out their own epidemiological characteristics of CRE. 

In line with several molecular, biological, epidemiological 
studies,2,5,11,13,17,25 the findings of the current study 
supports the idea of using extreme care while prescribing 
carbapenem, cephalosporin and fluoroquinilones as 
empirical treatment of CA-CRE, specially in moderately to 
severely ill patients having long-standing CA-CRE 
infections. Furthermore, in case of serious CRE infections 
colistin can be the prime choice but only after appropriate 
culture testing. 

There is no clear cut decision regarding treatment of 
infections caused by CRE and available data stresses the 
use of combination therapy rather than monotherapy, 
while recent studies have favoured monotherapy as a 
better option.25,26 The Food and Drug Administration 
(FDA) has approved a new ceftazidime-avibactam 
combination for treating complicated infections caused 
by CRE isolates like urinary tract and intestinal infections, 
but this drug is unable to counter Metallo-beta-
lactamases (MBL)such as New Delhi MBL (NDM), Verona 
Integron-encoded MBL (VIM), or Active on Imipenem MBL 
(IMP).26 

Finally, prevention and spread of CRE in healthcare 
settings and beyond can only be achieved by active 
surveillance, thorough screening of patients to detect 
colonisation, strict compliance with contact precautions 
and infection control measures.7 

The major limitation of he current study is that it had 
limited number of CA-CRE cases (n=26), which could be 
attributed to either low prevalence of CA-CRE in the 
community or may be further large-scale study is 
required. 

Conclusions 
There was low antimicrobial resistance in CA-CRE isolates, 
indicating the need of sending appropriate samples for 
cultures and susceptibility prior to the initiation of 
definite antibiotic therapy. 
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