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ABSTRACT 

Objective: To determine changing trends in antimicrobial resistance among Gram-negative bacterial isolates yielded in lower 
respiratory tract specimens in intensive care settings. 
Study Design: Cross-sectional study 
Place and Duration of Study: Armed Forces Institute of Pathology, Rawalpindi Pakistan, Jul 2018 to Jun 2020. 
Methodology: The study was carried out on 819 isolates from lower respiratory tract specimens collected from ICUs of 
multiple centres all over Pakistan. The antimicrobial susceptibility testing was performed according to performance standards 
provided by CLSI and EUCAST. Antimicrobial resistance trends were analyzed. 
Results: In Acinetobacter baumannii, resistance increased against Carbapenems (92% to 97.4%) and Polymyxins (0% to 5.3%). 
Pseudomonas aeruginosa showed increasing resistance, with Imipenem (33.3% to 46.9%), Meropenem (27.3% to 43.6%) and 
Polymyxin (0% to 3%). In Klebsiella pneumoniae, the resistance against Carbapenems rose from 60.5% to 79.2%, for Imipenem 
68.4% to 83% for Meropenem. Polymyxin resistance was much higher in K. pneumoniae (increasing from 22% to 24.5%). In 
Escherichia coli, resistance increased from 23.5% to 41.7% for Imipenem 35.5% to 50% for Meropenem, and 0% to 8.3% for 
Polymyxins, whereas Tigecycline showed decreasing resistance trend. Other antimicrobials tested showed increasing 
resistance as well. 
Conclusion: Antimicrobial resistance is emerging so rapidly that the post-antibiotic era is approaching sooner than later. 
Extensive and up-to-date insight regarding antimicrobial resistance rates and trends against significant pathogens is required 
to deal with this emerging dilemma. 
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INTRODUCTION 

Antimicrobial resistance (AMR) is one of the sig-
nificant challenges currently encountered in healthcare 
settings.1 Gram-negative bacteria constitute a signi-
ficant portion of isolates yielded from lower respira-
tory tract (LRT) specimens and are mostly found to be 
highly drug-resistant. Emerging resistance to antimi-
crobials in healthcare-associated bacterial isolates 
limits the treatment options available, thus leading to 
increased morbidity and mortality.2 

An increase in AMR has led to increased 
utilization of terminologies such as multidrug-resistant 
(MDR), extensively drug-resistant (XDR) and pan-
drug-resistant (PDR) bacteria. A joint initiative by the 
European Centre for Disease Prevention and Control 
(ECDC) and the Centers for Disease Control and 
Prevention (CDC) has provided standardized 
definitions for these terminologies.3 MDR is defined as 

acquired resistance to at least one agent in three or 
more antimicrobial classes, XDR is defined as 
resistance to at least one agent in all but two or fewer 
antimicrobial classes (i.e., bacterial isolates remain 
susceptible to only one or two classes) and PDR is 
defined as resistance to all agents in all antimicrobial 
classes.4 

Commonly isolated Gram-negative bacterial 
pathogens in healthcare settings include Acinetobacter 
baumannii, Pseudomonas aeruginosa, Klebsiella 
pneumoniae, Escherichia coli and other Enterobacterales.5 
These isolates mostly turn out to be highly drug-
resistant and are thus difficult to treat. This leads to a 
problematic situation in critical care settings, where 
these drug-resistant isolates are responsible for high 
morbidity and mortality.6 

Antimicrobial resistance (AMR) is an emerging 
crisis that significantly threatens public health. It leads 
to ineffective antimicrobial usage, increased mortality, 
extended hospital stays, and an enormous economic 
burden. Antimicrobial stewardship programs (ASPs) 
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are an essential strategy among the action plans 
against AMR. ASPs have multiple components, one of 
which is monitoring and regular reporting of antibiotic 
usage and resistance patterns.7 The clinicians must 
remain well-informed of the antimicrobial resistance 
patterns and changing trends. This leads to improved 
patient care and management and helps take necessary 
precautions to deal with this emerging threat. 

METHODOLOGY 

The cross-sectional study was conducted at the 
Armed Forces Institute of Pathology (AFIP), 
Rawalpindi, over two years (July 2018 to June 2020) 
after approval by the Institutional Review Board  
(Cons-MIC-4/READ-IRB/21/214).  

Inclusion Criteria:Lower respiratory tract samples 
from patients of all ages and genders were included.  

Exclusion Criteria: Repeat specimens from the same 
patients were excluded from the study. 

The samples were collected from Intensive Care 
settings, including Medical, Surgical and Paediatric 
Intensive Care Units (ICUs), Bone Marrow Transplant 
Centres, a Urology setup, and a Liver Transplant Unit. 
This was a time-barred study, and all lower respiratory 
tract specimens received for culture and sensitivity 
during the study period were included using a non-
probability consecutive sampling technique. A total of 
819 isolates from LRT samples, i.e., bronchoalveolar 
lavage (BAL), bronchial washings, non-directed 
bronchial lavage (NBL) and sputum samples, were 
studied.Bacterial isolation and identification were done 
according to standard microbiological procedures. 
Antimicrobials tested for each isolate were according 
to performance standards provided by the Clinical and 
Laboratory Standards Institute (CLSI) - M100 
document and European Committee on Antimicrobial 
Susceptibility Testing (EUCAST).8 

The antimicrobial susceptibility testing (AST) was 
performed according to performance standards pro-
vided by CLSI - M100 document. Disk diffusion was 
performed using Mueller Hinton (MH) agar, and zone 
diameters were determined for AST, except for Poly-

myxins for which Colistin agar test and broth micro-
dilution were used to determine minimal inhibitory 
concentrations (MICs). For Tigecycline AST, break-
points given according to EUCAST were used. 

Statistical Package for Social Sciences (SPSS) ver-
sion 22.0 was used for the data analysis. Qualitative 
variables were expressed as frequency & percentages. 

RESULTS 

Isolates included in the study were the commonly 
yielded Gram-negative bacteria in Intensive Care 
Settings, i.e., Acinetobacter baumannii, Pseudomonas 
aeruginosa, Klebsiella pneumoniae and Escherichia coli. 
The most frequently isolated pathogen was A. 
baumannii (n=261, 31.9%), followed by P. aeruginosa (n= 
256, 31.3%) and K. pneumoniae (n=251, 30.6%). The 
distribution of these isolates over two years is depicted 
in Table-I. 

The percentage resistance of the studied Gram-
negative bacterial isolates against different antimicro-
bials is shown in Table-II. 

In Acinetobacter baumannii, resistance increased 
against Carbapenems (92% to 97.4%) and Polymyxins 
(0% to 5.3%). Pseudomonas aeruginosa showed increa-
sing resistance, with Imipenem (33.3% to 46.9%), 
Meropenem (27.3% to 43.6%) and Polymyxin (0% to 
3%). In Klebsiella pneumoniae, the resistance against 
Carbapenems rose from 60.5% to 79.2% for Imipenem 
and 68.4% to 83% for Meropenem. Polymyxin resis-
tance was much higher in K. pneumoniae (increasing 
from 22% to 24.5%). In Escherichia coli, resistance 
increased from 23.5% to 41.7% for Imipenem, 35.5% to 
50% for Meropenem, and 0% to 8.3% for Polymyxins, 
whereas Tigecycline showed decreasing resistance 
trend. Other antimicrobials tested showed increasing 
resistance as well. 

DISCUSSION 

In our setup, we encountered A. baumannii, P. 
aeruginosa, K. pneumoniae and E. coli as the most 
commonly isolated bacteria from LRT specimens. All 
these isolates turned out to be highly drug-resistant, 
with resistance increasing gradually for most of the 
antimicrobials over a period of two years.  

Table-I: Number of Isolates during two year Study period (n=819) 

Duration Acinetobacter Baumannii Pseudomonas Aeruginosa Klebsiella Pneumoniae Escherichia Coli Total 

Jul to Dec 2018 50 66 76 17 209 

Jan to Jun 2019 68 80 50 13 211 

Jul to Dec 2019 86 78 72 9 245 

Jan to Jun 2020 57 32 53 12 154 

Total 261(31.9%) 256(31.3%) 251(30.6%) 51(6.2%) 819 
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Our study shows that A. baumannii has increa-
singly acquired resistance to the significant antibiotic 
classes available over the two-year study period. The 
resistance against Carbapenems was most noteworthy, 
which increased from 92% to 97.4% during this alar-
ming study.  In our study, resistance to Polymyxins, 

including Colistin, was not observed among A. 
baumannii at the beginning of the two years. However, 
5.3% of isolates were polymyxin resistant at the end of 
this period. This trend poses a serious threat to 
healthcare settings, making treating this perilous bug 
even more complex and turning it into an even 
deadlier threat than before.9,10 

 
Table-II:  Antimicrobial Percentage Resistance during the two year Study period (n=819) 

Acinetobacter baumannii (Percentage Resistant) 

Duration 
CIP 
(%) 

IMI 
(%) 

MEM 
(%) 

GM 
(%) 

AK 
(%) 

TZP 
(%) 

FEP 
(%) 

CRO 
(%) 

DOX 
(%) 

MIN 
(%) 

COT 
(%) 

PB/Col 
(%) 

Jul to Dec 
2018 (n=50) 

47(94.0) 46(92.0) 46(92.0) 35(70.0) 42(84.0) 46(92.0) 48(96.0) 48(96.0) 15(30.0) 11(22.0) 46(92.0) 0(0.0) 

Jan to Jun 
2019 (n=68) 

63(92.6) 64(94.1) 64 (94.1) 56(82.4) 62(91.2) 64(94.1) 65(95.6) 67(98.6) 22 (32.4) 16 (23.5) 60 (88.2) 3(2.9) 

Jul to Dec 
2019 (n=86) 

79(91.9) 81(94.2) 82 (95.3) 74(86.0) 78(90.7) 82(95.3) 79(91.9) 85 (98.8) 24 (27.9) 24 (27.9) 77 (89.5) 0.0(0.0) 

Jan to Jun 
2020 (n=57) 56(98.2) 55(96.5) 56(98.2) 53(93.0) 54(94.7) 55(96.5) 56(98.2) 56(98.2) 19(33.3) 17(29.8) 55(96.5) 3(5.3) 

Pseudomonas aeruginosa (Percentage resistant) 

Duration 
CIP 
(%) 

IMI 
(%) 

MEM 
(%) 

GM 
(%) 

AK 
(%) 

TZP 
(%) 

FEP 
(%) 

CAZ 
(%) 

AZT 
(%) 

LEV 
(%) 

PB/Col 
(%) 

Jul to Dec 
2018 (n=66) 

27(40.9) 22(33.3) 18(27.3) 19(28.9) 16(24.2) 17(25.7) 17(25.7) 17(25.7) 21(31.8) 22(33.3) 0.0(0.0) 

Jan to Jun 
2019 (n=80) 

33(41.3) 29(36.3) 31(38.6) 27(33.8) 22(27.5) 30(37.5) 24(30.0) 34(42.5) 44(55.0) 34(42.5) 0.0(0.0) 

Jul to Dec 
2019 (n=78) 

36(46.2) 31(39.7) 32(41.0) 36(46.2) 30(38.5) 23(29.4) 28(35.9) 35(44.9) 33(42.3) 31(39.7) 1(1.2) 

Jan to Jun 
2020 (n=32) 

18(56.3) 15(46.9) 14(43.6) 15(46.9) 13(40.6) 10(31.3) 12(37.5) 12(37.5) 12(37.5) 15(46.9) 1(3.0) 

Klebsiella pneumoniae (Percentage resistant) 

Duration 
CIP  
(%) 

AMC 
(%) 

COT 
(%) 

IMI 
 (%) 

MEM 
(%) 

GM  
(%) 

AK 
(%) 

TZP  
(%) 

FEP 
 (%) 

CRO 
(%) 

DOX 
(%) 

TGC  
(%) 

PB/Col 
(%) 

Jul to Dec 
2018 (n=76) 

65(85.5) 72(94.7) 55 (72.4) 46(60.5) 52(68.4) 54(71.0) 52 (68.4) 69(90.7) 69(90.7) 69(90.7) 37(48.7) 19(25.0) 17(22.4) 

Jan to Jun 
2019 (n=50) 

40(80.0) 46(92.0) 38(76.0) 33(66.0) 35(70.0) 36(72.0) 33(66.0) 45(90.0) 46(92.0) 46(92.0) 27(54.0) 9(18.0) 11(22.0) 

Jul to Dec 
2019 (n=72) 

68(94.4) 71(98.6) 51(70.8) 51(70.8) 72(80.6) 63(87.5) 56(77.7) 64(88.9) 68(94.4) 68(94.4) 36(50.0) 12(16.6) 17(23.6) 

Jan to Jun 
2020 (n=53) 

48(90.6) 50(94.3) 43(81.1) 42(79.2) 44(83.0) 47(88.7) 41(77.3) 47(88.7) 50(94.3) 49(92.5) 27(50.9) 1(1.9) 13(24.5) 

Escherichia coli (Percentage resistant) 

Duration 
AMP 
(%) 

CIP 
(%) 

AMC 
(%) 

COT 
(%) 

IMI 
(%) 

MEM 
(%) 

GM 
(%) 

AK 
(%) 

TZP 
(%) 

FEP 
(%) 

CRO 
(%) 

DOX 
(%) 

TGC 
(%) 

PB/C
ol 

(%) 

Jul to Dec 
2018 (n=17) 

17(100) 14(82.4) 16(94.1) 11(64.7) 4(23.5) 6(35.3) 8(47.1) 6(35.3) 16(94.1) 15(88.2) 16(94.1) 11(64.7) 1(5.9) 
0.0 

(0.0) 

Jan to Jun 
2019 (n=13) 

12(92.3) 12(92.3) 12(92.3) 11(84.6) 3(23.1) 5(38.4) 9(69.2) 5(38.5) 11(84.6) 12(92.3) 12(92.3) 10(76.9) 0.0(0.0) 
0.0 

(0.0) 

Jul to Dec 
2019 (n=9) 9(100) 8(88.9) 9(100) 7(77.8) 3(33.3) 4(44.4) 6(66.7) 4(44.4) 8(88.9) 8(88.9) 8(88.9) 9(100) 0.0(0.0) 

0.0 
(0.0) 

Jan to Jun 
2020 (n=12) 

12(100) 10(83.3) 11(91.7) 11(91.7) 5(41.7) 6(50.0) 6(50.0) 5(41.7) 11(91.7) 11(91.7) 11(91.7) 8(66.7) 0.0(0.0) 
1 

(8.3) 
[CIP-Ciprofloxacin, IMI-Imipenem, MEM-Meropenem, GM-Gentamicin, AK-Amikacin, TZP-Piperacillin/Tazobactam, FEP-Cefepime, CRO-Ceftriaxone, DOX-Doxycycline, 

MIN-Minocycline, COT-Trimethoprim/Sulfamethoxazole, PB-Polymyxin B, Col-Colistin, CAZ-Ceftazidime, AZT-Aztreonam, LEV-Levofloxacin, AMC-Amoxicillin/ 

Clavulanate, TGC-Tigecycline, AMP-Ampicillin] 
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The increasing prevalence of highly drug-
resistant Pseudomonas aeruginosa strains is another 
severe problem in selecting appropriate antimicrobial 
treatment resulting in significant morbidity and mor-
tality.11,12 This emerging threat is due to the capability 
of this pathogen to develop resistance to almost all 
available antibiotics.13 

Polymyxins are an important therapeutic option 
in carbapenem-resistant p. aeruginosa isolates since 
these isolates are mostly MDR or XDR. Nonetheless, 
Polymyxin resistance is also on the rise during the two-
year period, gradually rising from 0 to 3%.14 

Other major antimicrobials tested for P. aeruginosa 
(including Aminoglycosides, Fluoroquinolones and β-
lactam antibiotics) showed increasing AMR trends 
over the two years.15 

Polymyxins are the mainstay of therapy for 
Carbapenem-resistant K. pneumoniae isolates in many 
clinical settings. However, in our study, we found a 
much higher rate of Polymyxin resistance in K. 
pneumoniae as compared to other bacterial isolates 
included in the study. The resistance rate was 22% at 
the start and 24.5% at the end of the study, showing a 
high percentage of resistance even at the start, with a 
gradual increase over the two years. This is alarming 
and must be addressed as a serious threat to patient 
care and management.16  

Other than Polymyxins, Doxycycline and Tigecy-
cline have shown better results against K. pneumoniae, 
and these drugs were the only option for XDR isolates 
with polymyxin resistance in many cases.17 

MDR Escherichia coli has become a significant 
public health concern in many countries across the 
globe. Again, this presents a significant challenge in 
treating HAIs, causing treatment failures with 
consequent huge health burdens.18 In our study, E. coli 
was found to be MDR and XDR in most cases. 
However, the resistance rates were comparatively 
lower than other isolates, particularly K. pneumoniae. 
The resistance rates were nonetheless increasing over 
the two years. Resistance against carbapenems 
increased gradually during the study, 23.5% to 41.7% 
for imipenem and 35.5% to 50% for meropenem.  

Tigecycline was the only drug that showed de-
creasing resistance trends for E. coli and K. pneumoniae, 
making it an essential option for managing MDR and 
XDR pathogens showing resistance to carbapenems 
and polymyxins.19 

Thus, the trends observed during the study 
present quite alarming facts regarding the use of 

antimicrobials. Resistance rates are increasing rapidly 
against most antimicrobials, including carbapenems 
and polymyxins, which are currently considered 
among the drugs of last resort against highly drug-
resistant bugs. Growing AMR is a nightmare for 
healthcare personnel, making the management of 
infections complicated with each passing day. Large-
scale multicenter studies are required to assess and 
evaluate the AMR trends to formulate strategies for 
region and hospital-based antibiotic policies. More-
over, it is the need of the hour to observe antimicrobial 
stewardship programs in all healthcare settings to curb 
the menace of AMR. 

CONCLUSION 

The overall state of AMR trends observed during the 
two-year study period shows that AMR is emerging so 
rapidly that the post-antibiotic era is approaching sooner 
than later. There is an immense requirement for extensive 
and up-to-date insight regarding the AMR rates and trends 
against the major pathogens. At the same time, antimicrobial 
stewardship programs must be implemented religiously and 
vigorously to curb this threat before it is too late. 
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