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INTRODUCTION

ESBLs are characterized by the B-lactamases that

ABSTRACT

Background: Resistance to different groups of antimicrobials has made the
proliferation of extended spectrum [-lactmase (ESBL) producing strains a
serious global health concern that has complicated treatment strategies. The
high proportion of ESBL producers among the Enterobacteriaceae and the
complex molecular epidemiology with diverse types of ESBL genes are
alarming. This study was undertaken to identify ESBL production in various
bacterial isolates from the BAL (Broncho Alveolar Lavage) fluid in pulmonary
infections.

Material and Methods: A total of 100 samples were processed, they were
initially screened by phenotypic method (Disk diffusion method) and
confirmation was done by double disk synergy test (DDST).

Results: Out of 100 isolates,51 were culture positive in this ESBL producers
were 78.4% (n=40). In the present study, ESBL production was observed as
Acientobacter baumannii (83.3%), Klebsiella pneumonia 78.5%, pseudomonas
aeruginosa, 75%, E.coli 50% & Enterobacter species (n=1) 100% ESBL
production.

Conclusion: The frequency of ESBL producing strains among clinical isolates
has been steadily increasing. Advance drug resistance surveillance and
molecular characteristics of ESBL isolates is necessary to guide the
appropriate and judicious antibiotic use.

Keywords: BAL fluid, Pneumonia, Double disc synergy test, p-lactamase.

concerning isolation of patients infected with
multidrug resistant pathogens.¥l Increased use of
broad spectrum antibiotics such as third generation

are capable of producing bacterial resistance to
penicillin, extended spectrum cephalosporins and
monobactams except cephamycins and
carbapenems. Beta lactamase inhibitors like
clavulanic acid inhibits ESBLs.[!

Beta-lactam drugs like penicillins, cephalosporins,
carbapenems and aztreonam are common antibiotics
used to combat most bacterial infections. Multiple
factors are responsible for the emergence of
antibiotics resistance such as their overuse,
inappropriate doses, and the clinical practices

cephalosporins has been correlated with the
development of B-lactamases mediated bacterial
resistance, which subsequently led to the emergence
of extended spectrum beta-lactamases (ESBLsS)
producing organisms. At present, more than 200
ESBLs have been characterized.®! Members of
Enterobacteriaceae, especially Klebsiella species
that produce ESBL have been established since
1980s.

ESBL producing strains revealed complete
resistance to ampicillin and all cephalosporins used
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except cefotetan. The strains isolated from the
patients showed an increase in resistance rate to
other non B lactam classes of antibiotics. This could
be due to the load of antibiotic pressure in the
hospital. When compared with patients, strains from
the healthy individuals showed moderate resistance
to other classes of antibiotics whereas those from
the environment showed very little or no resistance.
Colistin stands as the drug of choice for infections
caused by multidrug resistant strains, followed by
Carbapenems, amikacin and piperacillin-tazobactam
for ESBL strains.[®

Treatment of infections caused by ESBL-producing
organisms with extended-spectrum cephalosporins
or aztreonam may result in treatment failure even
when the causative organisms appear to be
susceptible to these antimicrobial agents using
standard breakpoints. In addition, patients colonized
or infected with ESBL-producing organisms should
be placed under contact precautions to avoid cross
transmission to other patients. These benefits
warrant the detection of ESBL-producing organisms
in clinical laboratories.””! They can be found in a
variety of Enterobacteriaceae species; In India, the
prevalence rate varies in different institutions from
28 to 84%.[3

ESBLs are rapidly evolving group of beta-lactamase
which share the ability to hydrolyze third generation
cephalosporins and aztreonam, yet are inhibited by
clavulanic acid. They are derived from genes for
TEM-1, TEM-2 or SHV-1 by mutations that alter
the amino acid sequence around the active site of
these beta-lactamases.[*"!

ESBL producers are the important members of the
group of antibiotic resistant pathogens that cause
hospital acquired infections. Significant proportion
of laboratories in India does not perform tests to
detect ESBL producers.*Y! Therefore, this issue is of
particular concern that poses a great challenge to
every laboratory as the proportion of ESBL
producing Enterobacteriaceae members are growing
worldwide. Present study reveals the prevalence of
ESBL from BAL fluid in pulmonary infections at
Vikarabad, Hyderabad, India.

MATERIALS AND METHODS

The study was carried out at the Department of
Microbiology, Mahavir institute of medical sciences
General and Teaching hospital, Vikarabad.

Study Period- January 2023 to June 2024. (18
Months)

Methodology

The Research protocol was approved by
Institutional Review Board and Institutional Ethical
Committee. After taking the consent clinical history
of patient was obtained in all cases.

Subjects

Between 18 years to 70 years of age, from the
inpatients (Medicine & Respiratory units) ICUs and

outpatients (day care procedure patients) which

comprise of both males and females.

Inclusion Criteria

Patients having at least two of the following

symptoms.

1. Fever above 37°C, Cough, Production of
purulent sputum, Breathing difficulty, in
association with physical findings suggestive of
consolidation,® Chest pain and Leukocytosis
(W.B.C > 11,500/cumm).

2. Patients in whom clinical examination and
routine laboratory findings could not clinch the
diagnosis

3. Patients not responding to empirical treatment

Exclusion Criteria

1. Patients with HIV positive,

2. Patients with fungal infections,

3. Patients with cardiac diseases and those patients
receiving Immunosuppressive therapy.

Sample Collection
BAL fluid samples were collected from patients
suffering from LRTI after giving instructions to the
patients  regarding  bronchoscopic  procedure.
Patients who were critically ill having endotracheal
intubation, BAL fluid was collected using Metra’s
catheter (miniBal).[*?
Bronchoscopic procedure
Site of lavage
The site of lavage depended on the localization of
the abnormalities. An infection with radio
graphically apparent infiltrate or suspected
malignancy of the involved segment is sampled.
In patients with diffuse lung diseases the middle
lobe or lingual lobes were commonly lavaged sites.
Since anatomically this is the most accessible site
and the fluid obtained at one site is representative of
the whole lung in diffuse lung disease, using this
method approximately (1.5 to 3%) of the lung (10°
alveoli) are sampled.[*3]
Fluid Used
Usually the lavage is performed using sterile saline
(0.9% Nacl) preferable at 37 degrees centigrade to
help prevent cough. Or saline at room temperature
can also be used. The volume of saline instilled
varied between 100 to 300 ml.
Fluid instillation and recovery
The fiber optic bronchoscope is wedged into a sub
segmental bronchus. The fluid instilled through the
bronchoscope is almost immediately recovered by
applying suction (25-100) mm hg, Fluid was
collected in 2 to 3 aliquots usually 2" aliquot was
preferred for microbiological examination.

Microscopy

Gram stained smears of BAL fluid were examined

to access the quality of sample to detect

predominant morphotypes and to differentiate gram
positive from gram negative bacteria. Samples
showing less than 10 squamous epithelial cells and
more than 25 leucocytes or pus cells per low power
field indicated good quality of the specimen. All

samples were subjected for ZiehINeelsen (Z-N)

staining for acid fast bacilli.
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Laboratory processing of BAL fluid
BAL fluid is processed immediately upon arrival at
the laboratory and is vortexed and was checked for
quality control criteria such as and is rejected if one
of following criteria is observed
1. Volume less than 20 ml.
2. Presence of >10 squamous epithelial cells/low
power field.
3. Presence of extensive amount of debris.
Samples under study
A total of 100 BAL fluid samples were included in
the study which met the above quality control
criteria.
Culture of the specimen
BAL fluid samples that were satisfactory by
microscopic examination were subjected for
quantitative culture using a 4 mm loop (10 micro
litre). Each sample was inoculated on Blood agar,
MacConkey agar and chocolate agar. For isolation
of S. pneumoniae, 5% Sheep Blood Agar with
optochin disk were incubated in 5% CO; rich
environment using candle jar at 35°C for 24-
48hrs.For isolation of H. influenzae, chocolate agar
with a streak of S. aureus was incubated in 5% CO;
rich environment using candle jar at 35° C for 24-72
hours.* In case if the isolate was suspected to be H.
influenza, a lawn of the test organism is streaked
onto blood agar with impregnated disks (X, V) are
placed directly on the confluent inoculation, at least
4 to 5 cm apart and incubated at 35°- 37°C for 24-48
hours. The organisms will grow only around the
disk that provides the appropriate factor for growth
of the organism.%
Identification
After 24 hour incubation, the plates were observed
for the following morphological characters growth,
size of the colony, shape of the colony, elevation,
odor, pigmentation and hemolysis. The colonies
were counted for threshold. And the colonies were
counted and multiplied by 100 as 0.01 ml of BAL
fluid was used for inoculation and the number of
CFU per ml is determined. Diagnostic threshold for
BAL was taken as 10* CFU per ml followed by
Microscopy and Gram staining.
The Bacterial isolates were further identified and
speciated by using the set of relevant biochemical
reactions as per standard reference. The following
biochemical tests were put up for identification of
Gram Positive isolates.-Catalase Test-Tube method,
Coagulase test-Slide method and Tube method,
Optochin Disc test, Bile solubility test, O.F Sugars
(Oxidative  Fermentative  Sugars).  Mannitol
Fermentation tests.
The following tests were performed for the Gram
Negative isolates- Catalase test, Hanging Drop test
for Motility, Oxidase test. IMViC Reaction (Indole
test, Methyl red test, VogesProskauer test, Citrate
test) and Urease test. Sugar Fermentation tests using
1% primary sugars& TSI.
Detection of E.S.B.L Producing Organism
Gram negative isolates showing resistance to 2" and
3¢ Generation Cephalosporins (Ceftriaxone <

25m.m, Ceftazidime- <22m.m, cefotaxime <27m.m)
in diameter were selected for ESBL confirmatory
test as per CLSI guidelines 2023. The ESBL
phenotypic confirmatory test was done by Double
Disc Synergy Test.

Double Disc Synergy Test

Inoculum was prepared and standardized using 0.5
McFarland and swabbed on to Mueller Hinton Agar
plate. Antibiotic disc containing
amoxicillin/Clavulanic acid 30 ug/10 ug is placed at
the centre of the plate and discs containing
ceftazidime 30 pg & cefotaxime 30 pg are placed
20-30 mm away from the central disc on the same
inoculated plate and incubated at 37°C for 18-24
hours.

Interpretation

After incubation, an extension in the zone of
inhibition around the peripheral discs towards the
centrally placed amoxicillin/Clavulanic acid 30
mcg/10 mcg disc indicated ESBL production.
Control- K. pneumoniae- ATCC-700603 (CLSI-
2016-17).

RESULTS

Gram Negative Bacterial isolates showing resistance
to 2nd and 3rd Generation Cephalosporins were
subjected to ESBL phenotypic confirmation by
Double Disk Synergy Test. 22 (78.5%) out of total
28 K.pneumoniae isolates, 10 (83.3,6%) out of total
12 A.baumanii, 6 (75%) out of total 8 P.aeruginosa,
1(50%) out of total 2 E.coli and 1 (100%) out of
total 1 Enterobacter species’ isolates were positive
for ESBL production.

The overall prevalence of ESBL production was
78.4 %. 56% isolates were obtained from BAL fluid
of which 51% were Gram negative and 5% ware
Gram positive as the Gram positive isolates were
less in number Gram negative isolates were
processed for ESBL detection. Out of thel00
samples collected 56% were collected by
bronchoscopic technique and 44% by Metra's
technique (mini BAL). This blinded invasive
procedure has been advocated because of the
potential risk of invasive bronchoscopic technique
in critically ill patients too unstable to undergo
bronchoscopy.[*811 According to a study conducted
by Richards Metal and stevenetal, BAL fluid sample
obtained by either brobchoscopic and Metras
technique showed similar diagnostic accuracy.!**-20

Figure 1: Showing E.S.B.L Confirmatory test by
Double Disk Synergy Test
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Table 1: Phenotypic prevalence of potential ESBL producers of gram negative micro organisms

S. No Isolates Total No. of Gram negative Scre_er]ing No. of PosiFives f_or Percentage
) Isolates positive ESBL (confirmative)
1. Klebsiella pneumoniae 28 24 22 78.5%
2. Acinetobacter baumannii 12 10 10 83.33%
3. Pseudomonas aeruginosa 8 7 6 75%
4. Escherichia coli 2 1 1 50%
5. Enterobacter species 1 1 1 100%
TOTAL 51 43 40 78.43%
DISCUSSION New technologies such as molecular techniques and

ESBLs have become a widespread serious problem.
These enzymes are becoming increasingly expressed
by many strains of pathogenic bacteria with a
potential for dissemination. Presence of ESBL
compromises the activity of wide-spectrum
antibiotics creating major therapeutic difficulties
with a significant impact on the outcome of patients.
The continued emergence of ESBLs presents
diagnostic challenges to the clinical microbiology
laboratories.

The overall prevalence of ESBL production was
78.43%. In the present study, Acinetobacter
baumannii showed 83.3% of ESBL production,
these studies correlated with the previous studies
conducted by Perumal P.G.et al. and they revealed
that in their study ESBL production is 84%.16]

The present study found that Acientobacter
baumannii 83.3% is major gram negative organism.
Klebsiella pneumoniae showed 78.5%& E.coli 50%
& Enterobacter species’ (n=1) 100% ESBL
production. These results agreement with that of
previous finding conducted by Shashidhar et al at
KMC revealed Klebsiella pneumoniae 65.9%,E.coli
70.6% and Enterobacter 100%.11 klebsiella
pneumoniae 65.9%,E.coli 70.6% and Enterobacter
100%.[61

In the present study, another major gram negative
Pseudomonas aeruginosa isolates showed 75%
ESBL production. These results accordance with
that of previous results reported by Manojkumar et
al and revealed that ESBL production is 41.2%.[€]
According to a study by Giantsou E, et al reported a
significantly higher de-escalation rates of antibiotics
when guided by results of quantitative BAL fluid
cultures.™ Hence this invasive approach &
quantitative culture susceptibility analysis of BAL
fluid can lead to significantly more antibiotic
modification there by enabling better patient
management with decreased morbidity & mortality.
ESBL strains are usually multi-drug resistant.
Because these strains become resistant to available
antibiotics and they can pass the gene to other
clinical strains, the quick detection of these strains
in microbiology laboratories is very important.
Antimicrobial therapy has played an important role
in the treatment of human bacterial infections, but
the drug resistance that has emerged in the treatment
of bacterial infections due to ESBL enzymes
degrades all beta lactam antibiotics and thus bacteria
become multidrug resistant.[®!

modified mass spectrometry technique (matrix
assisted light desorption ionization time-of-flight)
are being suggested as quicker alternatives for
routine laboratory diagnosis. However these are
available only in research facilities and tertiary care
center’s,routine detection of ESBLs by conventional
methods should be done in every laboratory where
molecular methods cannot be performed.[’!

CONCLUSION

The present study highlights the prevalence of
ESBL-producing bacteria in the, tertiary care center,
India. All the strains isolated were multi drug
resistant and retained their sensitivity against
imipenem. Further this study extended for molecular
detection and identification of beta lactamases
would be essential for a reliable epidemiological
investigation of antimicrobial resistance. These
enzymes can be chromosomal or plasmid mediated,
which  may help in the dissemination of
antimicrobial drug resistance in health care settings.
Therefore, ESBL producing organisms should be
identified quickly so that appropriate antibiotic

usage and infection control measures can be
implemented.
Acknowledgement: The author thankful to

Department of Microbiology for providing all the
facilities to carry out their research work
Conflict of Interest: Nil.

REFERENCES

1. J, Arjona F, Martinez-Peinado C, Lépez-PerezaguaMdel M,
Amador C. Urology. 2006;68(6):1169-74.

2. Bush K, Jacoby GA. Updated functional classification of
beta-lactamases. Antimicrob Agents Chemother 2010;
54:969-76.

3. Das A, Ray P, Garg R, Kaur B. Extended spectrum beta-
lactamase production in Gram negative bacterial isolates
from cases of septicemia. Proceedings of the Silver Jubilee
Conference. All India Institute of Medical Sciences, New
Delhi, 2001.

4. Livermore DM. Current epidemiology and growing
resis—tance of gram negative pathogens. Korean J Intern
Med 2012; 27:128-142.

5. Poirel L, Gniadkowski M, Nordmann P. Biochemical
analysis of the ceftazidime hydrolyzing extended spectrum
B-lactamase CTX-M 15 and of its structurally related B-
lactamase CTX-M 3. J AntimicrobChemother 2002;
50:1031-1034.

6. Paterson DL. Recommendation for treatment of severe
in-fections caused by Enterobacteriaceae producing
extend—ed spectrum f-lactamases (ESBLs). ClinMicrobiol
Infect 2000:460-463.

981

International Journal of Medicine and Public Health, Vol 15, Issue 1, January- March, 2025 (www.ijmedph.org)




10.

11.

12.

13.

14.

Goyal A, Prasad KN, Prasad A, Gupta S, Ghoshal U,
Ayyagari A. Extended spectrum beta-lactamases in
Escherichia coli & Klebsiellapneumoniae& associated risk
factors. Indian J Med Res. 2009 Jun; 129(6): 695-700.
Gupta V. An update on newer —lactamases. Indian J. Med.
Res. 2007; 126: 417-27.

Shanthi M, Sekar U. Extended Spectrum Beta Lactamase
Producing Escherichia Coli and KlebsiellaPneumoniae:
Risk Factors for Infection and Impact of Resistance on
Outcomes. J Assoc Physicians India. 2010 December; 58
Suppl: 41-4.

Vemula S and Vadde R. Prevalence of ESBL-Producing
Klebsiellapneumoniaelsolates in Tertiary Care Hospital.
ISRN Microbiology. 2011; 2011: 318-48.

Mubarak SA, Abida AE, Hajar MA, Adeel IA. Molecular
Characterization and Epidemiology of Extended-Spectrum
Beta-Lactamase-Producing Escherichia coli and
Klebsiellapneumoniaelsolates in the United Arab Emirates.
Med PrincPract. 2011; 20:177-80.

Umadevi S, Kandhakumari G, Joseph NM, Kumar S,
Easow JM, Stephen S, et al. Prevalence and antimicrobial
susceptibility pattern of ESBL producing Gram Negative
Bacilli. J ClinDiagn Res 2011; 5:236-9.

Kaur M, Aggarwal A. CTX-M, SHV and the TEM Genes
Among the Extended Spectrum b-lactamase. Journal of
Clinical and Diagnostic Research. 2013;7(4):642-645.
Hooja S, Pal N, Karadiya R, Sharma R, Mishra R and
Maheshwari R. Prevalence and Antimicrobial Susceptibility
of Extended Spectrum B-Lactamases (ESBL) Producing

15.

16.

17.

18.

19.

20.

Escherichia coli and Klebsiellapneumoniae lIsolates in a
Tertiary Care Hospital in North-West India. Int. J. Curr.
Microbiol. App. Sci. 2016; 55:430-439.

Giantsou E, Liratzopoulos N, Efraimidou E, Panopoulou M,
Alepopoulou E, Kartali-Ktenidou S, Manolas K. 2007. De-
escalation therapy rates are significantly higher by
bronchoalveolar lavage than by tracheal aspirate. Intensive
Care Med. 33:1533-1540.

Perumal -P.G.Incidence of infections with extended
spectrum beta Lactamase (ESBL)-producing gram-negative
bacteria among patients admitted in medical intensive care
unit of tertiary care hospital. April - June, 2017/ Vol 3/ Issue
2 ISSN 2456-1487

Shashidhar Vishwanath, Kiran Chawla, AnushaGopinatha.
Multidrug  resistant Gram-negative bacilli in  lower
respiratory tract infections Department of Microbiology,
Kasturba Medical College, Manipal University, Manipal.
India. 2013 Dec; 5(4): 323-327.

ManojKumar Sah, RamKrishna Shrestha, ShyamKumar
Mishra, J.B. Sherchand, Basista Rijal, Bharat Mani
Pokharel European Respiratory Journal 2014 44: P4698.
Richards, M. J., J. R. Edwards, D. H. Culver, R. P. Gaynes
and the National Nosocomial Infections Surveillance
System. 2000. Nosocomial infections in combined medical-
surgical intensive care units in the United States. Infect.
Control Hosp. Epidemiol. 21:510-515.

Steven M. VAP diagnosis, treatment, and prevention,
American society for microbiology. Oct. 2006, 19 (4):637-
657.

982

International Journal of Medicine and Public Health, Vol 15, Issue 1, January- March, 2025 (www.ijmedph.org)



