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Lowerrespiratory tractinfections are widespread in Pakistan. Determining sensitivity is crucial
to combat increasing antimicrobial resistance. Objectives: To ascertain the prevalence of
bacterial pathogens isolated in lower respiratory tract samples and the antimicrobial
susceptibility patterns of these pathogens in one of the tertiary care hospitals in Karachi.
Methods: This study was a prospective observational study that took place for six months.
Three hundred and thirty-five positive respiratory samples of patients with clinical LRTIs were
collected. Identification of the bacteria was conducted by the standard microbiological
procedures, and the determination of antimicrobial resistance was conducted by the Kirby-
Bauer disk diffusion test according to the guidelines of CLSI 2025. SPSS version 26.0 was used
to analyze data. The chi-square test was applied, and a p-value <0.050 was deemed significant.
Results: The study examined 335 culture-positive patient isolates, revealing Gram-negative
rods (GNR) as the predominant pathogens (n=275), mainly Klebsiella spp., Acinetobacter spp.,
and Pseudomonas aeruginosa. Gram-positive cocci (GPC) (n=38) included Staphylococcus
aureus and Streptococcus pneumoniae, while Nocardia was identified among gram-positive
rods(n=22). Organism type significantly influenced resistance patterns(p<0.001), but specimen
type did not (p=0.401). Conclusions: The most common LRTI pathogens were Klebsiella spp.,
Acinetobacter spp., and Pseudomonas aeruginosa that exhibited a wide spectrum of multidrug
resistance. Stringent antibiotic stewardship plays a crucial role in preventing further increases
inresistance.

INTRODUCTION

Lower respiratory tract infections (LRTIs) are among the
common causes of morbidity and mortality and have a
significant impact on the overall burden of disease in the
world, as they affect people of all ages. [1]. The Global
Burden of Disease (GBD) study also reveals pneumonia as
the major contributor to death in the low and middle-
income countries [2]. Bacterial pathogens, like
Streptococcus pneumoniae, Staphlococcus aureus,

Pseudomonas aeruginosa, Klebsiella spp., and
Acinetobacter spp. still dominate, but their treatment has
become complicated with the emergence of antimicrobial
resistance (AMR) [3]. The development of multidrug-
resistant (MDR) and extensively drug-resistant (XDR)
bacteriaisareal concernto cliniciansand health officialsin
general [4]. Alarming trends are reported in the global
surveillance of resistance: the Global Antimicrobial
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Resistance and Use Surveillance System (GLASS) of WHO
has reported resistance rates of more than 50% in third-
generation cephalosporin in Klebsiella spp. isolates in
some parts of the world [5], with carbapenem resistance
reported to be more than 60% in some regions of Asia and
the Middle East [6]. According to reports made by the
European Centre for Disease Prevention and Control
(ECDC), resistance to the major antibiotics like
fluoroquinolones, carbapenems, and aminoglycosides
against Pseudomonas aeruginosa and Klebsiella spp. is on
the rise [7]. Worldwide, antimicrobial resistance is already
causing an estimated 700,000 deaths per year, and it is
projected that this figure may increase unless there is a
change in this situation. Hospitals, due to high levels of
antibiotic utilization and high density of ill individuals, are
the best breeding grounds for these formidable pathogens
[8]. Pakistan is no exception, as the situation resembles
these global trends with a concerning increase in the
resistance of respiratory pathogens. The studies done in
Karachi have established that more than 60% of the
bacterial isolates on samples of lower respiratory tracts
are MDR, with resistance rates among isolates of the ICUs
being highly disproportionate, highlighting the critical care
environments in the spread of resistant organisms [9]. A
growing percentage of XDR strains is being reported. To
make treatment decisions, stop the transmission of
resistant strains, and reduce the load on the health sector,
regular monitoring of AMR trends of respiratory pathogens
is essential [4]. High disease burden and increased
resistance highlight the necessity of local surveillance
data. The trends on bacterial prevalence and susceptibility
are usually dependent upon the geographical location,
health care facility, and the patient. Thus, the current data
should be used to make empirical antibiotic decisions,
which should be based on the regionally specific data itself
and not just on the international guidelines. Systematic
surveillance of respiratory pathogens and antimicrobial
profiles in the Karachi context is essential, given the high
population density and healthcare needs, as it canimprove
patient outcomes and provide valuable information on
hospital antibiotic stewardshipinitiatives.

Pakistan lacks multicenter surveillance data on LRTI
bacteriology and antimicrobial resistance patterns, with
most studies limited to single tertiary care hospitals in
Karachi. No national standardized protocol exists for
monitoring MDR and XDR respiratory pathogens across
differentregions. The currentresearch seeksto determine
the prevalence of bacterial pathogens sampledin the lower
respiratory tractinatertiary care hospital in Karachiand to
determine the pattern of antibiotic susceptibility of
bacteria. In addition, the study aims to determine the
burden of MDR and XDR organisms among these isolates,
thereby contributing crucial evidence to local and national
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AMR surveillance efforts.
METHODS

This prospective observational study was conducted in the
Department of Microbiology, Sindh Institute of Urology and
Transplant, atertiary care centerin Karachi, Pakistan, from
June 2025 to November 2025. The study protocol was
reviewed by the Institutional Review Board (approval No.
SIUT-ERC-2025/A-568; dated 3rd June 2025), and written
approval was obtained before data collection. Patient
confidentiality was maintained throughout the study after
obtaining consent. Positive respiratory cultures, including
sputum, bronchoalveolar lavage (BAL), and endotracheal
aspirates(ETT), were obtained from patients of allages and
both sexes who presented with clinical features of LRTI,
such as cough, fever, dyspnea, or purulent sputum. A non-
probability, consecutive sampling technique was
employed. Specimens that were improperly labeled,
collected in compromised containers, or that showed
fungal growth or Mycobacterium tuberculosis bacteriawere
excluded. Samples from transplant recipients were also
excluded to avoid confounding immunosuppression. Using
the WHO sample size calculator, the required sample size
was determined. Based on the previous minimum
estimation of Staphylococcus aureus isolation, found in
8.88% of samples, with a 3% margin of error and a 95%
confidencelevel, atotal of 335 positive respiratory cultures
will be required for this study [3]. All specimens were
collected under strict aseptic conditions. The specimen's
quality was evaluated using Bartlett's scoring system, and
specimens with a score of less than 1 were rejected.
Specimens were processed in the microbiology laboratory
without delay. All the samples were inoculated on Blood
agar (Oxoid), MacConkey agar (Oxoid), and Chocolate agar
(Oxoid) and incubated at 35-37°C for 18-24 hours.
Identification of bacterialisolates was done using standard
microbiological tests, such as Gram staining, colony
morphology, and standard biochemical analyses (e.q.,
oxidase, catalase, indole, citrate utilization, urease, etc.)
[10]. The Kirby-Bauer disk diffusion test was used to
perform antimicrobial susceptibility testing on Mueller-
Hinton agar as recommended by Clinical and Laboratory
Standards Institute (CLSI) 2025 quidelines [11]. The
antibiotic panel included B-lactams (ampicillin,
amoxicillin-clavulanate, ceftriaxone, cefepime,
ceftazidime), carbapenems (imipenem, meropenem),
fluoroquinolones (ciprofloxacin, levofloxacin),
aminoglycosides (amikacin, gentamicin, tobramycin), and
other agents such as piperacillin-tazobactam and colistin
for GNR, as well as vancomycin and linezolid for GPC when
indicated. Vancomycin E test strips were used to measure
minimum inhibitory concentrations (MICs) of MRSA. The
standard ATCC reference strains were used to control
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quality: E. coli ATCC 25922, Pseudomonas aeruginosa ATCC
27853, and Staphylococcus aureus ATCC 25923. All
proceduresadheredto CLSIquality control guidelines.CDC
follows Magiorakos criteria for MDR and XDR bacteria. MDR
Bacteriaare strains that are non-susceptible to at least 1in
3 antimicrobial categories, while XDR Bacteria are strains
non-susceptible to at least 1 agent in all but 1 or 2
antimicrobial categories. Enzymes (New Delhi metallo-
beta-lactamases NDM)identified in Carbapenem-resistant
respiratory pathogens using the EDTA disk synergy test.
Aztreonam Combination with Ceftazidime Avibactam on
Carbapenem Resistant pathogens was synergetic
observableinthe case of double disc synergy[11].

Demographic information about the patients, the type of
specimen, isolated organisms, and the antibiotic
susceptibility outcomes were entered into a predesigned
proforma and examined with SPSS software (version 26.0,
IBM Corp., Armonk, NY). The frequencies and percentages
were calculated by means of descriptive statistics. Chi-
square test evaluated the associations between bacteria

species and patterns of antibiotic resistance (p<0.005 as Haemophilus influenzae(16) | 16(100%) 0 0
statistically significant and p<0.001 reported for highly Stenotrophomonas(9) 8(88.1%) 0 111%)
significant associations)and a confidence interval 95%. No Moraxella () 2(66.6%) | 1(35.3%) 0
correction for multiple testing was applied, as the analysis Pseudomonas species (3) 1(33.3%) | 2(66.6%) 0
was exploratoryin nature. E.Coli(3) 1(33.3%) 2(66.6%) 0
Elizabeth meningoseptica(2) 1(50%) 1(50%) 0
RESULTS Morganella (1) 0 1(100%) 0

Out of a total of 335 positive cultures of patients, 187
(55.8%) were from males, and 148 (44.1%) were from
females. The mean age of the study populationwas 42.85 +
19.560 years(mean + SD), and the participantsrepresenteda
wide age range. Among these, Gram-negative rods (GNR)
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were the predominant group, accounting for 275 isolates
(82%), while Gram-positive cocci (GPC) represented 38
isolates (11.34%). Within the GNR organisms, the most
frequently isolated species was Klebsiella spp., found in 119
cases(43.22%), followed by Acinetobacter spp. in 62 cases
(22.5%), and Pseudomonas aeruginosa in 57 cases (20.7%).
Among the GPC, Staphylococcus aureus was the most
common isolate, detected in 21 cases (55.3%), followed by
Streptococcus pneumoniae, identified in 17 cases (44.7%).
22 cases of Nocardia were seen as gram-negative
branchingrods(Table1).

Table 1: Distribution of Respiratory Pathogens in Different
Sample Types

Tracheal
Aspirate, BAL,n(%)
n(%)

Gram Negative Rods (n =275)

Sputum,

Organisms (n) n(%)

Klebsiella spp.(119) 62(52.1%) |53(44.53%)| 4(3.36%)
Actinobacter spp. (62) 31(50%) | 29(46.7%) | 2(3.22%)
35(61.4%) | 19(33.3%) | 3(5.26%)

Pseudomonas aeruginosa(57)

Gram Positive Cocci (n=38)
Staphylococcus aureus (21) 8(38.09%) | 12(57.1%) | 1(4.7%)
Streptococcus pneumoniae(17) [ 15(88.23%) | 2(11.7%) 0
Gram Positive Rods (n=22)

Nocardia(22) [ 15(68.1%) [ 3(13.6%) [ 4(18.1%)

Most of the respiratory pathogens wereisolated from cultures of the patients falling in the age group 35-55 years, especially
Klebsiella spp. and Pseudomonas aeruginosa. Acinetobacter spp. was more commonly seen in the age group 15-24 years
(Table2).

Table 2: Distribution of Respiratory Pathogensin Different Age Groupsand Gender

Acinetobacter Pseudomonas Streptococcus

Staphylococcus

Variables KIebf‘u(eg:z)spp, spp, n(%) Aeruginosa, n (%) Aureus, n (%) pneumoniae, n(%)  Nocardia,n(%)
Age Groups (Years)

5-14 5(4%) 4(6%) 4(7%) 2(9%) 1(5.8%) 0
15-24 14(1.7%) 17(27.4%) 6(10.5%) 5(23.8%) 3(17%) 3(13.6%)
25-34 20(16.8%) 9(14.5%) 5(8.7%) - 1(5.8%) 5(22.7%)
35-44 18(15.1%) 10(16.1%) 6(10.5%) 5(23.8%) 1(5.8%) 2(9.1%)
45-54 25(21%) 7(1.2%) 16(28.1%) 4(19.0%) 6(35.2%) 6(27.2%)
55-64 15(12.6%) 9(14.5%) 12(21%) 4(19.0%) 3(17.6%) 6(27.2%)

Above 65 22(18.4%) 6(9.6%) 8(14%) 4.7%) 2(1.7%) 0
Total (100) 119(100%) 62(100%) 57(100%) 21(100%) 17(100%) 22(100%)
Gender

Male 64(53.7%) 32(51.6%) 38(66.6%) 16(76.1%) 1(64.7%) 14(63.6%)

Female 55(46.2%) 30(48.3%) 19(33.3%) 5(23.8%) 16(35.2%) 8(36.3%)

The antimicrobial susceptibility analysis demonstrated significant variability across both Gram-negative and Gram-positive
respiratory isolates, with multiple comparisons showing statistical significance (p<0.050). Among Gram-negative
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organisms, Klebsiella spp. and Acinetobacter spp. exhibited low susceptibility to B-lactams, including ceftriaxone (~21-22%)
and cefepime (~25-33%), with statistically significant differences across organisms (p<0.001). Carbapenem activity was
moderate, particularly reduced in Acinetobacter spp. (imipenem 50%), indicating emerging resistance, although
interspecies differences were not significant for some agents (p=0.978). Aminoglycosides such as amikacin showed
comparatively higher efficacy, especially against Pseudomonas aeruginosa (84.2%; p=0.005). The sensitivity pattern for
Hemophilus influenzae is shown. Fluoroquinolone susceptibility was low overall, particularly in Acinetobacter spp.
(ciprofloxacin 4.8%), reflecting substantial resistance. In contrast, last-line agents polymyxin and tigecycline demonstrated
consistently high susceptibility (>90%) across major Gram-negative isolates, with strong statistical significance (p<0.001).
Among Gram-positive organisms, Streptococcus pneumoniae remained highly susceptible to B-lactams (amoxicillin and
ceftriaxone ~94%; p<0.001). However, Staphylococcus aureus showed marked resistance, with low cefoxitin susceptibility
(14.2%), indicating a high prevalence of MRSA. Vancomycin and linezolid demonstrated universal efficacy (100%), with no
significant variation between organisms (p=0.735), suggesting consistent activity. The results show susceptibility patterns
of GNRand GPCinrespiratory samples. Among Carbapenem-resistant Gram-negative rods(n=135), NDMwas seenin 75.9% of
Klebsiella spp. isolates, 76.1% of Acinetobacter spp. isolates and 33.3% of Pseudomonas aeruginosa isolates. Ceftazidime,
Avibactam, and Aztreonam showed limited activity against NDM-producing isolates separately. However, in vitro synergy
between Ceftazidime - Avibactam and Aztreonam was 82% in our study. Susceptibility to agents such as colistin,
doxycycline,and minocycline was variable(Table 3).

Table 3: Susceptibility Pattern of Gram-Negative Rods Isolated from Respiratory Samples

Antibiotics

Klebsiella spp,

Acinetobacter

Pseudomonas

Haemophilus influenza,

Stenotrophomonas

p-value

n(%)

spp, n(%)

Aeruginosa, n (%)

n(%)

spp, n(%)

Amoxicillin clavulanate (30ug) - - - 13(81%) - <0.001
Ceftriaxone (30ug) 25(21%) 14(22.5%) - 15(93.7%) - <0.001
Cefepime (30ug) 30(25.2%) 21(33.8%) 43(75.4%) - - -

Piperacillin tazobactam 35(29.4%) 19(30.6%) 43(75.4%) - - <0.001
Cefoperazone 34(28.5%) 19(30.6%) 43(75.4%) - - 0.978
Amikacin (30ug) 42(35.2%) 17(27.4%) 48(84.2%) - - 0.005
Cotrimoxazole 30(25.2%) 18(29.0%) - 7(43.7%) 9(100%) <0.001

Imipenem 43(36.1%) 31(50%) 46(80.7%) - - 0.978
Gentamicin (10ug) 52(43.6%) 18(29%) - - - 0.868
Levofloxacin (30ug) 26(21.8%) 5(8.0%) 41(71.9%) 11(68.7%) 9(100%) 0.963
Doxycycline 57(47.8%) 33(53%) - - - <0.001
Minocycline 65(54.1%) 35(56.4%) - - 9(100%) <0.001
Fosfomycin 61(51.2%) - - - - 0.012
Ceftazidime-avibactam 43(51.2%) - 45(78.9%) - - 0.087
Aztreonam 40(33.6%) - 47(82.4%) - - 0.708
Tigecycline 105(88.8%) 57(91.9) - - - <0.001
Azithromycin - - - 12(75%) - -
Polymyxin 109(91.6%) 58(93.5%) 55(96.4%) - - <0.001
Theresults show susceptibility patterns of GPCinrespiratory samples(Table 4).
Table 4: Susceptibility Pattern of Gram-Positive Organisms
Isolated from Respiratory Samples
Streptococcus n _ Linezolid 17(100%) 21(100%) 22(100%) | 0.735
Antibiotics Pnezrzg)ﬂae, Sz:::lprz‘\l/,l:,c:(c;’t):s No:?‘;od)m, V:Iue Doxycycline _ _ 16(72.7%) | <0.001
Ampicillin 15(88.2%) — — <0.00] Acinetobacter spp. showed the highest percentages of
Ceftriaxone 16(94.1%) - 6(27.3%) | <0.001 MDR and XDR pathogens among GNRs, whereas

Cotrimoxazole |  9(52.9%) 13(61.9%) | 22(100%) | <0.001 Staphylococcus aureus was found to be the most common

Ciprofloxacin | 10(58.8%) 8(38%) 5(22.7%) | 0.151 MDR pathogen among GPCs. ETT showed a greater

Clindamycin - 12(57.1%) - <0.001 frequency of MDR and XDR while sputum and BAL showed

Erythromycin 7(411%) 8(38.09%) - <0.001 comparable patterns(Figure1).

Cefoxitin - 3(14.2%) - <0.001

Azithromycin 7(41.1%) - - <0.001
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120 H MDR % XDR % M Non- MDR %

100

Streptococcus
pneumonia Nocardia
(17)
MDR % 73.9 93.5 333 85.7 0 59.6
XDR % 31 30.6 15.7 0 0 0
Non- MDR % 26.05 6.45 66.6 14.2 100 40.9

Axis Title
IS @
S 3

™
o

Acinetobacte = Pseudomonas | Staphylococcus

Klebsiella spp. :
PP spp. aeruginosa aureus

Figure1: Frequency(%)of MDR, XDR, and Non-XDRin Respiratory
Pathogens

DISCUSSION

This study assessed the bacteriological spectrum and
antibiotic resistance patternsin LRTIsamong patientsata
tertiary care hospital in Karachi. The data revealed a
predominant presence of Gram-negative bacteria GNRs,
particularly Klebsiella spp., Pseudomonas aeruginosa, and
Acinetobacter spp. While Gram-positive bacteria GPCs
primarily Staphylococcus aureus and Streptococcus
pneumoniae, were less frequent but can lead to severe
infections and emerging resistance trends. Gram-negative
bacteria cause LRTIs globally, particularly in hospital and
ICU settings [12]. An Indonesian study indicated Klebsiella
spp. as the commonest isolate, followed by Pseudomonas
aeruginosa, and Acinetobacter spp. exhibiting substantial
resistance to Blactam, cephalosporins, and
fluoroquinolones, and semipermeable to carbapenems
and aminoglycosides, results which are in agreement with
our study [13]. Within Pakistan, similar trends have been
observed. A systematic review by Bilal et al. reported
Klebsiella spp. as the leading respiratory pathogen,
followed by Pseudomonas spp.and Acinetobacter spp., with
high resistance to cephalosporins and quinolones [14]. In
contrast, Streptococcus pneumoniae and Hemophilus
influenzae remain the predominant respiratory pathogens
in Europe and North America, reflecting differences in
healthcare settings, antibiotic usage, and patient profiles
[15]. In this current research, the lower frequency of S.
pneumoniae is probably an indication of the large numbers
of hospital-acquired and ventilator-associated respiratory
samples, as opposed to community-based cases. The
observationthat mostrespiratory pathogenswereisolated
in the 35-55year age group, particularly Klebsiella spp. and
Pseudomonas aeruginosa, is consistent with regional case
series demonstrating higher GNR infectionratesin middle-
aged and elderly cohorts because of increased co-
morbidity and healthcare exposure [16]. Conversely,
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Acinetobacter spp. was more common in younger patients
(15-24 years), a pattern less frequently reported in the
literature and potentially reflective of localized outbreaks
or demographic healthcare utilization in the current
setting. Other reports have also identified substantial
Acinetobacter isolation among young hospitalized
patients, particularly in ICUs where invasive devices and
prolonged stays may contribute to risk [17]. A prospective
study from Egypt reported that ETT and BAL samples
yielded fundamentally more resistant Gram-negative
bacteria than expectorated sputum, suggesting that
invasive sampling is more likely to capture hospital-
adapted, drug-resistant flora [18]. Third-generation
cephalosporins retained strong activity against
Haemophilus influenzae and Moraxella catarrhalis,
supported by data from the CHINET 2024 antimicrobial
resistance surveillance network report that H. influenzae
exhibits minimal non-susceptibility (<0.5%) to ceftriaxone
in hospital isolates, and M. catarrhalis continues to show
high overall susceptibility profiles in respiratory samples
[19]. Conversely, resistance among Enterobacterales to
third-generation cephalosporins remains high in the
nosocomial context, with resistance levels frequently
exceeding50%, and ESBL prevalence is substantialamong
hospital-associated isolates [20]. Carbapenem
susceptibility was low among Klebsiella spp. and
Acinetobacter spp. in the current study, reflecting the
expanded dissemination of carbapenems such as NDM and
OXA-type enzymes in tertiary hospitals. Molecular
surveillance studies of carbapenem-resistant Gram-
negative clinical isolates have repeatedly documented
widespread carriage of genes that confer high-level
resistance to carbapenems in these isolates from
healthcare settings [21]. Pseudomonas aeruginosa was
relatively more susceptible to anti-pseudomonal
cephalosporins and carbapenems, with a similar trend
observed in other tertiary settings, as a European
surveillance study showed Pseudomonas aeruginosa
exhibiting greater susceptibility to ceftazidime and
cefepime relative to carbapenem-resistant
Enterobacterales and non-fermenters. However, the
resistance rates can be changed but heavily depend on
local antibiotic use and infection control practices[22, 23].
Aminoglycosides such as amikacin and tobramycin are
fairly active against Gram-negative isolates, consistent
with established literature, which positions these agents
as important components of combination therapy for
severe Gram-negative pneumonia [24]. Among Gram-
positive organisms, Staphylococcus aureus exhibited high
rates of multidrug resistance, aligning with regional and
international reports where MRSA remains a frequent MDR
isolate in respiratory samples [26]. Streptococcus
pneumoniae showed high susceptibility to ampicillin and
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amoxicillin, which parallels some community pneumonia
data, though rising macrolide resistance has been
documented globally, with azithromycin susceptibility now
<60% in many regions [26], which is also consistent with
our study findings. The predominance of MDR and XDR
among Acinetobacter spp. in this study reflects their well-
recognized propensity for accumulating resistance.
Extensive resistance in Acinetobacter spp. has been
reported in multiple ICU surveillance series, often
associated with prolonged ventilation and invasive device
use[18]. The high prevalence of NDM among carbapenem-
resistant Klebsiella spp. and Acinetobacter spp. isolates in
our study are consistent with molecular epidemiology
studies from the Indian subcontinent, where NDM has
effectively displaced other carbapenamases in many
tertiary hospitals [6]. Both ceftazidime avibactam and
aztreonam showed limited standalone activity against NDM
producers and emphasized the need for combination
strategies [27]. Although synergy between ceftazidime
avibactam and aztreonam has been detected in selective
studies, the high synergism rate (82%) observed in this
study suggests that the combination of Ceftazidime
avibactamand Aztreonam may provide areliable treatment
option for severe infections caused by NDM-producing
organisms[28].

This prospective observational study provides a snapshot
of resistance patterns and does not include full genotypic
profiling, clinical outcomes, or prior antibiotic exposure.
Despite these constraints, it offers valuable local data to
guide empirical therapy and stewardship. Overall, the
statistically significant differences observed for most
antibiotics highlight distinct resistance patterns among
organisms, emphasizing the need for targeted therapy. It is
high time to make stringent policies for combating
antibiotic resistance; otherwise, the clinical implications
of AMR will take over, leading to treatment failure, limited
therapeutic options, longer hospital stays, higher
healthcare costs,andunmanageable infections.

CONCLUSIONS

This study highlights the predominance of respiratory
pathogens like Klebsiella spp., Acinetobacter spp.,
Pseudomonas Aeruginosa, Staphylococcus aureus, and
Streptococcus pneumoniae. The high prevalence of MDR
and XDR isolates highlights the importance of effective
antimicrobial stewardship.
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