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a b s t r a c t 

Objectives: Knowledge of local antibiotic susceptibility rates is essential to strengthen antimicrobial stewardship 
programs. DASH to Protect Antibiotics ( https://dashuti.com/ ), promotes the dissemination of focused local an- 
tibiograms in community urinary tract infection (UTI). This study mapped the susceptibility profile of Klebsiella 

pneumoniae from 18 Indian centers. 
Methods: The centers spanned nine Indian States and three Union Territories. Urinary K. pneumoniae antibiograms 
from the outpatient clinic were collated and analyzed. Standardization was achieved through online training. For 
epidemiological purposes, five centers tested fosfomycin. 
Results: Overall, low susceptibility ( < 60%) was observed for the standard oral antibiotics prescribed for cysti- 
tis: co-trimoxazole, 54% (36-68%); ciprofloxacin, 52% (29-55%); amoxicillin-clavulanic acid, 46%, (35-82%); 
nitrofurantoin, 39% (19-78%); and cefuroxime, 30% (15-62%). The rates for third- and fourth-generation 
cephalosporins were 49% (45-52%) and 60% (36-76%), respectively. Extended-spectrum beta-lactamases ranged 
from 36-61% in India. Piperacillin-tazobactam 74% (65-87%), amikacin 76% (45-91%), and meropenem 81% 

(61-87%) exhibited higher activity. Fosfomycin was the most active antimicrobial, with 89% (92-97%) suscep- 
tibility. K. pneumoniae susceptibility was directly linked to geographic region, log gross domestic product ( P 
< 0.001), and humidity, and low and high temperatures ( P < 0.05). 
Conclusions: Oral treatment options for K. pneumoniae cystitis are rapidly decreasing. Northern and southern 
India showed significant differences in antimicrobial susceptibility, highlighting the importance of local antibi- 
ograms for promoting antimicrobial stewardship. For uncomplicated cystitis, co-trimoxazole (54%) may be the 
empirical choice. Good susceptibility to fosfomycin was observed (89%). The empirical use of fluoroquinolones, 
cephalosporins, and amoxicillin-clavulanic acid has been discouraged. Piperacillin-tazobactam and aminoglyco- 
sides are carbapenem-sparing agents. 
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ntroduction 

Klebsiella pneumoniae is the second most common uropathogen asso-
iated with uncomplicated urinary tract infections (UTIs) [ 1 , 2 ]. Treat-
ng infections by K. pneumoniae is becoming increasingly challenging
wing to the dramatic increase in antimicrobial resistance [ 3 , 4 ]. K.

neumoniae strains can acquire a variety of 𝛽-lactamase enzymes, which
ave the ability to disrupt the chemical structure of beta-lactam an-
ibiotics, including the most extensively used antibiotics (penicillins,
ephalosporins, and carbapenems) [ 5 ]. Although nitrofurantoin and fos-
omycin are deemed feasible empirical treatment options for Escherichia

oli cystitis, their suitability for K. pneumoniae is limited [ 6 ]. This sub-
tantially limits the choice of antimicrobials available for the manage-
ent of such cases. A multicentric research group, DASH to Protect An-

ibiotics ( https://dashuti.com ), determines the most effective treatment
ptions by analyzing the susceptibility profile of K. pneumoniae isolated
rom patients with community-acquired UTIs in India. Considering that
he initial treatment for uncomplicated UTIs is almost always empiri-
al, this exercise is vital for management. K. pneumoniae cystitis needs
reater attention considering its inherent and increasing resistance to
ommonly used antimicrobial agents. In this study, antimicrobial sus-
eptibilities were compared across five broad geographic regions: North,
outh, East, West, and Central India. Socioeconomic variables were stud-
ed to assess their impact on antimicrobial susceptibility. 

aterials and methods 

Eighteen centers participated in the study with their distribution be-
ng as follows: 11 in North (N.) India —one in the extreme North (Jammu
 Kashmir), four in Delhi, one in the neighboring National Capital Re-
ion (NCR) Gurugram, one each in Aligarh and Chandigarh, three in
ucknow, four in South (S.) India (two in Chennai and one each in
ondicherry and Kerala), and two in West (W.) India (one each in Gu-
arat and Maharashtra), along with one center in the East (E.) (Patna,
2

ihar) ( Figure 1 ). Owing to their proximity, Chandigarh (a Union Ter-
itory west of Delhi) and Gurugram (in Haryana but part of the NCR)
ere analyzed together with Delhi. The recruitment process has been
utlined in a previous study [ 6 ]. The duration of this study was 1 year,
rom January 1, 2022 to December 31, 2022. Ethical approval for this
tudy was obtained from the participating centers. The centers in N.,
., and E. India are characterized by a subtropical climate; W. India is
ropical, with defined wet and dry seasons, whereas S. India is tropical,
ith hot summers and dry winters. 

rocessing of samples 

Properly collected midstream urine samples from patients with
ymptoms were screened for bacteria and leucocytes by microscopy. Di-
gnosis was performed on the basis of the presenting symptoms and
ignificant bacteriuria, i.e., ≥ 105 colony forming units of organism on
ulture [ 7 ]. Among them, 12 centers used automated bacterial identifi-
ation systems, and the remainder used manual methods. Antimicrobial
usceptibility testing was performed according to Clinical and Labora-
ory Standards Institute (CLSI) guidelines (M100-Ed33) 2022 [ 8 ]. Ten
ites largely used disk diffusion testing; 12 used automated systems, and
ix used a mixture of both approaches. Quality control was performed
y all laboratories. Extended-spectrum beta-lactamases (ESBLs) were
etected at eight centers using cephalosporin/clavulanic acid synergy
ests. 

CLSI urine breakpoints were used to interpret cefuroxime results. Iso-
ates susceptible to dose-dependent breakpoints such as cefepime were
eemed susceptible. 

ollection of data 

Only clinical isolates from patients presenting with symptomatic UTI
or the first time in the outpatient or emergency department were in-
luded. Data from such patients were collated into site antibiograms if

https://dashuti.com/
https://dashuti.com
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Figure 1. (a) and (b) Geographic location of participating centers and susceptibility profile of Klebsiella pneumoniae to commonly prescribed antimicrobials. 
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0 or more isolates were tested at the site. Only the data on routinely
ested antimicrobial agents were included. The CLSI guideline M39A4E
LSI 2022 was used to prepare the antibiograms. 

tatistical analysis 

The mean proportion of susceptibility to each antimicrobial was cal-
ulated on the basis of the mean (minimum, maximum) of different ge-
graphic regions of India. The means of the proportion of susceptibil-
ty were compared in geographic regions using the Kruskal-Wallis test.
wo-way analysis of variance was performed to assess the simultane-
us effect of the antimicrobial and geographic region on the propor-
ion of susceptible K. pneumoniae while adjusting for other variables.
he P significance was set at P < 0.05. All statistical analyses were
erformed using SPSS version 29 software (IBM Corp., Armonk, NY,
SA). 

esults 

A total of 51,703 samples were obtained from the surveyed outpa-
ient departments, of which 2649 (5%) contained community-acquired
. pneumoniae . Site-by-site details of the susceptibility rates of K. pneu-

oniae are listed in Table 1 , and the regional rates for the major antibi-
tic groups are listed in Supplementary Table 1. The regional rates of
tandard urinary antibiotics are presented in Figure 1 . Supplementary
igure 1 lists the regional variations in susceptibility to broad-spectrum
ntimicrobials. Antimicrobial susceptibilities were compared across four
road geographic regions: N., E., W., and S. India. Geographic locations,
limatic variables, and socioeconomic variables are listed in Supplemen-
ary Table 2. 

The overall national susceptibility to nitrofurantoin was 39%, with
ery low rates in Mumbai 19%, Chandigarh 21%, Patna 24% and Chen-
ai and Aligarh 23%. Across all five regions, fosfomycin was the most
eliably active antimicrobial, with 89% (92-97%) susceptibility. The an-
imicrobial susceptibility to co-trimoxazole was low, ranging from 36-
8%, with an average rate of 54%. Ciprofloxacin susceptibility was 52%,
3

anging from 29-55% in N. India, 36-86% in W. India, 38-61% in S. In-
ia, and 22-61% in Delhi. 

Cefuroxime performed poorly, with only approximately 30% (15-
2%) susceptibility nationwide. Among the third- and fourth-generation
ephalosporins, susceptibility rates ranged between 45% and 52%, av-
raging 49%, whereas it was 60% for cefepime. ESBLs ranged from
owest in W. India (36%) to highest in N. India (61%) (Supplementary
igure 2). 

Susceptibility to beta-lactam/beta-lactamase inhibitors varied. Over-
ll, the susceptibility rates were 74% (65-87%) for piperacillin/
azobactam and 55% (35-82%) for amoxicillin/clavulanic acid; cefop-
razone/sulbactam susceptibility was estimated to be 60% (45-82%).
igher susceptibility rates of 76% (45-91%) were observed for amikacin

han for gentamicin, 69% (43-87%). 
Nationwide susceptibility rates were 82% (62-90%) for imipenem

nd 81% (61-87%) for meropenem. Significantly higher rates of sus-
eptibility to meropenem were observed in S. India (86%) and E. India
83%) than in other regions. Delhi had 76% susceptibility to carbapen-
ms. 

Two-way analysis of variance revealed that the susceptibility of
. pneumoniae to different antimicrobials was directly linked to ge-
graphic region ( P < 0.001) ( Figure 2 ). By estimating the marginal
eans, a statistical significance was observed in the means of the pro-
ortion of antimicrobial susceptibilities in N. and S. India ( P < 0.001).
he log of gross domestic product had an impact on the propor-
ion of susceptibility in India ( P < 0.001), although population density
er square km had no significant effect (Supplementary Table 3). In
he inter-regional comparison, fosfomycin, imipenem, meropenem, and
iperacillin-tazobactam revealed higher means than did the other an-
imicrobials. In W. India, amikacin showed the highest mean suscepti-
ility, although this difference was not statistically significant ( P = 0.22)
 Table 2 ). 

On comparing the mean susceptibilities to different antimicro-
ials in N., E., W., and S. India, statistically significant differ-
nces were observed for trimethoprim-sulfamethoxazole, ceftriax-
ne, piperacillin-tazobactam, imipenem, and meropenem ( P < 0.05).
rimethoprim-sulphamethoxazole, piperacillin-tazobactam, imipenem,
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Table 1 

Antimicrobial susceptibility profile of Klebsiella pneumoniae to the major antimicrobial groups. 
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nd meropenem showed the highest mean of susceptibilities in S.
ndia compared with the other regions. N. India had the lowest
ean susceptibility to ceftriaxone compared with the other regions

 Table 2 ). 
Humidity, and low and high temperatures ( P < 0.05) had statisti-

ally significant effects on the proportion of susceptible K. pneumoniae

s shown in Figure 3 . 

iscussion 

The rapid proliferation of ESBLs, AmpC enzymes, and carbapene-
ases in K. pneumoniae complicates the treatment of even simple cystitis
4

 9 , 10 ]. The regional variations in India in community UTIs as observed
n our study suggest that local antibiograms are a useful tool for pro-
oting antimicrobial stewardship [ 11–13 ]. 

In this study, we tracked the antimicrobial susceptibility of K. pneu-

oniae in patients attending outpatient departments in 18 centers across
ndia. N. India, with its centers located in Delhi, Lucknow, Aligarh, and
atna, showed higher resistance than did the other regions. This region
s characterized by a semi-tropical climate, with temperatures increas-
ng from March to July, followed by heavy monsoons over the next 3
onths. The low standard of living among large swathes of the popu-

ation, with concomitant poor access to health care, and substandard
r spurious drugs exacerbate the problem of multidrug resistance [ 14 ].
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Figure 2. Regional variation in K. pneumoniae antimicrobial susceptibility profile. 

Table 2 

Association of antimicrobial agents and regions on the mean (minimum, maximum) proportion of susceptible K. pneumoniae . 

North 
N = 95 

South 
N = 50 

East 
N = 11 

West 
N = 21 P -value 

Nitrofurantoin 41.18 (16-78) 
N = 11 

48 (23-64) 
N = 4 

24 ( —) 
N = 1 

38 (19-57) 
N = 2 

0.744 

Fosfomycin 89 (80-98) 
N = 4 

83 (–) 
N = 1 

— —- —

Trimethoprim 40.13 (34-56) 
N = 8 

68.2 (58-77) 
N = 5 

72 ( —) 
N = 1 

52 (48-56) 
N = 2 

0.009 

Cefotaxime 37.25 (22-49) 
N = 4 

63 (59-67) 
N = 2 

48 ( —) 
N = 1 

71 ( —) 
N = 1 

0.14 

Ceftriaxone 36.71 (22-49) 
N = 7 

60.5 (52-73) 
N = 4 

48 ( —) 
N = 1 

61.5 (47-76) 
N = 2 

0.031 

Gentamicin 56.5 (37-100) 
N = 8 

78.6 (70-87) 
N = 5 

73 ( —) 
N = 1 

77 (73-81) 
N = 2 

0.128 

Amikacin 62.8 (39-90) 
N = 10 

85.5 (78-91) 
N = 4 

82 ( —) 
N = 1 

84.5 (79-90) 
N = 2 

0.077 

Ciprofloxacin 39 (15-61) 
N = 9 

46.2 (38-61) 
N = 5 

69 ( —) 
N = 1 

61 (36-86) 
N = 2 

0.313 

Amoxicillin 50.23 (23-65) 
N = 7 

68.2 (55-82) 
N = 5 

35 ( —) 
N = 1 

65 (63-67) 
N = 2 

0.099 

Piperacillin 71.75 (68-79) 
N = 8 

81.2 (77-87) 
N = 5 

65 ( —) 
N = 1 

74.5 (74-75) 
N = 2 

0.016 

Imipenem 72.76 (30-84) 
N = 9 

87.4 (86-90) 
N = 5 

85 ( —) 
N = 1 

84 (78-90) 
N = 2 

0.021 

Meropenem 72.20 (30-87) 
N = 10 

86.4 (85-87) 
N = 5 

83 ( —) 
N = 1 

81 (76-86) 
N = 2 

0.034 

P -value < 0.001 < 0.001 — 0.22 

5
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Figure 3. Impact of climatic and socio-economic variables on K. pneumoniae antimicrobial susceptibility in India. 
GDP, gross domestic product. 
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n our study, log gross domestic product significantly affected the pro-
ortion of susceptibility among K. pneumoniae isolates from patients
ith simple cystitis in India ( P < 0.001). Interestingly, the proportion
f susceptible K. pneumoniae was directly linked to geographic region ( P
 0.001). Similarly, humidity, and low and high temperatures ( P < 0.05)
ad statistically significant effects on the proportion of susceptible K.

neumoniae . Surprisingly, however, the population density per square
m had no significant effect. 

Nitrofurantoin showed very low susceptibility against K. pneumoniae

39%) throughout India. Susceptibility in N. India (50%) and S. India
48%) was significantly greater ( P < 0.05) than that in W. or E. India
r in the Delhi–NCR region. The sites with the lowest susceptibility
ates were higher tertiary centers, which received more referrals and
reated patients with repeated exposure to antibiotics. Although mod-
rately inhibitory, nitrofurantoin is often prescribed for uncomplicated
. pneumoniae cystitis; however, mounting resistance makes it an un-
eliable drug [ 15 ]. ESBL-producing K. pneumoniae have a significantly
ecreased susceptibility to nitrofurantoin compared with non-ESBL pro-
ucers [ 16 ]. The prevalence of ESBL in our study (49%) mirrored the
itrofurantoin susceptibility (39%). 

Resistance rates to oral antibiotics were high, suggesting that their
mpirical use may lead to frequent failures. Co-trimoxazole retained its
ctivity against only 54% of the isolates. Bhargava et al. [ 17 ] in 2022 re-
orted an even lower susceptibility of 39.8%, and Vijayganapathy et al.
 18 ] reported a 24% susceptibility in 2021. 

The Indian susceptibility to ciprofloxacin (52%) was not significantly
ower than that in Europe (57.9%) [ 19 ]. The rates for ciprofloxacin
anged from 29-55% in N. India, 36-86% in W. India, 38-61% in S. In-
ia, and 22-61% in Delhi, indicating few clear regional differences de-
pite considerable site-to-site differences within regions. In addition to
heir low susceptibility, safety concerns, and propensity to cause collat-
ral damage, fluoroquinolones are unsuitable for the treatment of simple
TIs. 
6

In such a grim situation, the 89% overall susceptibility to fosfomycin
as significantly greater in S. India than in N. India ( P < 0.05). Mohanty

t al. [ 20 ] reported 91.3% susceptibility. Surprisingly, lower suscep-
ibility rates have been reported in Europe (75.5%) [ 19 ]. Fosfomycin
s increasingly used to treat UTI caused by resistant non- E.coli urinary
athogens. The clinical cure may be affected by a single dose of fos-
omycin in healthy individuals with immunocompetence. Studies have
eported the efficacy of multiple doses in the treatment of both uncom-
licated and complicated UTI caused by multidrug-resistant organisms
 21 , 22 ]. However, the CLSI and European Committee on Antimicrobial
usceptibility have defined oral fosfomycin breakpoints exclusively for
. coli , and breakpoints for any non- E. coli Enterobacterales must be ex-
rapolated, a process that is currently unsupported [ 8 , 23 , 24 ]. 

The national susceptibility rates of cefepime to third-generation
ephalosporins were 51% and 60%, respectively. Our study revealed
hat the overall prevalence of ESBL-producing K. pneumoniae was 49%.
he lowest prevalence was observed in W. India (36%), and the high-
st was 61% in Delhi. Paul et al. [ 25 ] reported an ESBL prevalence rate
f 26.2% in Assam (N.E. India), whereas Behera et al. [ 26 ] reported a
ombined prevalence of 43% for E. coli and K. pneumoniae from com-
unity UTIs in E. India. In 2022, Mohapatra et al. [ 9 ] reported an ESBL
revalence of > 50% across four centers. 

Among beta-lactam/beta-lactamase inhibitors, lower piperacillin/
azobactam susceptibility (74%) indicated high AmpC prevalence. The
ighest susceptibility was observed in S., W., and E. India, whereas the
owest susceptibility was observed in N. India (P < 0.05). Mohapatra et
l. [ 9 ] reported a similar susceptibility (75.1 %). The low susceptibility
o amoxicillin/clavulanic acid (46%) may indicate a high prevalence of
nhibitor-resistant TEMs. High doses of oral amoxicillin and clavulanic
cid have been used to manage ESBL-producing K. pneumoniae in Poland
 27 ]. The study participants began with a dose of 2875 g of amoxicillin
nd 125 mg of clavulanic acid twice daily, with a subsequent reduction
n dose every 7-14 days. Prophylaxis continued with 250/125 mg for 3
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onths [ 28 ]. Interestingly, in contrast to E. coli, rates of simple cystitis
nd ciprofloxacin (52%), co-trimoxazole (54%), and amoxicillin suscep-
ibility (55%) were comparable in K. pneumoniae [ 6 ]. Although Critch-
ey et al. [ 29 ] reported higher susceptibilities to these drugs, Hrbacek
t al. [ 30 ] reported comparable susceptibilities. Although fosfomycin,
mipenem, meropenem, and piperacillin-tazobactam indicated higher
ean activities than the other antimicrobials, statistically significant dif-

erences were observed for trimethoprim-sulfamethoxazole, ceftriaxone,
iperacillin-tazobactam, imipenem, and meropenem among the studied
egions ( P < 0.05). 

Nationwide carbapenem susceptibility was 81.5%, which raises
oncerns regarding the community-borne dissemination of New Delhi
etallo- 𝛽-lactamase carbapenemases in K. pneumoniae in India. Vijay-

anapathy et al. [ 18 ] reported 99% susceptibility in southern India,
hereas Nair et al. [ 31 ] reported 87.8% susceptibility in western India,

n a four-center study. 

onclusion 

Increasing antimicrobial resistance has made K. pneumoniae a chal-
enging uropathogen to treat. This study advocates the creation and
issemination of local antibiograms and promotes evidence-based
edicine. A significant difference was observed between the means

f the proportions of antimicrobial susceptibility in N. and S. India
 P < 0.001). With low susceptibility to co-trimoxazole and amoxicillin-
lavulanic acid, and intrinsically low susceptibility to nitrofurantoin,
ral options are rapidly decreasing. The susceptibility to fosfomycin was
he highest. Empirically, amoxicillin-clavulanic acid and co-trimoxazole
re better choices than fluoroquinolones and third-generation oral
ephalosporins. Although single-dose fosfomycin may be effective in
ealthy individuals with immunocompetence, multiple doses are re-
uired in patients with complicated UTI. Multidrug-resistant AmpC iso-
ates may be treated with aminoglycosides, piperacillin-tazobactam, or
 combination of both. We advocate that carbapenems be reserved for
evere cases. 
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