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Abstract
Purpose  Systematic collection and analysis of antimicrobial resistance data from key bacterial pathogens is essential to 
contribute to control antimicrobial resistance (AMR). The aim of this work was to survey the drug resistance on clinically 
relevant organisms stratified according to age, gender, clinical specimens and facilities.
Methods  Microbiological data were collected from 55 centers across 24 states in Mexico between January 1 and March 
31, 2025. Bacterial identification and antimicrobial susceptibility testing were performed at each participating center using 
locally available methods. Data was processed using WHONET 2025. Isolates obtained from lower respiratory specimens, 
urine, blood, biopsies and abscesses were analyzed. Carbapenem non-susceptible isolates were further analyzed by PCR for 
common carbapenemase-encoding genes. Resistance frequencies were compared using the chi-square test.
Results  A total of 11,290 clinical isolates were analyzed, mostly from urine (n = 7,149; 63.3%), followed by blood (n = 1,370; 
12.1%). The most prevalent was Escherichia coli (n = 6,185; 54.8%), followed by Klebsiella pneumoniae (n = 1,365; 12.1%) 
and Pseudomonas aeruginosa (n = 1,110; 9.8%). Resistance to carbapenems in E. coli was higher in respiratory isolates (imi-
penem: 5.8%, p = 0.016; meropenem: 5.3%, p < 0.001), with 75.9% producing extended-spectrum ß-lactamases (ESBLs). 
K. pneumoniae had the highest resistance to ampicillin/sulbactam (52.5%, p = 0.028) and sulfamethoxazole/trimethoprim 
(62.1%, p = 0.014) in blood isolates, and 63.2% were ESBL-producers (p = 0.001). In P. aeruginosa, urine isolates showed 
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Introduction

The global rise of antimicrobial resistance (AMR) repre-
sents one of the most urgent public health challenges of the 
21 st century. Multidrug-resistant (MDR) microorganisms 
are increasingly responsible for healthcare-associated infec-
tions, contributing to elevated morbidity and mortality, pro-
longed hospital stays, and escalating healthcare costs [1].

Despite increasing awareness, the spread of resistant 
pathogens continues to outpace the development of new 
therapeutic options, especially in low- and middle-income 
countries where surveillance infrastructure remains limited 
[2, 3]. To counter this threat, coordinated and sustained 
surveillance systems are essential for detecting resistance 
trends, guiding public health interventions, and informing 
clinical decision-making [1].

The INVIFAR Network (Red Temática de Investigación 
y Vigilancia de la Farmacorresistencia) was established in 
Mexico in 2018 to address this need. It is a national col-
laborative platform that unites clinical laboratory scien-
tists, microbiologists, epidemiologists, infectious disease 
specialists, clinical and research institutions to strengthen 
the surveillance and investigation of AMR. Since its incep-
tion, INVIFAR has enabled the systematic collection, 
analysis, and dissemination of resistance data from key 
bacterial pathogens of clinical importance. The network has 
conducted several multicenter studies, providing critical 
insights into resistance mechanisms, molecular epidemiol-
ogy, and the emergence of high-risk clones in the Mexican 
healthcare setting, including some Gram negatives and 
Staphylococcus aureus [4–6]. These efforts have also con-
tributed to evidence-based recommendations for hospital 
infection control and antimicrobial stewardship.

The systematic reporting of findings derived from active 
surveillance of AMR in high-priority pathogens is essential 
to guide the development of strategies to control AMR at 
INVIFAR-affiliated centers [7], The aim of this work was to 
survey the drug resistance on clinically relevant organisms 

stratified according to age, gender, clinical specimens and 
facilities in Mexico during a 3-month period.

Methods

Participating centers and data collection

Participating centers are members of the Network for 
the Research and Surveillance of Drug Resistance (Red 
Temática de Investigación y Vigilancia de la Farmacorresis-
tencia, INVIFAR). Microbiological data—including species 
identification and antimicrobial susceptibility testing—were 
collected from clinical isolates obtained willingly, between 
January 1, 2025, and March 31, 2025.

Bacterial identification and antimicrobial susceptibility 
testing were performed at each participating center using 
locally available methods.

Raw data were extracted from the respective instruments. 
Identification results with concordance percentages below 
95% were excluded. The curated datasets were processed 
using the Backlink tool and WHONET 2025 software. Only 
microbiologically significant isolates obtained from lower 
respiratory specimens (LRS) (endotracheal aspirate and 
bronchoalveolar lavages; meanwhile, sputum specimens 
were excluded), urine, blood, biopsies and abscesses were 
included.

Antimicrobial susceptibility and the ESBL phenotype for 
E. coli and K. pneumoniae were determined using a com-
prehensive panel of antibiotics selected according to organ-
ism type. For each automated system, the determination of 
whether an organism was an ESBL producer was performed 
by comparing the growth inhibition of third-generation 
cephalosporins available in panels with and without the 
presence of an inhibitor (clavulanic acid).

Categories of antibiotics included selectively on panels 
were aminoglycosides: gentamicin (GEN), gentamicin high-
dose (GEH), streptomycin high-dose (STH); carbapenems: 
imipenem (IPM), meropenem (MEM), ertapenem (ETP 

significantly higher resistance to ceftolozane-tazobactam (24.7%, p = 0.008), ceftazidime-avibactam (36.6%, p < 0.001), and 
meropenem (34.5%, p = 0.009) compared to other clinical specimens included. For A. baumannii, respiratory isolates had 
73.6% resistance to meropenem (p < 0.001). S. aureus from blood showed 25.7% resistance to oxacillin (p < 0.004). The 
most frequent carbapenemase genes were blaOXA−48−like in E. coli (26/56, 46.4%), blaNDM for K. pneumoniae (7/17, 41.2%), 
blaOXA−24 in A. baumannii (79/108, 73.1%) and blaIMP for P. aeruginosa (18/108, 16.7%).
Conclusion  This surveillance study underscores the elevated levels of antimicrobial resistance, ESBL production, and car-
bapenemase activity among priority pathogens, including some Enterobacterales, P. aeruginosa, and A. baumannii. These 
findings emphasize the urgent need to strengthen epidemiologic surveillance programs in Mexican healthcare settings.

Keywords  Antimicrobial resistance · Enterobacterales · Pseudomonas aeruginosa · Acinetobacter baumannii · Clinical 
specimens · BlaOXA−48−like · blaOXA24 · blaNDM
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cephalosporins: cefepime (FEP), ceftazidime (CAZ), cef-
triaxone (CRO), cefuroxime (CXM); cephalosporins with 
inhibitors: ceftazidime/avibactam (CZA), ceftolozane/tazo-
bactam (CZT); cephamycins: cefoxitin (FOX), oxacillin 
(OXA); fluoroquinolones: ciprofloxacin (CIP), levofloxa-
cin (LVX); folate pathway inhibitors: sulfamethoxazole/
trimethoprim (SXT); glycopeptides: teicoplanin (TEC), 
and vancomycin (VAN); lincosamides: clindamycin (CLI); 
lipopeptides: daptomycin (DAP); monobactams: aztreonam 
(ATM); macrolides: erythromycin (ERY), azithromycin 
(AZM); nitrofuran: nitrofurantoin (NIT); oxazolidinones: 
linezolid (LNZ); penicillin and penicillin with inhibitors: 
penicillin (PEN), amoxicillin/clavulanic acid (AMC), ampi-
cillin (AMP), ampicillin/sulbactam (SAM), piperacillin/
tazobactam (TZP); streptogramins: quinupristin/dalfopris-
tin (QDA); tetracyclines: tetracycline (TCY). Susceptibil-
ity results were categorized as susceptible, intermediate, 
or resistant, according to the Clinical and Laboratory Stan-
dards Institute (CLSI) M100-S35 (2025) breakpoints [8]. 
Some data were excluded from the tables and analysis. Spe-
cifically, results with an n < 30 per species/antibiotic com-
bination, results corresponding to inactive antimicrobials 
against a given species, and all data related to colistin were 
not considered.

Among Gram-negative isolates, resistance profiles 
were further classified as MDR (multidrug-resistant): non-
susceptibility to ≥ 1 agent in ≥ 3 antimicrobial catego-
ries; Possible XDR (extensively drug-resistant) (if data is 
incomplete for full XDR definition): non-susceptibility to 
≥ 1 agent in all but ≤ 2 categories; XDR: full data avail-
able confirming non-susceptibility to all but ≤ 2 categories. 
Possible PDR (pandrug-resistant) (if data is incomplete for 
full PDR definition): non-susceptibility to all agents in all 
tested categories. The use of possible XDR or possible PDR 
was included if data was incomplete for the full XDR or 
full PDR definition; Thus, the classification was limited by 
the panel evaluated for each clinical isolate, in accordance 
with Magiorakos et al. [9]. Definitions were assigned by the 
WHOnet software based on the susceptibility profile and the 
panel of antibiotics included for each isolate. (​h​t​t​p​​s​:​/​​/​w​h​o​​n​e​​
t​.​o​​r​g​/​W​​e​b​D​​o​c​s​​/​S​a​​m​p​l​​e​_​E​p​​i​d​​e​m​i​o​l​o​g​y​_​R​e​p​o​r​t​.​p​d​f).

Genotyping of isolates

As a result of the active surveillance by the INVIFAR net-
work, centers sent carbapenem-resistant clinical isolates to 
the coordinating center for genotyping. The carbapenem 
resistance was confirmed by the disk diffusion method, and 
intermediate or resistant strains were further analyzed for 
genotyping. DNA was extracted by thermal lysis, and the 
presence of the most common carbapenemase-encoding 
genes was assessed by polymerase chain reaction (PCR) 

using previously reported primers [4]. The genes targeted in 
Enterobacterales included blaNDM, blaKPC, blaVIM, blaIMP, 
and blaOXA-48-like. In Acinetobacter baumannii, the genes 
screened were blaNDM, blaOXA-23, and blaOXA-24. In Pseu-
domonas aeruginosa, the genes screened were blaVIM, and 
blaIMP.

Data analysis

Antibiotic resistance data were analyzed by species (Esch-
erichia coli, Klebsiella pneumoniae, Enterobacter cloacae, 
A. baumannii, P. aeruginosa, S. aureus, and Enterococcus 
faecium), specimen type (blood, urine, LRS, abscesses, 
and biopsies), hospital ward (ICU, emergency departments 
[EME], non-ICU inpatient wards [INX], and outpatient set-
tings [OUT]), age groups (0–18 years, 19–59 years, and ≥ 
60 years), and gender (female, male). Only one isolate per 
patient was included in the analysis according criteria sug-
gested by CLSI document M39 (Analysis and Presentation 
of Cumulative Antimicrobial Susceptibility Test Data) [10].

Frequencies of antibiotic resistance were compared using 
the chi-square test only if the number of clinical isolates/
antibiotic was ≥ 30. Statistical analyses were performed 
using SPSS Statistics version 22.0 (IBM Corporation, 
Somers, NY, USA). A p-value of < 0.05 was considered sta-
tistically significant.

Ethical approval

This study was approved by the Research Committee of the 
Instituto Nacional de Rehabilitación Luis Guillermo Ibarra 
Ibarra under approval number 55/22 AC. The requirement 
for informed consent was waived by the ethics committee. 
All procedures were conducted in accordance with the Dec-
laration of Helsinki. No identifiable patient data was used.

Results

Participating centers and microbiological data

The study included data from 55 participating centers across 
23 states in Mexico and Mexico City (Table 1). Bacterial 
identification methods varied by site and included: VITEK 
(n = 31), MicroScan WalkAway (n = 5), BD Phoenix Auto-
mated Microbiology System (n = 3), MALDI-TOF (n = 10), 
and Biochemical (manual) methods (n = 6). Antimicrobial 
susceptibility testing was performed using VITEK (n = 40), 
MicroScan WalkAway (n = 6), BD Phoenix (n = 4), and disk 
diffusion (n = 6) (Table 1).

A total of 11,290 clinical isolates were included in the 
analysis. The majority were obtained from urine (n = 7,149; 
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Drug resistance in Gram-negative bacteria 
according to the facility

Most E. coli isolates had the highest resistance in the ICU 
area, with high rates resistance to CAZ (46.5%, p < 0.001), 
CRO (68.8%, p < 0.001), FEP (52.4%, p < 0.001), ATM 
(70%, p = 0.002), ETP (5.9%, p < 0.001), IPM (7.3%, 
p < 0.001), MEM (4.9%, p < 0.001), and SXT (58.8%, 
p < 0.001). However, the highest proportion of ESBL pro-
ducers isolated was reported from the EME area (57.7%, 
p < 0.001) (Fig. 2, Suppl. Tables 1 and 3).

On the contrary, K. pneumoniae isolates had the high-
est resistance in the INX area, with high rates resistance 
to AMC (40%, p < 0.033), SAM (51.6%, p < 0.001), CAZ 
(40.7%, p < 0.001), CRO (59.9%, p < 0.001), FEP(46.6%, 
p < 0.001), ETP (7.4%, p = 0.004), IPM (8.4%, p = 0.025), 
and SXT (57.5%, p < 0.001); similarly, the highest propor-
tion of ESBL-producer isolates were reported at this area 
(57.7%, p < 0.001) (Fig. 2, Suppl. Table 3).

For A. baumannii, higher resistance rates were observed 
in the ICU area for SAM (52.6%, p = 0.039), and IPM 
(79.1%, p < 0.002), and in the INX area for MEM (71.4%, 
p < 0.015), and CIP (75.1%, p < 0.033). Among P. aerugi-
nosa isolates, CZA resistance was higher (24.9%, p = 0.046) 
in the INX area, while resistance to MEM was higher in the 
ICU ward (32.6%, p = 0.040) (Fig. 2, Suppl. Table 3).

Drug resistance in Gram-negative bacteria by 
specimen

E. coli respiratory isolates had the highest rates of resistance 
to CAZ (57.8%, p < 0.001), FEP (64.7%, p < 0.001), FOX 
(19.6%, p = 0.008), ATM (71.4%, p = 0.008), ETP (8.8%, 
p < 0.001), IPM (5.8%, p = 0.016), MEM (5.3%, p < 0.001), 
and SXT (67.6%, p = p < 0.001), along with the highest 
proportion of ESBL-producers (75.9%, p < 0.001) (Fig.  3, 
Suppl. Tables 1 and Suppl. Table 4). A high proportion of 
resistance (> 60%) to CRO, CIP, and SXT was observed 
among E. coli isolates from biopsies, as well as a high pro-
portion of ESBL-producer isolates was detected in both 
biopsies (68.8%) and abscesses (68.2%) (Suppl Table 5).

On the contrary, K. pneumoniae had the highest resis-
tance percentage in blood isolates, with elevated rates of 
resistance to SAM (52.5%, p = 0.028) and SXT (62.1%, 
p = 0.014). Similarly, most ESBL-producers were reported 
from this specimen (63.2%, p = 0.001). Among respira-
tory isolates, resistance percentages were higher for ATM 
(66.7%, p = 0.034), ETP (10.8%, p = 0.001), and MEM 
(9.9%, p < 0.001) than the other clinical specimens (Fig. 3, 
Suppl. Table 4). A high proportion of resistance to SXT 

63.3%), followed by blood (n = 1,370; 12.1%), LRS 
(n = 1,317; 11.7%), biopsies (n = 886; 7.8%), and abscesses 
(n = 568; 5.0%). Of all isolates, 9,345 (82.8%) were Gram-
negative bacteria, including 7,853 Enterobacterales (69.6%) 
and 1,492 non-fermenting Gram-negative rods (13.2%). 
The remaining 1,945 isolates (17.2%) were Gram-positive 
cocci.

E. coli was the most frequently isolated pathogen overall 
(n = 6,185; 54.8%), followed by K. pneumoniae (n = 1,365; 
12.1%) and P. aeruginosa (n = 1,110; 9.8%). E. coli was also 
the most common pathogen isolated from urine (n = 5,109; 
71.5%), blood (n = 466; 34.0%), biopsies (n = 239; 27.0%), 
and abscesses (n = 199; 35.0%). In LRS, P. aeruginosa was 
the most frequently recovered pathogen (n = 392; 29.8%), 
followed by S. aureus (n = 303; 23.0%).

Most of E. coli (n = 3,766; 57.4%), K. pneumoniae 
(n = 752; 50.4%), and P. aeruginosa (n = 383; 28.9%) iso-
lates were classified as MDR (Table 2); however, A. baum-
mannii isolates had the highest rate of XDR (n = 65; 15.4%) 
and possible PDR isolates (n = 202; 47.9%).

Drug resistance in Gram-negative bacteria by age 
group

In the > 60 years age group, E. coli showed higher resistance 
rates to AMP (80.1%, p < 0.013), CAZ (35.6%, p = 0.008), 
and ATM (56.9%, p < 0.001) than the other two age groups; 
however in the 0–18 years group a higher resistance rate to 
SXT (60.8%, p = 0.007) was observed. Extended spectrum 
ß-lactamases (ESBL)-producing isolates were similarly dis-
tributed among age groups (p = 0.264) (Fig. 1, Suppl. Tables 
1 and Suppl Table 2).

For K. pneumoniae, higher resistance rates were observed 
in the 0–18 years group for SAM (60.5%, p < 0.001), CAZ 
(45.3%, p = 0.010), CRO (65%, p = 0.001), and FEP (54.7%, 
p < 0.001). Moreover, the highest proportion of ESBL-pro-
ducer isolates was detected in this species in the 0–18 years 
group (65.9%, p = 0.001) (Fig. 1, Suppl. Tables 1 and Suppl 
Table 2).

For A. baumannii, higher resistance rates were observed 
in the 19–59 years group for SAM (54.0%, p = 0.004), TZP 
(81.3%, p < 0.001), FEP (48.2%, p = 0.002), and IPM (76.6%, 
p < 0.001). In the > 60 years, the higher resistance rates were 
for MEM (72.8%, p < 0.001), AMK (60.8%, p < 0.001), and 
GEN (59.0%, p = 0.002) than the other age groups. Among 
P. aeruginosa isolates, resistance to CZA (26.0%, p = 0.043), 
and CAZ (28.1%, p = 0.024) was higher in the > 60 years 
group than the other age groups; while resistance to IPM 
was higher in the 0–18 years group (40.8%, p = 0.019) than 
the other age groups (Fig. 1, Suppl. Table 2).
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Center Pu/Pr Type of 
Hospital

No. 
Beds

ICU 
beds

ID method Susceptibility 
method

State

Centers with hospitalization areas
  Hospital Civil “Fray Antonio Alcalde” Pu Gen 747 100 Vitek 2 Vitek 2 Jalisco
  Hospital Universitario “Dr. José Eleuterio 
González”

Pu Gen 463 22 MALDI-TOF Vitek 2 Nuevo León 

  Hospital Regional General “Ignacio Zaragoza”. 
ISSSTE

Pu Spe 325 12 Vitek 2 Vitek 2 Mexico City

  Hospital General de Estado de Sonora Pu Spe 305 8 Vitek 2 Vitek 2 Sonora
  Hospital General “Dr. Agustin O’Horan” Pu Gen 296 11 Vitek 2 Vitek 2 Yucatan
  Hospital General Regional No.6 “Dr. Ignacio 
Garcia Tellez”

Pu Gen 286 10 MALDI-TOF Vitek 2 Tamaulipas

  Hospital General León Pu Gen 260 18 BD Phoenix BD Phoenix Guanajuato
  Hospital General “Dr. Miguel Silva” Pu Gen 250 16 Vitek 2 Vitek 2 Michoacán
  Instituto Nacional de Rehabilitación “Luis Guill-
ermo Ibarra Ibarra”

Pu Spe 245 18 MALDI-TOF Vitek 2 Mexico City

  Instituto Nacional de Ciencias Médicas y 
Nutrición “Salvador Zubirán”

Pu Spe 212 22 MALDI-TOF Vitek 2 Mexico City

  Instituto Nacional de Cardiología “Ignacio 
Chávez”

Pu Spe 208 30 MALDI-TOF BD Phoenix Mexico City

  Hospital Regional de Alta Especialidad Bicente-
nario de la Independencia

Pu Spe 196 7 Vitek 2 Vitek 2 Mexico State

  Hospital Regional de Alta Especialidad del Bajio Pu Spe 184 16 Vitek 2 Vitek 2 Guanajuato
  Hospital General de Zona No.1 IMSS Nueva 
Frontera

Pu Gen 180 28 Vitek 2 Vitek 2 Chiapas

  Hospital General de Zona No. 35 Pu Gen 180 6 Vitek 2 Vitek 2 Chihuahua
  Hospital Chiapas Nos Une. “ Dr. Jesus Gilberto 
Gomez Maza”.

Pu Gen 180 20 Vitek 2 Vitek 2 Chiapas.

  Centro Médico “Dr. Ignacio Chávez” Pu Gen 174 4 Vitek 2 Vitek 2 Sonora
  Hospital General de Querétaro Pu Gen 169 9 Vitek 2 Vitek 2 Querétaro
  Hospital de la Niñez Poblana Pu Ped 164 9 Vitek 2 Vitek 2 Puebla
  Instituto Nacional de Enfermedades Respirato-
rias “Ismael Cosio Villegas”

Pu Spe 161 15 MALDI-TOF Vitek 2 Mexico City

  Hospital General “Juan María de Salvatierra” Pu Gen 157 18 Vitek 2 Vitek 2 Baja California 
Sur

  Hospital General y Hospital del niño y la mujer 
(IMSS Bienestar)

Pu Gen 156 6 Vitek 2 Vitek 2 Sonora

  Instituto Nacional de Cancerologia Pu Spe 150 8 MALDI-TOF Vitek 2 Mexico City
  Hospital Regional “Alta Especialidad” ISSSTE 
Monterrey

Pu Spe 150 10 MicroScan MicroScan Nuevo León

  Centenario Hospital Miguel Hidalgo Pu Spe 144 30 MALDI-TOF Vitek 2 Aguascalientes
  Hospital General de Zona No. 21 Pu Gen 139 9 MicroScan MicroScan Jalisco
  Hospital “Dr Manuel GEA Gonzalez” Pu Gen 130 10 MALDI-TOF Vitek 2 Mexico City
  Hospital Infantil de Morelia Pu Ped 130 18 Vitek 2 Vitek 2 Michoacán
  Hospital General Silao Pu Gen 118 14 BD Phoenix BD Phoenix Guanajuato
  Hospital para el Niño Toluca IMIEM Pu Spe 116 7 Vitek 2 Vitek 2 Mexico State
  HGZ #46 IMSS Tabasco Pu Gen 112 6 Vitek 2 Vitek 2 Tabasco
  Hospital General ISSSTE San Luis Potosí Pu Gen 111 4 MicroScan MicroScan San Luis Potosí
  Hospital General “Lázaro Cárdenas” Pu Gen 110 6 MicroScan MicroScan Chihuahua
  HG “Dr. Fernando Ocaranza” Pu Gen 105 4 Vitek 2 Vitek 2 Sonora
  Hospital de Especialidades Pediátricas 
IMSS-Bienestar

Pu Ped 90 24 Vitek 2 Vitek 2 Chiapas

  Hospital Ángeles Morelia Pr Spe 67 12 Vitek 2 Vitek 2 Michoacán
  Hospital Regional de Alta Especialidad de 
Oaxaca

Pu Spe 66 10 Vitek 2 Vitek 2 Oaxaca

  Hospital del niño “Dr. Federico Gómez Santos” Pu Ped 44 13 Vitek 2 Vitek 2 Coahuila
  Hospital Español Veracruz Pr Gen 40 6 Vitek 2 Vitek 2 Veracruz
  Hospital del Niño Morelense Pu Ped 35 2 Vitek 2 Vitek 2 Morelos

Table 1  Characteristics of participating centers and methods used for bacterial identification and antimicrobial susceptibility testing
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Among P. aeruginosa, resistance was higher among urine 
isolates, to CZT (24.7%, p = 0.008), CZA (36.6%, p < 0.001), 
ATM (63.6%, p < 0.001), MEM (34.5%, p = 0.009), and 
AMK (26.1%, p < 0.001) (Fig. 3, Suppl. Table 4). Moreover, 
there was a high proportion of resistance to IMP in both 
isolates from biopsies (38.2%) and abscesses (37.8%); with 
comparable results observed for MEM (34.7% and 45.9%, 
respectively) (Suppl. Table 5).

Drug resistance in Gram-negative bacteria by 
gender

Drug resistance in E. coli and K. pneumoniae was higher 
in the male group to all antibiotics evaluated (except for 
CZA, FOX, ATM, and IPM in K. pneumoniae isolates). 
There were no significant differences in drug resistance for 
A. baumannii by gender; only resistance to CZT and AMK 
was higher in female and male groups, respectively (Suppl 
Table 8).

Drug resistance in Gram-positive bacteria

There were no significant differences in resistance rates 
among S. aureus isolates when analyzed by ward. However, 
S. aureus recovered from blood showed the highest resis-
tance to OXA (25.7%, p < 0.004), CIP (25.5%, p < 0.004), 

(68.4%) was observed in K. pneumoniae isolates from biop-
sies, along with a high proportion of ESBL production in 
isolates from both biopsies (65.6%) and abscesses (42.9% 
(Suppl Tables 1 and 5).

For A. baumannii, higher resistance proportion were 
observed among respiratory isolates, to SAM (55.5%, 
p = 0.009), TZP (77.1%, p = 0.029), CAZ (76.1%, p = 0.002), 
MEM (73.6%, p < 0.001), GEN (58.6%, p = 0.009), and 
CIP (76%, p = 0.001) (Fig. 3, Suppl. Table 4). Also, there 
was a high proportion of resistance to TZP (94.7%), CAZ 
(92.9%), IPM (94.7%), MEM (92.9%), and CIP (95.2%) in 
biopsy isolates (Suppl Table 5).

Table 2  Distribution of multidrug-resistant (MDR), possible exten-
sively drug-resistant (possible XDR), extensively drug-resistant 
(XDR), and possible pandrug-resistant (possible PDR) isolates among 
Gram-negative bacteria

MDR n (%) Possible 
XDR n (%)

XDR n 
(%)

Possible 
PDR n 
(%)

E. coli (n = 6560) 3766 (57.4) 1323 (20.2) 0 (0.0) 7 (0.1)
K. pneumoniae 
(n = 1,493)

752 (50.4) 506 (33.9) 0 (0.0) 17 (1.1)

A. baumannii 
(n = 422)

289 (68.5) 216 (51.2) 65 
(15.4)

202 
(47.9)

P. aeruginosa 
(n = 1,324)

383 (28.9) 312 (23.6) 42 (3.2) 162 
(12.2)

Center Pu/Pr Type of 
Hospital

No. 
Beds

ICU 
beds

ID method Susceptibility 
method

State

  Hospital “Adolfo López Mateos”-ISSSTESON Pu Gen 33 22 Vitek 2 Vitek 2 Sonora
  Departamento de Microbiologia del Hospital la 
Luz

Pr Gen 28 3 Biochemical 
(manual)

Disk diffusion Michoacán

Centers with no hospitalization area
  Lapi Laboratorio Médico Pr NA NA NA Vitek 2 Vitek 2 Mexico City
  Laboratorio Dorado Pr NA NA NA MALDI-TOF Vitek 2/MicroScan Baja California
  Laboratorio Clinico y Bacteriologico LB Pr NA NA NA Biochemical 

(manual)
Disk diffusion Jalisco

  Bio Diagnostics Laboratorio Clínico S.C. Pr NA NA NA Vitek 2 Vitek 2 Tlaxcala
  Laboratorio SEMLAB Pr NA NA NA Biochemical 

(manual)
Disk diffusion Michoacán

  Laboratorio Futura Medica Pr NA NA NA Biochemical 
(manual)

Disk diffusion Michoacán

  Centro Integral de Atención a la Salud Unidad 
Sur ISSSTESON

Pu NA NA NA Vitek 2 Vitek 2 Sonora

  Laboratorios del Centro Pr NA NA NA Vitek 2 Vitek 2 Michoacán
  Diagnóstico Médico Integral “Pasteur” Pr NA NA NA BD Phoenix BD Phoenix Mexico State
  Laboratorio BIOCLIN Pr NA NA NA Vitek 2 Vitek 2 Guerrero
  Laboratorio DIPROMI Pr NA NA NA Microscan Microscan Michoacán
  Centro Universitario de Salud, Universidad 
Autónoma de Nuevo León.

Pu NA NA NA Biochemical 
(manual)

Disk diffusion Nuevo León

  Centro de diagnóstico microbiológico SA de CV Pr NA NA NA Biochemical 
(manual)

Disk diffusion Michoacán

Pr: Private, Pu: Public, NA: Not Applicable, ID: identification
General: Gen, Pediatric: ped, ICU: intensive care unit

Table 1  (continued) 
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Fig. 1  Distribution of Antibiotic resistance among age groups. CZT: 
Ceftolozane/Tazobactam, AMP: Ampicillin, AMC: Amoxicillin/Cla-
vulanic acid, CZA: Ceftazidime/Avibactam, SAM: Ampicillin/Sulbac-
tam, CXM: Cefuroxime, CAZ: Ceftazidime, CRO: Ceftriaxone, FEP: 
Cefepime, FOX: Cefoxitin, ATM: Aztreonam, ETP: Ertapenem, IPM: 

Imipenem, MEM: Meropenem, AMK: Amikacin, GEN: Gentamicin, 
CIP: Ciprofloxacin, LVX: Levofloxacin, SXT: Sulfamethoxazole/Tri-
methoprim, TGC: Tigecycline, TZP: Piperacillin/Tazobactam, TOB: 
Tobramycin
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Fig. 2  Distribution of Antibiotic resistance according to sites of care. 
CZT: Ceftolozane/Tazobactam, AMP: Ampicillin, AMC: Amoxicil-
lin/Clavulanic acid, CZA: Ceftazidime/Avibactam, SAM: Ampicillin/
Sulbactam, CXM: Cefuroxime, CAZ: Ceftazidime, CRO: Ceftriaxone, 
FEP: Cefepime, FOX: Cefoxitin, ATM: Aztreonam, ETP: Ertapenem, 

IPM: Imipenem, MEM: Meropenem, AMK: Amikacin, GEN: Genta-
micin, CIP: Ciprofloxacin, LVX: Levofloxacin, SXT: Sulfamethoxa-
zole/Trimethoprim, TGC: Tigecycline, TZP: Piperacillin/Tazobactam, 
TOB: Tobramycin. EME: emergency department, INX: non-ICU inpa-
tient wards, ICU: intensive care unit, and OUT: outpatient settings
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Fig. 3  Distribution of Antibiotic resistance according to clinical speci-
men. CZT: Ceftolozane/Tazobactam, AMP: Ampicillin, AMC: Amoxi-
cillin/Clavulanic acid, CZA: Ceftazidime/Avibactam, SAM: Ampicil-
lin/Sulbactam, CAZ: Ceftazidime, CRO: Ceftriaxone, FEP: Cefepime, 

FOX: Cefoxitin, ATM: Aztreonam, ETP: Ertapenem, IPM: Imipenem, 
MEM: Meropenem, AMK: Amikacin, GEN: Gentamicin, CIP: Cipro-
floxacin, LVX: Levofloxacin, SXT: Sulfamethoxazole/Trimethoprim, 
TZP: Piperacillin/Tazobactam
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differences were observed in ESBL-producers according to 
the age groups analyzed; however, ESBL frequency was high 
(from 52 to 54.4%). Comparatively, the SMART surveillance 
program reported an ESBL frequency in E. coli between 13.4 
and 19.2% in the United States, 28.4% to 45.5% in Latin 
America, and nearly 65% in Mexico from 2015 to 2019 [12], 
which is consistent with our findings.

For K. pneumoniae, the prevalence of ESBL-producers 
has been reported to range from 28% in India [13] to 84% in 
Ghana [14]; In both studies, data were derived from single 
hospitals. Our findings (~ 60%) align with those reported in 
our 2024 report [4].

Among pediatric patients (0–18 y), 65.9% of K. pneu-
moniae were ESBL producers, similar to previous findings 
from our network (68%) [15]. Similar results have been 
reported for a population from Poland, with a frequency of 
K. pneumoniae ESBL producers of 80% [16].

E. coli is the predominant pathogen in both uncompli-
cated and complicated urinary tract infections, accounting 
for over 60% of cases [17, 18] and bloodstream infections 
[19]. Although clinical data confirming the isolated patho-
gens as causative agents, especially for urine, was not 
included in our study, our findings are consistent with these 
reports, showing 71.5% of E. coli strains recovered from 
urine and 34% from blood.

In LRS, the most frequently reported species was P. 
aeruginosa, which is associated with both community and 
hospital-acquired infections, particularly in immunocom-
promised individuals such as patients with neutropenia, 
burns, cancer, organ transplant, and ICU patients [20]. 
While we lacked detailed data for the clinical condition of 
patients, we did observe higher resistance levels in P. aeru-
ginosa for ICU patients. Resistance dynamics vary across 
hospital wards due to differences in antimicrobial pressure 
and patient complexity. In the ICU, high resistance rates 
reflect selective pressure and prolonged hospital stays. In 
EME, which interfaces with the community, resistance pat-
terns may reflect broader community trends [21].

In this study, A. baumannii was frequently isolated from 
LRS (13.7%). A previous study reported a higher frequency 
of resistance to IPM in LRS isolates (> 70%) compared to 
those recovered from blood (30%), urine (50%), and soft 
tissue samples (60%) [22]. Regarding A. baumannii, the 
XDR isolates were 15.4% (in isolates recovered from all 
clinical specimens included in this study), and this percent-
age is lower than the value observed in patients hospitalized 
in the ICU, in Jordan (90%) [23], and Iran (59.5%) [24].

Regarding Gram-positive, 25.7% of S. aureus strains 
were resistant to OXA, slightly above the 21.8% of the pre-
vious report [25]. S. aureus is the most frequently reported 
antibiotic-resistant pathogen and remains a major contribu-
tor to morbidity and mortality [26].

and LVX (24.5%, p = 0.011). Also, isolates from LRS showed 
higher resistance percentages to CLI (27.5%, p = 0.040) and 
ERY (26.6%, p < 0.001). Finally, among all age groups, the 
> 60 years group exhibited the highest resistance rates of S. 
aureus to LVX (24.4%, p < 0.001), CLI (28.3%, p = 0.020) 
and ERY (28%, p = 0.022) (Fig. 4, Suppl. Table 4). There 
were no differences in antibiotic resistance when S. aureus 
isolates were analyzed by gender (Suppl. Table 8). For E. 
faecium, the highest resistance rates to CIP (80%, p < 0.001), 
LVX (73.9%, p = 0.010), and VAN (55.6%, p < 0.001) were 
detected in abscess isolates (Fig. 4, Supp Table 7).

Distribution of carbapenemase-encoding genes

Carbapenem-resistant isolates, including E. coli (n = 56), 
K. pneumoniae (n = 17), E. cloacae (n = 7), A. baumannii 
(n = 108), and P. aeruginosa (n = 108), were received by the 
coordinating center for genotyping. All received clinical 
isolates were processed, and the results are included in this 
manuscript.

Among E. coli isolates, the most frequent carbapen-
emase-encoding gene was blaOXA-48-like (26/56, 46.4%), 
followed by blaNDM (24/56, 42.9%); for K. pneumoniae 
isolates, the most frequent carbapenemase-encoding gene 
was blaNDM (7/17, 41.2%), followed by blaOXA-48-like (6/17, 
35.3%) (Table 3). Four isolates of E. cloacae carried blaNDM, 
and one isolate carried blaNDM and blaVIM.

In A. baumannii isolates, the most frequent carbapene-
mase-encoding gene was blaOXA-24 (79/108, 73.1%), fol-
lowed by blaOXA-23 (21/108, 19.4%); among P. aeruginosa 
isolates, the most frequent carbapenemase-encoding gene 
was blaIMP (18/108, 16.7%) (Table 4).

Discussion

AMR is a public health and economic concern due to its criti-
cal impact on human health, specially by the rapid global 
spread of resistant bacteria to multiple or all treatment options 
[1]. This study aimed to report the distribution of AMR among 
some WHO high-priority pathogens during the first quarter 
of 2025, alongside the detection of carbapenemase-encoding 
genes in strains submitted by members of the INVIFAR net-
work, and detected that the most frequently recovered patho-
gen in the included clinical specimens was E. coli (nearly 
55%) followed by K. pneumoniae (nearly 12%) According 
to the WHO Bacterial Priority Pathogens list, E. coli and K. 
pneumoniae are among the most frequently recovered micro-
organisms [7]. Reflecting its importance, the WHO estab-
lished a tricycle program to oversee the surveillance of E. coli 
from one health perspective, with a particular focus on ESBL-
producer strains [11]. In our study, no statistically significant 
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which target key resistance mechanisms and are valuable 
alternatives for some MDR organisms. Regarding these new 
combinations, resistance to CZA reached 26% in patients 
≥ 60 years for P. aeruginosa. Importantly, resistance rates 
above 20% need to be evaluated for empirical therapies 

The need for surveillance stems from its critical role in 
preserving antimicrobial efficacy, especially as the pipeline 
for new molecules is limited. Alternative strategies include 
combining existing agents with ß-lactamase inhibitors, such 
as CZA [27], CZT [28] or meropenem-vaborbactam [29] 

Fig. 4  Distribution of Antibiotic resistance according to site of care, 
clinical specimen and age group for S. aureus and according to clini-
cal specimen for E. faecium. OXA: Oxacillin, FOX: Cefoxitin, GEN: 
Gentamicin, CIP: Ciprofloxacin, LVX: Levofloxacin, SXT: Sulfa-

methoxazole/Trimethoprim, CLI: Clindamycin, ERY: Erythromycin, 
LNZ: Linezolid, VAN: Vancomycin, TCY: Tetracycline, PEN: Penicil-
lin, AMP: Ampicillin. EME: emergency departments, INX: non-ICU 
inpatient, ICU: intensive care units, and OUT: outpatient settings
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underlying the need for performing laboratory susceptibil-
ity tests [30, 31]; moreover, in our 2024 report, we detected 
higher resistance for CZA (23%) in the age group 18–59 
years and 23.6% in the > 60 years age group [4].

Earlier studies in Mexico showed a low frequency of 
carbapenem resistance in Enterobacterales, with MEM 
resistance nearly 3% in E. coli and 12.5% in K. pneumoniae 
[32]. However, an increase in carbapenem resistance was 
reported after pandemics, increasing to 21.4% in K. pneu-
moniae recovered from blood [33]. In our previous study, 
blood isolates of K. pneumoniae had a 5.6% resistance rate 
to IPM and an 8.4% resistance rate to ETP and MEM; fur-
thermore, E. coli had a resistance rate of 2.4% to MEM, 
3.5% to ETP, and 3.6% to IPM [4].

Among P. aeruginosa isolates, resistance was higher to 
MEM in urine isolates (34.5%, p = 0.0089), with similar 
data reported in Turkey for MEM (30.1%) and IPM (28.0%) 
in a metanalysis of 10 years [34]. These data are much 
higher than a report from Spain, where lower resistance 
rates were observed with < 10% to MEM and IPM [35]. 
These data may reflect differences in antibiotic control strat-
egies among countries.

Since 2021, the INVIFAR network has conducted sur-
veillance of carbapenemase-encoding genes in selected 
Enterobacterales species. In the initial report from 2021, 
blaNDM-1 was the most frequently detected encoding gene 
found in 60% of E. coli (9/15) and 100% of K. pneumoniae 
(4/4) isolates collected over a three-month period [36]. Fol-
lowing the COVID-19 pandemic, the reported frequencies 
increased significantly. In 2022, blaNDM-1 was identified 
in 90% (72/80) of carbapenem-resistant E. coli and 83.5% 
(86/103) of K. pneumoniae isolates collected over an eight-
month period [37]. In 2023, INVIFAR surveillance detected 
blaNDM in 84% (63/75) of meropenem-resistant E. coli and 
50% (22/44) of K. pneumoniae isolates, also collected over 
a three-month period [5]. The INVIFAR 2024 analysis 
showed blaNDM-1 in 64% (16/25) of meropenem-resistant E. 
coli isolates and was not detected in K. pneumoniae. These 
isolates were collected over a six-month period [4]. Accord-
ing to current INVIFAR surveillance data from 2025, the 
frequency of blaNDM-1 has a trend to diminish for E. coli: it 
was detected in 42.9% (24/56) of E. coli and 41.2% (7/17) 
of K. pneumoniae clinical isolates collected over a three-
month period. This downward trend may suggest changes 
in selective pressures, infection control practices, or clonal 
dynamics in healthcare settings.

The distribution of carbapenemase-encoding genes in 
Enterobacterales varies worldwide. For example, a study 

Table 3  Distribution of carbapenemase-encoding genes in Enterobac-
terales
n MEM PCR result
E. coli (n = 56)
  20 R blaNDM
  17 R blaOXA−48−like
  6 I blaOXA−48−like
  5 R All negative
  2 R blaNDM,blaOXA−48−like
  1 R blaKPC
  1 R blaNDM, blaVIM
  1 R blaVIM, blaOXA−48−like
  1 I All negative
  1 I blaNDM
  1 I blaVIM
K. pneumoniae (n = 17)
  6 R blaNDM
  4 R blaOXA−48−like
  3 R All negative
  1 R blaNDM,blaOXA−48−like
  1 R blaVIM
  1 R blaKPC,blaOXA−48−like
  1 I blaVIM
E. cloacae (n = 7)
  4 R blaNDM
  1 R All negative
  1 R blaNDM,blaVIM
  1 I All negative
R resistant, I intermediate, MEM meropenem

Table 4  Distribution of carbapenemase encoding genes in A. bauman-
nii and P. aeruginosa
n Meropenem PCR result
A. baumannii (n = 108) *
  79 R blaOXA24
  21 R blaOXA23
  7 R All negative
  1 I All negative
P. aeruginosa (n = 108)
  78 R All negative
  17 R blaIMP
  8 R blaVIM
  2 I All negative
  1 R blaIMP
  1 I All negative
  1 R blaVIM
All A. baumannii isolates were evaluated for blaOXA23 and blaOXA24, 
and blaNDM

All clinical isolates of P. aeruginosa were evaluated for blaVIM and 
blaIMP

R: resistant, I: intermediate
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results of this study underscore the need to improve public 
health interventions such as epidemiologic surveillance and 
antibiotic stewardship program implementation in hospitals 
in Mexico; moreover, this report represents a continuous 
prospective surveillance of AMR in Mexico. This study 
confirms a high burden of AMR among priority pathogens 
in Mexico and highlights the urgent need for reinforced 
public health strategies, including enhanced molecular sur-
veillance, rapid diagnostics, and antimicrobial stewardship.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​0​9​6​-​0​
2​5​-​0​5​3​3​0​-​2.

Acknowledgements  We thank all INVIFAR’s network members and 
the laboratory personnel in charge of the identification of microorgan-
isms and the performance of susceptibility tests.

Author contributions  Conceptualization: A.M.M, E.G.G, L.E.L.JData 
curation : A.M.M, E.G.G, M.R.V.L, M.G.R, B.A.M.G, C.D.M.D, 
S.P.E.A, J.M.F.G, D.R.R, M.C.V.A, S.Q.P, S.A.N.L, J.A.A.T, 
M.G.M.Z, A.K.C.P, J.P.M.R, E.V.C.C, L.K.A.B, M.G.F.C, C.A.C.M, 
E.L.G, T.P.V, A.R.S.G, J.R.Z, M.G.V, H.M.Z.T, E.R.A, M.G.B, 
J.G.E, R.G.R, J.M.B.M, C.T.M.P, G.J.B, M.B.B.S, P.A.P.J, L.D.C.H, 
I.C.M.A, H.V.L, E.B.M, J.D.C.D, C.P.I, V.H.P.P, L.S.D.M, A.V.O, 
A.C.V.D, P.F.G.M, J.A.S.M, D.E.P.M, M.A.C.D, G.S.H.V, F.A.L.M, 
M.A.E, R.E.V.O, M.D.R, I.R.P.M, Z.L.C.C, J.N.C.O, E.S.G, P.B.I, 
R.F.C.Formal Analysis: A.M.M, E.G.G.Investigation: A.M.M, E.G.G, 
L.E.L, J.Methodology: A.M.M, E.G.G, L.E.L.J.Supervision: E.G.G, 
L.E.L.J.Writing-original draft: A.M.M, E.G.G, L.E.L.J.Writing-re-
view & editing: A.M.M, E.G.G, S.Q.P, E.S.G, R.F.C, L.E.L.J.

Data availability  No datasets were generated or analysed during the 
current study.

Declarations

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

1.	 Ajulo S, Awosile B (2024) Global antimicrobial resistance and 
use surveillance system (GLASS 2022): investigating the rela-
tionship between antimicrobial resistance and antimicrobial 
consumption data across the participating countries. PLoS One 
5(19):e0297921. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​2​9​7​9​2​1

from ICUs in Italy reported that 77 carbapenem-resistant 
isolates (81.9%) carried blaKPC [38, 39] while in India, bla-
OXA-48-like was detected in 37 E. coli isolates (20.7%) [39]. 
This gene is endemic in parts of Europe, North Africa, and 
the Middle East, and is often underdetected in non-endemic 
areas due to diagnostic challenges [39–41].

In P. aeruginosa isolates, the most frequent gene was 
blaIMP (18/108, 16.7%). In contrast, a study in Italy found 
blaVIM-2 (5/52 9.6%) as the predominant gene in Italy [38]. 
The global spread of carbapenemase-encoding genes cor-
relates with regional antimicrobial use patterns, and clone 
expansion is linked with the current endemic carbapenemase 
encoding gene and the carbapenem usage in hospitals; blaKPC 
in the United States, blaNDM in India, and particularly blaIMP-6 
in South Korea [42], which supports that the AMR frequen-
cies are not generalizable to the national and regional levels.

Gender differences can influence diagnosis and treatment 
practices. Women are 27% more likely than men to receive 
antibiotics [43]; on the other hand, in male-dominated profes-
sions, such as animal husbandry, industrial agriculture, and 
slaughterhouses, there is an increased exposure to antibiotics 
and drug-resistant pathogens [43]. The demanding nature of 
their jobs often delays medical care, leading to delayed diag-
noses. Males are 1.5 times more likely to develop infections 
and have higher mortality rates from antimicrobial-resistant 
bacteria [43–45]. Our data confirmed higher resistance rates 
in E. coli and K. pneumoniae isolates from males, except 
CZA, FOX, ATM, and IPM in K. pneumoniae.

Certainly, our study has some limitations; First, meth-
odological heterogeneity across centers in bacterial iden-
tification and susceptibility testing; Second, the possible 
underrepresentation of some regions or healthcare levels; 
third, despite WHONET data curation and centralized 
validation, local laboratory differences could have affected 
resistance categorization; Fourth, incomplete susceptibil-
ity data and variation in the antibiotic panels used across 
centers limited comparability and fifth that molecular 
analyses were restricted to carbapenem-resistant isolates, 
and genomic context (e.g., plasmid typing, whole-genome 
sequencing) were not explored for this work.

Conclusions

This surveillance study underscores the high and heteroge-
neous burden of AMR in Mexico, with elevated levels of 
multidrug resistance, ESBL-producers, and carbapenemase 
activity among priority pathogens, including some Entero-
bacterales, P. aeruginosa, and A. baumannii. Age group, 
clinical setting, specimen type, and pathogen-specific pat-
terns significantly influenced resistance rates, highlighting 
the complexity of AMR dynamics across the country The 

1 3

1053

https://doi.org/10.1007/s10096-025-05330-2
https://doi.org/10.1007/s10096-025-05330-2
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1371/journal.pone.0297921


European Journal of Clinical Microbiology & Infectious Diseases (2026) 45:1041–1057

patients in Mexico. J Pediatr Infect Dis 14:18:273–282. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​5​5​​/​s​-​​0​0​4​3​-​1​7​7​1​5​2​8

16.	 Mrowiec P, Klesiewicz K, Małek M, Skiba-Kurek I, Sowa-Sier-
ant I, Skałkowska M et al (2019) Antimicrobial susceptibility 
and prevalence of extended-spectrum beta-lactamases in clinical 
strains of Klebsiella pneumoniae isolated from pediatric and adult 
patients of two Polish hospitals. New Microbiol 42:197–204

17.	 Zhou Y, Zhou Z, Zheng L, Gong Z, Li Y, Jin Y et al (2023) Uri-
nary tract infections caused by uropathogenic Escherichia coli: 
mechanisms of infection and treatment options. Int J Mol Sci 
23:10537. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​i​j​​m​s​2​4​1​3​1​0​5​3​7

18.	 Mancuso G, Midiri A, Gerace E, Marra M, Zummo S, Biondo C 
(2023) Urinary tract infections: the current scenario and future 
prospects. Pathogens 12:623. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​p​a​​t​h​o​g​e​n​s​1​
2​0​4​0​6​2​3

19.	 Alonso-Menchén D, Sánchez-Carrillo C, Alcalá L, Soriano-Mar-
tín A, Cercenado E, Burillo A et al (2024) Bloodstream infec-
tions: trends and evolution of incidence and etiology in a 12-year 
period (2010–2021). Infect Dis 2:441–450. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​
0​​/​2​3​​7​4​4​​2​3​5​​.​2​0​2​​4​.​​2​3​2​0​3​3​3

20.	 Letizia M, Diggle SP, Whiteley M (2025) Pseudomonas aerugi-
nosa: ecology, evolution, pathogenesis and antimicrobial suscep-
tibility. Nat Rev Microbiol. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​7​9​-​0​2​5​-​0​
1​1​9​3​-​8

21.	 May L, Cosgrove S, L’Archeveque M, Talan DA, Payne P, Jordan 
J et al (2013) A call to action for antimicrobial stewardship in the 
emergency department: approaches and strategies. Ann Emerg 
Med 62(2):69–77e. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​n​n​​e​m​e​​r​g​m​e​​d​.​​2​0​1​2​
.​0​9​.​0​0​2

22.	 Kuo S-C, Chang S-C, Wang H-Y, Lai J-F, Chen P-C, Shiau Y-R et 
al (2012) Emergence of extensively drug-resistant Acinetobacter 
baumannii complex over 10 years: nationwide data from the Tai-
wan surveillance of antimicrobial resistance (TSAR) program. 
BMC Infect Dis 28:200. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​1​4​​7​1​-​2​3​3​4​-​1​2​-​2​
0​0

23.	 Ababneh Q, Aldaken N, Jaradat Z, Al-Rousan E, Inaya Z, Alsaleh 
D et al (2025) Predominance of extensively-drug resistant Aci-
netobacter baumannii carrying bla OXA-23 in Jordanian patients 
admitted to the intensive care units. PLoS One 20(2):e0317798. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​3​1​7​7​9​8

24.	 Mirzaei B, Bazgir ZN, Goli HR, Iranpour F, Mohammadi F, 
Babaei R (2020) Prevalence of multi-drug resistant (MDR) and 
extensively drug-resistant (XDR) phenotypes of Pseudomonas 
aeruginosa and Acinetobacter baumannii isolated in clinical 
samples from Northeast of Iran. BMC Res Notes 380. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​3​1​0​4​-​0​2​0​-​0​5​2​2​4​-​w

25.	 Suleiman AS, Bhattacharya P, Islam MA (2025) Global preva-
lence and dynamics of MecA and MecC genes in MRSA: 
meta-meta-analysis, meta-regression, and temporal investigation. 
J Infect Public Health 18:102802. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​i​p​h​.​2​
0​2​5​.​1​0​2​8​0​2

26.	 Murray CJL, Ikuta KS, Sharara F, Swetschinski L, Robles Aguilar 
G, Gray A et al (2022) Global burden of bacterial antimicrobial 
resistance in 2019: a systematic analysis. Lancet 399:629–655. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​1​4​0​-​6​7​3​6​(​2​1​)​0​2​7​2​4​-​0

27.	 Zhanel GG, Lawson CD, Adam H, Schweizer F, Zelenitsky S, 
Lagacé-Wiens PRS et al (2013) Ceftazidime-avibactam: a novel 
cephalosporin/β-lactamase inhibitor combination. Drugs 1:159–
177. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​0​2​6​5​-​0​1​3​-​0​0​1​3​-​7

28.	 Bounthavong M, Hsu D, Hong M-C (2013) Ceftolozane/tazobac-
tam: a novel antipseudomonal cephalosporin and β-lactamase-
inhibitor combination. Infect Drug Resist 215:102147IDRS36140

29.	 Hecker SJ, Reddy KR, Totrov M, Hirst GC, Lomovskaya O, 
Griffith DC et al (2015) Discovery of a cyclic boronic acid 
β-lactamase inhibitor (RPX7009) with utility vs class A serine 

2.	 Laxminarayan R, Matsoso P, Pant S, Brower C, Røttingen J-A, 
Klugman K et al (2016) Access to effective antimicrobials: a 
worldwide challenge. Lancet 387:168–175. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​
1​6​​/​S​0​​1​4​0​-​6​7​3​6​(​1​5​)​0​0​4​7​4​-​2

3.	 Blackmon S, Avendano EE, Nirmala N, Chan CW, Morin RA, 
Balaji S et al (2025) Socioeconomic status and the risk for colo-
nisation or infection with priority bacterial pathogens: a global 
evidence map. Lancet Microbe 6:100993. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​
/​j​.​​l​a​n​m​i​c​.​2​0​2​4​.​1​0​0​9​9​3

4.	 Colín-Castro CA, López-Jácome LE, Rodríguez-García MJ, 
Garibaldi-Rojas M, Rojas-Larios F, del Vázquez-Larios MR 
(2025) The ongoing antibiotic resistance and carbapenemase 
encoding genotypes surveillance. The first quarter report of the 
INVIFAR network for 2024. PLoS One 16(20):e0319441. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​3​1​9​4​4​1

5.	 Rojas-Larios F, Martínez-Guerra BA, López-Jácome LE, Bolado-
Martínez E, Vázquez-Larios Mdel, del R, Velázquez-Acosta M 
(2023) Active Surveillance of Antimicrobial Resistance and Car-
bapenemase-Encoding Genes According to Sites of Care and Age 
Groups in Mexico: Results from the INVIFAR Network. Patho-
gens 7(12):1144. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​p​a​​t​h​o​g​e​n​s​1​2​0​9​1​1​4​4

6.	 Echaniz-Avilés G, Núñez-García LÁ, Rodríguez-Noriega E, 
Velázquez-Acosta C, López-Jácome LE, López-Gutiérrez E et al 
(2025) Genomic characteristics and molecular epidemiology of 
MRSA from medical centers in mexico: results from the invifar 
network. PLoS One 20:e0317284. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​
.​p​o​n​e​.​0​3​1​7​2​8​4

7.	 Sati H, Carrara E, Savoldi A, Hansen P, Garlasco J, Campagnaro 
E et al (2025) The WHO bacterial priority pathogens list 2024: a 
prioritisation study to guide research, development, and public 
health strategies against antimicrobial resistance. Lancet Infect 
Dis. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​1​​4​7​3​-​3​0​9​9​(​2​5​)​0​0​1​1​8​-​5

8.	 Clinical and Laboratory Standards Institute (CLSI) (2025) 25 
M100. Performance Standards for Antimicrobial Susceptibility 
Testing. 35th Ed. M100. Performance Standards for Antimicro-
bial Susceptibility Testing. 35th Ed

9.	 Magiorakos A-P, Srinivasan A, Carey RB, Carmeli Y, Falagas 
ME, Giske CG et al (2012) Multidrug-resistant, extensively drug-
resistant and pandrug-resistant bacteria: an international expert 
proposal for interim standard definitions for acquired resistance. 
Clin Microbiol Infect 18:268–281. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​4​6​​
9​-​0​​6​9​1​.​​2​0​​1​1​.​0​3​5​7​0​.​x

10.	 Clinical and Laboratory Standards Institute (2022) M39. Analysis 
and presentation of cumulative antimicrobial susceptibility test 
data. 5th ed, p 24

11.	 Ruppé E (2023) Lessons from a global antimicrobial resistance 
surveillance network. Bull World Health Organ 101(10):672–
678. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​4​7​1​​/​B​L​​T​.​2​2​.​2​8​9​5​2​0

12.	 Karlowsky JA, Lob SH, DeRyke CA, Siddiqui F, Young K, Motyl 
MR et al (2022) Prevalence of ESBL non-CRE Escherichia coli 
and Klebsiella pneumoniae among clinical isolates collected by 
the SMART global surveillance programme from 2015 to 2019. 
Int J Antimicrob Agents 59:106535. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​i​j​a​​n​
t​i​​m​i​c​a​​g​.​​2​0​2​2​.​1​0​6​5​3​5

13.	 Sarojamma V, Ramakrishna V (2011) Prevalence of ESBL-Pro-
ducing Klebsiella pneumoniae isolates in tertiary care hospital. 
ISRN Microbiol 1(2011):1–5. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​5​​4​0​2​​/​2​0​​1​1​/​3​1​8​3​
4​8

14.	 Tetteh FKM, Ablordey A, Obeng-Nkrumah N, Opintan JA (2024) 
Extended-spectrum beta-lactamases in clinical isolates of Esch-
erichia coli and Klebsiella pneumoniae recovered from patients 
at the Tamale teaching Hospital, Ghana. PLoS ONE 5:e0300596. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​3​0​0​5​9​6

15.	 Cruz-López F, Rincón-Zuno J, Morfin-Otero R, Rodríguez-
Noriega E, Corte-Rojas RE, Feliciano-Guzmán JM et al (2023) 
Drug resistance analysis of pathogens isolated from pediatric 

1 3

1054

https://doi.org/10.1055/s-0043-1771528
https://doi.org/10.1055/s-0043-1771528
https://doi.org/10.3390/ijms241310537
https://doi.org/10.3390/pathogens12040623
https://doi.org/10.3390/pathogens12040623
https://doi.org/10.1080/23744235.2024.2320333
https://doi.org/10.1080/23744235.2024.2320333
https://doi.org/10.1038/s41579-025-01193-8
https://doi.org/10.1038/s41579-025-01193-8
https://doi.org/10.1016/j.annemergmed.2012.09.002
https://doi.org/10.1016/j.annemergmed.2012.09.002
https://doi.org/10.1186/1471-2334-12-200
https://doi.org/10.1186/1471-2334-12-200
https://doi.org/10.1371/journal.pone.0317798
https://doi.org/10.1371/journal.pone.0317798
https://doi.org/10.1186/s13104-020-05224-w
https://doi.org/10.1186/s13104-020-05224-w
https://doi.org/10.1016/j.jiph.2025.102802
https://doi.org/10.1016/j.jiph.2025.102802
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1007/s40265-013-0013-7
https://doi.org/10.1016/S0140-6736(15)00474-2
https://doi.org/10.1016/S0140-6736(15)00474-2
https://doi.org/10.1016/j.lanmic.2024.100993
https://doi.org/10.1016/j.lanmic.2024.100993
https://doi.org/10.1371/journal.pone.0319441
https://doi.org/10.1371/journal.pone.0319441
https://doi.org/10.3390/pathogens12091144
https://doi.org/10.1371/journal.pone.0317284
https://doi.org/10.1371/journal.pone.0317284
https://doi.org/10.1016/S1473-3099(25)00118-5
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.2471/BLT.22.289520
https://doi.org/10.1016/j.ijantimicag.2022.106535
https://doi.org/10.1016/j.ijantimicag.2022.106535
https://doi.org/10.5402/2011/318348
https://doi.org/10.5402/2011/318348
https://doi.org/10.1371/journal.pone.0300596
https://doi.org/10.1371/journal.pone.0300596


European Journal of Clinical Microbiology & Infectious Diseases (2026) 45:1041–1057

Gram-negative bacteria during the COVID-19 pandemic in 
Mexico: results from the invifar network. Microb Drug Resist 
29:239–248. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​9​​/​m​d​​r​.​2​0​2​2​.​0​2​2​6

38.	 De Pascale G, Cortegiani A, Rinaldi M, Antonelli M, Cattaneo S, 
Cecconi M et al (2025) Incidence of hospital-acquired infections 
due to carbapenem-resistant enterobacterales and Pseudomonas 
aeruginosa in critically ill patients in italy: a multicentre prospec-
tive cohort study. Crit Care 17:29:32. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​3​
0​5​4​-​0​2​5​-​0​5​2​6​6​-​1

39.	 Das BJ, Singha KM, Wangkheimayum J, Bhowmik D, Chanda 
DD, Bhattacharjee A (2022) Occurrence of blaOXA-48 type car-
bapenemase in Escherichia coli with coexisting resistance deter-
minants: a report from India. Gene Rep 26:101459. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​0​1​6​​/​j​.​​g​e​n​r​e​p​.​2​0​2​1​.​1​0​1​4​5​9

40.	 Peirano G, Pitout JDD (2025) Rapidly spreading Enterobactera-
les with OXA-48-like carbapenemases. J Clin Microbiol. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​2​8​​/​j​c​​m​.​0​1​5​1​5​-​2​4

41.	 Nordmann P, Carbapenemase-producing (2014) Enterobacte-
riaceae: overview of a major public health challenge. Med Mal 
Infect 44:51–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​m​e​d​m​a​l​.​2​0​1​3​.​1​1​.​0​0​7

42.	 Yoon E-J, Jeong SH (2021) 18;12 Mobile Carbapenemase Genes 
in Pseudomonas aeruginosa. Front Microbiol 18:12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​3​​3​8​9​​/​f​m​​i​c​b​.​2​0​2​1​.​6​1​4​0​5​8

43.	 World Health Organization WHO releases guidance on gender 
inequalities and antimicrobial resistance [Internet]. 2024 16 [cited 
2025 24];​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​/​​n​e​w​​s​/​i​​t​e​m​​/​1​6​​-​0​9​-​​2​0​​2​4​-​​w​h​o​-​​r​e​l​​e​a​s​​
e​s​-​​g​u​i​​d​a​n​c​​e​-​​o​n​-​​g​e​n​d​​e​r​-​​i​n​e​​q​u​a​​l​i​t​​i​e​s​-​​a​n​​d​-​a​n​t​i​m​i​c​r​o​b​i​a​l​-​r​e​s​i​s​t​a​n​c​e

44.	 Zhang C, Fu X, Liu Y, Zhao H, Wang G (2024) Burden of infec-
tious diseases and bacterial antimicrobial resistance in China: a 
systematic analysis for the global burden of disease study 2019. 
Lancet Reg Health 43:100972. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​l​a​n​w​p​c​.​2​
0​2​3​.​1​0​0​9​7​2

45.	 vom Steeg LG, Klein SL (2016) SeXX matters in infectious dis-
ease pathogenesis. PLoS Pathog 12:e1005374. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​
1​3​​​7​1​/​​j​o​u​r​​n​a​l​.​p​​p​a​t​.​1​0​0​5​3​7​4

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

carbapenemases. J Med Chem 58:3682–3692. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​2​1​​/​a​c​​s​.​j​m​e​d​c​h​e​m​.​5​b​0​0​1​2​7

30.	 Llor C, Hoyos Mallecot Y, Moragas A, Troncoso-Mariño A, Bjer-
rum L, Villmones HC (2023) New paradigms on antibiotic rec-
ommendations for community-acquired infections in Spain. Aten 
Primaria 55:102648. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​p​r​i​m​.​2​0​2​3​.​1​0​2​6​4​
8

31.	 Guay DRP (2008) Contemporary management of uncomplicated 
urinary tract infections. Drugs 68:1169–1205. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​
1​6​5​​/​0​0​​0​0​3​​4​9​5​​-​2​0​0​​8​6​​8​0​9​0​-​0​0​0​0​2

32.	 Garza-González E, Morfín-Otero R, Mendoza-Olazarán S, 
Bocanegra-Ibarias P, Flores-Treviño S, Rodríguez-Noriega E et al 
(2019) A snapshot of antimicrobial resistance in Mexico. Results 
from 47 centers from 20 states during a six-month period. PLoS 
One 14:e0209865. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​2​0​9​8​6​5

33.	 López-Jácome LE, Fernández-Rodríguez D, Franco-Cendejas R, 
Camacho-Ortiz A, Morfin-Otero MDR, Rodríguez-Noriega E et 
al (2022) Increment antimicrobial resistance during the COVID-
19 pandemic: results from the invifar network. Microb Drug 
Resist 28:338–345. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​9​​/​m​d​​r​.​2​0​2​1​.​0​2​3​1

34.	 Acar A, Karaahmetoğlu G, Akalın H, Altay AF (2019) Pooled 
prevalence and trends of antimicrobial resistance in Pseudomo-
nas aeruginosa clinical isolates over the past 10 years in Turkey: 
a meta-analysis. J Glob Antimicrob Resist 18:64–70. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​g​a​r​.​2​0​1​9​.​0​1​.​0​3​2

35.	 Requena-Cabello H, Rodríguez‐Guerrero E, Expósito‐Ruiz M, 
Navarro‐Marí JM, Gutierrez‐Fernandez J (2024) Antibiotic resis-
tances of Pseudomonas aeruginosa and Acinetobacter bauman-
nii in urine cultures: experience in a hospital of Southeast Spain. 
APMIS 132:100–111. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​a​p​​m​.​1​3​3​6​0

36.	 Garza-González E, Bocanegra-Ibarias P, Bobadilla-del-Valle M, 
Ponce-de-León-Garduño LA, Esteban-Kenel V, Silva-Sánchez J 
et al (2021) Drug resistance phenotypes and genotypes in Mexico 
in representative gram-negative species: results from the INVI-
FAR network. PLoS One 17(16):e0248614. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​
7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​2​4​8​6​1​4

37.	 Garza-Ramos U, Silva-Sánchez J, López-Jácome LE, Hernán-
dez-Durán M, Colín-Castro CA, Sánchez-Pérez A et al (2023) 
Carbapenemase-encoding genes and colistin resistance in 

1 3

1055

https://doi.org/10.1089/mdr.2022.0226
https://doi.org/10.1186/s13054-025-05266-1
https://doi.org/10.1186/s13054-025-05266-1
https://doi.org/10.1016/j.genrep.2021.101459
https://doi.org/10.1016/j.genrep.2021.101459
https://doi.org/10.1128/jcm.01515-24
https://doi.org/10.1128/jcm.01515-24
https://doi.org/10.1016/j.medmal.2013.11.007
https://doi.org/10.3389/fmicb.2021.614058
https://doi.org/10.3389/fmicb.2021.614058
https://www.who.int/news/item/16-09-2024-who-releases-guidance-on-gender-inequalities-and-antimicrobial-resistance
https://www.who.int/news/item/16-09-2024-who-releases-guidance-on-gender-inequalities-and-antimicrobial-resistance
https://doi.org/10.1016/j.lanwpc.2023.100972
https://doi.org/10.1016/j.lanwpc.2023.100972
https://doi.org/10.1371/journal.ppat.1005374
https://doi.org/10.1371/journal.ppat.1005374
https://doi.org/10.1021/acs.jmedchem.5b00127
https://doi.org/10.1021/acs.jmedchem.5b00127
https://doi.org/10.1016/j.aprim.2023.102648
https://doi.org/10.1016/j.aprim.2023.102648
https://doi.org/10.2165/00003495-200868090-00002
https://doi.org/10.2165/00003495-200868090-00002
https://doi.org/10.1371/journal.pone.0209865
https://doi.org/10.1089/mdr.2021.0231
https://doi.org/10.1016/j.jgar.2019.01.032
https://doi.org/10.1016/j.jgar.2019.01.032
https://doi.org/10.1111/apm.13360
https://doi.org/10.1371/journal.pone.0248614
https://doi.org/10.1371/journal.pone.0248614


European Journal of Clinical Microbiology & Infectious Diseases (2026) 45:1041–1057

	
 Luis Esaú López-Jácome
esaulopezjacome@quimica.unam.mx

1	 Facultad de Ciencias Químicas, Universidad Autónoma de 
Nuevo León, Monterrey, Nuevo León 66455, Mexico

2	 Departamento de Bioquímica y Medicina Molecular, 
Facultad de Medicina, Universidad Autónoma de Nuevo 
León, Monterrey, Nuevo León 66460, Mexico

3	 Instituto Nacional de Cardiología “Ignacio Chávez”, Ciudad 
de México 14080, Mexico

4	 Instituto Nacional de Ciencias Médicas y Nutrición 
“Salvador Zubirán”, Ciudad de México 14080, Mexico

5	 Instituto Nacional de Enfermedades Respiratorias “Ismael 
Cosío Villegas”, Ciudad de México 14080, Mexico

6	 Hospital General y Hospital del niño y la mujer (IMSS 
Bienestar), Ciudad Obregón, 85000 Sonora, Mexico

7	 Especialidades Pediátricas IMSS-Bienestar, Tuxtla Gutiérrez, 
Chiapas 29070, Mexico

8	 Diagnóstico Médico Integral “Pasteur”, Toluca, Estado de 
México 50020, Mexico

9	 Instituto Nacional de Cancerología, Ciudad de México 
14480, Mexico

10	 Facultad de Ciencias Naturales, Universidad Autónoma de 
Guerrero, Chilpancingo, Guerrero 39070, Mexico

11	 Laboratorio de Microbiología, Hospital Civil “Fray Antonio 
Alcalde”, Guadalajara, Jalisco 44280, Mexico

12	 Hospital del Niño Morelense, Emiliano Zapata, Morelos 
62765, Mexico

13	 Laboratorio de Microbiología Clínica, Instituto Nacional 
de Rehabilitación Luis Guillermo Ibarra Ibarra, Ciudad de 
México 14389, Mexico

14	 Hospital “Dr, Manuel GEA González”, Ciudad de México 
14080, Mexico

15	 Hospital General de Zona No. 21, 47630 Tepatitlán de 
Morelos, Jalisco, Mexico

16	 Hospital General de Zona No, IMSS Nueva Frontera, 
Tapachula, Chiapas 30767, Mexico

17	 Hospital Infantil de Morelia, Morelia, Michoacán 58253, 
Mexico

18	 Hospital General de Zona No. 35, Juárez, Chihuahua 32809, 
Mexico

19	 Hospital General “Dr, Agustín O´horan”, Mérida, Yucatán 
97300, Mexico

20	 Hospital Regional de Alta Especialidad de Oaxaca, San 
Bartolo Coyotepec, Oaxaca 71294, Mexico

21	 Hospital Regional de Alta Especialidad “Bicentenario de la 
Independencia”, Tultitlán, Estado de México 54916, Mexico

22	 Hospital Ángeles Morelia, Morelia, Michoacán 58350, 
Mexico

23	 Hospital para el Niño de Toluca IMIEM, Toluca, Estado de 
México 50170, Mexico

24	 Hospital Regional de Alta Especialidad del Bajío, 37660 
León, Guanajuato, Mexico

25	 Hospital General “Lázaro Cárdenas”, 31203 Chihuahua, 
Chihuahua, Mexico

26	 Departamento de, Microbiología del Hospital la Luz, 
Morelia, Michoacán 58260, Mexico

27	 Hospital de la Niñez Poblana, San Andrés Cholula, Puebla 
72190, Mexico

28	 Hospital Chiapas Nos Une. “Dr. Jesus Gilberto Gomez 
Maza”, Tuxtla Gutiérrez, Chiapas 29045, Mexico

Authors and Affiliations

Adrián Martínez-Meléndez1 · Elvira Garza-González2 · María del Rosario Vázquez-Larios3 · Melissa Garibaldi-Rojas2 · 
Bernardo Alfonso Martinez-Guerra4 · Christian Daniel Mireles-Davalos5 · Samuel Pavel Escalante-Armenta6 · José 
Manuel Feliciano-Guzmán7 · Daniel Romero-Romero8 · Maria del Consuelo Velazquez-Acosta9 · Sandra Quintana-
Ponce10 · Shaúl Ariel Navarro-Lara11 · Jesús Alfonso Aguirre-Torres12 ·  
María Guadalupe Martínez-Zavaleta13 · Ana Karina Castillo-Perez14 · Juan Pablo Mena-Ramírez15 ·  
Elena Victoria Choy-Chang16 · Laura Karina Avilés-Benítez17 · María Guadalupe Fong-Camargo18 ·  
Carlos Antonio Couoh-May19 · Eduardo López-Gutiérrez20 · Talia Pérez-Vicelis21 · Aldo Rafael Silva-Gamiño22 · 
Joaquín Rincón-Zuno23 · Mariana Gil-Veloz24 · Héctor Miguel Zubiate-Tejeda25 · Eloisa Ramirez-Alanis26 · 
Maricruz Gutierrez-Brito27 · Josue Gomez-Espinosa28 · Ricardo García-Romo29 · Juan Manuel Barajas-Magallón30 · 
Cecilia Teresita Morales-de-la-Peña31 · Guillermo Jacobo-Baca32 · María Bertha Ballesteros-Silva33 ·  
Paola Alejandra Preciado-Jiménez34 · Luis David Chora-Hernández35 · Isabel Cristina Márquez-Avalos36 · 
Hiram Villanueva-Lozano37 · Enrique Bolado-Martínez38 · Juan de Dios Castañeda-Duarte39 · Cecilia Padilla-Ibarra40 · 
Victor Hugo Peralta-Peñuñuri41 · Lizbeth Soraya Duarte-Miranda42 · Anabel Valenzuela-Oroz43 ·  
Angela Cecilia Valtierra-Diosdado44 · Paulina Fabiola González-Melgoza45 · Jorge Arturo Salazar-Mares46 ·  
Diana Eugenia Perales-Martínez47 · Marliz Andrea Vazquez-Diaz48 · Guadalupe Soledad Huirache-Villalobos49 · 
Filiberto Alejandro Martínez-Lazo50 · Margarita Alcaraz-Espejel51 · Rodrigo E. Vázquez-Olvera52 ·  
Martha Dorado-del-Rio53 · Iván Ramón Pérez-Méndez54 · Zaira Lucero Clemente-Callejas55 ·  
Juana Narmy Cardona-Olguin56 · Elisa Sánchez-García57 · Paola Bocanegra-Ibarias58 · Rafael Franco-Cendejas59 ·  
Luis Esaú López-Jácome13,60

1 3

1056



European Journal of Clinical Microbiology & Infectious Diseases (2026) 45:1041–1057

29	 Centenario Hospital Miguel Hidalgo, Aguascalientes, 
Aguascalientes 20259, Mexico

30	 Laboratorio DIPROMI, Morelia, Michoacán 58260, Mexico
31	 Hospital General “Juan María de Salvatierra”, La Paz, Baja 

California Sur 23080, Mexico
32	 Centro Universitario de Salud, Universidad Autónoma de 

Nuevo León, Monterrey, Nuevo León 67110, Mexico
33	 Centro de diagnóstico microbiológico SA de CV, Morelia, 

Michoacán 58000, Mexico
34	 Laboratorios del Centro, Zamora, Michoacán 59600, Mexico
35	 Hospital General “Dr. Miguel Silva”, Morelia, Michoacán 

58253, Mexico
36	 Hospital del niño “Dr, Federico Gómez Santos”, Saltillo, 

Coahuila 25022, Mexico
37	 Hospital Regional “Alta Especialidad” ISSSTE, Monterrey, 

Nuevo León 64380, Mexico
38	 Universidad de Sonora, Hermosillo, Sonora 83000, Mexico
39	 Centro Médico “Dr, Ignacio Chávez”, Hermosillo, Sonora 

83000, Mexico
40	 Hospital General de Estado de Sonora, Hermosillo, Sonora 

83000, Mexico
41	 HG “Dr. Fernando Ocaranza”, Hermosillo, Sonora 83150, 

Mexico
42	 Centro Integral de Atención a la Salud Unidad Sur 

ISSSTESON, Hermosillo, Sonora 83200, Mexico
43	 Hospital “Adolfo López Mateos”-ISSSTESON, 85000 

Ciudad Obregón, Sonora, Mexico
44	 Hospital General León, 37670 León, Guanajuato, Mexico
45	 Laboratorio Futura Medica, Morelia, Michoacán 58280, 

Mexico

46	 Hospital General Silao, Silao, Guanajuato 36133, Mexico
47	 Hospital General ISSSTE San Luis Potosí, San Luis Potosí, 

San Luis Potosí 78339, Mexico
48	 HGZ #46 IMSS Tabasco, Villahermosa, Tabasco 86160, 

Mexico
49	 Laboratorio Clínico y Bacteriológico LB, La Barca, Jalisco 

47913, Mexico
50	 Bio Diagnostics Laboratorio Clínico SC, 90300 Apizaco, 

Tlaxcala, Mexico
51	 Laboratorio SEMLAB, Morelia, Michoacán 58260, Mexico
52	 Hospital Regional “General Ignacio Zaragoza” ISSSTE, 

Ciudad de México 09220, Mexico
53	 Laboratorio Dorado, Mexicali, Baja California 21100, 

Mexico
54	 Hospital Español Veracruz, Veracruz, Veracruz 91700, 

Mexico
55	 Hospital General de Querétaro, Querétaro, Querétaro 76180, 

Mexico
56	 Hospital General Regional No.6 “Dr. Ignacio García Téllez”, 

Ciudad Madero, Tamaulipas 89400, Mexico
57	 Lapi Laboratorio Médico, Ciudad de México 01470, Mexico
58	 Hospital Universitario Dr, José Eleuterio González, 

Universidad Autónoma de Nuevo León, Nuevo León, 64460 
Monterrey, Mexico

59	 Subdirección de Investigación Biomédica, Instituto Nacional 
de Rehabilitación Luis Guillermo Ibarra Ibarra, Ciudad de 
México 14389, Mexico

60	 Departamento de Biología, Facultad de Química, 
Universidad Nacional Autónoma de México, Ciudad de 
México 04510, Mexico

1 3

1057


	﻿The threat of multidrug-resistant microorganisms: active surveillance of key antimicrobial resistant pathogens in 2025 - a report from the INVIFAR network
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Participating centers and data collection
	﻿Genotyping of isolates
	﻿Data analysis
	﻿Ethical approval

	﻿Results
	﻿Participating centers and microbiological data
	﻿Drug resistance in Gram-negative bacteria by age group
	﻿Drug resistance in Gram-negative bacteria according to the facility
	﻿Drug resistance in Gram-negative bacteria by specimen
	﻿Drug resistance in Gram-negative bacteria by gender
	﻿Drug resistance in Gram-positive bacteria
	﻿Distribution of carbapenemase-encoding genes

	﻿Discussion
	﻿Conclusions
	﻿References


