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with antibiotic resistance in clinically-related Klebsiella pneumoniae isolates
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Madre Niño San Bartolomé, Lima, Peru; dEscuela de Posgrado, Universidad Privada San Juan Bautista, Lima, Peru; eMédico asistente de 
UCI. Hospital Nacional Dos de Mayo, Lima, Peru; fEscuela de Medicina Humana. Facultad de Ciencias de la Salud, Universidad Peruana 
Unión, Lima, Peru; gInstituto Materno Perinatal de Lima, Lima, Peru

ABSTRACT
Disinfectants play an essential role in controlling the dissemination of bacteria in health care 
settings, but it may also contribute to the selection of antibiotic resistance bacteria. This 
study looked at Klebsiella pneumoniae isolates collected from three hospitals in Lima, Peru, in 
order to evaluate: their susceptibility to chlorhexidine [CHG] and isopropanol [ISP]), and their 
association with antimicrobial susceptibility. We analyzed 59 K. pneumoniae isolates and 
assessed their CHG and ISP susceptibility by minimum inhibitory concentrations (MICs). 
Additionally, we performed a regression analysis to assess the association between disin
fectant tolerance and antibiotic resistance (measured by the disc diffusion method), colistin 
resistance (by microdilution), carbapenemases presence (by polymerase chain reaction 
[PCR]), and clonal relationships (by pulsed-field gel electrophoresis [PFGE]). Eleven 
K. pneumoniae strains were isolated from fomites, and 48 strains from clinical samples. The 
MIC range of these isolates was 8–128 µg/ml for CHG and 16–256 mg/ml for ISP. We found 
that resistance to trimethoprim/sulfamethoxazole (TMP/SMX) was the main factor associated 
with CHG log2 MIC (ß = 0.65; 95%CI: 0.03, 1.27; R2 = 0.07). In the case of ISP, the log2(MIC) was 
associated with the institution of origin, showing lower ISP log2(MIC) in fomites compared to 
clinical samples(ß = −0.77; 95%CI: −1.54, −0.01; R2 = 0.08). Resistance to CHG and ISP among 
K. pneumoniae isolates found in Peruvian hospitals seems to be elevated and highly variable. 
Further studies are needed to confirm our results and implement actionable interventions if 
necessary.
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Introduction

Biocides are routinely used in healthcare settings and 
play an essential role in infection control [1], one that 
has been highlighted during the fight against SARS- 
CoV-2. Two of the most frequently used types of bio
cides in hospitals are chlorhexidine digluconate (CHG) 
and isopropyl alcohol (ISP). Chlorhexidine is 
a bisbiguanide antiseptic used against a wide range 
of microorganisms. It functions by forming a bridge 
between phospholipids with subsequent displace
ment of cations (Mg2+ and Ca2+) [2], resulting in 
membrane disruption via a reduction in the capacity 
of the bacterial membrane to osmoregulate and 
changes in enzymes associated with metabolic mem
brane capability [2]. Chlorhexidine is often used for 
procedures such as handwashing, preoperative pre
paration, and surface disinfection because of its bac
teriostatic and bactericidal properties [3,4], as well as 
its ability to rapidly denature the proteins of microor
ganisms [5].

In recent decades, infections associated with multi
drug-resistant (MDR) pathogens have increased, being 

Klebsiella pneumoniae one of the most resistant spe
cies. This is of concern because K. pneumoniae has also 
been associated with high mortality rates and an 
increased use of last-resort antibiotics, such as carba
penems, colistin, and their combinations [6]. These 
MDR pathogens are responsible for increasing mortal
ity rates secondary to hospital-acquired infections, 
readmissions, and emergency department visits after 
discharge [7].

There is an ongoing debate about whether there 
is an association between an increased tolerance of 
this bacteria to disinfectants and its resistance to 
antibiotics. There is evidence suggesting that 
hygiene promotion, which includes biocides use, 
helps prevent bacteria transmission across health 
care settings, although further research is needed 
to determine the consequence of biocides uses on 
the appearance or selection of antibiotic resistance 
bacteria [8,9]. This study aimed to test the levels of 
tolerance of K. pneumoniae strains to CHG and ISP 
and determine their association with antimicrobial 
resistance in Peruvian health care settings before 
COVID-19.
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Materials and methods

Bacterial strains

The Klebsiella spp. strains evaluated were obtained from 
bacterial collections at the Molecular Microbiology 
Laboratory of the Universidad Científica del Sur in Lima, 
Peru. The K. pneumoniae isolates were from 3 different 
Institutions in Lima: the Hospital Nacional 2 de Mayo 
(HN2M) (fomites isolates collected from clinical mobile 
phones and uniforms), as well as Instituto Nacional 
Materno Perinatal (INMP) and Hospital Nacional 
Guillermo Almenara Irigoyen (HNGAI), both of which 
provided clinical isolates (bacteremia, secretions). The 
strains were collected in 2018, and the identification was 
confirmed by matrix-assisted laser desorption/ioniza
tion time-of-flight mass spectrometry (MALDI-TOF/MS).

This study was approved by the Ethical Committee 
of the Universidad Cientifica del Sur in Lima, Peru.

Preparation of disinfectant (chlorhexidine and 
isopropanol) solutions

Stock solutions of CHG (CHG; 40 mg/mL) were prepared 
in sterile distilled water at a concentration of 768 µg/ml 
prior to further dilution (256, 128, 64, 32, 16, 8, 4, 2, 1, 
0.5, 0.25, 0.125 µg/ml) in Mueller Hinton broth and 
distributed into 96-well plates. Stock solutions of ISP 
(ISO; EMSURE®) were prepared at 768 mg/L in sterile 
distilled water and were also diluted (256, 128, 64, 32, 
16, 8, 4, 2, 1, 0.5, 0.25, 0.125 mg/ml) in Mueller Hinton 
broth and placed in 96-well plates. We used the strains 
ATCC 13883 Klebsiella pneumoniae as a control. The 
disinfectants were added separately to these strains 
and used as a positive control. For negative control, 
only the culture media was used to monitor the sterility.

Disinfectant susceptibility testing

Minimum inhibitory concentrations (MICs) were deter
mined using the Mueller Hinton broth microdilution 
method established by the Clinical Laboratory 
Standards Institute (CLSI) [10]. Briefly, bacterial strains 
were resuspended in phosphate-buffered saline (PBS) 
0.5x to a 0.5 McFarland concentration. Lecture was done 
after 18–20 hours of incubation at 37°C. The MIC was 
defined as the lowest concentration of the disinfectant 
agents that inhibits the visible growth of the isolate 
tested observed with the unaided eye. In the absence 
of an established cutoff, we defined MIC50 as the MIC 
necessary to inhibit the growth of 50% of the study 
isolates, while MIC90 was considered the MIC necessary 
to inhibit the growth of 90% of the study isolates.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed by 
a conventional disc diffusion method. The 

antimicrobials included were meropenem, imipenem, 
piperacillin/tazobactam, chloramphenicol, trimetho
prim/sulfamethoxazole, nitrofurantoin, levofloxacin, 
ciprofloxacin, aztreonam, cefotaxime, amoxicillin plus 
clavulanic acid, gentamicin, and amikacin. The category 
of resistance was interpreted according to CLSI guide
lines [10]. The Escherichia coli strain ATCC 25922 was 
used as a control. Screening for colistin was evaluated 
by microdilution as recommended by the CLSI-EUCAST 
Polymyxin Breakpoints Working Group in order to 
describe MICs [11].

Presence of carbapenemases

The presence of carbapenemases was evaluated in 
isolates with diminished carbapenem susceptibility. 
Thus, these strains were screened by a multiplex poly
merase chain reaction (PCR) test for the blaKPC, 
blaOXA-48, blaVIM, blaIMP, and blaNDM genes [12].

Clonality studies

The isolates’ clonal relatedness was determined by 
pulsed-field gel electrophoresis (PFGE), as described pre
viously [13]. Band patterns were analyzed using 
InfoQuestTM FP v.5.4 software. Bacteria with a similarity 
> 80% were considered to be clonally related.

Statistical analysis

Descriptive analysis of disinfectant susceptibility was 
performed using the MICs 50, MIC 90, and CHG and ISP 
range separately. We conducted a bivariate analysis 
using the Kruskal Wallis test for means log2(MIC) com
parisons. We estimated the magnitude of association 
modeling the log2(MIC) using generalized linear mod
els, a Gaussian family, link identity, and robust var
iances. During this process, we included the following 
variables as factors potentially associated with CHG 
and ISP log2(MIC), separately: institution and source 
of isolate origin, carbapenemases positivity, clonality, 
and resistance to common and last-resort antibiotics. 
In all cases, we estimated 95% confidence intervals 
(95% CI), and the STATA MP v14.0 statistical package 
(Stata Corp LP, College Station, Texas) was used for the 
statistical analyses. We used a p-value of 0.05 to mea
sure the statistical significance and a p-value of 0,10 for 
exploratory analysis.

Results

Bacterial strains

A total of 59 K. pneumoniae isolates were included 
in the study. Among these, 11 (18.6%) were isolated 
from HN2M, 7 (64%) were isolated from mobile 
phones, and 4 (36%) were isolated from the 
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clothing of health care workers. 23 (38.9%) were 
clinical isolates from blood samples of bacteremia 
from the HNGAI, and 25 (42.3%) were from blood 
and secretions of patients from the INMP. All the 
isolates belonged to a collection obtained in 2018 
and stored at −80°C in the Universidad Científica del 
Sur Microbiology Laboratory.

Antibiotic susceptibility

The K. pneumoniae collection that was studied pre
sented a high rate of resistance to ciprofloxacin, amox
icillin plus clavulanic acid, ceftriaxone, and ceftazidime 
(86.4, 72.4, 74.6, and 75.8% respectively). Resistance 
rates of nearly 60% were found to aztreonam, tri
methoprim/sulfamethoxazole, and nitrofurantoin 
(60.7%, 60.3%, and 66.1%, respectively), 51.9% to 
piperacillin/tazobactam, 51.7% to both imipenem and 
chloramphenicol, 42.1% to levofloxacin, 48.2% to mer
openem, and 45.6% to gentamicin. Finally, low resis
tance levels to amikacin (36.2%) and colistin (8.5%) 
were reported.

Disinfectant susceptibility

When analyzing CHG resistance, we observed high 
variability of MICs (coefficient of variation [CV] = 0.81), 
ranging from 8 to 128 µg/ml (Figure 1). The MIC50 of all 
the isolates included in the study was 32 µg/ml. In the 
bivariate analysis, we found marginal MIC differences 
between CHG isolates testing positive versus negative 
to carbapenemases and resistant to levofloxacin. In 
contrast, statistically significant differences were found 
between those testing positive versus negative to resis
tance to TMP/SMX (Tables 1 and 2). On the other hand, 
when analyzing ISP resistance, we also observed a wide 
range of MICs against ISP (CV = 0.80), 16–256 mg/ml 
(Figure 1). The ISP MIC50 of all the isolates was 64 mg/ 

ml. In the bivariate analysis, we found significant differ
ences among sample sources (p = 0.04), and marginal 
differences among institutions (p = 0.08). Specifically, 
we observed a lower MIC50 and MIC90 among HN2M 
isolates (32 and 64 mg/ml, respectively) compared to 
those obtained from HNGAI (64 and 128 mg/ml, respec
tively) and INMP (64 and 128 mg/ml, respectively). 
Likewise, we observed a lower MIC50 and MIC90 

among isolates from fomites from health workers’ 
mobile phones/clothing (32 and 64 mg/ml, respec
tively) compared to those from blood and secretions 
(64 and 128 mg/ml, respectively) (Table 1).

Presence of carbapenemases

The isolates that presented a resistance phenotype to 
carbapenems (either imipenem or meropenem) were 
tested by PCR, detecting the blaNDM gene in 23 of them 
(38.9%). We did not find other carbapenemases genes, 
such as blaKPC, blaoxa-48, blaIMP, or blaVIM.

Clonality analysis

When testing PFGE patterns, we observed that all the 
isolates belonged to different PFGE types, except for 
20 strains classified in the same group. Despite these 
results, we did not observe significant or marginal 
differences in the MICs of CHG and ISP compared 
with the rest of the isolates.

Association of antibiotic resistance with 
disinfectant susceptibility

In the bivariate regression analysis, a significant direct 
association was found between the CHGlog2(MIC) and 
resistance to TMP/SMX (p = 0.041). Also, marginal 
direct associations were observed with positivity to 
carbapenemases (p = 0.072) and resistance to 

Figure 1. Log2(MIC) of chlorhexidine and isopropanol in strains of Klebsiella pneumoniae.
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imipenem (p = 0.094) and levofloxacin (p = 0.061) 
(Table 3). However, in the multivariate regression ana
lysis, the only resistance to TMP/SMX was observed as 
the main predictor of the CHG log2(MIC) (ß = 0.65; 95% 

CI: 0.03, 1.27; R2 = 0.1127). On the other hand, when 
modeling the ISP log2(MIC), we observed a significant 
association with the institution of origin of the sample, 
with HN2M samples showing a lower ISP log2(MIC) 

Table 1. MICs of chlorhexidine and isopropanol by the study sample’s characteristics.

Characteristic

Chlorhexidine MIC (µg/mL) p-value Isopropanol MIC (mg/mL) p-value

MIC50 MIC90 Range MIC50 MIC90 Range

All 32 64 8–128 64 128 16–256
Institution
INMP 16 64 8–128 0.123 64 128 32–256 0.084†
HNGAI 64 128 8–128 64 128 16–256
HN2M 32 64 16–64 32 64 32–64
Sample source
Fomite 32 64 16–64 0.541 32 64 32–64 0.038‡
Blood/Secretions 32 128 8–128 64 128 16–256
Clonality
Negative 16 64 8–128 0.192 64 128 16–64 0.239
Positive 64 16–256 32 32–64
Carbapenemases
Absence 16 64 8–128 0.071† 64 128 32–256 0.455
Presence 64 128 8–128 64 128 16–256

MIC, Minimal inhibitory concentration; INMP, Instituto Nacional Materno Perinatal; HNGAI, Hospital Nacional Guillermo Almenara Irigoyen; HN2M, Hospital 
Nacional Dos de Mayo; †, p value <0.10; ‡, p value <0.05

Table 2. MICs of chlorhexidine and isopropanol by antibiotics.

Antimicrobial 
agents

Chlorhexidine MIC (µg/mL) p-value Isopropanol MIC (mg/mL) p-value

MIC50 MIC90 Range MIC50 MIC90 Range

Colistin
Sensitive 32 64 8–128 0.329 64 128 16–256 0.609
Resistant 32 32 8–32 80 128 32–128
Imipenem
Sensitive 32 64 8–128 0.105 64 128 32–128 0.675
Resistant 32 128 8–128 64 128 16–256
Meropenem
Sensitive 32 64 8–128 0.158 64 128 32–256 0.647
Resistant 32 128 8–128 64 128 16–256
PIP/TZB
Sensitive 32 64 8–128 0.165 64 128 32–128 0.815
Resistant 32 128 8–128 64 128 16–128
Chloramphenicol
Sensitive 32 128 8–128 0.183 32 128 16–256 0.101
Resistant 16 64 32–256 64 128 32–256
TMP/SMX
Sensitive 16 64 8–128 0.039‡ 64 128 32–128 0.708
Resistant 32 128 8–128 64 128 16–256
Nitrofurantoin
Sensitive 32 64 8–64 0.875 48 128 16–128 0.610
Resistant 32 128 8–128 64 128 16–256
Aztreonam
Sensitive 32 64 8–128 0.598 32 128 32–256 0.510
Resistant 32 64 8–128 64 128 16–256
Ciprofloxacin
Sensitive 64 128 8–128 0.138 48 256 32–256 0.697
Resistant 32 64 8–128 64 128 16–256
Levofloxacin
Sensitive 32 128 8–128 0.059† 64 128 16–256 0.596
Resistant 16 64 8–128 64 128 32–128
Cefotaxime
Sensitive 32 128 8–128 0.979 64 128 32–256 0.991
Resistant 32 64 8–128 64 128 16–256
Ceftazidime
Sensitive 32 64 8–64 0.881 64 64 32–128 0.781
Resistant 32 128 8–128 64 128 16–256
AMC
Sensitive 16 64 8–128 0.266 64 256 32–256 0.199
Resistant 32 64 8–128 64 128 16–128
Gentamicin
Sensitive 32 64 8–128 0.115 64 128 32–256 0.586
Resistant 64 128 8–128 64 128 16–128
Amikacin
Sensitive - NA - NA
Resistant 32 64 8–128 64 128 16–256

MIC, Minimal Inhibitory Concentration; Me, Median; IQR, Interquartile range; Pip/tzb, piperacillin/tazobactam; TMP/SMX, trimethoprim/sulfamethoxazole; 
AMC, amoxicillin/clavulanate; †, p value <0.10; ‡, p value <0.05
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compared to isolates from the INMP (p = 0.048). No 
association was observed between the ISP log2(MIC) 
and any antibiotic resistance tested in the study.

Discussion

The main findings of our study include elevated and 
highly variable levels of resistance to CHG and ISP 
among clinically-related K. pneumoniae isolates from 
Peru. Additionally, we observed an association between 
CHG resistance and TMP/SMX resistance plus 
a significant variability of ISP resistance according to 
institution source. These results are important because 
both CHG and ISP are two of the main disinfectants used 
in health care facilities and because their use has 
increased substantially during COVID-19 pandemic.

Our study findings coincide with previous studies that 
reported a lower susceptibility of bacteria to CHG and ISP 
[14], which are commonly used to control the spread of 
K. pneumoniae and other bacteria and viruses in most 
health care settings around the world. Disinfectants are 
crucial to correct infection control and are extensively 
used in hospitals, veterinary medicine, the food industry, 
farms, and homes [14], but their use could associate 
antimicrobial resistance increase [8]. Surveillance studies 
are needed to evaluate the microorganisms’ tolerance to 
disinfectants at an institutional level to establish ade
quate disinfection programs.

Although there are no cutoffs by international orga
nizations such as CLSI or EUCAST to guide the inter
pretation of susceptibility to these substances, 
epidemiological cutoff values have been proposed to 
indicate CHG resistance in Klebsiella (64 µg/ml) [15]. In 
our study, we found a wide range of MICs of CHG in 

Klebsiella isolates, with MIC50 of the HNGAI samples 
being the highest (64 µg/ml), and according to the 
cutoff, they were resistant to this disinfectant. In 
short, our results showed 21 (35,6%) samples with 
MIC≥64 µg/ml, which, according to the epidemiologi
cal cutoff, is considered resistant. Although not statis
tically significant, we observed higher CHG resistance 
levels in the HNGAI sample compared to those from 
INMP, as well as among fomites (HN2M). This finding 
could be related to greater use of CHG in intensive care 
units in which patients receive daily CHG bathing, 
exerting selection pressure on microorganisms pre
viously related to bacteria more tolerant to CHG [16].

We found a significant association between TMP/ 
SMX resistance and higher levels of CHG MIC values. 
This association has been described in bacterial species 
such as Pantoea spp. and Salmonella spp., but to our 
knowledge, not in K. pneumoniae [17]. In addition, the 
present data demonstrate that other antibiotics have 
shown this association. Thus, the presence of carbape
nemases is directly associated with higher CHG MIC 
values, and the resistance to levofloxacin has 
a negative association since higher CHG MIC values are 
related to the presence of strains susceptible to levo
floxacin. Our results correlate with a previous study 
performed in China that suggested decreased sensitivity 
against commonly used disinfectants, including CHG, in 
carbapenem-resistant strains. Furthermore, Chen et al. 
[18] reported the presence of carbapenem-resistant 
K. pneumoniae with decreased susceptibility to CHG 
(MIC 32 µg/ml, which is the limit of the ecological cutoff 
of 64 µg/ml). It is important to mention that only six 
phylogenetically related strains were included in the 
study and all carbapenemases that were found were 

Table 3. Regression analysis for log2(MIC) of chlorhexidine and isopropanol.

Associated Factor

Chlorhexidine MIC 
(Log2µg/mL) 

ß (95% CI) p-value

Isopropanol MIC 
(Log2 mg/mL) 

ß (95% CI) p-value

Institution
INMP Ref. Ref
HNGAI 0.66 (−0.01, 1.32) 0.054† −0.23 (−0.76, 0.29) 0.375
HN2M 0.53 (−0.31, 1.37) 0.210 −0.77 (−1.54, −0.01) 0.048‡
Fomites source −0.22 (−1.01, 0.58) 0.588 −0.22 (−1.01, 0.58) 0.588
PFGE Type 4 0.51 (−0.26, 1.28) 0.191 −0.11 (−0.63, 0.41) 0.680
Carbapenemases 0.66 (−0.06, 1.38) 0.072† −0.23 (−0.79, 0.32) 0.400
Colistin −0.56 (−1.68, 0.56) 0.321 0.29 (−0.67, 1.25) 0.543
Imipenem 0.52 (−0.09, 1.13) 0.094† −0.10 (−0.41, 0.61) 0.703
Meropenem 0.44 (−0.17, 1.06) 0.158 −0.15 (−0.66, 0.36) 0.547
PIP/TZB 0.45 (−0.16, 1.07) 0.147 −0.04 (−0.55, 0.48) 0.889
Chloramphenicol −0.46 (−1.14, 0.23) 0.186 0.43 (−0.12, 0.98) 0.122
TMP/SMX 0.65 (0.03, 1.27) 0.041‡ −0.07 (−0.59, 0.44) 0.779
Nitrofurantoin 0.09 (−0.55, 0.75) 0.764 0.16 (−0.37, 0.69) 0.547
Aztreonam −0.51 (−0.51, 0.81) 0.645 0.09 (−0.46, 0.63) 0.741
Ciprofloxacin −0.68 (−1.56, 0.21) 0.132 −0.32 (−1.11, 0.47) 0.422
Levofloxacin −0.60 (−1.23, 0.03) 0.061† 0.11 (−0.42, 0.64) 0.678
Cefotaxime −0.02 (−0.74, 0.69) 0.946 −0.07 (−0.66, 0.52) 0.814
Ceftazidime 0.07 (−0.66, 0.81) 0.840 −0.03 (−0.63, 0.58) 0.934
AMC 0.38 (−0.30, 1.05) 0.270 −0.49 (−1.03, 0.06) 0.078
Gentamicin 0.48 (−0.15, 1.11) 0.129 −0.25 (−0.77, 0.27) 0.339

MIC, Minimal Inhibitory Concentration; INMP, Instituto Nacional Materno Perinatal; HNGAI, Hospital Nacional Guillermo Almenara Irigoyen; HN2M, Hospital 
Nacional Dos de Mayo; PFGE, pulsed field gel electrophoresis; PIP/TZB, piperacillin/tazobactam; TMP/SMX, trimethoprim/sulfamethoxazole; AMC, 
amoxicillin/clavulanate; ß, linear regression coefficient; 95% CI, 95% confidence interval; †, p value <0.10; ‡, p value <0.05
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blaNDM [19]. Our data showed a negative association 
between fluoroquinolones and CHG resistance, while 
a positive association has been previously described in 
Pseudomonas aeruginosa [19]. Thus, in vitro exposure to 
CHG has been related to the selection of quinolone- 
resistant P. aeruginosa due to over-expression of the 
efflux pumps MexAB-OprM, MexCD-OprJ, and MexXY- 
OprM [20], none of which are related to K. pneumoniae.

We found no relationship between colistin resis
tance and increased tolerance to CHG compared to 
the study by Wand et al. (2017), which found that the 
MICs of CHG were the same in both colistin-susceptible 
and colistin-resistant K. pneumoniae strains [6]. 
Likewise, it has been described that the adaptation to 
CHG led to resistance against colistin in K. pneumoniae 
and, instead, the adaptation to colistin does not lead to 
resistance against CHG [6]. In K. pneumoniae, in vitro 
exposure to CHG increased the colistin resistance likely 
by induction of point mutations in pmrBA and phoPQ 
related to colistin resistance and/or smvR [21]. SmvA is 
an efflux pump belonging to the major facilitator 
superfamily (MFS), which has been suggested to play 
a major role in CHG resistance in K. pneumoniae 
strains [6].

Increasing CHG resistance has been related to the 
over-expression of efflux pumps involved eliminating 
CHG [22]. Notably, different MDR efflux systems can 
export both antibiotics and biocides, contributing to 
the co-selection of resistance to different agents. There 
is a gene family related to diminished CHG susceptibility 
called qac (quaternary ammonium compound) (e.g., 
qacA/B and qacC, among others) [23]. Of note, some 
qac genes have been shown to contribute to the 
increasing resistance to specific antibiotics; for instance, 
QacA and QacBIII contribute to the final norfloxacin and 
ciprofloxacin MIC levels [23]. These qac genes encode 
for Qac efflux proteins belonging to the MFS and SMR 
efflux pump families. While the role of these proteins is 
well known in Gram-positive strains, previous findings 
have led to controversy about the role and frequency of 
the cepA, qacA, and qacE genes in Gram-negative strains, 
with more or less importance being given depending on 
the study [18, 21, 24, 25].

Moreover, it has been described that the qacEΔ1 gene 
is located in an integron class 1 structure upstream of the 
sul1 gene that confers sulfonamide resistance and is often 
flanked by the dihydrofolate reductase gene dfrA1 
related to trimethoprim resistance [18]. These gene cas
sette structures are related to the CHG tolerance, and 
TMP/SMX resistance found in our study (p < 0.05), with 
both genes likely being disseminated together in the 
same mobile structure within the same plasmid. This 
relationship could be associated with the described pro
priety of CHG that could stimulate the horizontal transfer 
of antibiotic resistance [26], leading to the potential to co- 
and cross-select antibiotic resistance mechanisms [27]. 

Future studies are needed to determine the gene content 
in integrons inside plasmids and relate their frequency 
with the MIC of the biocides and diminished antimicro
bial susceptibility strains.

Regarding ISP-based disinfectants, the present 
study found lower resistance in isolates from fomites 
compared to clinical isolates. This may be because 
strains found in potential fomites (mobile devices, 
health workers’ clothing, etc.) are less exposed to 
these disinfectants than hospital surfaces.

It is worth noting that there are studies that reported 
cases of disinfectant-induced antibiotic resistance in 
bacterial strains [8,17]. This may have contributed to 
the antibiotic resistance in our strains if previously 
exposed to disinfectants in hospital settings.

No relation was found between antibiotic resistance 
and alcohol tolerance, which supports a previous report 
evidencing that no cross-resistance to antibiotics after 
low-level exposure to alcohol-based disinfectants has so 
far been described [17]. This might occur because the 
mechanisms of action of alcohol-based disinfectants are 
not related to mechanisms causing antibiotic resistance, 
such as inhibition and uncoupling of messenger ribo
nucleic acid (RNA) and protein synthesis through speci
fic effects on RNA polymerase and ribosomes [28], or 
interference with cellular metabolism, disruptions of 
cytoplasmic integrity and cell lysis [29].

Our results showed a high proportion of CHG and ISP 
resistant strains. However, the clinical importance of 
these findings is not yet evident, since the concentrations 
of disinfectants used in clinical settings are, at present, 
greater than the highest MICs found in the study. 
Globally, very few studies have discussed and analyzed 
MIC rates of biocides together with antibiotics and their 
molecular mechanisms [31–33]. Antimicrobial resistance 
genotypes vary among different countries, regions, and 
hospital settings, and the same could occur with disin
fectant-tolerant bacteria and their mechanisms [16]. 
Therefore, it is important to highlight that these results 
provide a baseline for measuring disinfectant susceptibil
ity to assist in future surveillance studies in Peru.

This study evaluated pre-pandemic levels of CHG 
and ISP resistance. Considering the wide-scale use of 
biocides for personal and environmental disinfection 
during the COVID-19 pandemic, the current levels of 
resistance may be a global public health threat. Future 
surveillance studies are essential to understand the 
effect of disinfectant use and observe the possible 
emergence of microorganisms that can survive expo
sure to disinfectants.
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