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Abstract 
Introduction: The increasing resistance to antibiotics is a public health problem and an imminent therapeutic challenge in hospitals. In this 
report we aimed to analyze the relationship between antimicrobial resistance and antibiotic consumption in a third-level pediatric hospital. 
Methodology: A cross-sectional analysis was conducted using the information from the microbiology and pharmacy databases of the Pediatric 
Hospital “Doctor Silvestre Frenk Freund”, during the period 2015-2018. Prevalence of antimicrobial resistance by microorganisms and 
dispensed grams of selected antibiotics were calculated annually. Antibiotic resistance trend over the time was evaluated using the Chi-square 
trends test and to assess the correlation between the dispensed grams of antibiotics with their antimicrobial resistance prevalence, we calculated 
the Pearson's coefficient (r). 
Results: A total of 4,327 isolated bacterial samples were analyzed (56.5% Gram-positive and 44.5% Gram-negative). Most frequently isolated 
microorganisms were coagulase-negative staphylococci (CoNS), E. coli, K. pneumoniae, P. aeruginosa and S. aureus 
We found a significant increase in resistance to clindamycin and oxacillin for CoNS and significant decrease in nitrofurantoin and amikacin 
resistance for E. coli and K. pneumoniae. We observed a strong positive and statistically significant correlation between amikacin resistance 
prevalence and amikacin dispensed grams for P. aeruginosa (r = 0.95, p = 0.05). 
Conclusions: The antibiotic resistance profile showed by our study highlights the need of an appropriate antibiotic control use in the Hospital 
setting. 
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Introduction 

The transmission of multidrug-resistant pathogens 
in hospitals, such as Acinetobacter baumannii 
carbapenem-resistant, Pseudomonas aeruginosa 
carbapenem-resistant and Enterobacteriacea 
carbapenem-resistant, ESBL-producing, is considered 
as an important public health threat [1]. The knowledge 
on local microbiology, the resistance patterns and their 
relationship with usage metrics of antibiotics are the 
principal measures considered by the "antimicrobial 
stewardship" strategy which tries to reduce multidrug-
resistant microorganism transmission among hospitals 
[2]. In this study we aimed to identify the trends in 
antibiotic resistance obtained by isolated 
microorganisms in clinical samples taken during 
hospitalization and the relationship between the use of 
antibiotics and their resistance in the Third-level 

Pediatric Hospital "Doctor Silvestre Frenk Freund", 
located in Mexico City, which has an average of 6,700 
hospitalizations per year.  

 
Methodology 

A cross-sectional analysis was conducted using the 
information from the Pediatric Hospital microbiology 
database. First isolated bacterial species from blood, 
urine, normally sterile body fluids and aspiration 
puncture cultures were included. The samples 
corresponded to in-hospital patients from the period 
2015-2018. Microorganism identification and 
antimicrobial susceptibility were carried out using the 
broth microdilution technique through Vitek 2 
automated system (BioMérieux, Lyon, France). 
Minimum inhibitory concentrations (MIC) were 
interpreted using the 2018 version CLSI criteria [3]. 
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Annual prevalence of antimicrobial resistance by 
microorganisms was calculated with their 
corresponding 95% Confidence Interval (CI) and Chi-
square trends were used to assess their behavior over 
time. Dispensed grams of selected antibiotics were 
calculated annually, using the information from the 
pharmacy database and to assess the correlation 
between those grams and the antimicrobial resistance 
prevalence; the Pearson's coefficient (r) was calculated 
and P values < 0.05 were considered statistically 
significant. WHONET Desktop 2019, IBM SPSS 
Statistics version 25 (IBM Inc.) and Tableau Desktop ® 

2019 (Tableau® Software Inc.) were used to carried out 
the statistical analysis. The research was approved by 
the Ethical Committee Number 3603 of the Mexican 
Institute of Social Security with registration number R-
2020-3603-013. All methods were performed in 
accordance with ethical standards and regulations from 
the institutional research committees and national laws 
and with the 1964 Helsinki declaration and its later 
amendments. Given that this study was based on the use 
of available databases with no personal identifiers, not 
formal informed consent was required. 

 

Table 1. Antimicrobial resistance prevalence. 

Microorganism/antibiotic Antimicrobial resistance (%) Slope P-value 2015 2016 2017 2018 Total 
Staphylococci        

Coagulase-negative staphylococci        
Ciprofloxacin 63.0 54.7 57.7 55.0 57.8 0.02 0.140 
Clindamycin 72.0 70.2 76.6 70.7 72.3 0.04 0.008* 
Gentamicin 55.5 52.0 51.2 44.0 50.7 0.02 0.266 
Linezolid 0.0 4.1 0.0 0.0 1.0 0.00 0.385 
Oxacillin 86.5 88.2 89.2 94.8 89.7 0.10 <0.001* 
Rifampin 12.3 14.7 19.5 8.9 13.6 0.00 0.633 
Trimethoprim / Sulfamethoxazole 64.0 55.0 75.0 53.4 58.1 0.02 0.197 
Vancomycin 1.4 8.2 13.7 4.2 6.5 0.01 0.144 

S. aureus        
Ciprofloxacin NA NA 17.9 17.7 17.5 NA 0.987 
Clindamycin NA NA 36.8 38.7 37.2 NA 0.834 
Gentamicin NA NA 3.6 3.2 4.1 NA 0.917 
Linezolid NA NA 0.0 0.0 0.0 NA NA 
Oxacillin NA NA 21.4 58.1 40.0 NA <0.001* 
Rifampin NA NA 3.5 1.6 2.5 NA 0.510 
Trimethoprim/Sulfamethoxazole NA NA 5.3 6.5 5.8 NA 0.783 
Vancomycin NA NA 0.0 0.0 0.0 NA NA 

Enterobacteria        
E. coli        

Amikacin 4.2 5.6 2.2 0.8 3.1 -0.01 0.046* 
Cefazolin 59.3 64.8 60.4 64.6 62.3 0.01 0.568 
Ceftriaxone 56.8 59.7 59.7 61.5 59.5 0.01 0.471 
Ciprofloxacin 59.2 56.1 60.4 57.7 58.4 0.00 0.998 
Meropenem 0.8 2.4 4.3 1.5 2.2 0.00 0.543 
Nitrofurantoin 5.0 3.9 2.2 0.0 2.7 -0.02 0.010* 
Piperacillin/Tazobactam 12.5 29.2 24.1 25.2 22.8 0.03 0.054 
Tigecycline 0.0 0.0 0.0 0.0 0.0 0.00 NA 
Trimethoprim/Sulfamethoxazole 68.9 58.5 65.7 63.8 64.2 -0.01 0.699 

K. pneumoniae        
Amikacin 3.6 1.2 6.4 0.0 3.1 0.00 0.615 
Cefazolin 73.8 67.5 65.7 73.3 69.7 -0.01 0.804 
Ceftriaxone 74.7 63.5 65.4 68.3 67.8 -0.02 0.437 
Ciprofloxacin 14.3 13.1 18.5 22.2 17.1 0.03 0.113 
Meropenem 0.0 1.2 1.0 0.0 0.6 0.00 0.978 
Nitrofurantoin 13.4 9.4 10.1 8.6 10.4 -0.01 0.368 
Piperacillin/Tazobactam 13.1 13.4 14.3 12.0 13.3 0.00 0.914 
Tigecycline 4.8 4.8 0.0 0.0 2.4 -0.02 0.010* 
Trimethoprim / Sulfamethoxazole 66.7 56.1 59.3 69.1 62.5 0.01 0.710 
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  Table 1 (continued). Antimicrobial resistance prevalence. 

Microorganism/antibiotic Antimicrobial resistance (%) Slope P-value 2015 2016 2017 2018 Total 
Enterobacter spp        

Amikacin 12.0 3.1 4.1 3.7 5.3 -0.02 0.249 
Ceftriaxone 21.7 14.7 30.6 32.1 25.4 0.06 0.134 
Ciprofloxacin 8.0 5.7 4.1 3.7 5.1 -0.01 0.457 
Meropenem 12.0 2.9 7.5 10.7 7.9 0.00 0.867 
Nitrofurantoin 12.0 3.1 0.0 0.0 3.0 -0.05 0.002* 
Piperacillin/Tazobactam 17.4 9.1 12.5 11.1 12.2 -0.01 0.696 
Tigecycline 4.0 0.0 0.0 0.0 0.8 -0.01 0.137 
Trimethoprim/Sulfamethoxazole 32.0 12.1 12.2 25.9 18.7 -0.02 0.622 

Non-fermenting microorganisms        
A. baumannii        

Cefepime 38.5 60.0 18.2 57.9 47.6 0.02 0.555 
Ceftriaxone 38.5 64.1 20.0 57.9 49.6 0.02 0.601 
Ciprofloxacin 34.6 57.5 15.0 43.8 41.5 -0.01 0.726 
Gentamicin 15.4 50.0 5.0 31.3 29.7 0.00 0.971 
Meropenem NA 100.0 0.0 55.3 54.7 NA NA 
Piperacillin/Tazobactam 25.0 60.0 0.0 50.0 49.2 0.02 0.760 
Trimethoprim/Sulfamethoxazole 38.5 64.1 15.0 46.9 45.3 -0.02 0.585 

P. aeruginosa        
Amikacin 16.7 14.3 12.4 6.4 12.3 -0.03 0.032* 
Cefepime 11.3 12.5 11.3 7.4 10.4 -0.01 0.372 
Ciprofloxacin 10.3 11.3 14.3 11.7 12.0 0.01 0.620 
Gentamicin 16.7 14.1 11.5 11.7 13.4 -0.02 0.261 
Meropenem 16.7 17.1 20.0 12.6 16.5 -0.01 0.576 
Piperacillin/Tazobactam 14.7 16.4 2.9 2.6 9.4 -0.05 0.001* 

Data are presented as percentage. Slope and P-value were calculated with the Chi-square trend test. *P<0.05; NA: not available. 

Figure 1. Antimicrobial resistance prevalence by microorganism. 
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Figure 2. Correlation between dispensed grams of selected antibiotics and antimicrobial resistance. 
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Results 
A total of 4,327 isolated bacterial species were 

analyzed (56.5% Gram-positive and 44.5% Gram-
negative). Most frequently isolated microorganism 
were coagulase-negative staphylococci (CoNS), E. coli, 
K. pneumoniae, P. aeruginosa con and S. aureus with 
25.4%, 13.0%, 9.8%, 9.7% and 5.0% of the total, 
respectively. 

 
Antimicrobial resistance prevalence 

Staphylococci group, including CoNS and S. 
aureus, showed high resistance prevalence to Oxacilin 
and Clindamycin, while third generation 
cephalosporins, ciprofloxaxin and 
Trimethoprim/Sulfamethoxazole had the highest 
resistance prevalence for Enterobacteria group and A. 
baumannii (Table 1).  

In the trend analysis of antimicrobial resistance 
over the time, we found a significant increase in 
resistance to clindamycin and oxacillin for CoNS and 
significant decrease in nitrofurantoin and amikacin 
resistance for E. coli and K. pneumoniae (Figure 1). 

 
Correlation between dispensed grams of selected 
antibiotics and antimicrobial resistance 

We observed a strong positive and statistically 
significant correlation between amikacin resistance 
prevalence and amikacin dispensed grams for P. 
aeruginosa in the Pediatric Hospital (r = 0.95, p = 0.05).  

We also observed strong positive correlations 
between clindamycin (r = 0.89, p = 0.1), amikacin (r = 
0.87, p = 0.1) and ciprofloxacin (r = 0.81, p = 0.2) 
resistance and consumption for CoNS, E. coli and K. 
pneumoniae, respectively. Negative strong correlations 
between resistance and consumption were found in 
nitrofurantoin (r = -0.84, p = 0.1), ceftriaxone (r = -0.83, 
p = 0.2), ciprofloxacin (r = -0.84, p = 0.2) and 
piperacillin / tazobactam (r = -086, p = 0.1) for E. coli, 
K. pneumoniae, Enterobacter and P. aeruginosa, 
respectively (Figure 2). 

 
Discussion 

As previous studies related to microbiology did, we 
also found that the most frequently isolated 
microorganisms were Gram-negative, mainly E. coli, K. 
pneumoniae and P. aeruginosa [4–7]. 

Similar to previous reports in Mexico, our study 
found an increasing tendency for MRSA in S. aureus 
[8,9], a high resistance for third generation 
cephalosporins in E. coli and K. pneumoniae [10,11], a 
multiple simultaneous antibiotic resistance pattern for 
A. baumannii [5,6,12] and an increasing resistance for 

carbapenems in P. aeruginosa [8]. However, 
carbapenems trends were stable for the main Gram-
negative bacilli (E. coli and K. pneumoniae), which 
could be explained by the strict antibiotic use policy in 
this Hospital. 

Among the limitations of this study, we can mention 
that all the microorganisms reported in the cultures 
(including colonization and contamination) were 
analyzed, so the found patterns could be different for 
the microorganisms and the main HAIs. Another 
important limitation was that the dispensed grams of 
antibiotics provided by the pharmacy may not faithfully 
reflect the consumption of antibiotics at the pediatric 
population, where the dose depends mainly on the 
patient's weight, the site of infection and the antibiotic 
therapy duration. Also, due to technical problems, no 
complete information was recorded for several 
antibiotics prescribed for S. aureus in 2015 and 2016, 
so the results are incomplete for this microorganism. 

Despite the above mentioned limitations our study 
found an increase in oxacillin resistance in 
Staphylococci and a decrease in aminoglycosides 
resistance in Gram-negative microorganisms and also a 
correlation between amikacin resistance prevalence and 
amikacin dispensed grams for P. aeruginosa. 

 
Conclusion 

Our results highlight the need of an appropriate 
antibiotic use in the Hospital setting, in order to limit 
the increase of antimicrobial resistance. 

 
 
Acknowledgements 
We thank the staff from the microbiology laboratory and 
pharmacy at "Doctor Silvestre Frenk Freund" Pediatric 
Hospital for their support.  
 
Authors’ Contributions 
RAF, JGVR and RJRR conceived the study. DARR carried 
out statistical analyses, interpreted the data and drafted the 
manuscript. IJAM y RCO contributed to the analysis plan and 
reviewed the manuscript. 
 
 
References 
1. Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, 

Monnet DL, Pulcini C, Kahlmeter G, Kluytmans J, Carmeli Y, 
Ouellette M, Outterson K, Patel J, Cavaleri M, Cox EM, 
Houchens CR, Grayson ML, Hansen P, Singh N, 
Theuretzbacher U, Magrini N, WHO Pathogens Priority List 
Working Group (2018) Discovery, research, and development 
of new antibiotics: the WHO priority list of antibiotic-resistant 
bacteria and tuberculosis. Lancet Infect Dis 18: 318–327.  

2. Anderson DJ, Jenkins TC, Evans SR, Harris AD, Weinstein 
RA, Tamma PD, Han JH, Banerjee R, Patel R, Zaoutis T, 



Rosado-Rosado et al. – Antimicrobial resistance in a Mexican Hospital    J Infect Dev Ctries 2021; 15(4):573-578. 

578 

Lautenbach E, Stewardship and Infection Control Committeea 
of the Antibacterial Resistance Leadership Group (ARLG) 
(2017) The role of stewardship in addressing antibacterial 
resistance: Stewardship and Infection Control Committee of 
the Antibacterial Resistance Leadership Group. Clin Infect Dis 
64 Suppl 1: 36–40.  

3. Clinical and Laboratory Standards Institute (CLSI) (2018) 
Performance Standards for Antimicrobial Susceptibility 
Testing, 27th informational supplement. CLSI document 
M100-S27 (ISBN 1-56238-805-3). 

4. Duarte-Raya F, Granados-Ramírez MP (2012) Evaluating the 
antimicrobial resistance on bacteria isolated at a third-level 
hospital. Rev Med Inst Mex Seguro Soc 66: 7–12. [Article in 
Spanish]. 

5. Salazar-Holguín HD, Cisneros-Robledo ME (2016) 
Antibibiotic resistance by nosocomial infections' causal agents. 
Rev Med Inst Mex Seguro Soc 54: 462–471. [Article in 
Spanish]. 

6. Duarte-Raya F, Rodríguez-Lechuga M, de Anda-Gómez M, 
Granados-Ramírez MP, Vargas-Rodríguez AG (2015) 
Adequate antimicrobial drug use in a third level pediatric 
hospital. Rev Med Inst Mex Seguro Soc 53: 150–157. [Article 
in Spanish]. 

7. Arias-Flores R, Rosado-Quiab U, Vargas-Valerio A, Grajales-
Muñiz C (2016) Microorganisms responsible of nosocomial 
infections in the Mexican Social Security Institute. Rev Med 
Inst Mex Seguro Soc 54: 20–24. [Article in Spanish]. 

8. Rincón-León HA, Navarro-Fuentes KR (2016) Antimicrobial 
resistance trends in pathogens isolated from nosocomial 
infections. Rev Med Inst Mex Seguro Soc 54: 32–41. [Article 
in Spanish]. 

9. Rodríguez-Pineda J, Terrazas-Estrada JJ, Urdez-Hernández E, 
Hernández-Sánchez EA (2016) Sánchez-Tejeda SL. 
Methicillin resistance and vancomycin susceptibility pattern 

among blood isolates of Staphylococcus aureus. Rev Med Inst 
Mex Seguro Soc 54: 48–51. [Article in Spanish]. 

10. Ponce-de-Leon A, Rodríguez-Noriega E, Morfín-Otero R, 
Cornejo-Juárez DP, Tinoco JC, Martínez-Gamboa A, Gaona-
Tapia CJ, Guerrero-Almeida ML, Martin-Onraët A, Vallejo 
Cervantes JL, Sifuentes-Osornio J (2018) Antimicrobial 
susceptibility of Gram-negative bacilli isolated from intra-
abdominal and urinary-tract infections in Mexico from 2009 to 
2015: Results from the Study for Monitoring Antimicrobial 
Resistance Trends (SMART). PLoS One 13: e0198621.  

11. Vázquez-Solís MG, Villa-Manzano AI, Medina-García LH, 
Zamora-López X, Pulido-Galaviz C, Zamora-López DF (2016) 
Trend of antimicrobial susceptibility in a neonatal and pediatric 
intensive care unit. Rev Med Inst Mex Seguro Soc 54: 8–15. 
[Article in Spanish]. 

12. González-Olvera EM, Pérez-Morales R, González Zamora A, 
Castro-Escarpulli G, Palma-Martínez I, Alba-Romero JJ 
(2019) Antibiotic resistance, virulence factors and genotyping 
of Pseudomonas aeruginosa in public hospitals of northeastern 
Mexico. J Infect Dev Ctries 13: 374–383. doi: 
10.3855/jidc.10953. 

 
Corresponding author 
Iván de Jesús Ascencio-Montiel, MD 
Coordinación de Vigilancia Epidemiológica, Instituto Mexicano 
del Seguro Social 
Mier y Pesado 120, Col. del Valle, Benito Juárez, 03100, Ciudad 
de México, México. 
Tel: +52 55-5726-1700 ext 15725 
Email: ivan-ascencio@hotmail.com 
 
Conflict of interests: No conflict of interests is declared. 

 


	Introduction
	Methodology
	Table 1. Antimicrobial resistance prevalence.
	Table 1 (continued). Antimicrobial resistance prevalence.
	Results
	Antimicrobial resistance prevalence
	Correlation between dispensed grams of selected antibiotics and antimicrobial resistance

	Discussion
	Conclusion
	Acknowledgements
	Authors’ Contributions
	References
	Corresponding author


