
spectrum-beta-lactamases (ESBLs), plasmid-medi-
ated AmpC (pAmpC), carbapenemases, resistance 
to fluoroquinolones, aminoglycosides, trimethoprim-
sulfamethoxazole and colistin (2), have spread around 
the world.

The global distribution of E. coli resistance is 
characterized by high geographic diversity and varia-
tion over the years (3-9). 

However, epidemiological studies on E. coli anti-
biotic resistance are limited. In addition, to our knowl-
edge in Italy researches about the pediatric population 

Introduction

Escherichia coli (E. coli) is the most frequently 
isolated Gram-negative bacterium. It is the cause of 
numerous infections during the pediatric age, such as 
gastroenteritis, urinary tract infections (UTIs), hospi-
tal-acquired pneumonia, cholecystitis, peritonitis, neo-
natal osteomyelitis, meningitis and sepsis (1).

Due to the selective pressure of antimicrobials, 
strains of E. coli with various mechanisms of antibi-
otic resistance, including the production of extended-

Acta Biomed 2022; Vol. 93, N. 5: e2022214 DOI: 10.23750/abm.v93i5.12756 Mattioli 1885

O r i g i n a l  A r t i c l e

Escherichia coli resistance patterns, empiric and targeted 
antibiotic prescriptions in children: a single center 
experience
Danilo Buonsenso1,2,3, Davide Pata1, Barbara Fiori4, Maurizio Sanguinetti2,4, Anna 
Acampora5, Vittoria Ferrari1, Rossana Albano1, Teresa Spanu2,4, Piero Valentini1

1 Department of Woman and Child Health and Public Health, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, 
Italy ; 2 Dipartimento di Scienze Biotecnologiche di Base, Cliniche Intensivologiche e Perioperatorie, Università Cattolica del 
Sacro Cuore, Rome, Italy; 3 Center for Global Health Research and Studies, Università Cattolica del Sacro Cuore, Roma, Italia; 
4 Dipartimento di Scienze di Laboratorio e Infettivologiche, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, 
Italy; 5 Sezione di Igiene, Dipartimento Universitario di Scienze della Vita e Sanità Pubblica, Università Cattolica del Sacro 
Cuore, Roma, Italia

Abstract. Background and aim: Antibiotic resistance represents one of the major public health issues, due 
to the potential future ineffectiveness of available antibiotics. However, epidemiological studies on E. coli 
antibiotic resistance patterns in the pediatric population are limited.  Methods: We conducted a retrospective 
analysis on children younger than 18 years of age admitted to the Department of Pediatrics from April 2016 
to April 2018 with E. coli isolation on biological materials. Results: 205 subjects were included in the study 
(median 45 days, IQR 7-139 days). We found an overall low rate of resistance of E. coli isolates to amoxicil-
lin/clavulanate (20%), cephalosporins (6.3%) and aminoglycosides (6.3%), while no isolates were resistant to 
carbapenems. Presence of invasive devices and intensive care admissions were associated with resistance to 
cephalosporines (P: < 0.001; OR 9.21, 95% CI 2.7 – 31.39) and aminoglycosides (P: < 0.004; OR 5.42, 95% 
CI 1.71 – 17.15), while no factors associated with resistance to the other antibiotics were found. Conclusions: 
Aminoglycosides and cephalosporins were frequently used as empirical therapy. On the other hand, once the 
antibiograms were available, targeted therapies aimed at sparing these classes of antibiotics were not always 
administered. Our study reports on local antimicrobial management in children and can guide the develop-
ment of programs aimed at better use of antibiotics. (www.actabiomedica.it)
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are few. Antibiotic resistance represents one of the ma-
jor public health issues, due to the potential future in-
effectiveness of antibiotics (10), necessitating periodic 
studies to select the most effective empirical antibiotic 
treatment.

Consequently, we performed a retrospective study 
in order to evaluate the antibiotic sensitivity of E. coli 
isolates in our facility; to identify the risk factors for 
the presence of E. coli resistant to different classes of 
antibiotics; to assess empiric and targeted therapies 
used during the study period.

Materials and Methods

We conducted a retrospective analysis on children 
younger than 18 years of age admitted to the Depart-
ment of Pediatrics from April 2016 to April 2018 with 
E. coli isolation on biological materials [urine, bron-
choalveolar lavage (BAL), blood, conjunctivae, cer-
ebrospinal fluid, wounds]. 

Species identification was performed by the ma-
trix-assisted laser desorption/ionization time-of-flight 
(MALDI) mass spectrometry using the Bruker Dal-
tonics MALDI Biotyper® system (Bruker Daltonics, 
Bremen, Germany). To assess antimicrobial suscepti-
bilities of E.coli , the MICs of amikacin, amoxicill-
clavulanate, ceftazidime, cefotaxime, ciprofloxacin, 
ertapenem, gentamicin, meropenem, piperacillin-
tazobactam, trimethoprim-sulfamethoxazole were de-
termined by the VITEK® 2 system using AST cards, 
and results were interpreted according to EUCAST 
breakpoints (11). We further evaluated the suscepti-
bilities to extended-spectrum cephalosporins and car-
bapenems by using panels manufactured by MERLIN 
Diagnostica GmbH (Bornheim, Germany).

We searched the computerized database of the 
clinical microbiology laboratory to identify all inpatient 
infections caused by E. coli isolates that were diagnosed 
between April 2016 and April 2018. We retrieved data 
from this database, which contains complete profiles for 
all the patients with positive culture results.

The study was approved by the Institution Review 
Board of our Department (DIPUSVSP-16-11-2095).

Medical record information included demograph-
ics (gender, age), cause and duration of hospitalization, 

intensive care unit (ICU) admission, antimicrobial 
susceptibility testing, comorbidities, antibiotic therapy 
during hospitalization.

The evaluation of the antibiotic therapy was car-
ried out on the basis of the indications of Red Book 
(12), which, according to the principles of Antibiotic 
Stewardship, stated that they were empiric recommen-
dations; specific option of antibiotic therapy should be 
led by the culture results (13). We also evaluated that 
the antibiotic had a good penetration in the system af-
fected by the infectious disease.

Statistical analysis

A descriptive statistical analysis was performed 
by constructing frequency tables (absolute and rela-
tive) for the categorical variables. We also performed 
an inferential statistical analysis: the univariate analy-
sis to compare the frequency of antibiotic resistance 
with categorical variables through the Chi-square (χ2) 
test or Fisher Exact test; the Mann-Whitney test to 
compare numeric variables without normal distribu-
tion among the resistant and non-resistant group; the 
multivariate analysis with Odds ratio and 95% confi-
dence interval. The P values < 0.05 were considered 
statistically significant. The analysis was performed 
with STATA v16.1.

Results

Study population (Table 1)

Two hundred and five subjects were included in 
the study. Eighty-four (41%) were females. The me-
dian age was 45 days (IQR 7-139 days): eighty-five 
(41.5%) were newborns, fifty-one (24.9%) were aged 
between 29 and 90 days and 69 (33.7%) were older. 
The antibiograms were performed on several clinical 
specimens: urine (87%), bronchoalveolar lavage (4%), 
blood (3%), conjunctiva (3%) and others (3%).
The most frequent reason for admission was an infec-
tious disease (133, 64.9%), followed by neurologic dis-
ease (22, 10.7%), respiratory disease (16, 7.8%), pre-
maturity (11, 5.4%), renal disease (7, 3.4%) and others 
(16, 7.8%).



Acta Biomed 2022; Vol. 93, N. 5: e2022214 3

Seventeen children (8.3%) needed Pediatric In-
tensive Care Unit (PICU) admission, while fifteen 
(7.3%) were admitted to the Neonatal Intensive Care 
Unit (NICU).
Fifty-six patients (27.3%) had comorbidities: hema-
tologic (19.6%), gastrointestinal (19.6%), followed by 
infectious (23.2%), renal (16.1%) and others (21.4%).

Devices, such as central venous catheter, trache-
ostomy, urinary catheter, percutaneous endoscopic 
gastrostomy (PEG), arterial catheter, were present in 
forty-one patients (20%).

Antibiotic resistance and use

The overall antibiotic resistance of our population 
is reported in the Table 2. 97 (47.3%) and 41 (20%) 
patients had E. coli infection resistant to ampicillin 
and amoxicillin/clavulanate, respectively. Resistance 
to aminoglycosides and cephalosporins was present in 
6.3% of cases. None of the isolated germs was resistant 
to carbapenems.

Figure 1 describes the trends in antibiotic resist-
ance over time for E. coli isolates. We reported a re-
duction in resistance to amoxicillin/clavulanate, ceph-
alosporins and aminoglycosides between 2016 and 
2017. However, the trend was again increasing in the 
second semester of 2017, with the exception of ami-
noglycosides. 

Figures 2 summarizes antibiotics used as empiric 
and targeted therapy. We did not report substantial 
differences in the use of amoxicillin/clavulate, cepha-
losporins and aminoglycosides, while we noted less use 

Table 1. Characteristics of children included in the study  

Patients characteristics N. (%)

Age (days) 
0-28
29-90
>90

85 (41.5)
51 (24.9)
69 (33.7)

Sex
Male
Female

121 (59.0)
84 (41.0)

Comorbidities
Hematology
Gastrointestinal
Infectious
Renal
Other

57 (27.8)
11 (5.4)
11 (5.4)
13 (6.3)
9 (4.4)
13 (6.3)

Devices 41 (20.0)

Intensive Care
NICU
PICU

32 (15.6)
15 (7.3)
17 (8.3)

Specimen type
Urine
Bronchoalveolar lavage
Blood
Cerebrospinal fluid
Other

178 (86.8)
8 (3.9)
6 (2.9)

0
13 (6.3)

Days of hospitalization (median; IQR) 10; 6-22

Reason for admission
Suspected sepsis
Fever
Gastrointestinal
Urinary Tract Infection
Convulsion
Respiratory
Perinatal asphyxia
Other

88 (42.9)
7 (3.4)
11 (5.4)
52 (25.4)
5 (2.4)
6 (2.9)
10 (4.9)
26 (12.7)

N. of previous hospitalizations (median; IQR) 3; 2-4

Abbreviations: N.= Number; NICU= Neonatal Intensive Care; 
PICU= Pediatric Intensive Care

Table 2. Resistance profiles of E. coli to the main antibiotics 
tested
Antibiotics Resistance

Fluoroquinolones 26 (12.7%)

Ampicillin 97 (47.3%)

Amoxicillin/clavulanate 41 (20.0%)

Cephalosporins 13 (6.3%)

Piperacillin/tazobactam 13 (6.3%)

Carbapenems 0.0%

Aminoglycosides 13 (6.3%)

Figure 1. Distribution of resistance patterns of amoxicillin/
clavulanate, cephalosporins and aminoglycosides over the years 
analyzed by the study
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Amoxicillin/clavulanate 

Forty-one E. coli isolates (20%) were resistant to 
amoxicillin/clavulanate. Fifty-eight patients (28.3%) 
were empirically treated with amoxicillin/clavulanate; 
ten of them (17.2%) subsequently demonstrated resist-
ance to this antibiotic. As a result, 7 of them (70%) 
switched therapy. No clinical or epidemiologic data 
significantly associated with resistance to amoxicillin/
clavulanate have emerged (table 3).

Cephalosporins

We tested third generation cephalosporins, in 
particular cefotaxime.

Thirteen E. coli isolates (6.3%) were resistant to 
cephalosporins. 

Twenty-seven (13%) were treated with cephalo-
sporins. Five of the treated patients (18.5%) were re-
sistant to cephalosporins: two of them changed thera-
py for this reason. Twenty-three of the treated E. coli 
(85.2%) were also sensitive to amoxicillin/clavulanate, 
but only two patients (8.7%) changed therapy with a 
down switch to amoxicillin/clavulanate.

A previous admission to an intensive care unit 
setting (P: 0.01) and presence of devices (P: < 0.001) 
were significantly associated with an E. coli resistant to 
cephalosporins. On multivariate analyses, the presence 
of devices remained significant (P: < 0.001; OR 9.21, 
95% CI 2.7 – 31.39) (table 4).of ampicillin and greater administration of piperacil-

lin/tazobactam and carbapenems after viewing the an-
tibiogram.

Figure 2A. Antibiotics before the antibiogram

Figure 2B. Antibiotics after the antibiogram

Table 3. Factors affecting resistance to amoxicillin/clavulanate

Amoxicillin/clavulanate 
Resistance N. (%)

Amoxicillin/clavulanate 
Sensitivity N. (%)

P-value

Age days
0 – 28
29 – 90
>90

20 (9.8)
8 (3.9)
13 (6.3)

65 (31.7)
43 (21.0)
56 (27.3)

0.519

Male 21 (10.2) 100 (48.8) 0.256

Intensive Care 5 (2.4) 27 (13.2) 0.501

Prev. hospitalizations 12 (5.9) 57 (27.8) 0.506

Comorbidities 14 (6.8) 43 (21.0) 0.311

Devise 7 (3.4) 34 (16.6) 0.6
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Fluoroquinolones

Twenty-six E. coli isolates (12.7%) were resistant 
to fluoroquinolones. Only one patient was treated with 
fluoroquinolones (0.6%).

Carbapenems

None of the E. coli strains were resistant to car-
bapenems. Four patients, after the results of the an-
tibiogram, shifted their therapy to carbapenems: in 
these cases, E. coli strains were resistant to ampicil-
lin, amoxicillin/clavulanate, aminoglycosides, cephalo-
sporins and fluoroquinolones.

These patients were admitted to the NICU, with 
comorbidities or device.

Aminoglycosides

Thirteen E. coli isolates (6.3%) were resistant to 
aminoglycosides. Forty-four patients (21.4%) were 
treated with this antibiotic as empiric therapy. Five 
children (11.4%) were subsequently found to be resist-
ant to aminoglycosides; four (80%) changed therapy. 
Thirty-two patients (72.7%) treated with aminogly-
cosides were also sensitive to amoxicillin/clavulanate, 
but only one patient shifted therapy to this drug. A 
previous admission to an intensive care unit setting 
(P: < 0.01) and presence of devices (P: < 0.004) were 
significantly associated with an E. coli resistant to ami-
noglycosides. On multivariate analyses, the presence 
of devices remained significant (P: < 0.004; OR 5.42, 
95% CI 1.71 – 17.15) (table 5).

Table 4. Factors affecting resistance to cephalosporins

Cephalosporins 
Resistance N. (%)

Cephalosporins 
Sensitivity N. (%)

P-value

Age days
0 – 28
29 – 90
>90

3 (1.5)
2 (1.0)
8 (3.9)

82 (40.0)
49 (23.9)
61 (29.8)

0.089

Male 21 (10.2) 117 (57.1) 0.032

Intensive Care 5 (2.4) 27 (13.2) 0.019 
(OR 3.82 IC 1.16-12.54)

Prev. hospitalizations 6 (2.9) 63 (30.7) 0.325

Comorbidities 6 (2.9) 51 (24.9) 0.127

Devise 8 (3.9) 33 (16.1) <0.001 
(OR 7.71 IC 2.37-25.05)

Table 5. Factors affecting resistance to aminoglycosides

Aminoglycosides 
Resistance N. (%)

Aminoglycosides 
Sensitivity N. (%)

P-value

Age days
0 – 28
29 – 90
>90

4 (2.0)
4 (2.0)
5 (2.4)

81 (39.5)
47 (22.9)
64 (31.2)

0.715

Male 6 (2.9) 115 (56.1) 0.330

Intensive Care 5 (2.4) 27 (13.2) 0.019 
(OR 3.82 IC 1.16-12.54)

Prev. hospitalizations 5 (2.4) 64 (31.2) 0.325

Comorbidities 6 (2.9) 51 (24.9) 0.127

Devise 7 (3.4) 34 (16.6) 0.004 
(OR 5.42 IC 1.71-17.15)
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diseases for which E. coli is the most likely pathogen, 
such as urinary tract infections (17).

Antibiotic resistance to second-line drugs, such 
as cephalosporins, fluoroquinolones and carbapenems, 
was rare in our cohort.

Interestingly, children with devices and ICU ad-
mission were more likely to have infections from E. 
coli isolates resistant to cephalosporins and amino-
glycosides. In these categories of patients, therefore, a 
high index of suspicion is necessary and early use or 
shift to other classes of antibiotics in case of worsening 
during therapy or severe/life-threatening infections 
should be considered. 

We divided the patients into 4 subgroups based 
on age: infants (0-28 days), suckling (29-90 days), in-
fants (91-1095 days) and child (> 1095 days), due to 
the different characteristics of the immune system (18). 
However, due to the low number of patients enrolled 
in the different age groups, we did not have statistically 
significant results. In fact, our research is a more clini-
cal than epidemiological study and it is infrequent for 
a patient over 3 years of age to be admitted to hospital.
We analyzed the differences between the antibiotic 
used before (empiric) and after the antibiogram results 
(targeted). Our study demonstrates that, in case of an-
tibiotic resistance, the pediatrician generally adjusts 
the therapy by choosing a sensitive drug. 

Instead, in case of empiric use of a second-line an-
tibiotic (e.g., cephalosporin or carbapenem), we found 
that not always the attending physician switched to a 
sensitive first-line antibiotic (e.g., amoxicillin/clavu-
lanate), thus suggesting that adherence to strict an-
timicrobial stewardship practices may be improved. 
The reasons for this behavior may be multiple, such as 
fear of change, custom, good response to the antibiotic 
used. However, it is important to continue programs 
that reduce the use of high-cost and broad-spectrum 
antibiotics (19), in order to fight antibiotic resistance, a 
worldwide cause of mortality and morbidity (20).

Our study has several limitations. First, the ret-
rospective investigation may have been influenced by 
several methodological shortcomings. Surveillance 
studies should be carried out over longer periods of 
time and with a larger population. Previous antibiotic 
therapies, which this study could not evaluate due to 

Discussion

In this study, we assessed E. coli antibiotic resist-
ance patterns and antibiotic use in a large cohort of 
pediatric patients. Overall, we found that the rate of 
resistance to amoxicillin/clavulanate, cephalosporins 
and aminoglycosides was low, and no isolates were 
resistant to carbapenems. Conversely, we found that 
aminoglycosides and cephalosporins were frequently 
used as empiric therapy, whereas targeted therapies 
aimed at sparing these classes of antibiotics once an-
tibiograms were available have not always been estab-
lished.

Unfortunately, National and International Sur-
veillance Data (http://atlas.ecdc.europa.eu/public/
index.aspx) usually report general data of antibiotic re-
sistance, while pediatric-focused data are rarely avail-
able. Moreover, pediatric practice encompasses a large 
range of different groups of patients, both on a clinical 
and epidemiologic point of view. Newborns or young 
infants significantly differ among each other and from 
older children and adults. For this reason, our analyses 
add important data on antibiotic resistance patterns in 
the pediatric population. 

The largest recently published European study 
estimating the burden of infections with antibiotic-
resistant bacteria does not mention the pediatric 
population (14). While this study provided useful in-
formation for public health decision-makers, similar 
pediatric studies are not available. However, overall 
antibiotic use in children is significant and how this 
may have long-term impact on antibiotic resistance in 
adults is unknown, but theoretically an inappropriate 
antibiotic exposure in childhood could affect antibiotic 
resistance in adulthood (15). 

Comparing our data with those published in It-
aly by the National Surveillance of Antibiotic Resist-
ance (16), we observed a lower resistance of E. coli to 
the most used antibiotics. In particular, while 47.3% 
of E. coli strains are resistant to ampicillin, only 20% 
and 6.3% are resistant to amoxicillin/clavulanate and 
aminoglycosides respectively. Consequently, in our pa-
tients, given its oral availability, amoxicillin/clavulanic 
acid can be safely used as first-line antibiotic to treat 
E. coli infections, or as a first-line empiric agent for 
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  4.  Chen B, Berglund B, Wang S, et al. Rapid increase in oc-
currence of carbapenem-resistant Enterobacteriaceae in 
healthy rural residents in Shandong province, China, from 
2015 to 2017. J Glob Antimicrob Resist 2021 Dec 8:S2213-
7165(21)00258-7. 

  5.  Ling TK, Liu EY, Cheng AF. A 13-year study of antimicro-
bial susceptibility of common gram-negative bacteria iso-
lated from the bloodstream in a teaching hospital. Chemo-
therapy 2001 Jan-Feb;47(1):29-38.

  6.  Losada I, Barbeito G, García-Garrote F, Fernández-Pérez 
B, Malvar A, Hervada X; [Antimicrobial susceptibility of 
Escherichia coli producers of community urinary tract in-
fections in Galicia (Spain). Period: 2016-2017]. Aten Pri-
maria 2020 Aug-Sep;52(7):462-468. Spanish.

  7.  Kurowski KM, Marusinec R, Amato HK, et al. Social and 
Environmental Determinants of Community-Acquired 
Antimicrobial-Resistant Escherichia coli in Children Liv-
ing in Semirural Communities of Quito, Ecuador. Am J 
Trop Med Hyg 2021 Jul 19;105(3):600-610. 

  8.  Martos I, Colucci Camusso G, Albornoz M, et al. [Etio-
logical profile and antimicrobial sensitivity in 1740 urinary 
infections of the community in the city of Córdoba, Ar-
gentina]. Arch Esp Urol 2021 Sep;74(7):645-651. Spanish.

  9.  Malchione MD, Torres LM, Hartley DM, Koch M, Good-
man JL. Carbapenem and colistin resistance in Enterobac-
teriaceae in Southeast Asia: Review and mapping of emerg-
ing and overlapping challenges. Int J Antimicrob Agents 
2019 Oct;54(4):381-399. 

10.  McCarthy M. Science academies of G7 nations call for ac-
tion on antibiotic resistance and neglected tropical diseases. 
BMJ 2015;350(apr30 11):h2346-2346. 

11.  The European Committee on Antimicrobial Susceptibility 
Testing. Breakpoint tables for interpretation of MICs and 
zone diameters. Version 12.0, 2022. Available at http://
www.eucast.org. Accessed 08/02/2022

12.  American Academy of Pediatrics. Antimicrobial agents and 
related therapy. In: Kimberlin DW, Barnett ED, Lynfield R, 
Sawyer MH, eds. Red Book: 2021 Report of the Commit-
tee on Infectious Diseases. Itasca, IL: American Academy 
of Pediatrics; 2021. p. 863-1006.

13.  World Health Organization. The evolving threat of antimi-
crobial resistance: options for action. 2012. World Health 
Organization. Available at https://apps.who.int/iris/han-
dle/10665/44812. Accessed November 23, 2020.

14.  Cassini A, Högberg LD, Plachouras D, et al.; Burden of 
AMR Collaborative Group. Attributable deaths and disa-
bility-adjusted life-years caused by infections with antibiot-
ic-resistant bacteria in the EU and the European Economic 
Area in 2015: a population-level modelling analysis. Lancet 
Infect Dis 2019 Jan;19(1):56-66.

15.  Medernach RL, Logan LK. The Growing Threat of Anti-
biotic Resistance in Children. Infect Dis Clin North Am 
2018 Mar;32(1):1-17.

16.  Bellino S, D’Ancona F, Iacchini S, et al. [National surveil-
lance of antibiotic-resistance AR-ISS: Report No. 1 - 2018 
data]. Boll Epidemiol Naz 2019;1:1-26.Italian.

its retrospective nature, should also be investigated in 
the future. However, our cohort still provides a com-
prehensive overview of antibiotic susceptibility of E. 
coli in children and antibiotic usage.

In conclusion, the increasing resistance of E. coli 
in various countries over the past decades constitutes 
an increasing concern for the treatment of E. coli dis-
ease. In our region of central-southern Italy, although 
E. coli represents one of the most frequent local patho-
gens, there are not many data on its antibiotic resist-
ance in pediatric age. Our paper, therefore, suggests 
empirical antibiotic therapy appropriate to the target 
areas for the study, as well as offers pediatric reference 
data for future monitoring of the development of re-
sistance. 

Our study showed that E. coli antibiotic resist-
ance is relatively rare in our setting, and those patients 
with a history of ICU admission or the presence of 
devices are at higher risk. However, we also pointed 
out that adherence to antimicrobial practices was not 
always appropriate, highlighting the need for better 
education on this topic for pediatricians and neona-
tologists. Antimicrobial resistance is a major public 
health concern and a broader focus on the pediatric 
population should be considered. Epidemiological 
studies to better understand the burden of antibiotic 
resistance in children and the long-term impact of an-
tibiotic exposure in childhood on future development 
of resistance are urgently needed. 

Conflict of Interest: Each author declares that he or she has 
no commercial associations (e.g. consultancies, stock ownership, 
equity interest, patent/licensing arrangement etc.) that might 
pose a conflict of interest in connection with the submitted ar-
ticle 

References

  1.  Kaper JB, Nataro JP, Mobley HL. Pathogenic Escherichia 
coli. Nat Rev Microbiol 2004 Feb;2(2):123-40. 

  2.  Paitan Y. Current Trends in Antimicrobial Resistance of Es-
cherichia coli. Curr Top Microbiol Immunol 2018;416:181-
211.

  3.  Berglund B, Chen B, Tärnberg M, et al. Characterization of 
extended-spectrum χ-lactamase-producing Escherichia coli 
harboring mcr-1 and toxin genes from human fecal samples 
from China. Future Microbiol 2018 Nov;13:1647-1655. 



Acta Biomed 2022; Vol. 93, N. 5: e20222148

Correspondence:
Received: 6 January, 2022
Accepted: 23 January, 2022
Davide Pata, MD
Department of Woman and Child Health and Public Health, 
Fondazione Policlinico Universitario A. Gemelli IRCCS
Largo F. Vito 8
Rome, 00168 Italy
Phone: +390630154390
E-mail: davide.pata01@gmail.com

17.  Balighian E, Burke M. Urinary Tract Infections in Children. 
Pediatr Rev 2018 Jan;39(1):3-12.

18.  Olin A, Henckel E, Chen Yet al. Stereotypic Immune Sys-
tem Development in Newborn Children. Cell 2018 Aug 
23;174(5):1277-1292.e14. 

19.  Wernli D, Jørgensen PS, Harbarth S, et al. Antimicro-
bial resistance: The complex challenge of measurement 
to inform policy and the public. PLoS Med 2017 Aug 
17;14(8):e1002378. 

20.  de Kraker ME, Stewardson AJ, Harbarth S. Will 10 Million 
People Die a Year due to Antimicrobial Resistance by 2050? 
PLoS Med 2016 Nov 29;13(11):e1002184. 


