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Background: Urinary tract infection (UTI) is a common cause for diseases in infants. Various studies have suggested that infants
with UTI benefit from a lower rate of breastfeeding compared to control groups. Our experimental evidence showed if breastfed
infants are infected with a UTI, their response to treatment is faster and better.

Objectives: The aim of this study is to compare bacterial resistance to common antibiotics in breastfed and bottle-fed female
infant.

Patients and Methods: In this cross-sectional analytical study, urine cultures (Uc) were conducted on female infants, under 2
years old, with UTIs. Antibiograms were conducted for Gentamicin, Ampicillin, Amikacin, Ceftriaxone, Cefixime, Cephalexin,
Nitrofurantoine, Nalidixic acid, and Cotrimoxazole. The results of the two groups were compared: 1) breastfed infants (BrF) and 2)
bottle-fed infants (BoF).

Results: Based on our inclusion criteria, 377 female infants suspected of having UTIs were introduced to the study. Among them, 73
infants were excluded from the study. In both groups, the lowest resistance was against Nitrofurantoine (0.7% in BrF vs. 11.2% in BoF)

and the highest resistance was against Cotrimoxazole (30.6% in BrF vs. 68.4% in BoF).
Conclusions: Breastfeeding causes lower bacterial resistance to common antibiotics compared to bottle-feeding.
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1. Background

Now a days, breastfeeding is widely suggested by pedia-
tricians, because its nutritional benefits on the gastroin-
testinal (GI) system, host defense, and psychosocial as-
pects of the infant(1, 2). Many studies have suggested that
breastfeeding can decrease the rates of upper and lower
respiratory tract infections, as well as infections of the GI
system (3, 4). Urinary tract infection (UTI) is a common
cause of diseases in infants, and it is more common in
females due to their shorter urethras (5). Various studies
have suggested that infants with UTIs had a lower rate of
breastfeeding compared to control groups (6, 7). In these
studies, infants with UTIs were compared with control
groups and infants suffering from other acute diseases
(8). Wold et al. suggested that secretory IgA in mother’s
milk attaches to E. coli type-1 pili and prevents urinary
tract infection (9). In addition, Adleberth et al. stated that
there are fewer enterococci in the GI system of breastfed
infants than in bottle-fed infants, and that E. coli isolated
from the GIs of breastfed infants had less invasive charac-
teristics (10).

2. Objectives

The aim of this study was to compare bacterial resis-
tance against common antibiotics in two groups of fe-
male infants (breastfed (BrF) and bottle-fed (BoF)).

3. Patients and Methods

In this cross-sectional analytical study, all female infants
under 2 years of age who were admitted to Amirkabir
Hospital (center of pediatric diseases) Arak, Iran, entered
into the study based on the inclusion and exclusion cri-
teria. Inclusion criteria were: 1) clinical evidence of UTI;
2) no history of congenital or underlying kidney disorder
and 3) no administration of antibiotics by mother or the
infant 4 weeks prior to the study. Exclusion criteria were:
1) colony count lower than 100000, 2) urine culture with
more than one pathogen or pathogens that do not pro-
duce UTI and 3) urine sample contamination. This study
was approved by the research ethics committee of Arak
University of Medical Sciences. After signing an agree-

ment with the infants’ parents, the urine samples were
collected in sterile bags. The samples were cultured on
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Urinary tract infection (UTI) is a common cause of diseases in infants. We have shown that breastfeeding causes lower bacterial resistance to common
antibiotics compared to bottle-feeding.
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MacConkey agar, blood agar, and EMB agar for 72 hours.
Then, antibiograms were conducted for nine common
antibiotics: Gentamicin, Ampicillin, Amikacin, Ceftriax-
one, Cefixime, Cephalexin, Nitrofurantoine, Nalidixic
acid, and Cotrimoxazole. The data was analyzed with SPSS
version PASW Statistics 18 (SPSS Inc, Chicago, IL, USA), us-
ing odds ratio, chi-square tests, and logistic regression
tests.

4.Results

A total of 377 female infants suspected to UTIs were in-
troduced to the study based on our inclusion criteria.
Among those, 73 infants were excluded from the study:
in 33 cases (13 BrF and 22 BoF) the urine sample was con-
taminated, and in 40 cases (24 BrF and 16 BoF) the colony
count was lower than 100000. Out of the 304 remaining
patients, 117 were admitted to the hospital (53 BrF and 64
BoF) and 187 were ambulatory (99 BrF and 88 BoF); 169
were under 1year of age (79 BrF and 90 BoF) and 135 were
between 1 and 2 years old (73 BrF and 62 BoF). The mini-
mal bacterial resistance rate in the breastfed group was
0.7%, in respond to Amikacin and Nitrofurantoine. The
maximal rate was 30.6%, related against Cotrimoxazole.
The minimal bacterial resistance rate in the BoF group
was 11.2%, in respond to Nitrofurantoine, and the maxi-
mal rate was 68.4%, in respond to Cotrimoxazole. There
was a significant difference between the BrF and BoF in-
fants in bacterial resistance rate (Table 1).

Table 2. Bacterial Resistance in Female Infants Under One-Year-
old With UTI in Both Groups

Antibiotics Bottle-Feed, Breast-Feed, Pvalue Odd’s
No. (%) No. (%) Ratio
Gentamicin 19 (21.1) 0(0) <0.001 -
Ampicillin 51(56.7) 21(26.6) <0.001 3.612
Amikacin 15(16.7) 0(0) <0.001 -
Ceftriaxone 32(35.6) 3(3.8) <0.001 13.977
Cefixime 34(37.8) 3(3.8) <0.001 15.381
Cephalexin 21(26.7) 1(1.3) <0.001 28364
Nitrofurantoin 11(12.2) 0(0) <0.001 -
Nalidixicacid 46 (51.1) 6(7.6) <0.001 12.72
Co-trimoxazole 54 (60) 19 (24.1) <0.001 4.737

In breast-fed infants between one and two years of
age, minimal bacterial resistance was against Ami-
kacin and Nitrofurantoine, and maximal resistance
was against Cotrimoxazole, then Nalidixic acid. In
the bottle-fed group of this age, the lowest resistance
was against Amikacin and the highest resistance was
against Cotrimoxazole, then Cefixime. Except for Ami-
kacin, there were significant differences in the bacte-
rial resistance rates between the two groups at this age
(Table 3).

Table 1. Bacterial Resistance in Female Infants Under Two-Year-
Old with UTI In Both Groups

Table 3. Bacterial Resistance in Female Infants Between One to
Two Years Old With UTI in Both Groups

Antibiotics Bottle-Feed, Breast-Feed, Pvalue Odd’s Antibiotics Bottle-Feed, Breast-Feed, Pvalue 0Odd’s
No. (%) No. (%) Ratio No. (%) No. (%) Ratio
Gentamicin 29(19.1) 3(2) <0.001 1171 Gentamicin 10 (16.1) 3(44) <0.05 4.487
Ampicillin 87(57.2) 40(26.3) <0.001 3.748 Ampicillin 36 (58.1) 19 (26) <0.001 3.935
Amikacin 18 (11.8) 1(0.7) <0.001 20.284 Amikacin 3(4.8) 1(1.4) 0333  3.661
Ceftriaxone 64 (42.1) 7(4.6) <0.001 15.065 Ceftriaxone 32(51.6) 4(5.5) <0.001 18.4
Cefixime 76 (50) 9(5.9) <0.001 15.889 Cefixime 42(67.7) 6(8.2) <0.001 23.45
Cephalexin 48(31.6) 5(33) <0.001 13.569 Cephalexin 24 (38.7) 4(5.5) <0.001 10.895
Nitrofurantoin 17 (11.2) 1(0.7) <0.001 19.015 Nitrofurantoin 6(9.7) 1(1.4) <0.05 7714
Nalidixicacid 85(55.9) 26 (17.1) <0.001 6.148 Nalidixicacid 39 (62.9) 20 (27.4) <0.001 4.493
Co-trimoxazole 104 (68.4)  46(30.3) <0.001 4.993 Co-trimoxazole 50 (80.6) 27(37) <0.001 7.099

No bacterial resistance against Gentamicin, Amikacin,
or Nitrofurantoine was reported in under one-year-old
BrF infants, and the maximal resistance was against
Ampicillin. In bottle-fed infants of this age, minimal
resistance was against Nitrofurantoine, and maximal
resistance was against Cotrimoxazole, then Ampicil-
lin. There was a significant difference between the two

groups (Table 2).

114

E. coliwas the most common pathogen in both breastfed
and bottle-fed groups. The least common pathogens were
Citrobacter and Klebsiella in the breastfed and bottle-fed
groups, respectively. Among E. coli, Klebsiella, and Citrobac-
ter, maximal resistance was against Cotrimoxazole. E. coli
had the lowest resistance to Nitrofurantoine. Klebsiella was
completely sensitive to Gentamicin, Amikacin, and Nitro-
furantoine, and Citrobacter was sensitive to Amikacin.
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5. Discussion

According to the results of this study, E. coli was the
most common organism in both groups, which was in
accordance with many studies in this field (11-15). The
level of E. coli was about 90% in both groups, however
in the study of Mbanga et al. it was about 40.3% (11). In
the current study, bacterial resistance rates were lowest
against Amikacin and Nitrofurantoine in both infant
groups, although the rate in the bottle-fed group was 16
times higher than in the breastfed infants. Our results
were somehow different those reported by Caracciolo
et al. They concluded that the lowest resistance rate was
against Ceftazidime, Ceftriaxone, Nitrofurantoine, and
Gentamicin (16), while in the current study, resistance
against Ceftriaxone was high in the bottle-fed infants
and below 5% in the breastfed group. Moreover, Senel
et al. concluded that the lowest rates of bacterial resis-
tance were against Imipenem, Amikacin, Netilmicin,
and Ciprofloxacin (13). By comparison, in our study, the
rate of resistance against Amikacin in BrF infants was 1%,
while in BoF infants was 11.8%.

Our results showed that bacterial resistance to com-
mon antibiotics was lower in breastfed infants than in
bottle-fed infants. For further elaboration on E. coli, it
can be said that there are evidences, suggested a lower
presence of Enterobacteriaceae in the feces of breastfed
infants compared to bottle-fed infants; in addition, E.
coli isolated from the feces of the breastfed infants had
lower virulence factors (10). Knowing that the infants in
the current study were suffering from UTIs gave us the
impression that the bacteria in our study were highly
virulent. Researchers do not have any proof of why
bacterial resistance is lower in breastfed infants, which
shows the need for another study in order to compare
the different characteristics of bacteria isolated from
these two groups.
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