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ABSTRACT

The mechanisms of resistance to nitrofurans from 18 meat samples with Salmonella enterica (chicken: 15; 
beef: 2; pork: 1) collected in Lima (Peru) were analyzed. The isolates were serotyped and the susceptibility 
levels to furazolidone and nitrofurantoin [with and without the efflux pump inhibitor Phenyl-Arginine- 
β-naphthylamide (PAβN)], the presence of mutations in the snrA and cnr genes and the transferability of 
resistance by conjugation were established. Fifteen samples with S. infantis (13 from chicken samples), 2 
with S. enteritidis and 1 with S. anatum were identified. All isolates except the S. anatum were resistant to 
both nitrofurans showing MICs (minimum inhibitory concentration) of furazolidone and nitrofurantoin 
of 32-64 μg/mL and 128-256 μg/mL, respectively. The addition of PAßN had no effect on the MIC levels. 
All nitrofuran-resistant isolates showed amino acid codon alterations at both snrA and cnr (S. infantis: 
snrA STOP-151; cnr STOP-137; S. enteritidis: snrA STOP-180; cnr STOP-179). No transferable mecha-
nisms of nitrofuran resistance were detected.
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INTRODUCTION

Nitrofurans are a group of synthetic antimicrobials which are used against Gram-negative 
and Gram-positive parasites and bacteria (1). These compounds have been widely used in both 
human and veterinary medicine, as well as in growth promoters for animals for human con-
sumption (1). However, their use currently in veterinary medicine regarding animals for human 
consumption is prohibited in many countries because of the risk that these antimicrobials or 
their metabolites remain in the food (1). Its veterinary use is prohibited in Peru since 2013 (2).

The levels of nitrofuran resistance in Enterobacteriaceae (Shigella spp.), cause of diarrhea, 
are low (3), and the highest levels of resistance to these antimicrobials were reported in 
Salmonella spp. (4,5). Currently, the mechanisms of action of nitrofurans are poorly studied, 
they have been described mainly in mutants obtained in vitro.
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Motivation for the study: Increasing levels of antibiotic 
resistance in Peru is a serious concern. However, there 
is a scarcity of data regarding nitrofuran resistance in 
Salmonella spp.

Main findings: There are high levels of nitrofuran resistance in 
Salmonella spp. related with the presence of chromosomal mu-
tations in the cnr and snrA genes.

Implications: Results show the need for systematic investi-
gations of resistance levels to nitrofurans in Salmonella spp. 
mainly aimed at the causes of natural selection of resistant 
isolates.

KEY MESSAGES
It has been described that nitrofurans need to be activated 

by nitroreductases to exert their action; the reduction reaction 
consists of several sequential steps, some of the products ge-
nerated in the intermediate steps could possess antimicrobial 
activity (6,7). The nitroreductases involved in these activation 
processes are NfsA and NfsB (6). Thus, in studies with mutants 
obtained in vitro and in studies developed with clinical isola-
tes (8-10), in Escherichia coli the presence of alterations capable 
of reducing or eliminating the functionality of NfsA and NfsB 
has been associated with the development of resistance to ni-
trofurans. The role of efflux pumps in resistance to nitrofurans 
has also been described. In addition, the OqxAB efflex pumps, 
which belongs to the RND (Resistance-Nodulation-Division) 
family, confers resistance to nitrofurantoin (11).

Despite the high levels of resistance in Salmonella spp. the 
number of studies focusing on the mechanisms of resistance to 
nitrofurans is low (5,12). Therefore, the objective of this study was 
to determine the levels and mechanisms of resistance to nitrofu-
ran in isolates of Salmonella enterica from meat samples acqui-
red in traditional markets in Lima.

THE STUDY

18 samples with Salmonella enterica isolated in 2012 from a 
previous study were used to determine the presence of Ente-
robacteriaceae and levels of E. coli antimicrobial resistance in 
meat samples (pork, chicken or calf) acquired in traditional 
markets in the north (Comas, San Martin), center (La Victoria, 
Cercado de Lima) and south (Villa El Salvador) of Lima (13). The 
study was conducted at ISGlobal, Hospital Clinic - Universitat 
de Barcelona (Spain), Nutreco (Spain) and Instituto de Medi-
cina Tropical Alexander von Humboldt (Peru). In all cases the 
isolates were previously identified by biochemical methods and 
confirmed by amplification of the invA gene (13). S. enterica iso-
lates were recovered from –80 ºC and reconfirmed prior to use 
by amplification and sequencing of the 16S rRNA gene (14).

The serotypes of the isolates were determined by means 
of microarrays (Check & Trace Salmonella kit, Check-Points 
B.V, Wageningen, The Netherlands) following the manufac-
turer’s instructions. Then sensitivity to furazolidone (100 µg) 
and nitrofurantoin (300 µg) was determined by the disk di-
ffusion method (BD, St. Augustine del Guadalix, Spain), as 
well as minimum inhibitory concentration (MIC) values by 
the agar dilution method, following the CLSI (Clinical and 
Laboratory Standards Institute) guidelines and using E. coli 
ATCC 25922 strain as quality control (15). In the CLSI guide 
there is no specific cut-off point for furazolidone, so in this 
case data on MIC and/or halo diameter are reported.

For both nitrofurantoin and furazolidone, MIC values 
were determined in presence of Phenyl-Arginine-ß-Naph-
thylamide (PAßN), an RND-type efflux pump inhibitor (8). For 

its use, PAßN was dissolved in dimethyl sulfoxide (DMSO), 
which is way it determined the effect of this solvent on bac-
terial growth.

In all the isolations, nfsA and nfsB genes were amplified 
by the polymerase chain reaction (PCR) technique (initial 
cycle of 94 ºC for five minutes, followed by 35 cycles of 94 
ºC for 40 seconds each, 60 ºC for 30 seconds, 68 ºC for 40 
seconds, and a final extension at 72 ºC for five minutes). 
The PCR was performed with the primers described by Sa-
lamanca-Pinzón et al. (16), and was visualized in 2% agarose 
gels stained with SYBR Safe (Invitrogen, Carlsbad, USA). 
The bands obtained were recovered from the gel and puri-
fied using the Wizard SV Gel and PCR Clean Up System kit 
(Promega, Madison, USA). The purified products were sent 
to Macrogen (Seoul, South Korea) for sequencing.

Finally, the presence of transferable nitrofuran resistance 
mechanisms was determined by conjugation, following the 
previously described protocol (17). For this purpose, E. coli 
J53 (resistant to sodium azide) was used as the receiving 
strain and Mueller-Hinton agar supplemented with sodium 
azide (150 µg/ml) and furazolidone (16 µg/ml) as the me-
dium for selecting the transconjugants.

RESULTS

The 18 studied isolates came from four markets, different 
from the three areas included in the original study (nor-
thern, central and southern cone) (Table 1), thus demons-
trating a wide dissemination throughout the Lima area.

The results of serotyping showed that most of the isolates 
belonged to the infantis serotype (15 isolates, 83.3%). The 
remaining three strains were classified as enteritidis (two 
strains, 11.1%) and anatum (one strain, 5.6%). The isolates 
of the infantis serotype were recovered from the three types 
of meat samples, especially from the chicken samples. Thus, 
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13 of the 15 isolates recovered were from chicken samples, 
while one of S. infantis was isolated from calf samples, and 
another from pork samples. The two S. enteritidis isolates 
were from chicken samples and the one from S. anatum was 
from calf (Table 1).

All isolates, except for the S. anatum strain, had MIC levels 
of 32-64 µg/ml for furazolidone, being resistant to nitrofuran-
toin with MICs of 128-256 µg/ml. The isolation of S. anatum 
showed MICs of 8 µg/ml for furazolidone and 32 µg/ml for ni-
trofurantoin (Table 2).

Correlation between MIC values and halos observed in 
studies with antibiotic discs was also observed. Thus, the 
nitrofurantoin resistant isolates showed 8-11 mm diameter 
halos and 8-13 mm  halos for furazolidone, while sensitive 
isolates showed 20 mm halos for nitrofurantoin and 24 mm 
halos for furazolidone.

The addition of PAßN did not affect the MIC values, 
which in all cases remained unchanged, showing no invol-
vement from RND-type efflux pumps in the development 
of resistance to nitrofurans in the isolates studied. Neither 
PAßN nor DMSO interfered with the normal growth of the 
bacteria.

All nitrofuran-resistant isolates showed mutations in 
snrA and cnr. All 15 S. infantis isolates had STOP codons at 
position 151 of snrA and 137 of cnr, while the two S. enteri-
tidis isolates had STOP codons at positions 180 of snrA and 
179 of cnr (Table 2). Finally, no nitrofuran-resistant trans-
conjugants were obtained in the conjugation studies.

DISCUSSION

Although the use of nitrofurans in animals for human con-
sumption is prohibited in many countries, resistance to them 
has been described in enteropathogens, such as Salmonella spp. 
isolated from food samples (4,5); in some cases, even traces of 
nitrofurans have been detected in meat products (18). There are 

several possible explanations for these facts, which include the 
stability of resistance to nitrofurans, the use of these antimi-
crobials, despite being banned products, or the existence of 
environmental contamination (4,8,18).

The fact that the enteropathogens isolated originated 
from samples of the three types of meat (chicken, calf and 
pork) included in the study and their presence in the diffe-
rent areas of Lima, suggests the wide geographical spread in 
the country of S. enterica resistant to nitrofurans. However, 
it should be considered that the processed samples were co-
llected in 2012, one year before Peru’s ban on the use of ni-
trofurans in breeding animals for consumption (2).

It has been observed that the acquisition of resistance to 
nitrofurans is a sequential event, in which the nitro-reductase 
NfsA and NfsB accumulate alterations that affect their functio-
nality and have an additive effect on the final levels of resistance 
to nitrofurans (9). The study results were concordant to previous 
studies, detecting the presence of mutations leading to the pre-
sence of STOP codons in the equivalent genes (snrA and cnr) 
and the subsequent lack of functional nitroreductases. To date, 
very few studies have analyzed the mechanisms of resistance 
to nitrofurans in S. enterica; they have found similar scenarios, 
with the presence of STOP codons or other alterations in the 
genes snrA or cnr (5,12).

Although no transconjugants resistant to nitrofuran 
were obtained in this study, transferable mechanisms of re-
sistance to nitrofuran have been described. Among these, 
the OqxAB efflux pump, which has recently been implicated 
in the development of resistance to nitrofurantoin, deserves 
special attention (11). OqxAB is an RND-type efflux pump, 
specific to Klebsiella spp. which was first detected and coded 
in plasmid from E. coli of veterinary origin in a study on 
resistance to olaquindox (19). In Peru, the use of olaquindox 
in animals intended for human consumption was banned in 
parallel with the use of nitrofuran (2). Currently, at least 14 
oqxA and 28 oqxB alleles are known to be plasmid-coded, 
but the specific activity of each has not been established (19).

The presence of mutations in acrB, emrD, yajR or macB, 
chromosomal efflux pump coding genes has been implicated in 
the development of resistance to nitrofurans (20). The most studied 
of these pumps is AcrAB which, like OqxAB, is an RND-type 
efflux pump. The AcrAB pump, like other RND pumps including 
OqxAB, can be inhibited using substances such as PAßN (19, 20). 
In this study, the effect of PAßN was not observed, so it was ru-
led out that overexpression of AcrAB pumps was involved in the 
development of nitrofuran resistance in these isolates, providing 
further evidence for the absence of OqxAB plasmid pumps. In 
a previous study in which furazolidone-resistant E. coli mutants 
were developed, no involvement of PAßN-inhibitable ejection 
pumps was detected either (8).

Due to the methodology used, the presence of transfera-
ble resistance mechanisms which only produced low increa-
ses in resistance levels could have gone unnoticed, which is 

Species n Sample District Area

S. anatum 1 Calf Villa el Salvador South

S. enteritidis 1 Chicken La Victoria Center

S. enteritidis 1 Chicken Villa el Salvador South

S. infantis 6 Chicken La Victoria Center

S. infantis 1 Calf La Victoria Center

S. infantis 3 Chicken Comas North

S. infantis 2 Chicken San Martin de Porres North

S. infantis 2 Chicken Villa el Salvador South

S. infantis 1 Pork Villa el Salvador South

n: number of S. enterica isolates. Only one Salmonella isolation per sample was 
considered.

Table 1. Origin of the meat samples
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a limitation of the present study. Also, the isolates included 
in the study are from 2012, which highlights the need for 
carrying out further studies to assess the current situation.

The present study describes the presence of high levels 
of resistance to nitrofurans in isolates of Salmonella ente-
rica from samples of meat foods marketed in Lima. These 
levels of resistance were directly related to the presence of 
chromosomal mutations in the snrA and cnr genes. It is ne-
cessary to keep track of the levels of resistance to nitrofu-
rans in S. enterica.
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