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Epidemiology of resistance to quinolones in Salmonella
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Abstract – Fluoroquinolones account for about 11% of antimicrobial prescriptions in human medicine
worldwide and represent the drug of choice for the treatment of a wide range of human infectious dis-
eases. They were introduced into veterinary medicine in Europe in the late 1980s and early 1990s and
in the USA in 1995. Following their introduction, resistant strains of bacteria, including Salmonella,
started to emerge. Resistance to quinolones depends on chromosomal mutations and the subsequent
spread of resistant clones. While the selective pressure caused by the use of quinolones facilitates their
epidemic transmission, the resistant mutants may spread independently of quinolone use. In view of
the key role of this group of antimicrobials in human medicine and the position of Salmonellaas the
leading cause of food-borne infections in many countries, the public health hazard posed by quinolone-
resistant zoonotic Salmonellaserovars has been a subject of concern. The fluoroquinolones are on the
WHO list of drugs that should be reserved for human use. Considering the mounting evidence that
quinolone-resistant zoonotic Salmonella are the cause of severe, sometimes fatal, infections in
humans, the use of fluoroquinolones in food animals should be discontinued or severely restricted.
Such an intervention should be accompanied by prudent use measures involving all other groups of
antimicrobials to reduce the need for fluoroquinolones in veterinary medicine.
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Résumé – Épidémiologie de la résistance aux quinolones chez Salmonella. Les fluoroquinolones
représentent environ 11 % de la totalité des prescriptions d’antibiotiques en médecine humaine et sont
les antibiotiques de choix pour le traitement d’une grande variété de maladies infectieuses humaines.
En médecine vétérinaire, ils ont été introduits en Europe à la fin des années 80–début des années 90,
et aux USA en 1995. Après leur introduction, des souches de bactéries résistantes, dont des Salmo-
nella, ont commencé à émerger. La résistance aux quinolones est due à des mutations chromosomiques
et à la propagation ultérieure de clones résistants. Alors que la pression de sélection par utilisation de
quinolones facilite leur transmission épidémique, les mutants résistants peuvent se propager indé-
pendamment de l’utilisation de quinolones. Étant donné le rôle-clé de ce groupe d’antibiotiques en
médecine humaine, et le fait que Salmonellasoit la cause principale des infections alimentaires dans
de nombreux pays, le problème est posé du risque pour la santé publique dû à des sérovars de 
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1. INTRODUCTION

In many countries, zoonotic Salmonella
infections are still the leading cause of food-
borne human infections. Based on figures
given by the European Union member states,
almost 200 000 cases were reported in
Europe in 1998  although this number might
be underestimated and could be 10-fold
higher [15]. In the United States known
food-borne pathogens account for an esti-
mated 14 million illnesses, 60 000 hospi-
talisations, and 1800 deaths [19].

Salmonellosis can lead to two types of
diseases, namely typhoid fever and gas-
troenteritis. Typhoid fever is a generalised
infection with severe symptoms and fre-
quently occurring serious sequelae which,
if untreated, are fatal in about 10% of cases.
Gastroenteritis in turn is a localised infection
of the gut leading to diarrhoea, fever, nausea
and headaches. SalmonellaTyphi and
Paratyphi, strict human pathogens, cause
typhoid fever. Gastroenteritis can be pro-
voked by all the other zoonotic Salmonella
(about 2400 serovars) which can occasion-
ally cause generalised infections as well
[28].

If a generalised infection and a life-threat-
ening situation occurs, antimicrobial ther-
apy is indicated. Today, fluoroquinolones
are the agents of choice for the treatment of
severe gastrointestinal infections because
they have a very high level of clinical effi-
cacy against most enteric pathogens includ-
ing Salmonella[23]. Among their indica-
tions for use are cases of invasive infections
caused by zoonotic Salmonellaserotypes
[13] and by SalmonellaTyphi and Paratyphi
[11].

Fluoroquinolones represent the third gen-
eration of quinolone development. The first
generation of this group of compounds is
represented by agents such as nalidixic acid
and pipemidic acid and are characterised by
limited activity against Gram-negative bac-
teria. The introduction in the 1980s of the
fluorinated 4-quinolones offered clinicians
orally and parenterally administrable agents
with a broad spectrum of activity and high
efficacy in a wide range of infections [2].
Their use now accounts for about 11% of
overall prescriptions of antimicrobials in
human medicine [27] and one of them,
ciprofloxacin, is the most used antibiotic in
the world [2].

Salmonellazoonotiques résistants aux quinolones. Les fluoroquinolones sont sur la liste de l’OMS
des antibiotiques qui devraient être réservés à la médecine humaine. Considérant qu’il est de plus en
plus évident que les Salmonellazoonotiques résistantes aux quinolones sont la cause d’infections
sévères, quelquefois fatales chez l’homme, l’utilisation de fluoroquinolones chez les animaux entrant
dans la chaîne alimentaire devrait être interrompue ou sévèrement restreinte. Une telle intervention
devrait être accompagnée de mesures pour une utilisation prudente de tous les autres antibiotiques afin
de réduire la nécessité d’utiliser des fluoroquinolones en médecine vétérinaire. 
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In 1987 and 1989, the fluorinated
quinolones were introduced for use in vet-
erinary medicine in The Netherlands and
Germany, respectively [18], then in 1991
in France, in 1993 in the UK [25] and they
are now licensed for use in all EU countries.
In the USA, sarafloxacin was licensed for
veterinary use in poultry in 1995 [3] and so
was enrofloxacin in 1996. The indications
for the veterinary use of fluoroquinolones
include a variety of intestinal and systemic
infections in food animals as well as in com-
panion animals.

2. GENERAL CONSIDERATIONS
ABOUT EPIDEMIOLOGY 
OF RESISTANCE

Resistance to fluoroquinolones depends
on chromosomal mutations and resistance
has not yet been found to be transmitted
through the dissemination of resistance
genes [7]. In fact, the epidemiology of
quinolone resistance in Salmonellais
described exclusively by epidemic dissem-
ination of resistant mutants, often by clonal
spread. Nevertheless, the dynamics of
antimicrobial resistance are multifactorial
and complex. This observation applies to
hospital settings [22, 24] and even more so
to resistance among community-acquired
non-typhoid Salmonellainfections that rep-
resent the result of an interaction between
the animal reservoir and humans.

3. ASSOCIATION BETWEEN
FLUOROQUINOLONE
CONSUMPTION 
AND RESISTANCE

It has long been accepted that the use of
antimicrobials predisposes for the emer-
gence and spread of resistant bacteria, e.g.
[16]. However, while the use of fluoro-
quinolones in human medicine has been
recognised as a very strong risk factor for
the selection of resistant strains [22], epi-

demiological studies of this association in
animals do not appear to have been pub-
lished. There are, however, a number of
reports describing a temporal association,
for example by Aarestrup et al. [1], Heurtin-
Le Corre et al. [14] and Malorny et al. [18].

Fluoroquinolone-resistant mutants will
be selected only if the concentration of the
antibiotic is less than 8-fold the MIC [2],
and underdosing appears to predispose for
the selection of resistant strains [6, 22].
Giraud et al. [10] confirmed this in a study
where they found that one single adminis-
tration of a low dose of enrofloxacin was
sufficient to select resistant isolates under
in vivo experimental conditions in mono-
contaminated gnotoxenic chickens.

The fluoroquinolones approved for use
in production animals, for example
sarafloxacin and enrofloxacin, are often used
for group treatment in animals that are sick
or only at risk of becoming sick. The drugs
are most often given orally in feed or water.
As the intake of feed and water varies
between the individual animals, in particu-
lar in groups where some of them are sick,
underdosing is difficult to avoid. Therefore,
group medication of animals with fluoro-
quinolones increases selective pressure and
predisposes for the selection of resistant
strains. This problem is exacerbated, because
in food animals, for example pigs and poul-
try, Salmonellainfections are often sub-clin-
ical. Therefore, even when fluoroquinolones
are not used to treat cases of clinical
salmonellosis, treatment of other infections
may inadvertently place a selective pressure
on Salmonellabacteria present in the herd or
flock and therefore result in resistant strains.

Björkman et al. [4] studied the virulence
of nalidixic acid resistant Salmonella
Typhimurium and found that while resis-
tant mutants had initially decreased viru-
lence, the strains rapidly accumulated com-
pensatory mutations that restored virulence
without a concomitant loss of resistance.
This means that quinolones may facilitate,
but are not essential for, the spread of such
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resistant Salmonellastrains [2]. An addi-
tional observation was reported by Malorny
et al. [18] who found an increase in the inci-
dence of quinolone-resistant Salmonella
Typhimurium DT204C in a German
province, before the marketing of fluoro-
quinolones for veterinary use in Germany.
The proportion of quinolone-resistant
Salmonellaof bovine origin reached 49.5%,
before a decline in the number of isolations
of the resistant clone was observed. Unfor-
tunately these observations could not be cor-
related with the amounts of fluoroquinolones
used. Mølbak et al. [20] were able to trace
the source of an outbreak of quinolone-resis-
tant Salmonella Typhimurium DT104 to
two pig farms but failed to find evidence of
quinolone use on the farms. 

In their in vivo experiments, Giraud 
et al. [10] found that fluoroquinolone-resis-
tant SalmonellaTyphimurium could still be
isolated from monocontaminated gnotox-
enic birds 10 days after in vivo selection
although at a drastically reduced frequency
and with drastically altered growth on solid
media.

In 1999, Davies et al. reported on
nalidixic acid resistance in Salmonellaiso-
lated from turkeys and other livestock in
Great Britain [9]. They observed an increase
in nalidixic acid resistance of up to 31%,
especially in turkey. Resistance was espe-
cially prevalent in Salmonella Typhimurium
DT104, where 78% of turkey isolates were
quinolone-resistant. 

4. PUBLIC HEALTH ASPECTS 
OF FLUOROQUINOLONE USE 
IN ANIMALS

In general, the role of the animal reservoir
for antimicrobial resistance in human dis-
ease remains controversial. This also applies
to fluoroquinolone-resistant Salmonella[5].
This is in marked contrast to the general
recognition that food is the primary source
of zoonotic Salmonella infections in
humans. One explanation for the contro-

versy surrounding antimicrobial resistance
is that clear evidence unequivocally show-
ing that antibiotic-resistant bacteria from
animals cause human infections which are
difficult to treat, is scarce. Furthermore, not
all resistance phenotypes may be equally
critical. For example, an antimicrobial to
which an organism is resistant may not be
the drug of choice for the treatment of infec-
tions in man [21]. However, this is not the
case for fluoroquinolones. An additional
factor contributing to the controversy may be
that studies endeavouring to determine the
association between the consumption of flu-
oroquinolones and the occurrence of resis-
tance to this group of compounds often fail
to take into account the pattern of resistance
to other antimicrobials, and the possibility of
co-selection by other agents, as noted by
Richard et al. [22]. The transmission dynam-
ics of resistant bacteria – even in the absence
of horizontal spread of resistance genes –
is therefore highly complex.

Information on the public health impact
of the veterinary use of fluoroquinolones
may be gained by comparing the situations
in the USA and UK in the early or mid-
1990s. Herikstad et al. [13] reported that in
a nation-wide sample of 4008 isolates of
non-typhoid Salmonellaefrom humans in
the United States between 1994 and 1995
only one isolate was resistant to fluoro-
quinolones, and 21 to nalidixic acid. The
single fluoroquinolone-resistant isolate
recovered was from an infection that was
most likely acquired abroad. This result
occurred against a background of common
fluoroquinolone use in human medicine
since the mid-1980s, where their use in one
teaching hospital amounted to 6.8% of the
total quantity of antibacterials used [24], but
where fluoroquinolones were not yet
approved for use in food animals [3]. In
sharp contrast to this, Threlfall et al. [25,
26] found that in the UK, where fluoro-
quinolones were approved for veterinary
use in 1993, the proportion of fluoro-
quinolone-resistant SalmonellaTyphi-
murium in humans increased 12-fold from
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about one percent in 1994 to 12 percent in
1996. Direct comparison of the proportions
of fluoroquinolone-resistant isolates between
the USA and the UK is difficult, because
different breakpoints are used. However,
the lower breakpoint used for fluoro-
quinolones in the UK corresponds well to
the breakpoint for nalidixic acid. It is there-
fore clear that nalidixic acid resistance
occurs much more frequently in the UK than
in the USA. This appears to show that for
community-acquired infections with
zoonotic Salmonellaserotypes, the medical
use of fluoroquinolones has little impact on
the occurrence of resistant strains, whereas
the veterinary use of these drugs plays a
major role.

It is generally accepted that Salmonella
serotypes other than S. Typhi and S.Paraty-
phi are zoonotic and transmitted from ani-
mals to man and it is also clear that fluoro-
quinolone-resistant bacteria may be
transmitted epidemically, without the selec-
tive interference of fluoroquinolone use [22,
27]. As early as 1994, Lontie et al. [17] sug-
gested that the occurrence of highly fluoro-
quinolone-resistant SalmonellaTyphi-
murium in three patients who had not
received fluoroquinolones might be
explained by its transmission from the ani-
mal reservoir. Using a number of pheno-
typic and genotypic characterisation criteria,
Heisig et al. [12] failed to differentiate
between isolates with high-level resistance
to fluoroquinolones from cattle and humans.
More recently, Mølbak et al. [20] demon-
strated that quinolone-resistant Salmonella
Typhimurium DT104 responsible for a food-
borne outbreak resulting in two fatal cases
could be traced back to two pig farms.

5. CONCLUSION

Fluoroquinolones are valuable antibiotics
for the treatment of a variety of infections in
human and veterinary medicine. Their use in
food animals has led to increasing resistance
and reduced susceptibility among zoonotic

Salmonellaserotypes isolated from human
patients and while the public health impact
of this resistance remains a subject of 
controversy, there is some evidence 
that quinolone resistance in Salmonella
Typhimurium DT104 has led to fatal infec-
tions.

Fluoroquinolones are on the WHO list
of antimicrobials that should be reserved
for human use [8]. Considering the public
health risk posed by quinolone-resistant
Salmonellaand the evidence that resistant
strains may disappear only slowly or not at
all if the selective pressure is removed, the
use of fluoroquinolones in food animals
should be discontinued or severely restricted,
to prevent a further increase in the occur-
rence of resistant strains. 

However, it is important to realise that
measures to prevent quinolone resistance
arising in bacteria from food animals must
be instituted along with the prudent use of all
antimicrobials, in order to reduce other types
of antimicrobial resistance that would make
the use of fluoroquinolones necessary.
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