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Abstract

Objective. This study aimed to describe Salmonella epidemiology and antimicrobial resistance in Greek children over the pe-
riod of 2011-2017. Materials and Methods. A 7-year retrospective study (2011-2017) was performed, based on data recorded
by the National Reference Centre for Sal/monella, among children aged <14 years. Epidemiological data, serovar distribution
and antimicrobial resistance patterns were recorded. Results. Overall, 2347 Salmonella isolates were collected (27 typhoid-
paratyphoid). Salmonellosis cases increased by almost 2-fold in 2017 compared to 2011. The highest rates were reported in
August, with infants being the most vulnerable group (17.9%). The majority of isolates were identified in stool samples (91%).
Boys slightly outnumbered girls (~1.05:1). Salmonella Enteritidis was the most prevalent serovar (28.5%), followed by Salmo-
nella Typhimurium (12.2%) and Salmonella monophasic Typhimurium (10.4%). Non-typhoid isolates displayed low resistance
rates to 3™ generation cephalosporins (1%) and ciprofloxacin (0.3%), while the corresponding resistance of typhoid isolates
was 10% and 5% respectively. An increasing trend of Salmonella monophasic Typhimurium was recorded, associated with high
rates of multidrug resistance, reaching a percentage of 97.8% in 2017. Conclusions. Salmonellosis epidemiology in Greek chil-
dren is comparable to previously published European data. Antimicrobial resistance rates to 3*-generation cephalosporins and
ciprofloxacin for non-typhoid and typhoid-paratyphoid remain low. Notably, there is an increasing prevalence of Salmonella
monophasic Typhimurium isolates, associated with multiple antimicrobial resistance.
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world. The World Health Organization (WHO) esti-

mates 16 to 33 million cases of typhoid fever causing

500,000 to 600,000 deaths worldwide annually (2).
Non-typhoidal Salmonella (NTS) species,

Introduction

Salmonella infection (Salmonellosis) is a global pub-
lic health problem, predominantly among children,

associated with significant morbidity and mortal-
ity (1). Salmonella species (Salmonella spp.) cause
typhoid fever and non-typhoid salmonellosis that
causes gastroenteritis, rarely associated with com-
plications, such as reactive arthritis and bacteremia.

Salmonella serotype Typhi and Salmonella sero-
type Paratyphi A, B, and C (ie, typhoidal Salmonella)
are responsible for causing typhoid fever in humans,
an illness that is most burdensome in the developing

which are found widely in animals, are estimated
to cause more than 90 million illnesses worldwide,
and to account for approximately 155,000 deaths
each year (2). The transmission of salmonellosis
is frequently associated with the consumption of
contaminated water and food of animal origin
(i.e. eggs, meat, dairy products), and is facilitated
by conditions characterized by poor hygiene (3).
Young children and infants are at increased risk
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of acquiring salmonellosis, while children with
certain underlying conditions (such as hemoglo-
bin disorders, infection with human immunode-
ficiency virus (HIV), malignancy, or other causes
of immune suppression) have an increased risk of
severe disease and death from complications (3).

Salmonella monitoring and control programs
have been recently implemented in the European
Union (EU). In contrast to the earlier declining
trend of human salmonellosis (4), there have been
some unfavorable changes on this trend since 2016
in Europe (5). In self-limiting gastrointestinal in-
fections, antimicrobial treatment is not required.
On the other hand, antimicrobial treatment is es-
sential and life-saving in cases of invasive salmo-
nellosis, mainly among children, the elderly and
the immunocompromised (6).

The increasing resistance rates against tradi-
tional agents (aminopenicillins, trimethoprim-sul-
famethoxazole, and chloramphenicol) have caused a
shift to fluoroquinolones and 3™-generation cepha-
losporins in empirical treatment of salmonellosis
(7, 8). Nevertheless, under selection pressure, resis-
tance to fluoroquinolones and extended-spectrum
B-lactamases (ESBL) has been reported, and multi-
drug resistant (MDR) Salmonella spp. isolates have
emerged (9-11). Several factors contribute to reduc-
ing the efficiency of a targeted antimicrobial treat-
ment, such as: subpopulations of Salmonella show-
ing increased survival after exposure to antibiotics
(12), the presence in the host of more than one strain
with different antimicrobial susceptibility (13), the
selection pressure and the possibility of trans-
ferring the resistance between bacteria through
mobile genetic elements conferring resistance
(14-16). Given the importance of salmonellosis in
global foodborne illnesses and in childhood diar-
rhea, knowledge of local epidemiology and antibi-
otic resistance patterns is important to determine
suitable therapeutic and control strategies.

This study aimed to describe the epidemiologi-
cal data, serovar distribution and antimicrobial re-
sistance of Salmonella spp. isolates among children
aged <14 years old in Greece, based on data record-
ed by the National Reference Centre for Salmonella
(NRCS) over the period from 2011 to 2017.

Materials and Methods

All human salmonellosis cases diagnosed by clinical
and diagnostic laboratories are mandatorily reported
to the Hellenic Centre for Disease Control and Pre-
vention (HCDCP); Salmonella isolates are voluntarily
forwarded to the NRCS for serotyping and antimicro-
bial susceptibility testing. A 7-year retrospective study
(2011 - 2017) was carried out, through the NRCS
data, among children aged <14 years old. When two
or more specimens corresponded to the same case-
infectious episode, the latter was separately defined
in the analysis to exclude duplicate surveillance data.
Epidemiological data were recorded, while serotyping
was performed according to the White-Kaufmann-
Le Minor Scheme. Susceptibility testing was assessed
using the disk diffusion method. Antimicrobial agents
appropriate for monitoring the antibiotic resistance
in human Salmonella isolates were tested, according
to the relevant EU protocol (17). The antimicrobial
agents were evaluated, including: ampicillin, amox-
icillin-clavulanic acid, amikacin, ceftazidime, cipro-
floxacin, chloramphenicol, cefotaxime, tobramycin,
netilmicin, nalidixic acid, streptomycin, sulfamethox-
azole (that was available only during the sub period of
2014 to 2017), tetracycline and trimethoprim. Multi-
drug resistance was defined as acquired non-suscep-
tibility to at least one agent in three or more classes of
antimicrobials. The EU Antimicrobial Susceptibility
Testing breakpoints (2010) were applied. Isolates that
displayed intermediate susceptibility to the antimi-
crobial agent being tested were classified as resistant,
since even if they inhibit the bacterium in vitro, they
are excluded from routine clinical practice. The Lo-
cal Institute Ethics Review Board approved the study
protocol (35/1625/2011).

Statistical Analysis

A descriptive statistical analysis was performed.
Categorical variables (gender, age, specimen source,
geographical data, antimicrobial resistance) are ex-
pressed as frequencies and percentages. Time trends
in the occurrence of salmonellosis were assessed with
time series analysis (ARIMA modeling procedure).
Analyses were undertaken with the SPSS v. 18.0.
P<0.05 was considered the criterion of significance.




Results
Epidemiology

In the 7-year period spanned by this study, NRCS
received 2347 Salmonella spp. isolates from chil-
dren aged <14 years old (Figure 1A). Overall, 117
different serovars were identified. A similar trend
was observed in the total number of salmonello-
sis cases reported during the study period, in all
age groups (children
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were recorded in Athens, where rates remained al-
most stable over the first 5 years of the study pe-
riod, ranging from 173 to 215, but significantly in-
creased in the last two years, 2016 and 2017, (346
and 384 respectively) (P<0.05).

All the cases were acquired in Greece, with 1
possible exception of a child with enteric fever
caused by Salmonella Typhi, who had history of
recent travel to France.

and adults) (Figure 1A)
(http://www.mednet.
gr/whonet/). Salmonel-
losis cases observed in
children aged <14 years
constantly represented a
higher proportion of the
total salmonellosis cases
(Figure 1B).

Data on the date of
collection were available
for 2170 cases (92.5%).
The seasonal variation of
salmonellosis is shown
in Figure 2, while Figure
3 shows age distribution.
Gender data were avail-
able for 2302 clinical iso-
lates (98.1%). Boys slight-
ly outnumbered girls
(overall ratio ~1.05:1),
and this difference re-
mained fairly constant
during the whole study
period (P=0.44, >0.05).
For all the cases included
in our study, specimen
source data were avail-
able. The majority of iso-
lates were identified from
stool samples (91%), fol-
lowed by blood (3%) and
urine (0.7%). Geographi-
cal data were available
for 2321 clinical isolates
(98.9%). The majority
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Figure 1. A: Annual rates of Salmonellosis cases in children <14 years old, Greece, 2011-
2017; B: Percentage distribution of Salmonellosis cases in children <14 years old and adults

by year. Greece, 2011-2017.

257



http://www.mednet.gr/whonet/
http://www.mednet.gr/whonet/

Acta Medica Academica 2020;49(3):255-264

20
18
16

14

Salmonellosis cases (%)
N » ()] o]

19
13.2 134
12
9.9
10
8 7.4 7.7
6.1
5
3.8 4.1
J . I l
: H

January February March April May

June

July August September October November December

Figure 2. Seasonal percentage distribution of Salmonellosis cases in children aged <14 years old, Greece, 2011-2017.

20
18.01
18
16

14

= =
o N

0o

Salmonellosis cases (%)

0-11 lyr
months

2yrs 3yrs 4yrs 5yrs 6yrs

7yrs 8yrs 9yrs 10yrs  11yrs  12yrs  13yrs  14yrs

Figure 3. Percentage distribution of Salmonellosis cases in children by age, Greece, 2011-2017.

Serovars and Antimicrobial Resistance

According to serovar distribution, shown in Figure
4, only 27 cases (1.1%) were positively identified
as typhoid salmonellosis (12 cases of Salmonella
Typhi, 44.4%, and 15 cases of Salmonella Paraty-
phi B, 55.6%). Salmonella Enteritidis, Salmonella
Typhimurium and Salmonella monophasic Typhi-
mutrim represented 51.2% in total (Figure 5). Oth-
er Salmonella spp. serovars were encountered far
less commonly, but accounted for 47.7% in total
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(Figure 5). The increase observed in salmonello-
sis cases in 2015 and 2016 was predominantly due
to an increase in the rates of other Salmonella spp.
serovars, while the increase in 2017 was attributed
to an increase in both the rates of other Salmonella
spp. serovars and the rates of Salmonella monopha-
sic Typhimurium isolates (Figure 5).

The antimicrobial resistance pattern was as-
sessed for 1456 isolates (62%; 1436 non-typhoid:
20 typhoid). Table 1 presents the resistance of non-
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typhoid Salmonella spp. isolates during the study
period. Resistance to ciprofloxacin, ceftazidime
and cefotaxime was low. Resistance to chloram-
phenicol also remained low (3.6%). Intermediate
rates of resistance were observed against ampicillin
and trimethoprim, (17.1% and 10.6% respectively).
Sulfamethoxazole was associated with the highest
resistance rates (51.4%), even though it was only
available during the sub period of 2014-2017.
Antimicrobial resistance was tested for 414 Sal-
monella Enteritidis isolates (62% of the 669 that
were identified during the study period). Salmo-
nella Enteritidis exhibited low resistance rates to ce-
fotaxime and ceftazidime (0.4% each), while there
was no isolate that was resistant to ciprofloxacin.
The percentage of the identified MDR isolates also

corded (45/218 cas-
es, 20.6%).
Regarding  Sal-
monella monophasic Typhimurium, antimicrobial
resistance was tested for 226 Salmonella mono-
phasic Typhimurium isolates out of the 287 cases
that were identified (79%). Salmonella monophasic
Typhimurium resistance rates were low for cefo-
taxime, ceftazidime and ciprofloxacin. (0%, 0.7%,
and 0.6% respectively). However, high rates of re-
sistance were recorded to ampicillin, streptomycin,
tetracycline, sulfamethoxazole (82%, 85%, 90%
and 89% respectively). Remarkably, 72.1% of the
isolates during the whole study period were MDR,
reaching the percentage of 97.8% in 2017.
Antimicrobial resistance patterns were avail-
able for 20 of the 27 typhoid Salmonella spp. iso-
lates (Table 1). Eight typhoid Salmonella spp. iso-
lates were susceptible to all antibiotics tested. All
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Table 1. Resistance of Salmonella Isolates to the Antimicrobial Agents Tested, among Children <14 Years Old, Greece,

2011-2017

Non-Typhi/Paratyphi isolates

Typhi/Paratyphi isolates

Antimicrobial agent

Number % Number® %
Ampicillin 245/1436 17.1 3/20 15
Amox/clav? 21/1436 1.5 0/20 0
Ceftazidime 15/1436 1 1/20 5
Cefotaxime 15/1436 1 1/20 5
Amikacin 5/1436 0.3 0/20 0
Gentamycin 8/719 1.1 0/20 0
Tobramycin 69/1436 4.8 1/20 5
Netilmicin 9/1436 0.6 0/20 0
Streptomycin 348/1436 24.2 1/20 5
Sulfamethoxazole 370/719 51.4 5/20 25
Trimethoprim 152/1436 10.6 1/20 5
Tetracycline 292/1436 204 1/20 5
Chloramphenicol 52/1436 3.6 2/20 10
Nalidixic acid 84/1436 59 6/20 30

‘Number of resistant isolates/Number of total isolates for which the corresponding resistance data was available; TtAmoxicillin/Clavulanic Acid.

typhoid Salmonella spp. isolates were susceptible
to cefotaxime and ceftazidime, but two Salmonella
Paratyphi B isolates that were resistant (10%). All
typhoid Salmonella spp. isolates were susceptible to
ciprofloxacin, apart from one Salmonella Typhi iso-
late that was resistant (5%). It is noteworthy that ty-
phoid Salmonella isolates were considerably resis-
tant to nalidixic acid and sulfamethoxazole, (30%
and 25% respectively), whereas they displayed
lower resistance profiles to ampicillin and chloram-
phenicol (15% and 10% respectively). Two typhoid
Salmonella isolates (one Salmonella Typhi and one
Salmonella Paratyphi B) were MDR (10%).

Bacteremia

Seventy cases of Salmonella bacteremia were iden-
tified during the study period. Nine of these chil-
dren also yielded Salmonella spp. in their stool
cultures (13%). Out of the twenty-seven different
serovars identified in blood, the most common
one was Salmonella Enteritidis (10 cases, 14.3%),
followed by Salmonella Oranienburg (8 cases,
11.45%) and Salmonella Typhi (6 cases, 8.6%). The
highest rate of Salmonella bacteremia was record-

ed in 2017 (14 cases, 20%). The majority of cases
occurred in August, and the lowest in February.
The age distribution of salmonellosis bacteremia
cases is shown in Fig. 6. Boys outnumbered girls
(ratio~1.8:1). Most cases were recorded in Athens
(64.3%). Antimicrobial resistance was assessed for
41 salmonellosis bacteremia isolates (58.6%). The
highest resistance rates were recorded to sulfa-
methoxazole (56%), followed by ampicillin (14.6%),
streptomycin (19.5%), tetracycline (9.7%), trim-
ethoprim (9.7%) and chloramphenicol (7.3%). Re-
sistance rates were low for the 3™ generation cepha-
losporins and ciprofloxacin (2.4% each). Twenty-
seven Salmonella bacteremia isolates (out of 41 for
which antibiotic resistance pattern was available)
were susceptible to all antimicrobial agents tested
(65.9%), while 7 isolates were MDR (17%).

Discussion

To our knowledge, our study is one of a few reports
that have been published so far on salmonellosis
epidemiology and antimicrobial resistance rates in
children. Salmonellosis rates in children aged <14
years old remained almost unchanged during the




2011-2014 period, albeit they were significantly
higher in the following years (2015-2017). A simi-
lar trend has been previously reported in salmo-
nellosis rates in all age groups in Greece, most like-
ly attributed to improved hospital staff compliance
with reporting procedures, especially following a
study highlighting salmonellosis underreporting
in Greece compared to other countries (18, 19).
Alternatively, a recently established weekly com-
parison of NRCS data with those reported to the
HCDCP may have contributed to the increase in
salmonellosis rates during the 2015-2017 period.
Additionally, this increase was in line with an in-
crease in the number of Salmonella outbreaks in
other countries across Europe (19). In detail, on
the basis of data of the European Centre for Dis-
ease Prevention and Control (ECDC), salmonello-
sis rates in Europe gradually decreased during the
2007-2013 period. The implementation of an inte-
grated legislative approach by food business oper-
ators and policy makers in Europe, to monitor and
control salmonellosis along the food chain from
primary production to consumption, over the
last 10 years thus brought about important prog-
ress. Nevertheless, in the years that followed, an
increasing trend was observed (19). Alternatively,
travel-associated cases may have contributed to
this increase. However, Greece was among the
countries with the highest proportion of domestic
cases versus travel-associated cases, ranging from
86% to 100% (19).

In our study, the most commonly identified se-
rovars were Salmonella Enteritidis, Salmonella Ty-
phimurium and Salmonella monophasic Typhimuri-
um. The last is a monophasic variant of Salmonella
serovar that lacks the second-phase flagellar anti-
gen encoded by the fljB gene, and its exact antigen-
ic formula is 4,[5],12:i:1,2. Salmonella Enteritidis
and Salmonella Typhimurium were also the most
common serovars in previous studies conducted
in Greece (20-23). Our results agree with those re-
ported by the WHONET, Greek System for the Sur-
veillance of Antimicrobial Resistance. Similar trends
have been reported in other European countries
(24-26). Low percentages of Salmonella Typhi and
Salmonella Paratyphi B were recorded in our study,
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in accordance with other studies reporting low rates
of typhoid Salmonella cases (~1-2%) (24-26). The
remaining serovars, although quite rarely reported,
accounted for nearly half of all reported cases, in
agreement with other European reports (24-26).
Remarkably, Salmonella monophasic Typhimurium
cases increased substantially during the study pe-
riod, being the second most prevalent serovar in
2017. The first description of a monophasic Sal-
monella Typhimurium epidemic in Europe was
that of a “Spanish clone,” in 1997 (24-26). Since
then, many European countries have reported the
increased incidence of this serovar responsible for
foodborne disease, particularly associated with pig
herds, but later with cattle (27, 28).

The majority of salmonellosis cases were report-
ed among infants, as previously described (29). Re-
markably, salmonellosis rates in children were con-
sistently higher compared to adults, since children
often present with more severe symptoms and are
more frequently admitted (24). Therefore, salmo-
nellosis in children is more likely to be recorded,
compared to adults, who most often present with
mild symptoms and do not refer to a physician.

The vast majority of salmonellosis cases were re-
ported in Athens, most likely implying better com-
pliance with the reporting procedures. Indeed, city
hospitals have easier access to diagnostic procedures
compared to regional ones. Continuous monitoring
and better staff training in the reporting procedures
are required to overcome this problem.

Our results support recently published European
data showing low resistance rates to 3™ generation
cephalosporins among non-typhoid Salmonella
serovars (19). All non-typhoid Salmonella spp. iso-
lates were susceptible to ciprofloxacin, although
higher resistance rates have been reported in Europe
(~11%) (24-26). Resistance rates of non-typhoid Sal-
monella serovars to chloramphenicol also remained
low. Non-typhoid Salmonella spp. isolates displayed
considerable resistance rates to sulfamethoxazole,
streptomycin, tetracycline and ampicillin, as previ-
ously described (24-26). No non-typhoid Salmonella
spp. isolate was resistant to ciprofloxacin and cefo-
taxime. This finding agrees with European data re-
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porting that combined resistance to ciprofloxacin
and cefotaxime was 0.6% (24).

Salmonella Enteritidis isolates displayed low re-
sistance rates to 3™ generation cephalosporins; re-
sistance rates to ciprofloxacin were also low (0%).
Other European data show that Salmonella Enteriti-
dis resistance rates to 3" generation cephalosporins
were also low, whereas a higher proportion of Sal-
monella Enteritidis isolates (12.3%) were resistant
to ciprofloxacin (24-26). Overall, resistance rates
of Salmonella Enteritidis were lower compared to
a previous study conducted in Greece (23). Salmo-
nella Typhimurium and monophasic Typhimurium
isolates also exhibited low resistance rates to 3™
generation cephalosporins and ciprofloxacin, as
previously described in Europe (24-26).

Notably, an increasing prevalence of MDR Sal-
monella monophasic Typhimurium isolates was
observed among children in our study. A similar
trend has been previously described in Europe and
the USA among the general population. Currently,
there are no available data showing that there was
also such an increase among the subpopulation of
children (30-31).

The antimicrobial resistance profile of typhoid
Salmonella isolates in our study is similar to that
reported by other European countries (17). Im-
portantly, antimicrobial resistance rates to 3™ gen-
eration cephalosporins and ciprofloxacin remain
low (19). Significant resistance rates have been
reported to ampicillin, chloramphenicol, nalidixic
acid and sulfamethoxazole (19). Notably, 10% of
isolates were MDR, while in endemic regions in
Sub-Saharan Africa and South-East Asia the cor-
responding percentage was >33.3% (32).

Salmonella bacteremia most commonly af-
fected infants and young children <5 years of age,
with a slight predominance of boys, similarly to
previous reports (22). Salmonella Enteritidis was
the most common isolate associated with bactere-
mia, also frequently isolated in stool cultures, as
previously described in Greece (22). Salmonella
Typhimurium, Salmonella Enteritidis and Salmo-
nella Dublin are the most frequently related with
bacteremia worldwide (33). Antimicrobial resis-
tance rates to clinically important 3" generation

cephalosporins and ciprofloxacin for Salmonella
isolates causing bacteremia remained low (34). In
our study, almost one in five Salmonella bactere-
mia isolates (17.1%) were MDR, similarly to previ-
ous studies reporting that MDR isolates are most
frequently associated with bacteremia (9-11).

Our study has several limitations, mainly as-
sociated with its retrospective design. Firstly,
supplementary epidemiological data are often un-
derreported, confounding our results. However,
we assume that weekly validation of our data with
the HCDCP may have minimized this possibil-
ity. Secondly, hospital staft in regional areas (apart
from Athens) often do not comply with the report-
ing procedures, implying that continuous training
is required to increase the salmonellosis reporting
rates. Besides, most comparisons have been made
with studies conducted among adults. Although
Salmonella serovars that cause disease in adults
and children do not differ significantly, underlying
conditions or previous antibiotic use in adults may
affect antimicrobial resistance patterns. Further-
more, large amounts of data on epidemiological
characteristics and antimicrobial resistance were
missing. To overcome this problem, we mentioned
the precise number of cases for which the corre-
sponding data were available. Besides, this study
was based on data recorded by the NRCS over the
period 2011 to 2017. Apart from epidemiological
data i.e age, gender, specimen source, geographical
data and recent travel abroad, other data regard-
ing the clinical course are not routinely provided.
Therefore, such an analysis was not feasible. The
inclusion of sulfamethoxazole data for only 4 of
the surveillance years is a notable limitation, but
that did not preclude us from unveiling the high
rates of antimicrobial resistance to this important
antimicrobial during the years that it was avail-
able. Finally, resistance rates to azithromycin, that
is currently an important clinical choice, were not
evaluated in our study.

Conclusion

In conclusion, we have provided a blueprint of
current serovar prevalence and antimicrobial re-
sistance of Salmonella isolates among children




in Greece. Salmonellosis epidemiology in Greek
children is comparable to previously published
European data. Antimicrobial resistance rates to
3" generation cephalosporins and ciprofloxacin
for non-typhoid and typhoid-paratyphoid remain
low. Notably, there is an increasing prevalence of
Salmonella monophasic Typhimurium isolates, as-
sociated with multiple antimicrobial resistance.
Hence, continuous surveillance is mandatory, to
monitor such trends.

What Is Already Known on this Topic:

Salmonellosis is a major health problem worldwide. Resistance to the
current 1st line antibiotics, such as ciprofloxacin and 3rd-generation
cephalosporins, the higher rates of Salmonella spp. isolates resistant to
fluoroquinolones, as well as the emergence of ESBL and MDR clinical
isolates are important clinical concerns. This problem has become even
worse among children who predominantly present with severe salmonel-
losis. However, hardly any studies exist describing Salmonella epidemi-
ology and antimicrobial resistance among this vulnerable population.

What this Study Adds:

This study presents the epidemiological data, serovar distribution and
antimicrobial resistance patterns of Salmonella spp. isolates among
children aged <14 years old in Greece. This information allowed a
comparison between Salmonella surveillance data in this population
and European data among adults already published, encouraging clini-
cians to feel comfortable prescribing 3rd generation cephalosporins and
fluoroquinolones as the Ist line empirical treatment of salmonellosis in
children. This approach, together with control measures (i.e. avoiding
unnecessary antibiotic therapy) will lead to the more judicious use of
antimicrobials for the treatment of salmonellosis, with the potential to
suppress antimicrobial resistance further with continuous surveillance
of salmonellosis epidemiology and antimicrobial resistance.
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