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Abstract

Bacteria of the genus Salmonella are widely distributed in nature. They can colonize different hosts
and are the most common causes of intestinal infections in humans and animals. The main route
of Salmonella transmission to humans is by contaminated food, or undercooked eggs and meat. The
aim of this study was to analyze the antimicrobial susceptibility of Salmonella enteritidis, which was
the most frequently isolated Salmonella in the Microbiological Laboratory of the Center of Public
Health in Shtip. Materials and methods: A total of 1839 samples (12 rectal swabs and 1827 feces),
from persons suspect for salmonellosis in the region of Shtip were investigated for the period 2020 to
2022 year. SS(Salmonella Shigella) agar, Rambach agar, and Selenit F media were used for detection
of Salmonella spp., and antimicrobial susceptibility testing of the isolated bacteria is performed
with disk diffusion method according EUCAST. Results: Salmonella enteritidis is detected in 62
samples (3.37%), isolated strains of Salmonella enteritidis demonstrate high resistance to ampicillin
2 ng (3709%), and multi-resistant strains (6.45%) were also detected. Conclusion: The appearance
of ampicillin and multi-resistant strains of Salmonella enteritidis in the samples analyzed in our
study is a sign of concern and an alarm to initiate a change in the algorithm for the treatment of
Salmonella enteritidis infections, especially with the use of fluoroquinolones and cephalosporins (of
the third generation). It is recommended to introduce a system for the rational use of antimicrobials
in human and veterinary health.
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KonKkypeHTCKH MHTepecu: ABTOPOT 13jaByBa
JleKa HeMa KOHKYPEHTCKM MHTepecH.

V3Bamox

Bakrepuute of pofor Salmonella ce mMpoKo pacrpocTpaHeTH Bo mpupoata. Moxar fa Oupat
KOJIOHM3ATOPK Ha Pas/IMuby JOMaKKHY 1 Ce HajuecTy MPeju3BUKYBauM Ha [[PeBHN MH(EKIMHN Kaj
JIyTeTo 1 Kaj KUBOTHUTE. [TTABHUOT TAT Ha MpeHecyBatbe Ha bakrepuute off pofioT Salmonella xaj
JIFeTO e TPeKy KOHTAMUHMPaHa XpaHa U/ HeJIOBOJHO TePMUUKM 06paboTeHH jajiia u Meco. Lle-
Ta Ha TPYZOT Oellle Jla ce aHaJM3Mpa AHTUMUKPOOHATA OCETIMBOCT Ha JIETeKTUPAHUTE COCBU Ha
Salmonella enteritidis, Koja betiie HajuecT eTeKTUPaH BI/l BO MIUKPOOMOIONIKATa 1abopaTopuja Ha
[lentapot 3a jaBHo 3xpasje Bo [lItur. Marepujan n MeTojm: BKymHHOT 6poj Ha UCTIUTAHU TTPUMEPO-
111 BO MUKpobuosonikara nabopatopuja Ha lleHTapot 3a jaBHo 3apasje Bo IllTur Bo meprosior of
2020 10 2022 romura e 1839, off Kou 12 pexranHyu dpuceBy 1 1827 KOMpoKyATYpH Off HLia 38 KO
TIOCTOM COMHeBaHe JieKa Maat calMoHes03a Bo [lTnrckuor peroH. 3a ietekipja Ha Salmonella
spp. ce kopucrenu: SS (Salmonella Shigella) arap, Rambach arap, Selenit F 6yjoH, a metekiyjara
Ha AHTUMUKDPOOHATA OCETIIMBOCT HA M30JMPaHaTa DaKTepHja ce BpIIM O JINCK 1udy3noHa MeTo-
na cornacHo EYKACT metoponorijata. Pesynratu: Salmonella enteritidis e metektnpaHa Kaj 62
npuMepoIn (3.37%) Bo pervioHot Ha [ltnm. M3ompanute coesu Salmonella enteritidis mokaKyBaat
BHCOKA Pe3UCTeHIja KOH aMmuinine 2 pg (37.09%), a [ieTeKTUpaHu ce 1 My/ITHPEe3UCTeHTHH CO-
eBu (6.45%). 3aknyyox: [lojaBaTa Ha BUCOKA Pe3UCTEHIM]ja KOH aMITUIIAH 1 MyJITUPE3UCTEHTHN
coeBu Ha Salmonella enteritidis Bo aHanm3upaxuTe IpUMePOLM MPETCTAByBa 3HAK 3a 3arPHKEeHOCT
11 a7lapM 3a MHUIIMPakbe Ha TPOMEHa Ha alrOpUTaMOT 3a JIeKyBathe Ha nHdekimute co Salmonella
enteritidis, ocobeHo co mpuMeHata Ha (IyopOKMHOMOHKUTE 1 1iehanoCIOPUHIUTE (0Of] TPeTa TreHe-
panuja). Ce mperopauyBa BOBe/[yBathe Ha CHCTEM 3a PaljMOHAJIHA YroTpeda Ha aHTMMHKpOOHHUTE
CpeJICTBA BO XYMAHOTO U BeTePUHAPHO 3/ipaBje



Introduction

Bacteria of the genus Salmonella are
widely distributed in nature. They
can colonize different hosts and are
the most common causes of intes-
tinal infections in humans and ani-
mals. The main route of Salmonella
transmission to humans is by con-
taminated food, or undercooked eggs
and meat.'? Salmonellosis caused by
non-typhoidal serotypes of Salmo-
nella usually presents as self-limit-
ing mild diarrhea, with cramps and
fever, however it can cause severe
invasive infections. Salmonella in-
fection is the second most reported
zoonotic disease in humans, with
60,050 reported cases in the EU in
2021, and it is a bacterium which is
the cause of the largest number of
food-borne outbreaks.> According to
the report by the Institute of Public
Health of North Macedonia, in the
group of intestinal acute infectious
diseases, salmonellosis is the third
most common infectious disease
with incidence of 9.1.4

Samples from people suspected of
having salmonellosis from the Shtip
region, which includes the settle-
ments around the towns of Shtip,
Probishtip and Radovish, are sent to
the Microbiological Laboratory of the
Center of Public Health in Shtip for
detection of the bacteria and their
serotype and for determination of
the antimicrobial sensitivity which
is relevant for appropriate patients’
therapy.

The aim of this paper was to show
the antimicrobial susceptibility of
Salmonella enteritidis isolated from
people with symptoms suspicious of
having salmonellosis in the Shtip re-
gion.

Materials and methods

The study was carried out in the
Microbiological Laboratory of the
Center of Public Health in Shtip in
the period from 2020 to 2022. Data
from the laboratory examination of
human samples (coproculture and
rectal smear) from persons with
salmonellosis symptoms were ana-
lyzed. During the period of examina-
tion, the total number of examined
samples was 1839, of which 12 were
rectal swabs and 1827 coprocultures.
Salmonella spp. were detected by us-
ing nutrient media: SS (Salmonella
Shigella) agar, Rambach agar, Sele-
nite F broth. After incubation at 37°C
for 18 to 24 hours in aerobic condi-
tions, a plate latex agglutination
was performed to identify bacterial
growth. Antimicrobial susceptibility
of the isolated bacteria was detected
by disk diffusion method using Muel-
ler Hinton agar by EUCAST method-
ology®.

The following antibiotics were used:
Ceftriaxone (30), Cefixime (5), Ce-
falexin (30), Cefuroxime (30), Ampi-
cillin (2), Ampicillin (10), Amoxicillin
/ Clavulanic Acid (20-10), Piperacil-
lin/Tazobactam (30-6), Gentamycin
(10), Amikacin (30), Ciprofloxacin
(5), Levofloxacin (5), Moxifloxacin (5),
Norfloxacin (10), Trimethoprim/Sul-
famethoxazole (1.25-23.75), Imipen-
em (10), Ertapenem (10), Meropenem
(10). After incubation for 18-24 hours
at 37°C, the zones of inhibition/di-
ameter were measured with a ruler
which interpreted Salmonella enter-
itidis susceptibility to the antibiotic.



Vol. 16 No.1 2024

Results

In the analyzed period, there were
1839 examined samples suspected of

700

2020

salmonellosis. Salmonella enteritidis
was isolated in 62 samples (3.37%) or
in 3 rectal swabs and 59 coprocul-
tures.
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Figure 1. Total number of examined and positive samples of Salmonella enteritidis

As shown in Figure 1, in 2020, Sal- samples of 618 tested samples were
monella enteritidis was isolated in positive. In 2022, there were 19
19 (3.53%) samples of a total of 539 (2.79%) positive samples of 682 test-
samples received. In 2021, 24 (3.88%) ed samples.

Tablel Antimicrobial susceptibility of isolated cases of Salmonella enteritidis

Antibiotic l\[um})er of samples Numbgr.of bacteria Numl?er of bacteria
with isolated Salmo- sensitive to the resistant to the

(kg) nella enteritidis antibiotic antibiotic
Ceftriaxone (30) 62 62 /
Cefixime (5) 62 62 /
Cefalexin (30) 62 62 /
Cefuroxime (30) 62 62 /
Ampicillin (2) 62 39 23
Ampicillin (10 62 57 5
ﬁ)r)noxicillin/ Clavulanic Acid (20- 6 6 /
Piperacillin/Tazobactam (30-6) 62 62 /
Gentamycin (10) 62 62 /
Amikacin (30) 62 62 /
Ciprofloxacin (5) 62 58 4
Levofloxacin (5) 62 58 4
Moxifloxacin (5) 62 58 4




Norfloxacin (10) 62 58 4
Nalidixic Acid / / /
Trimethoprim/ 62 62 /
Sulfamethoxazole (1.25-23.75) 62 62 /
Imipenem (10) 62 62 /
Ertapenem (10) 62 62 /
Meropenem (10) 62 62 /

According to the results shown in
Table 1, it can be seen that:

+ 23 (37.09%) Salmonella isolates
were resistant to Ampicillin 2.

+ 5(8.06%) Salmonella isolates were
resistant to Ampicillin 10 pg.

+ 4(6.45%) Salmonella isolates were
resistant to fluroquinolones (Cip-
rofloxacin, Levofloxacin, Moxi-
floxacin, Norfloxacin).

The Laboratoryin the Center of Pub-
lic Health in Shtip detected Salmo-
nella enteritidis in 36 men (58.06%)
and 26 women (41.94%). The larg-
est number of positive results were

found among patients in the age
group of 0-9 years, a total of 18 peo-
ple (29.03%). In terms of residence
area, a larger number of patients
were urban residents compared to
rural residents, or 48 (77.42%) versus
11 persons (17.74%). Regarding hospi-
talization, 17 persons (27.42%) were
treated in hospital and 45 persons
(72.58%) on an outpatient basis. Al-
though the bacteria was detected
throughout the year, most of the
positive isolates were found during
summer, i.e. in July and August (Ta-
ble 2).

Table2 Number of patients with isolated Salmonella enteritidis
according to months in the year
Year/ month 2020 2021 2022 Total
January 3 / 1 4
February / / 1 1
March / / 3 3
April / / 4 4
May / 1 3 5
June / 4 3 7
July / 10 / 10
August 4 4 2 10
September 1 / / 1
October 7 / 1 8
November 3 3 / 6
December 1 2 1 4




Discussion

Salmonella infections are challenge
and public health problem for each
country regardless of its develop-
ment and availability of health care
services. Sometimes, several coun-
tries are affected at the same time,
as confirmed by the latest European
Center for Disease Control report,
from October 2023.%7 Well-devel-
oped microbiological capacities for
rapid and early detection of Salmo-
nella spp., as well as determination
of their antimicrobial sensitivity
are of significant importance for
prevention of disease spread and
for patients treatment in a timely
manner. Salmonella enteritidis was
detected in the Shtip region in each
of the analyzed years found in exam-
ined samples. The examination of
the local susceptibility/resistance of
Salmonella enteritidis by the Center
of Public Health in the Shtip region
(the towns of Shtip, Probishtip and
Radovish) is important for patients’
adequate empiric therapy and for
development of local guidelines for
therapy. Forty-five percents of the
isolated strains in Shtip showed re-
sistance to Ampicillin, which is in
agreement with the equally high re-
sistance (from 20 -50%) in a number
of European countries.?® The high
resistance (from 20 - 50%) to Cipro-
floxacin®® and Erythromycin®" was
reported by 5 countries in Europe,
and only one country (Poland) re-
ported an extremely high resistance
(more than 70%)% The appearance of
multiresistant strains of Salmonella
enteritidis (6.45%) in the analyzed
samples in our study raises concern
and an alarm to initiate modifica-
tions in the treatment algorithm
for Salmonella enteritidis infections,
especially in the usage of fluoro-

quinolones and cephalosporins (of
third generation)8,10. According to
the European Center for Disease
Prevention and Control (ECDC), the
resistance to these groups of drugs
is hazardous to public health. Resis-
tance to these Salmonella enteriti-
dis types is related to the increased
antibiotics usage in both animal and
human populations®®. Therefore, a
better system for rational use of an-
timicrobial agents is recommended
to be introduced in human and vet-
erinary medicine'?',

Conclusion

The most frequently isolated bac-
teria from the genus Salmonella in
the Shtip region is Salmonella enter-
itidis. The strains isolated in the re-
gion by the Center of Public Health
in Shtip showed a high resistance to
Ampicillin. Multiresistant strains of
Salmonella enteritidis were detect-
ed. This should be the reason for
strengthened and organized public
health response and taking mea-
sures for prudent use of antibiotics
in veterinary and human medicine.
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