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CLOSTRIDIUM TERTIUM ISOLATED FROM FEED
Dubravka Milanov", Milan Dilas?, Maja Velhner', Nevenka Aleksi¢®

! Scientific Veterinary Institute ,,Novi Sad®, Novi Sad, Republic of Serbia
* Institute of Public Health of Vojvodina, Novi Sad, Republic of Serbia
* University of Belgrade, Faculty of Veterinary Medicine, Belgrade, Republic of Serbia

Abstract

Although Clostridium tertium is supposed to be a foodborne pathogen,
the data on its detection in foodstuffs is scarce, and there are no reports on
its isolation from feed. In this communication paper, the isolation of C. ter-
tium from a sample of soya semolina is described. C. tertium may be impor-
tant in differential diagnosis, when it is to be distinguished from Clostridi-
um perfringens. It is a unique species due to the lack of key characteristics
of the genus it belongs to because it grows in the presence of oxygen and
does not produce toxins. It has been well-documented as a human patho-
gen, although its mechanisms of pathogenicity are still unknown. Accord-
ing to sporadic reports in veterinary medicine, it has been identified as a
rare causative agent of infections in cattle, pigs, birds and marine mammals.

Keywords: Clostridium tertium, soya semolina, MALDI-TOF
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IZOLACIJA CLOSTRIDIUM TERTIUM
IZ HRANE ZA ZIVOTINJE
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Kratak sadrzaj

Pretpostavka je da Clostridium tertium treba svrstati u patogene koji se
mogu preneti hranom, ali je malo podataka o njegovom nalazu u namir-
nicama, dok o izolaciji iz hrane za Zivotinje nema dostupnih izvestaja. U
ovom saopstenju prikazujemo izolaciju C. tertium iz uzorka sojinog griza.
C. tertium moze biti od znacaja u diferencijalnoj dijagnostici kod izolacije
Clostridium perfringens. Specifi¢na je vrsta jer ne poseduje klju¢ne karak-
teristike roda kojem pripada: raste u prisustvu kiseonika i ne produkuje
toksine. Dobro je dokumentovan kao humani patogen, iako su mehanizmi
njegove virulencije i danas nepoznati. Na osnovu sporadi¢nih izvestaja u
veterinarskoj medicini, identifikovan je retko kao uzro¢nik infekcija gove-
da, svinja, ptica i morskih sisara.

Kljucne reci: Clostridium tertium, sojin griz, MALDI TOF

INTRODUCTION

Bacterium species of the Clostridium genus are endospore-forming, ob-
ligate anaerobes (or relatively oxygen-tolerant) widespread not only in solid
and liquid environments (soil, sewage, surface waters, marine sediments, etc),
but also in animal and human intestines and, eventually, in animal and plant
products. Based on its rRNA structure, the genus comprises extremely het-
erogeneous species, many of which share phylogenetic similarities with some
other bacterial genera (Collins et al., 1994). Owing to its capability to pro-
duce enteritis and enterotoxaemia in various domestic animals, Clostridium
perfringens is the most important clostridium species in veterinary medicine.
Animal feed is one of potential sources of infection. According to regulations
on the microbiological criteria for animal feed quality, it is considered safe if
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no Clostridium perfringens and Clostridium botulinum are detected in 50 g of
a sample (Regulation on the Quality of Animal Feed, 2010). The isolation and
identification of C. perfringens should be done in compliance with the EN ISO
7937 standard, which enables the precise identification and enumeration of
the target species in food and animal feeding stuff. The identification of other
members of Clostridium genus is not part of the routine procedure in laborato-
ries for feed analysis in Serbia and is beyond their diagnostic capacity. For the
above mentioned reasons, this case report is a result of an aspiration to satisfy
the researchers’ curiosity, discover the identity of certain Clostridium isolates
from feed and to broaden the knowledge about bacterium species (other than
C. perfringens) present in animal feedstuffs and feed. The isolation and iden-
tification of Clostridium tertium is presented in this communication paper. To
the best of our knowledge, Clostridium tertium has not yet been detected in
animal feed samples, although it is sometimes present in food of animal origin.

A REPORT ON A LABORATORY CASE

Sample: Soya semolina.

Isolation: Clostridia were isolated following the instructions given in the
EN ISO 7937:2010 Standard. For further confirmation, five colonies black in
colour due to sulphite reduction - grown on TSC (tryptone-sulfite-cycloser-
ine) agar (Biokar Diagnostics, France) were chosen. They were inoculated into
thioglycollate broth and incubated for 24 hours at 37°C (Fig 1.A). After in-
cubation, 5 drops of thioglycollate culture was inoculated into lactose-sulfite
(LS) broth (Biokar Diagnostics, France) for C. perfringens confirmation. After
24 hours of incubation at 46°C, LS was examined for gas production and the
presence of black colour (sediment of iron sulfite). The formation of black col-
our has been observed, but Durham’s tube was filled with gas to less than a 1/4
of its volume (Figure 1.B). According to ISO standard, the test in LS medium
should be repeated in this case by transferring 5 drops of culture grown in LS
broth to another test tube with the same medium, repeating the incubation
in the same conditions. As the repeated test once again failed to confirm the
presence of Clostridium perfringens species, the culture which grew in thiogly-
collate medium was transferred by streaking onto two plates with Columbia
blood agar base with the addition of 5% of defibrinated sheep blood. The plates
were incubated at 37°C, one in aerobic and the other in anaerobic conditions
using GasPak EZ (Becton Dickinson and Company, USA). After 24 hours of
incubation, the growth was noted only on the plate which was incubated in
anaerobic conditions, which led to the conclusion that the species is a strict
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anaerobe. However, after 48 hours, the growth was also observed in the dish
incubated in aerobic conditions, which would have led to ambiguity if it had
been a Clostridium species. The isolate formed little (about 1 mm in diameter),
opaque colonies, surrounded by a zone of incomplete (a) haemolysis (Figure
1.C). It was confirmed that it was Clostridium genus by a negative test for cata-
lase and the microscopic appearance of the Gram stained smears: Gram-pos-
itive rods with rounded ends were found and oval spores located terminally
were rarely present in smears made from cultures grown in anaerobic condi-
tions. Based on characteristic black colonies grown on sulfite cycloserine agar,
Gram-stain morphology and negative catalase test results, the isolates were
presumptively identified as Clostridium species.

A. B. C.
Figure 1. A. Growth of the isolate in thioglycollate medium; B. Test in lactose-sulfite
medium; C. Colonies of Clostridium sp. isolate on blood agar.

Due to the lack of tests for biochemical and molecular typing of isolates of
Clostridium species other than C. perfringens in our laboratory, the isolate was
further processed at the Institute of Public Health of Vojvodina in Novi Sad.
The identification was performed with matrix-assisted laser desorption/ioni-
zation time-of-flight mass spectrometry (MALDI-TOF MS). MALDI-TOF
MS has been adapted to generate protein mass spectra from whole bacteria
and other microorganisms. These spectra can be compared to a reference data-
base for rapid and accurate taxonomic classification of unknown organisms at
the genus, species, and, in some cases, at strain levels. The isolate was identified
by MALDI TOF as Clostridium tertium (Fig 2).
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Figure 2. Spectra of Clostridium tertium isolate generated by MALDI-TOF Bruker
flexControl software.

COMMENT

Clostridium tertium is abundant in soil, but is also found in animal and
human intestines as well as in the commensal microbiome of the mouth cavity
(Vanderhofstadt et al., 2010). It is a rare human pathogen. Reportedly, it was
first described and its biochemical properties were studied in isolates from war
wounds in the First World War (Ray et al., 2003). Therefore, C. tertium is con-
sidered capable of causing bacteraemia (Ray et al., 2003). In addition, it was
found in persons with various ailments: meningitis, septic arthritis, entero-
colitis, peritonitis, posttraumatic brain abscess, pneumonia, and necrotizing
fasciitis and gangrene. C. tertium does not produce exotoxins and the mecha-
nism of its virulence is not known (Ferrell and Tell, 2001; Ray et al., 2003;
Vanderhofstadt et al., 2010). Moreover, its clinical importance is questionable
since it is not entirely clear if it is a real pathogen or only a contaminant (Van-
derhofstadt et al., 2010). It is supposed that C. tertium does damage to the gut
mucosa when colonizing it (Ferrell and Tell, 2001), meaning it can penetrate
into the bloodstream (Ray et al., 2003).

In veterinary medicine, C. tertium has been recognized as a causative agent
of enteritis in cattle and pigs. AlMashat and Taylor in 1984 isolated similar
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bacteria from cattle with enteritis and phenotypically identified it as Sporolac-
tobacillus species (Silvera et al., 2003). In artificially infected cattle, this bacte-
rium caused mild diarrhoea. Ferrell and Tell (2001) reported an isolation of C.
tertium from faeces of Trichoglossus moluccanus that vomited and had blood in
faeces. It was assumed that contaminated water was the source of infection and
that a diet rich in carbohydrates is a favourable medium for bacterial fermen-
tation. Seol et al. (2006) were the first to accuse C. tertium of causing abscesses,
osteomyelitis and, finally, death in a dolphin, which was the first detection of
this bacterium in marine animals.

Postollec et al. (2012) detected nine Clostridium species in various food-
stuff, but not C. tertium (although they reviewed certain data during its previ-
ous detection). A long time ago, in 1965, Goudkov and Sharpe first published
a paper on C. tertium detected in cheese and milk. They claimed that in spite
of unfavourable conditions for C. tertium growth in dairy products, it can spoil
certain cheese types. Later (Fernandez et al., 2015), this bacterium was listed
as one of the three clostridium foodborne pathogens in cheese, along with
C. botulinum and C. perfringens. Le Bourhis et al. (2005) even developed and
validated PCR primers for Clostridium spp. detection in cheese.

C. tertium was also detected in meat samples (Ers6z and Cosansu, 2018).
Search for C. difficile with the API20A (System for the identification of anaer-
obes and with serological Clostridium Difficile Test Kit) resulted in C. tertium
detection in one out of 101 samples of meat products (beef and chicken) col-
lected from the market (Ers6z and Cosansu, 2018). The same agent was suc-
cessfully recovered from foie gras and was proved to be capable of growing
during storage at 8°C (Prevost et al., 2013). It was confirmed that C. tertium
spores can be inactivated in meat by hydrostatic pressure and bacteriocins
(Kalchayanand et al., 2003).

C. tertium is resistant to high temperatures, it can grow under various at-
mospheric conditions, can cause diarrhea and is present in both healthy and
diseased humans (Silvera et al., 2003). Since it is considered an intestinal com-
mensal in animals, it remains unclear whether animal feed should be regarded
as a potential source of infection.
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METHICILLIN-RESISTANT STAPHYLOCOCCUS
PSEUDINTERMEDIUS, A NEW THREAT IN
HUMAN AND VETERINARY MEDICINE?
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Abstract

In this paper we briefly described the worldwide distribution of me-
thicillin-resistant Staphylococcus pseudintermedius (MRSP) in dogs and
cats. The most common sequence type of MRSP strains in dogs is ST71
as it was detected in isolates on four continents (Europe, Asia, North and
South America). However, several different MRSP sequence types are de-
tected in small animals, and the presence of new genetic variants is con-
tinually reported. Sometimes isolates belonging to the same sequence type
(ST) are detected in dogs, cats, their owners, and veterinarians. MRSP is
often multidrug-resistant and its resistance patterns are usually linked to
certain sequence types. The resistance to non-beta-lactam antibiotics such
as erythromycin, clindamycin, tetracycline, gentamicin, enrofloxacin and
sulfamethoxazole/trimethoprim is also recorded. Taking into account that
MRSP tends to confer multidrug-resistant phenotype, it is quite challenging
for veterinarians to give adequate therapy in clinically ill animals. It would
seem as if the significance of MRSP in the clinical epidemiology of humans
is not firmly established. However, the importance of MRSP in human
medicine should not be underestimated given the fact that all methicillin-
resistant Staphylococcus spp. carry resistance and virulence genes and have
the potential to share their genetic elements with other bacteria.

Key words: antimicrobial resistance, cats, dogs, humans, MRSP, Staph-
ylococcus pseudintermedius.
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METICILIN REZISTENTNI STAPHYLOCOCCUS
PSEUDINTERMEDIUS, NOVA PRETNJA
ZDRAVLJU LJUDI I ZIVOTINJA?
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Kratak sadrzaj

U radu prikazujemo relevantne ¢injenice o meticilin rezistentnim soje-
vima Staphylococcus pseudintermedius (MRSP) koji su $iroko rasprostran-
jeni u populaciji pasa i macaka Sirom sveta. Metodom sekvenciranja geno-
ma, kod izolata poreklom od pasa na teritoriji Evrope, Azije, Severne i Juzne
Amerike, najée$ce je ustanovljen geneticki tip ST71. Medutim, kod MRSP
poreklom od malih Zivotinja utvrdeno je vise razlic¢itih genetickih varijanti,
a kontinuirano se izve$tava o nalazu novih. Ponekada se isti geneticki tip
MRSP moze naci kod pasa ili macaka, njihovih vlasnika i veterinara. Izolati
Staphylococcus pseudintermedius Cesto poseduju rezistenciju na vise klasa
antibiotika, pri ¢emu je tip rezistencije u korelaciji sa odredenim genot-
ipom. Meticilin rezistentni sojevi Staphylococcus pseudintermedius takode
mogu biti rezistentni i na antibiotike koji ne pripadaju grupi beta-laktama,
kao $to su eritromicin, klindamicin, tetraciklin, gentamicin i trimetoprim/
sulfametoksazol. Zbog toga terapija infekcija pasa i macaka koje su izazvane
sa MRSP, moze predstavljati veliki izazov u veterinarskoj klini¢koj praksi.
Iako meticilin rezistentni sojevi Staphylococcus pseudintermedius nisu od
posebnog znac¢aja u humanoj medicini, ne treba podceniti njihovu ulogu
u potencijalnom transferu gena virulencije i gena rezistencije na druge
srodne ili nesrodne vrste bakterija.

Kljucne redi: rezistencija na antibiotike, macke, psi, ljudi, MRSP, Staph-
ylococcus pseudintermedius

INTRODUCTION

Shortly after methicillin was introduced into medical practice, the resist-
ance to this antibiotic occurred in Staphylococcus aureus isolates. Not only did
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MRSA become one of the most important nosocomial pathogens worldwide,
but it was also a significant community-acquired and livestock-associated
pathogen (Gordon and Lowy, 2008).

The resistance to methicillin occurs due to the presence of mecA gene
that encodes penicillin-binding proteins (PBPs). This gene is integrated into
a staphylococcal cassette chromosome mec (SCCmec) locus. The integration
of the cassette is accomplished by the recombinase encoded by ccr gene. The
sequence of mec-scc is used for the determination of SCCmec cassette type and
the establishment of its epidemiological status (Gordon and Lowy, 2008, rev.
Velhner et al., 2016). Other additional methods of MRSA molecular typing
include spa typing, multilocus sequence typing (MLST) and pulsed-field gel
electrophoresis (PFGE). Isolates causing nosocomial infections health care-
associated MRSA (HA-MRSA) belong to SCCmec types I, I or I1I and less fre-
quently to types IV and V, while community-acquired MRSA (CA-MRSA) be-
longs to SCCmec types V and VI (Kasai et al., 2016, rev. Velhner et al., 2016,).

Staphylococcus pseudintermedius has been recognized as a relatively new
species since 2005 when it was isolated from a dog, a cat, a horse and a parrot
by Devriese et al. (2005). Methicillin-resistant Staphylococcus pseudintermedius
(MRSP) was first reported in Europe in 2006 and the whole genome sequence
was available by 2013 (Moodley et al., 2013). MRSP belongs to Staphylococ-
cus intermedius group and causes opportunistic infections in dogs and cats.
There are six coagulase-positive staphylococcus species including S. aureus,
S. intermedius, S. schleiferi subsp. coagulans, S. hyicus, S. lutrae, S. delphini and
S. pseudintermedius. Among them, S. intermedius, S. pseudintermedius and S.
delphini are very closely related (Sasaki et al., 2007).

MRSP produces coagulase the same as MRSA strains, and therefore labo-
ratory identification can be a bit challenging (Sewid et al., 2018). However,
molecular phylogenetic analysis (Sasaki et al., 2007), multiplex PCR (Sasaki et
al., 2010) and MALDI-TOF MS diagnostic (Nisa et al., 2018) are overcoming
difficulties of their phenotypic identification.

Staphylococcus pseudintermedius is often a part of normal flora in healthy
dogs (Kjellman et al., 2015). However, it can cause skin infections, pyoderma,
otitis externa and urinary tract infections in dogs and can be isolated from
postsurgical sites of infection (Duijkeren et al., 2011, Somayja et al., 2016).
Apart from dogs, MRSP can also be isolated from cats, less frequently from
horses and humans (Devriese et al. 2005, Kadlec et al., 2010, Dos Santos et al.,
2016). Even though it is sometimes a part of normal genital flora of bitches, S.
pseudintermedius can cause reproductive problems leading to neonatal mor-
tality (Ruzauskas et al., 2016, Corro et al., 2018).
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In this brief review we described the worldwide distribution of MRSP
specific sequence types, their antimicrobial resistance and the significance of
MRSP in clinical epidemiology of humans and small animals, mainly dogs and
cats.

SEQUENCE TYPE DISTRIBUTION OF THE MRSP

All MRSP isolates from dogs described until 2016 belong to 16 different
sequence types and the most frequent clone worldwide is ST71. This clone
was detected on four continents (Europe, Asia, North and South America).
The most prevalent clone in the USA is ST68, while in Asia it is ST45/ST112.
Other clones that are less abundant belong to sequence types ST45, ST258,
ST261, ST112, ST265, ST68, ST169 and ST181. Interestingly, the genetic di-
versity among methicillin-sensitive Staphylococcus pseudintermedius (MSSP)
is higher compared to MRSP and seven STs are present in both groups of iso-
lates (Perreten et al., 2010, dos Santos et al., 2016). Clonal complex (CC) 71
is detected only in MRSP, while CC75 is exclusively found in MSSP strains.
In addition, various SCCmec types were found in MRSP clonal lineages due
to their independent acquisition (dos Santos et al., 2016). All MRSP isolates
collected from felines in different European countries belonged to ST71, spa
type 02 and SCCmec type II-III. A single MRSP isolate from Canada harbored
SCCmec type V element (Kadlec et al., 2010). A research work carried out in
Iran showed that MRSP can be isolated from the nostrils and perianal area
of healthy dogs and cats and those isolates carried the cassette chromosome
SSCmec 11 and V (that have been detected in two and 10 isolates respectively)
(Tabatabaei et al., 2019).

It was established that the presence of MRSP-ST71 is slowly decreasing in
dogs with skin and soft tissue infections in France (Bergot et al., 2018). Even
though this trend was not statistically significant in the 2012-2013 period, the
expanding decreasing trend was reported in the following years (2015-2016).
The majority of MRSP isolates have their specific genetic background, except
for a few clones such as 258. Also, of great importance is an emerging ST496
clone in France, previously identified in Australia, primarily in Sidney. In Fin-
land, the examination of 1958 clinical isolates of Staphylococcus pseudinter-
medius showed that 266 isolates were oxacillin-resistant and 321 multidrug-
resistant. The total number of 42 different sequence types was identified and
among those 19 STs were new in a database. MRSP was predominantly diag-
nosed in private clinics in Finland since more patients with dermatological
problems were admitted there compared to the Veterinary teaching hospital

16



Arhiv veterinarske medicine, Vol. 12, No. 2, 13 - 25, 2019
Velhner, M. ... et al.: Methicillin-resistant Staphylococcus pseudintermedius...

(Gronthal et al., 2017). The collection of MRSP isolates from dogs (No 28) and
cats (No 11) from Thailand was studied thoroughly in order to identify resist-
ance genes, spa and dru types, MLST and PFGE. The most frequent MLST
among the same PFGE cluster was ST45 followed by ST112, ST155, ST282,
including three novel MLST types ST432, ST433 and ST434. The ST45, previ-
ously identified in Thailand, was found in 30 isolates that belong to the two
most common PFGE patterns (Kadlec et al., 2016). In a research work from
Japan (Kasai et al., 2016), clear differences were found between HA-MRSP and
CA-MRSP isolates from dogs. The most homogenous group of isolates was
SCCmec type III and most of them belong to the pulsotype A. Additionally,
they have similar resistotypes and belong to the endemic clone ST71. SCCmec
type V isolates were heterogeneous as they were classified into 25 pulsotypes.
Furthermore, there were differences between MRSP and MSSP strains since
MRSP was usually identified in older dogs after hospital admission. A sur-
vey conducted in a small animal hospital in Germany also contributed to the
identification of SCCmec type II-III strains among MRSP isolates (60 out of
814 dogs included in the study were MRSP positive). MRSP identification has
proved significant in dogs hospitalized and treated with antibiotics within six
months before sampling. Samples had been collected before they entered the
clinic. All isolates conferred high resistance rates to antibiotics (Nienhoff et
al., 2011). A research carried out in Italy at the University of Bari revealed
that out of 175 clinical samples from dogs, 151 were culture positive and 63
were identified as S. pseudintermedius by PCR detection of nuc gene. The most
dominant clone was ST71, identified in 48% isolates. Single-locus variants of
ST71 were ST410 (found in four isolates) and ST261 (two isolates), while one
isolate was identified as a double-locus variant ST290. The new allelic profile,
unrelated to ST71, was detected in one isolate and assigned as ST477. The SC-
Cmec type II-III was identified in 67% isolates, while 33% isolates, including
ST258, were SCCmec type IV (Ventrella et al., 2017). Three different sequence
types ST71, ST252 and ST305 were identified among healthy dogs examined
in small animal clinics in Oslo. This research also included 49 clinical isolates
of MRSP that were classified into 15 different MLST groups. The majority of
isolates belonged to the ST258 and ST71 and they have been found in the same
geographical area in Norway (Kjellman et al., 2015).

RESISTANCE TO NON-BETA-LACTAM ANTIBIOTICS IN MRSP

What should be pointed out is that the resistance phenotype to non-beta-
lactam antibiotics is often related to their clonal group. For instance, the iso-
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lates from the most abundant clonal group CC71 were less resistant to ami-
kacin, chloramphenicol, tetracycline and trimethoprim-sulfametoxasole while
CC258 was less likely to be resistant to amikacin, enrofloxacin, gentamycin and
chloramphenicol (dos Santos et al., 2016). In a research from Norway, it was
shown that the clonal lineage ST71 was more resistant to antibiotics than other
clonal groups. The highest resistance rates in ST71 included ciprofloxacin and
gentamicin antibiotics as well (Kjellman et al., 2015). The clone ST496 is sus-
ceptible only to florfenicol and fusidic acid (Bergot et al., 2018). According to
a study carried out in Finland, MRSP was more often multidrug-resistant than
MSSP. The only exception is fusidic acid, to which both strains showed similar
levels of resistance (around 24%). Additionally, a total number of 219 MRSP
isolates (100%) were susceptible to amikacin (Gronthal et al., 2017).

In a research from Kasai et al. it was determined (2016) that therapy with
minocycline was effective in the case of MRSP infection with SCCmec type 111
strains. It was found that the number of isolates belonging to the type V strains
was susceptible to amoxicillin-clavulanic acid, cephalexin and cefazolin even if
they were mecA positive, and in most cases, multidrug-resistant. SCCrmec type
III strains were more frequently resistant to oxacillin compared to type V iso-
lates. In a research work conducted in Germany, it was established that MRSP
isolates with high MIC to oxacillin were also frequently resistant to non-beta-
lactam antibiotics such as erythromycin and other macrolides, clindamycin,
tetracycline, enrofloxacin, sulfamethoxazole/trimethoprim (Nienhoff et al.,
2011). In Poland, a total of 51 S. pseudintermedius isolates from the veterinary
clinic and breeding kennels, mostly from dogs with pyoderma and bitches with
reproductive disorders, were susceptible to vancomycin, daptomycin and line-
zolid. More than 50% isolates were resistant to penicillin, tetracycline and mac-
rolides. Resistance to ciprofloxacin was detected in 31.4% isolates (Ruzauskas et
al., 2016). In a research work from Italy (Ventrella et al., 2017) resistance rates
to sulfamethoxasole/trimethoprim, clindamycin, ciprofloxacin and doxycyline
were much more pronounced in MRSP isolates than in MSSP. Almost all iso-
lates (except one) were susceptible to gentamicin. MRSP isolates from dogs and
cats that were treated at a veterinary clinic in Iran, when resistant to oxacillin/
cefoxitin, tend to develop additional resistance to gentamicin, tetracycline, lin-
comycin and erythromycin (Tabatabaei et al., 2019). MRSP isolates from two
small clinics in Sydney showed increasing rates of resistance to fluoroquinolo-
nes, trimethoprim/sulfamethoxazole and erythromycin compared to MRSA
isolates from the same clinic. It was concluded that the clonal lineage ST496 is
the area of concern for public health since those isolates carry transferable ge-
netic resistance determinants (Worthing et al., 2018). MRSP rarely causes health
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problems in cats, unlike in dogs. In a research work conducted by Kadlec et al.
(2010) isolates were collected from European countries and North America and
antimicrobial resistance data was compared. The data showed that the isolates
from Canada were resistant only to 3-lactam antibiotics and tetracycline, while
isolates from Europe were also resistant to macrolide/lincosamide, gentamicin,
kanamycin, trimethoprim and ciprofloxacin. The majority of isolates were also
resistant to chloramphenicol and tetracycline.

HUMANS AS MRSP HOSTS?

Some methicillin-resistant Staphylococcus (MRS) clones are spreading
worldwide and this is the main reason why much attention is devoted to de-
creasing MRS infection in human and veterinary medicine. Furthermore,
human infections with S. pseudintermedius have been recorded sporadically
(Stegmann et al., 2010). Dogs have been indicated as a natural reservoir of
S. pseudintermedius since this species can be isolated from healthy animals
as much as the ill ones. Hanselman et al. (2009) pointed out that household
hygiene (i.e. hand washing) can be a crucial step in preventing human infec-
tion with bacteria originating from pets, providing less chance for bacteria to
switch from their commensal to pathogenic state and become a threat, both
to humans and animals. In their research, indistinguishable S. pseudinterme-
dius isolates were found in 4/9 households in humans and their pets (dogs).
In another study conducted during a dog show in Berlin, nasal swabs were
taken from dogs and their owners and it was elucidated that six owners and 13
dogs carried S. pseudintermedius. In addition, one human isolate was MRSP.
For a total of 21 S. pseudintermedius isolates sequence type was defined and
it was evident that isolates were heterogeneous and nine new sequence types
were identified (Walther et al., 2012). On the other hand, in a research work
in Sydney, conducted in two small veterinary clinics, MRSP was identified in
8% of personnel-owned dogs and 8% of veterinary personnel. Three MRSP
isolates from personnel-owned dogs admitted to the clinic B were ST64 but
the same ST was not identified in their owners. This finding implied that dogs
got infected with S. pseudintermedius when being taken to clinic B but did
not transfer it to their owners. Dogs with no visible skin lesions and generally
regarded as healthy were included in the study. In these two clinics the most
frequent MRSP isolate from dogs was ST469, but this clone was not identi-
fied in personnel-owned dogs, unlike ST64. Lack of human host tropism by
MRSP was explained by a small sample size and the fact that dogs had to meet
special selection criteria (Worthing et al., 2018). A research was conducted in
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a small animal hospital in Germany. It included swabs from employees and
the hospital environment for isolation and characterization of Staphylococcus
spp. isolates resistant to oxacillin. MRSP was detected in nasal swabs of two
persons, from the hands of two persons and in three environmental swabs
(floor in the waiting area, clippers in the emergency room and a table in the
intensive care unit). Two spa types (t02 and t06) were identified among MRSP
isolates. In addition, all isolates had related PFGE patterns, the same antibiotic
resistance profiles and the same resistance genes indicating that the transfer
of MRSP between dogs and humans had occurred (Fepler et al., 2018). Even
though zoonotic transmission of S. pseudintermedius from dogs to humans is
rarely documented, there are many pieces of evidence that such transmissions
can happen. It was documented in a case report from Scotland that Clostrid-
ium perfringens and S. pseudintermedius were isolated from a patient with an
ecthyma-like lesion in a forehead. This patient was also an owner of three Si-
berian husky dogs and therefore swabs from nostrils, mouth, ear, forelimb,
hind limb axillae between toes and anal margin were taken from his pets. S.
pseudintermedius was isolated from dog swabs but these isolates were not in
concordance with isolates from the patient. Moreover, they were genetically
unrelated which was confirmed by MLST. The human isolate was resistant to
penicillin while isolates from dogs were susceptible. All isolates were suscep-
tible to oxacillin (Robb et al., 2017). However, in a case study from Spain, S.
pseudintermedius isolated from patients and dogs of the same household had
identical PFGE patterns, sequence types and antimicrobial phenotype and
genotype even if isolates were susceptible to methicillin (Lozano et al., 2017).
Early studies, conducted in Denmark by Guardabassi et al. (2004), have shown
that S. intermedius isolates from dogs and their owners show identical or close
related PFGE patterns, but between households these isolates were genetically
unrelated. It was not certain if these strains were transmitted from dogs to
owners or vice versa. However, authors postulated that resistance genes can be
transferred from S. intermedius to human S. aureus and, therefore, present a
serious risk for human health. In a study conducted in the Netherlands, MRSP
was found in 15/20 households in 18 dogs and six cats. In addition, MRSP was
identified in 5/14 contact dogs and 4/13 contact cats in six households. Nasal
swabs were taken from 45 humans who owned pets and only two swabs taken
from the same household were MRSP positive. These owners had a cat with
cystitis caused by MRSP. A total number of 141 personnel employed in the
veterinary clinic (13 clinics were included in the study) agreed to participate
in the second part of the study and only four persons had MRSP. Thirty-one
(16%) of environmental swabs was positive after the first sampling and after
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the usual hygiene protocol only 14% were still MRSP positive. The authors con-
cluded that there is a small likelihood of humans being colonized by MRSP in
contaminated household and hospital environments (Duijkeren et al., 2011).
Scientists drew a comparison between MRSP isolates from dogs, veterinarians
and dog owners in Thailand based on sequence types and the result has shown
that ST45, 112, 169, 178, 181 and 183 are shared between them. A new cassette
SCCmec,.,,. was identified in isolates from dogs and veterinarians which be-
long to ST45. However, this cassette was not found in isolates from dog owners

(Chanchaithong et al., 2014).

CONCLUSION

In conclusion, MRSP therapy is difficult to undergo since most of the iso-
lates are multidrug-resistant and resistant to beta-lactam antibiotics. The data
about successful antibiotic therapy is scarce. Local treatment with fusidic acid
should be considered, where possible, including the use of non-antibiotic sub-
stances for local and surgical wound treatment. Albeit there is little informa-
tion about the role of MRSP in human infections, the nosocomial transmis-
sion and widespread contamination of the environment is an existing threat.
Therefore, it is important to prevent contact with infected animals and have
personal hygiene. In that way, the spread of MRSP between animals and hu-
mans will be restricted and antibiotic therapy, which is assigned as critical in
human medicine, avoided.
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Abstract

Thermophilic Campylobacter spp. are the leading cause of zoonotic
enteric disease in Europe and USA. In Serbia, it has an upward trend in
human population. The disease is usually indirectly transmitted to humans
through the consumption of food contaminated by the faeces of infected
animals. The aim of this paper was to analyze data on the prevalence of
Campylobacter spp. in poultry meat production chain and the risk for the
development of the disease in humans. The Campylobacter jejuni/coli was
identified at farm level in 73.3% of poultry, 66.6% calves and 58.3% pig sam-
ples of already ill or suspected cases. Clinical manifestation of the disease in
birds can be expected if an additional immunosuppressive factor is present.
Artificial infection of healthy chickens with 6.77 log cfu C. jejuni per chick-
en on day 21* of life leads to 5.26 log cfu/g faeces after only five days with a
tendency to decrease during the next 18 days. Although chilling and freez-
ing may significantly reduce Campylobacter contamination of carcasses, it
cannot completely eliminate the initial contamination. According to our
experimental results the prevalence of Campylobacter contaminated chick-
ens from positive flock appears to drop from 100% live birds (with 3.02 log
cfu/g faeces) to 50% of chicken carcasses. Contamination of the carcasses
depends on initial contamination of live birds, good hygiene practices and
good manufacturing practices. Therefore, high variability in contamination
of carcasses can be considered; prevalence range from 11.43 to 90.00% of
carcases was established in various slaughterhouses. At retail, Campylobac-
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ter was detected in 18.8% poultry meat samples and 10.0% samples of other
meat types. Campylobacter is frequently found in the entire production
chain of poultry meat and represents high risk for consumers’ health.

Key words: Campylobacter, farm, slaughterhouse, retail
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Termofilne Campylobacter vrste su jedan od vodecih uzro¢nika ali-
mentarnih oboljenja u Evropi i USA. U Srbiji postoji rastuéi trend inci-
dence u humanoj populaciji. Oboljenje se prenosi na ¢oveka putem hrane
koje je kontaminirana fecesom inficiranih Zivotinja. Cilj rada je ana-
liziranje rasirenosti Campylobacter spp. u lancu proizvodnje mesa Zivine
i utvrdivanje znacaja rizika za zdravlje ljudi. Campylobacter jejuni/coli je
identifikovan na nivou farme u 73.3% uzoraka poreklom od Zivine, 66.6%
teladi i 58.3% svinja. Uzorci u ovom istrazivanju su poticali od bolesnih
ili sumnjivih Zivotinja. Klinicka manifestacija oboljenja kod Zivine se
oc¢ekuje samo u slucaju prisustva dodatnih, imunosupresivnih faktora.
Vestackom infekcijom zdravih brojlera sa 6.77 log cfu C. jejuni 21. dana
zivota, ve¢ nakon pet dana dolazi do izlucivanja 5.26 log cfu/g fecesa sa
tendencijom opadanja tokom narednih 18 dana. Iako hladenje i zmrzavanje
mogu znacajno redukovati kontaminaciju Zivinskih trupova, nije moguce
u potpunosti eliminisati poc¢etnu kontaminaciju. Prema nasim eksperi-
mentalnim podacima prevalenca Campylobacter kod vestacki inficiranih
pilica opada sa 100% zivih jedinki (3.02 log cfu/g fecesa) na 50% klani¢no
obradenih trupova. Kontaminacija trupova zavisi od pocetne infekcije zivih
jedinki i dobre higijenske i dobre proizvodne prakse primenjene u klanici.
Stoga nije neobi¢no da postoji visoka varijabilnost u kontaminaciji trupova
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poreklom iz razli¢itih klanica, od 11.43 do 90.00%. U prometu prisustvo
Campylobacter je detektovano kod 18.8% uzorka zivinskom mesa i 10.0%
uzorka ostalih vrsta mesa. Campylobacter ima visoku prevalencu u celom
lancu proizvodnje zivinskog mesa od farme, preko klanice pa sve do mesa u
prometu i predstavlja znacajan rizik za zdravlje potrosaca.

Kljucne reci: Campylobacter, farma, klanica, promet

INTRODUCTION

Campylobacter spp. are microaerophilic, Gram-negative, curved and mo-
tile rods, which commonly cannot grow below 30°C; however, some low meta-
bolic activity is detectable at 40°C (EFSA, 2010). The most important food-
borne Campylobacter species are thermophilic C. jejuni and C. coli. C. jejuni
can be found in the intestines of a range of wild and domestic animals, espe-
cially birds. Its prevalence in birds could be attributed to the optimal growth
temperature being 42°C. C. coli can often be identified in the intestines of pigs.
In the environment, the organism is isolated from the water, dust, soil, air and
also in fish and vegetables (EFSA, 2010). Virulence factors of Campylobacter
include motility, chemotaxis, adherence and invasion (Bolton 2015).

Thermophilic non-foodborne Campylobacter species are common causa-
tive agents of abortions in sheep and cattle and, occasionally, in other animal
species. Thermophilic foodborne species can cause diarrhoea in animals and
hepatitis in birds. Campylobacter jejuni/coli often colonize the alimentary tract
of poultry and other domestic livestock, yet without development of diseases
symptoms. The organisms can commonly be found in the caecum, colon and
cloaca, colonizing the crypt and villus region, and are present in the mucus but
not in the epithelium. Mucus is the environment that provides optimal oxygen
level and improved motility of the bacteria (Mead, 2002). Campylobacter je-
juni/coli are much more frequently detected in the caecum and rectum (70.0%)
than in the reproductive system (uterus and magnum) (6.7%) of poultry (Sto-
janov et al., 2008).

CAMPYLOBACTER SPP. IN POULTRY FARMING

Campylobacter is present in farm surrounding environment, including
the soil, water sources, dust, building surfaces, and the air (Ellis-Iversen et
al., 2012). Major contamination sources include the environment, domestic
and wild animals, water, partial depopulation (thinning) and carry over from
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previous flocks (Barrios et al., 2006; Newell et al., 2011). The prevalence of
Campylobacter positive flocks in Europe greatly differs between the countries
and ranges between 5 and 90% depending on the geographic location, climatic
differences, biosecurity measures as well as different research methodologies
(Berndtson et al., 1996a,b).

If Campylobacter is introduced into the flock at an early phase of breed-
ing, the colonization will most likely persist in all birds until slaughter, and the
flock prevalence can reach even 100%. Campylobacter infection spreads within
the flock via bird-to-bird transmission route. Such a rapid spread is a result of
high expression level (8-9 log cfu/g faeces), coprophagia as well as contami-
nation of drinking water and feeders (Thibodeau et al., 2015). The spread of
Campylobacter is mediated also by the presence of flies, mice, and farm work-
ers as the mechanical transmission vectors. Low flock prevalence of Campylo-
bacter indicates recent colonization (Evans and Sayers, 2000).

Colonization occurs most commonly in birds at the age of 2-4 (van Ger-
we et al., 2009). Despite extensive colonization, clinical symptoms in poultry
are rare and unspecific and include watery diarrhoea often in the absence of
pathoanatomical changes in the jejunal mucosa and the caecum. The intes-
tinal bloating and distension consequent to the accumulation of watery and
mucous contents are also diagnosed (Evans and Sayers, 2000). Macroscopic
necrotic changes are visible in the liver of poultry (Lemos et al., 2015). Di-
arrhoea commonly occurs some 6 hours post infection, and can persist for
up to 10 days. Clinical signs are greatly determined by the amount and viru-
lence of the individual strain of C. jejuni, stress factors and immunosuppres-
sion (Evans and Sayers, 2000). Our research revealed that clinically manifest
campylobacteriosis occurred in experimentally infected chickens with both C.
jejuni and Salmonella Enteritidis or C. jejuni with simultaneous administration
of live D78 Gumboro vaccine. Major clinical symptom was watery diarrhoea
that varied in intensity between birds. Diarrhoea did not occur in chickens
infected with only C. jejuni or only Salmonella Enteritidis. The administration
of immunosuppressive agents induced clinically manifested signs associated
with the occurrence of red or yellow spots on the liver (Stojanov et al., 2008).
Immunosuppressive agents such as dexamethasone, ochratoxin A and second-
ary bacterial infections also promote clinical signs of campylobacteriosis (Sto-
janov et al., 2011).

In chicken categories older than three weeks, the infection with C. jejuni
strains results in intestinal colonization, yet not in the clinical manifestations
of the disease (Petrovi¢ et al., 2008; Petrovi¢ et al., 2012). Chickens inoculated
with C. jejuni at the beginning of the fourth week of age (21* day of life) had
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an average C. jejuni count of 5.26 log cfu/g on day 5 post-infection. A trend
of C. jejuni count is displayed in Figure 1. after an initial growing tendency
during first five days after infection, a continuous decrease has been observed
during the period between day 11 and day 18 post-infection (from 4.97 to 3.02
log ctu/g) followed by an increase in C. jejuni count to 4.95 log cfu/g (day 28
post-infection).
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Figure 1. Average total count of C. jejuni in infected chickens (Petrovi¢ et al., 2012)

Surrounding environment including air distribution in the facility, open
doors and windows, improper footwear, two or more workers in charge for the
facility, presence of rodents and insects, two or more housing units at the farm,
vicinity of farms with other domestic livestock, feed storage outside the facil-
ity and on-farm storage of broiler carcasses before distribution can represent
important risk factors for the development of infection in broilers. Feedstufts
are not a suitable medium for multiplication of Campylobacter organisms, so
drinking water remains far more important risk factor (Sibanda et al., 2018).

In cases when there are several units for flock accommodation at the
same farm, Campylobacter infection can be identified in some flocks, while
other ones remain Campylobacter-free. The susceptibility to colonization with
Campylobacter strains increases with the age of the birds and flock size (Berndt-
son, 1996b). Gibbens et al. (2001) reported reduction of facility contamination
by over 50% after application of relevant disinfection protocols. Poultry trans-
portation equipment and cages are also potential sources of Campylobacter.
Transportation negatively affects the poultry population and increases con-
tamination due to the exposure to other birds’ faeces (which is more likely to
be watery due to stress conditions) (Dogan et al., 2019). The transmission of
Campylobacter spp. across the farm occurs rapidly and the infection spreads
flock-wide within only few days, which supports the theory that if the infec-
tion is present, every single bird in the flock is affected (Berndtson 1996b).
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CAMPYLOBACTER SPP. IN SLAUGHTERHOUSES

Dominant route of Campylobacter contamination of poultry carcasses in a
slaughterhouse is the rupture of intestines and consequent leakage and spread
of the faeces. Another source is improper hygiene practice (cleaning and dis-
infection) in the facility (Hansson et al., 2005; Peryat et al., 2008). Carcass
contamination is substantially influenced by biological properties of Campy-
lobacter. Though microaerophilic and thus difficult to grow under common
conditions in the food production chain, Campylobacter survives the acidative
and oxidative stress and modified atmospheric packaging. This strongly indi-
cates its high capability of adapting to unfavourable environmental conditions
and surviving food processing procedures. Biological properties enabling
the adaptability of this organism to stress include antioxidant defence, ability
to enter to viable but not countable state (VBNC state), selection of virulent
strains, antimicrobial resistance genes transfer and wide genetic variability
(Meredith et al., 2014; Bolton 2015; Gomes et al., 2018).

Campylobacter contamination at slaughterhouse is closely related with the
colonization status of broilers during rearing. Colonized chickens carry large
amounts of Campylobacter in the caecum (5-8 log cfu) and intestines. Such
chickens shed Campylobacter in the faeces during transportation and spread it
into the environment (Dogan et al., 2019). Flock prevalence rate and Campylo-
bacter concentration in the caecum along with the hygienic standards applied
during processing strongly influence the amount of the pathogens in final
poultry products and hence the exposure of the consumers to thermophilic
Campylobacter species from poultry meat.

Major points of potential contamination in the slaughterhouse include
picking, evisceration and some chilling processes. Leaking of faecal content
during picking and evisceration process leads to carcass contamination; even
very small amounts of the faeces can significantly elevate the Campylobacter
counts on the carcasses. Immersion chilling with chlorinated water reduces
contamination but without chlorine the contamination increases (Guerin et
al., 2010; Dogan et al., 2019).

Contamination of carcasses could be reduced by scalding, washing and cold
storage. During scalding, a part of Campylobacter organisms is washed out of
the carcass surface. However, scalding water easily becomes contaminated with
faecal contents and dust, thus causing recontamination of the carcass with cer-
tain amount of pathogens if scalding technology is not properly applied. The
temperature of scalding water does not significantly influence the Campylobac-
ter counts. Washing substantially reduces the concentration of Campylobacter
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(90%), while airflow-chilling reduces Campylobacter counts depending on the
temperature and humidity (Guerin et al., 2010; Dogan et al., 2019). Campylo-
bacter contamination can be detected on all parts of broiler carcass neck skin,
visceral cavity, even the region under the skin. The number of Campylobacter on
the carcass commonly ranges around 2-3 log cfu/cm?®. Dry environment as well
as the storage at 4°'C or freezing result in the decrease of Campylobacter counts.
Freezing at 18'C during 10 and 21 days will reduce the number of Campylobac-
ter for 90% and 99%, respectively. However, there are reports on Campylobacter
isolation from broiler carcasses even after 83 weeks of freezing. Even though cur-
rent processing procedures reduce the Campylobacter count, the organism can
often be found in final products at the range 1-4 log/cm? Cross-contamination
at the slaughterhouse is considered possible yet limited, having in mind low con-
centration of Campylobacter on cross-contaminated carcasses as related to those
originating from poultry that has previously been colonized with Campylobac-
ter. Transmission of Campylobacter from cross-contaminated meat to the final
products during processing is very unlikely, as well as the probability for conse-
quent human infection and disease (EFSA, 2010).

The rate of carcass contamination at the slaughterhouse varies among
poultry originating from Campylobacter colonized flocks. At certain produc-
tion stages, the count of Campylobacter on the carcass can increase or decrease,
and there are reports about complete elimination of all Campylobacter so the
carcasses were free from Campylobacter. Various technological procedures ap-
plied at the slaughterhouses can affect cross-contamination and contamination
of carcasses of poultry originating from Campylobacter-free flocks (Rosenquist
et al., 2003). Slaughtering of flocks with 100% of infected birds results in 50%
contaminated carcasses (Petrovi¢ et al., 2008). The prevalence of contamina-
tion significantly varies between individual slaughterhouses (Table 1).

Table 1. Occurrence of thermophilic Campylobacter spp. in poultry samples (Petrovi¢
et al., 2008)

Abattoir mark
Occurrence of
Campylobacter
spp. (%) B C D E F G
liver 40.00 5.00 8.56 6.00 3428 286 571
carcasses 90.00 14.28 51.43 20.01 68.57 11.43 31.43

33



Arhiv veterinarske medicine, Vol. 12, No. 2, 27 - 38, 2019
Petrovic¢ J. ... et al.: Thermophilic Campylobacter spp. in...

CAMPYLOBACTER SPP. AT RETAIL

The presence of thermophilic Campylobacter in meat on the market var-
ies depending on the product type the highest risk is associated with whole
poultry carcass, somewhat lower prevalence is evident in skin-off whole piec-
es. Minced meat is considered low-risk product because of beneficial effects
of spices and oxidative stress as well as the range of poultry meat products
(such as sausages, etc.) (Simone et al., 2017). In Serbian market, poultry meat
is available as chilled (+4°C) or frozen (-20°C) product. Chilling does not sig-
nificantly affect the survival of Campylobacter, whereas freezing reduces con-
tamination (Reiersen et al., 2001). Campylobacter has been identified in 18.8%
poultry meat samples and 10.0% of samples of other meat samples in a retail
chain (Trajkovi¢ et al., 2007).

Campylobacteriosis is the most commonly reported gastrointestinal hu-
man disease in the EU/EEA (EFSA and ECDC, 2018). Most common sources
of human disease are undercooked or improperly heat treated meat, unpas-
teurized milk, dairy products and contaminated water. Some half of all cases
of human campylobacteriosis in the USA is considered to be associated with
consumption of poultry meat. After the incident with dioxin contamination
in Belgium in 1999, poultry meat and relevant products were withdrawn from
the market, which resulted in a 40% drop of the incidence of human campy-
lobacteriosis. Grilling meat is at particular risk of infection development due
to easy transmission of bacteria from raw meat to the hands and thus to other
food while handling (Jorgensen, 2002). The risk of campylobacteriosis asso-
ciated with consumption of pork and beef meat is considered relatively law;
however, undertreated offal products still pose substantial risk. Important
sources of human campylobacteriosis include drinking water and fresh prod-
ucts contaminated with campylobacteria from irrigation water. The presence
of Campylobacter spp. in drinking and irrigation water is due to faecal con-
tamination (EFSA, 2010).

CONTROL MEASURES

Qualitative risk analysis revealed that decrease in flock contamination
level by 3 log cfu does not lead to significant decrease in the number of con-
taminated carcasses processed at the slaughterhouse; however, the Campylo-
bacter count on the carcasses was significantly reduced (Reiersen et al., 2001).
Quantitative risk analysis proved that even law reduction of Campylobacter
spp. count in poultry faeces (2 log) decreases the incidence of human infection
30 times (Rosenquist et al., 2018) suggesting that control, that is, reduction of
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Campylobacter in poultry faeces at the farms is a crucial measure for the pre-
vention of human infections. Quantitative risk analysis also revealed a linear
relationship between flock prevalence and number of contaminated carcasses
after processing in the slaughterhouse, thus, compliance to strict hygienic bar-
riers is the only effective approach to reducing the flock prevalence of Campy-
lobacter (Reiersen et al., 2001).

Reduction of Campylobacter count on carcass surface can be accomplished
by increasing scalding temperature, improving evisceration techniques, usage
of large amounts of water across the entire production line, increasing the air-
flow at chilling and introducing relevant disinfection practices. Prevention of
cross-contamination during transport of live chickens is of vital importance,
also. However, all the aforementioned measures are of lesser influence on the
decrease in rate of human infections as compared to the reduction of the inci-
dence of Campylobacter in the flock.

CONCLUSION

Campylobacteriosis is one of the most important foodborne diseases
mostly associated with consumption of contaminated poultry meat. In order
to reduce the number of disease episodes, relevant measures should be ap-
plied across the entire poultry meat production chain and especially at poultry
farms. Strict compliance with relevant biosecurity measures prevents the in-
troduction of the pathogen into the production process at the farm. Adequate
hygiene and sanitation practices in the slaughterhouses can prevent cross-con-
tamination and decrease the contamination level. Ensuring of cold chain sup-
ply of poultry meat also contributes to an effective disease control. Successful
protection of human population from alimentary diseases is closely associated
with a range of preventive activities across the entire meat production chain
and responsibility of each individual participant of this production chain.
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NOTOEDROSIS IN A HOUSEHOLD CAT - CASE REPORT
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Abstract

This paper describes a rare case of severe notoedrosis (notoedric
mange) in a household cat from the suburban region of Banja Luka, Bosnia
and Herzegovina. According to history, the male cat was in direct contact
with stray kitten which had dermatological disorder. The examination of
the skin revealed an intensely pruritic and hyperkeratotic dermatitis with
typical scabby appearance. Deep scarification samples were collected from
the altered skin area and macerated in 10% KOH. The microscopic exami-
nation revealed mites from genus Notoedres, later identified as Notoedres
cati according to the morphological shape and size. The affected cat was
treated with ivermectin 0.4 mg/kg, subcutaneously, two times with 7 day
intervals. The first follow-up physical examination was done after seven
days. This control showed that pruritic changes began to disappear. This
case report confirms the presence of Notoedres cati in the cat population in
Bosnia and Herzegovina.

Key words: household cat; Notoedres cati, Bosnia and Herzegovina;
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Kratak sadrzaj

Ovaj rad opisuje rijedak sluc¢aj teSke notoedroze (notoedres $uge) kod
kuéne macke iz suburbanog podrucja Banja Luke, Bosna i Hercegovina.
Prema anamnezi, macak je bio u direktnom kontaktu sa macetom lutali-
com koje je imalo dermatoloske poremecaje. Dermatoloskim pregledom
je ustanovljen visoko pruriti¢ni i hiperkeratoti¢ni dermatitis sa tipi¢cnom
krustoznom prezentacijom. Uzeti su skarifikati dubljih slojeva koze sa
promjenjenih dijelova koZe i macerirani u 10% KOH. Mikroskopskim
pregledom su ustanovljene grinje iz roda Notoedres, koje su identifikovane
kao Notoedres cati na osnovu morfologije i veli¢ine. Oboljeli macak je tera-
piran potkozno sa ivermektinom u dozi od 0.4 mg/kg dva puta, u razmaku
od sedam dana. Prvi kontrolni pregled je izvr$en nakon sedam dana. Ve¢ na
osnovu prvog kontrolnog pregleda je ustanovljeno da su se pruriti¢ne lezije
pocele povlaciti. Ovaj rad potvrduje prisustvo Notoedres cati u populaciji
macaka u Bosni i Hercegovini

Klju¢ne rijeci: kuéna macka, Notoedres cati, Bosna i Hercegovina

INTRODUCTION

Notoedrosis or notoedric feline mange is a rare but potentially fatal disease
of domestic and wild felids caused by obligate sarcoptic mite species Notoedres
cati (Foley et al., 2016). Members of the genus Notoedres are related to the Sar-
coptes genus, but they differ with regard to some morphological characteristics
such as shape or development of setae so that these traits were initially suf-
ficient to separate mites into individual genera (Foley et al., 2016). Notoedres
cati is extremely contagious, and it spreads rapidly via direct contact among
cats, other mammals (hedgehogs, guinea pigs, European rabbits) and humans
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(Foley et al., 2016; Klompen, 1992). Notoedric mange was documented in
dogs (Leone, 2007) but there are scarce data explaining how dogs can serve
as definitive hosts for Notoedres cati or if dogs can serve as a source of infec-
tion for cats in the transmission chain. It is accepted that Notoedres cati has a
cosmopolitan worldwide distribution in felid population with several reported
endemic foci in North and South America; however, epidemiological studies
on mite distribution and mange prevalence are scarce (Foley et al., 2016). So
far, a limited number of clinical case reports indicate that Notoedres cati is
present and widespread in Europe (Foley et al., 2016). In the Balkans, Notoe-
dres cati was reported in stray cats in Slovenia (Rataj et al., 2004), Bosnia and
Herzegovina (Vukovi¢, 1959), Greece (Lefkaditis et al., 2015) and rabbits in
Serbia (Ili¢ et al., 2018). In today’s small veterinary practices, clinical cases of
notoedric mange can be rarely seen because the current use of ‘new’ antipara-
sitic drugs and indoor keeping of domestic cats reduced the prevalence of this
skin disease.

This case report describes clinically manifested notoedrosis (notoedric fe-
line mange) in a household domestic cat from the suburban region of Banja
Luka, Bosnia and Herzegovina.

In mid-February 2019, a male, one-year castrated domestic shorthair cat
was brought to the veterinary practice ,,BL vet” Banja Luka for a physical and
dermatological examination due to intense and frequent itching. The cat lived
in a house, but it used to go outdoors regularly and was often in direct contact
with other stray cats in the area of Rakovacke bare (44.796082; 17.183279),
Banja Luka. According to the owner, 14 days before he went on a business trip,
he noticed that the cat was in direct contact (they often lay together outside)
with the stray kitten with an advanced skin disorder. Afterwards (approxi-
mately 5 - 10 days) the cat began to scratch itself constantly around the head
and ears until the first lesions appeared. There was no history of vaccination
and deworming of the owned cat.

The physical examination revealed good body condition and mild leth-
argy with normal respiration, heart rate and body temperature. Visible gingi-
val mucosa and conjunctiva were mildly anaemic. There were indications of
mild dehydration. The skin was dry and dull with the hair coat of poor quality.
Alopecia and secondary scratches were present on the skin of the ears, head
and face (Figure 1.).
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Figure 1. Pruritic head lesions in a household cat (original photos)

Due to intense pruritus, scales and crusts on the face, ear pine, head and
front legs were observed. Pruritus was intense in the periocular area so that the
eyes were sometimes closed during the episodes of scratching and consequent
self/mutilation dermatitis. The reactive skin on the head was hyperkeratotic,
hyperpigmented/grey of scabby appearance (Figure 2).

Figure 2. Hyperpigmented and hyperkeratotic changes on ear pine and head in a cat
(original photo)
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After clinical and dermatological examinations, clinical suspicion to no-
toedric mange was established. According to Hellmann et al. (2013), skin le-
sions were scored as 3"-grade ones - severe lesions affecting an area wider
than the region of the head, severe alopecia, a thick/crusty and scabby appear-
ance of the skin, intensive scratching, inducing to self-trauma injury.

Several deep skin scrapings from the altered skin area of ear pine and head
were taken with a scalpel blade. The collected skin material was macerated
in 10% KOH (potassium hydroxide) and observed under the microscope (4x,
10x, 20x, 40x) in the veterinary practice “BL vet”. The microscopic examina-
tion revealed a high number of adults and eggs of small burrowing mites from
the family Sarcoptidae. At higher magnifications, oval idiosoma with longer
front legs, short pretarsi with long pedicel and terminal sucker (p), long bristle
or terminal setae on the third and fourth leg were observed in female mites —
Tse (Figure 3).

Figure 3. Ventral view of female Notoedres cati: (p) black arrow — pedicel; (Tse) white
arrow — terminal setae (original photo)
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At the dorsal surface, the idiosoma had concentric, fingerprint-like stri-
ations (St), the anus surrounded by blunt spines (Sp) and dorsal setae (Se)
(Figure 4). According to the morphological and morphometric examinations
(Bowman, 2008; Klompen, 1992) the definitive diagnosis was Notoedres cati.

Figure 4. Dorsal view of female Notoedres cati; An - anus; Se — setae; Sp - ,,blunt®
spines; St - ‘finger-like’ striations (original photo)

The affected cat was treated with ivermectin 0.4 mg/kg, subcutaneously,
in 7 days intervals. In addition, dexamethasone 0.2 mg/kg, intramuscularly,
was administered. The first follow-up physical examination was done after the
first seven days. The severe pruritus decreased and the skin lesions started to
heal, and hence the treatment with ivermectin was repeated using the same
dose to finishing the treatment protocol. No adverse effects of ivermectin were
observed in this case. No further follow-up examinations of the cat were per-
formed.
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DISCUSSION

The occurrence of notoedrosis in household cats is extremely rare in Bos-
nia and Herzegovina, as evidenced by the fact that the last written evidence
of its occurrence dates back to 1959 (Vukovi¢, 1959). In this first report, there
was no precise information on the clinical impact of Notoedres cati to cats and
other hosts; however, the author noticed only a low prevalence of mites in
carnivores (Vukovi¢, 1959). This report suggests that this mite species is still
present in the population of domestic cats and that it can cause severe disease
in cats — especially among stray animals without regular monitoring of health
condition.

Given the data obtained from the anamnesis in this case, it can be assumed
that the current mite infection in the cat was probably developed as a conse-
quence of direct contact with a stray kitten. Therefore, it is possible that the
disease is present in a wider area of this part of the city. In order to confirm
the suspicion of potential spread of this parasite it is necessary to conduct an
extensive epidemiological investigation not only in Banja Luka but in a wide
area of the country.

Earlier surveys suggest that subclinical infection with Notoedres cati is pos-
sible, especially in stray cats (Rataj et al., 2004). The advanced infection found
in our case is less common in the literature and the fact is that this condition,
if left untreated, can cause serious health disorders and, in some cases, the
death of diseased animals (Hellmann et al., 2013). The clinical manifestations
of the disease described in the literature can be divided into several degrees in
relation to the distribution of lesions (Hellmann et al., 2013). In the described
case, the established degree of the lesion is described as extremely “difficult”
and “advanced”. There are several strategies for feline scabies therapy that
mainly depend on the availability of active antiparasitics and the severity of
the disease. The systemic use of ivermectin administered in our case was often
implemented in the treatment of feline mites (Sampaio et al., 2017). It should
be noted that, in the meantime, new “spot-on” formulations of safer antipara-
sitics based on imidacloprid 10% / moxidectin 1% for cats have been devel-
oped that are more accessible on markets (Hellmann et al., 2013). Ivermectin
is toxic to kittens (Kirkpatrick and Megella, 1987), which must be taken into
account when selecting the therapy. Supportive therapy with corticosteroids
and antibiotics is justified in severe cases to reduce intense itching and prevent
secondary pyoderma. Dexamethasone was applied in our case due to intense
itching which could lead to self-mutilation.
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This case represents a rare description of notoedrosis in a household cat,
and confirms the presence of this ‘forgotten’ parasite in the territory of Bos-
nia and Herzegovina. In daily clinical practice, deep skin scarification samples
should be taken from cats with manifest pruritus and tested for the presence
of Notoedres cati.
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Abstract

The aim of this study was to investigate the composition and quality of
Serbian honeydew honey. For this purpose, the physicochemical character-
istics of 14 honeydew samples were analyzed. The physicochemical char-
acteristics of all honeydew honeys from Serbia analyzed in this research
can be considered to be within the parameters prescribed for honeydew in
general. The sum value of glucose and fructose, the content of sucrose, wa-
ter, hydroxymethylfurfural, acidity, and diastase activity were in line with
European and national regulations for honey, for all investigated honeydew
samples. Out of a total of 14 tested honey samples, 1 sample did not comply
with the national regulations for honey regarding electrical conductivity.
According to our results, in most of investigated samples the fructose/glu-
cose (F/G) ratio was greater than 1.11 and glucose/water (G/W) ratio was
close to 2. This means that they can be categorized as medium-crystallizing
honeys. The results obtained in this study indicate excellent quality, absence
of undesirable fermentation, acceptable freshness and proper manipulation
of Serbian honeydews.

Key words: honeydew honey, physicochemical characteristics
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Kratak sadrzaj

U ovom radu ispitivan je sastav i kvalitet srpskog medljikovca (Sumskog
meda). Rezultati ispitivanja fizicko-hemijskih karakteristika medljikovca iz
Srbije nalaze se u granicama ocekivanih vrednosti za medljikovac. Vred-
nosti dobijene za sadrzaj redukuju¢uh $ecera (glukoza i fruktoza), saharoze,
vode, hidroksimetilfurfurola, kao i kiselost i aktivnosti dijastaze su u skladu
sa evropskim i nacionalnim propisima koji se odnose na kvalitet meda. Od
ukupno 14 ispitanih uzoraka medljikovca, 1 uzorak nije odgovarao odred-
bama propisa u pogledu elektri¢ne provodljivosti. Prema rezultatima ispi-
tivanja, u vecini ispitivanih uzoraka odnos F/G je bio ve¢i od 1,11, a odnos
G/V bio je blizu 2. Na osnovu ovih rezultata, medljikovac se moze okarak-
terisati kao med sa srednjom brzinom kristalizacije. Rezultati dobijeni u
nasem istrazivanju ukazuju na odli¢an kvalitet, odsustvo nezeljene fermen-
tacije, prihvatljivu svezinu i pravilnu manipulaciju srpskim medljikovcem.

Kljucne reci: medljikovac, fizi¢ko-hemijske karakteristike

Introduction

Honeydew is honey produced by bees (Apis mellifera) from secretions of
living parts of plants or excretions of plant-sucking insects (European Com-
mission, 2002). Secretions of living parts of plants are sweet substances that
appear periodically on the leaves of some plants, most commonly on fir, pine,
spruce, willow, oak, soft chestnut and other evergreen and deciduous trees
(Primorac et el., 2009; Vasié et al. 2019).

The interest in honeydew has increased because of its nutritional, senso-
rial and potential therapeutic properties (Sergalio et al., 2019). Honeydew is a
distinctive honey compared to blossom honey since it usually has higher elec-
trical conductivity, pH values, ashes, higher content of disaccharides, trisac-
charides, and lower content of monosaccharides (Sergalio et al., 2019; Zivkov
Balo§ etal., 2018, 2019a). Darker color and different sensory features compared
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to blossom honey are also the characteristics of this type of honey (Escuerdo et
al., 2013; Flores et al., 2015; Zivkov Balos et al., 2019b). Numerous studies have
established that honeydew contains a number of bioactive compounds, such
as proteins, amino acids and phenolics (Bogdanov et al., 2004; Escuerdo et al.,
2013; Silva et al., 2018; Vasic et al., 2019), compared to other types of honey,
which classifies it as health-promoting food.

Basically, honey is a concentrated water solution of fructose and glucose,
with small amounts of various complex sugars (Escuredo et al., 2014; Valdés-
Silverio et al., 2018). Fructose and glucose are present in nectar or in the car-
bohydrate excretion of insects that suck the fluid from the phloem (Lazarevi¢
etal, 2017). As a result of high concentration of sugar, honey crystallizes over
time. Some components of honey, such as other carbohydrates, pollen grains,
air bubbles, and particles can have an impact on the crystallization of honey.
Fructose/glucose (G/F) ratio and glucose/water (G/W) ratio can be used to
estimate the rate of honey crystallization. Generally, honeys with low G/W and
F/G ratio do not crystallize easily (Escuredo et al., 2014).

Crystallization of honey is an undesirable process. During the crystalliza-
tion changes occur in the textural properties, making honey less appealing to
consumers, who prefer liquid and transparent product (Kabbani et al., 2011).
Crystallization of honey affects the processing of honey during extraction, fil-
tration, mixing and bottling (Dobre et al., 2012; Laos et al., 2011).

Honeydew honey is a natural product with complex composition, which de-
pends on bee species, geographical region, available floral source and storage
conditions (Karabagias et al., 2014). Considering all the factors mentioned above
and the number of possible floral sources in particular, it is understandable that
no two honeys are the same (Kirs et al., 2011). Honeydew physicochemical qual-
ity criteria are well specified by the European Legislation (European Commis-
sion, 2002) and the regulation concerning the quality of honey in the Republic
of Serbia (Official Gazette RS, 101/2015). The major criteria for honey in both
of those standards are sugar content (sucrose and sum of fructose and glucose),
moisture content, water-insoluble content, electrical conductivity, free acidity,
diastase activity and hydroxymethylfurfural (HMF) content.

The aim of this study was to investigate the composition of Serbian hon-
eydew honey, in order to obtain the information about the honey quality, and
gain an insight into its nutritional suitability.

MATERIAL AND METHODS

A total of 14 honeydew samples were collected from beekeepers at differ-
ent regions of Serbia. All collected samples were in their original packaging
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and transferred to the laboratory of Scientific Veterinary Institute “Novi Sad”
for examination. Manufacturers used field observations for botanical origin
determination. Our research included only the samples with confirmed bo-
tanical origin stated on the manufacturing specification label. All the selected
samples were produced by Apis mellifera. Honey analyses were carried out im-
mediately after sampling. All samples were analyzed in duplicate by methods
prescribed in Harmonised methods of the International Honey Commission
Methods (2009).

Water content analysis

Water content was determined by refractometry, measuring the refractive
index (RI) using a standard model Abbetype refractometer at 20° C. Water
content (%) was then obtained from the Chataway table.

Electrical conductivity

Electrical conductivity was measured at 20° C in solutions of honey sam-
ples (20.0 g dry matter of honey in volume solution in 100 ml distilled water)
using a conductometer Crison (Type Basic 30).

Free acidity

The acidity of honey was determined by volumetric method. Ten grams
of honey was dissolved in 75 ml of water and solution was titrated with 0.1 M
NaOH to pH 8.30. Acidity is expressed in milliequivalents/kg honey (mEq/kg).

Water-insoluble matter

Insoluble matter was determined by gravimetric method. The insoluble
matter was collected on filter of specified pore size by rinsing with warm water.
Dried residues (135° C) were weighed until constant weight was obtained.

Hydroxymethylfurfural

HMF was determined by an HPLC Dionex UltiMate 3000 Series system
with UV detection (Thermo Scientific, Germany). Honey sample (1 g) was
dissolved in 25 mL of water, filtered through a 0.45 um nylon filter and in-
jected (10 pl) into the HPLC system. The HPLC column was 150x3 mm Hy-
perilsil GOLD, with particle size of 3 um. The mobile phase was methanol:
water (10:90, v/v), at flow rate of 1 mL/min. All measurements were conducted
at room temperature. The system was controlled by Chromeleon® 7 software
(Thermo Scientific, Germany).

The external calibration curves produced by standard solutions were used
to quantify the amount of HMF in the samples.
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Sugar Composition determination

The sugar composition (fructose, glucose, sucrose) was determined by
an HPLC Dionex UltiMate 3000 Series system (Thermo Scientific, Germany)
equipped with a refractive index detector RefractoMax521 (ERC Inc, Japan)
at 35°C. Honey sample (1 g) was dissolved in 25 mL 25% methanol, filtered
through a 0.22 um nylon filter and injected (5 pl) into the HPLC system. The
HPLC column was Hypersil GOLD Amino 150x3 mm (particle size 3 um),
fitted with a guard column Hypersil GOLD Amino 10x3 mm (particle size 3
um). The mobile phase was acetonitrile: water (8:2, v/v) filtered through 0.22
pum membrane filter, at a flow rate of 1 mL/min. All measurements were per-
formed at room temperature. The system was controlled by Chromeleon® 7
software (Thermo Scientific, Germany). The external calibration curves pro-
duced by standard solutions were used to quantify the amount of sugars in
the samples. Honey sugars were identified and quantified by comparing their
retention times and peak areas with those of standard sugar solutions.

Diastase activity

Diastase activity was determined by spectrophotometric method (Mega-
zyme International Ireland, 2014). Two grams (2.00 g) of sample were dis-
solved in sodium maleate buffer and adjusted volume to the mark of volu-
metric flask with water. Amylazyme tablets (Megazyme International, Ireland)
were added to buffer solution. In the presence of a-amylase, the substrate is
hydrolysed and soluble dyed products are released. The reaction was termi-
nated and, following the filtration, the absorbance of the filtrate is measured at
590 nm. The absorbance is directly proportional to the diastase activity of the
sample. The diastase activity is calculated as diastase number (DN).

Statistical analysis

Statistical analysis was performed by the PAST software package, version
2.12, Oslo, Norway. The data were grouped according to the samples of honey-
dew and presented as mean, standard deviation, minimum, maximum values,
and coefficient of variation.

Results
The results of physicochemical analysis of Serbian honeydew are shown in
Tables 1 and 2. The water content in all investigated honeydew samples was be-

low 20%, which is the maximum permissible level set by national regulations
for honey (Official Gazette, 101/2015).
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The results of sugar profile analysis by HPLC-RI are shown in Table 1. Our
study revealed that in all examined honeydew samples, the percentage of fruc-
tose and glucose ranged from 28.51 to 38.83 and from 24.92 to 34.09%, respec-
tively. The sum value of glucose and fructose was in line with European and
national regulations (EU, 2002; Official Gazette RS, 101/2015) with the value
of over 45 g/100 g for all honeydew samples. Sucrose content in all investigated
honey samples was below 5 g/kg honey, which is the maximum permissible level
set by the European Legislation (EU, 2002) and national regulations for honey
(Official Gazette RS, 101/2015). In 13 out of the total of 14 investigated samples
(93%), sucrose content was below the detection limit of the applied method. De-
tection limit of the applied method is 0.25 %. The F/G ratio and G/W ratios were
calculated for all samples of honeydew. The mean F/G ratio was 1.22 and ranged
from 1.06 to 1.50. The mean G/W ratio was 1.89 and ranged from 1.50 to 2.32.

Table 1. Moisture content and carbohydrate concentrations of honeydew samples

Water' Fructose’? Glucose’® Sucrose F+ G Ratio Ratio

Sample (o) (%) (%) (%) (%) FIG G/W
1 17.0 33.99 30.37 n.d.* 64.36 1.12 1.79
154 38.32 34.09 n.d. 72.41 1.12 2.21

3 16.6 36.02 24.98 n.d. 61.00 1.44 1.50

4 15.8 37.18 24.92 n.d. 62.10 1.49 1.58

5 154 37.57 25.01 n.d. 62.58 1.50 1.62

6 14.2 35.76 29.44 n.d. 65.20 1.21 2.07

7 16.4 31.94 26.32 n.d. 58.26 1.21 1.60

8 14.4 28.91 27.18 n.d. 56.09 1.06 1.89

9 13.6 34.70 31.51 n.d. 66.21 1.10 2.32

10 16.2 36.10 31.74 n.d. 67.84 1.14 1.96

11 16.6 36.03 31.78 n.d. 67.81 1.13 1.91

12 14.8 36.31 28.48 n.d. 64.79 1.27 1.92

13 14.1 34.14 31.73 0.30 65.87 1.08 2.25

14 18.2 38.83 33.41 n.d. 72.24 1.16 1.84
Minimum 13.6 28.91 24.92 <0.25 56.09 1.06 1.50
Maximum 18.2 38.83 34.09 0.30 72.41 1.50 2.32
STDEV? 1.3 2.61 3.21 / 4.64 0.15 0.26
Mean 15.6 35.41 29.35 <0.25 64.77 1.22 1.89
CV (%)° 8.35 7.37 10.94 7.17 12.51 13.67

'W - Water. °F - Fructose. °G - Glucose. n.d.* - unquantifiable value (less than detec-
tion limit); STDEV? - standard deviation; CV® - coefficient of variation
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In accordance with the regulation concerning the quality of honey in the
Republic of Serbia (Official Gazette, 101/2015), minimum electrical conduc-
tivity in honeydew put in the market is fixed to 0.8 mS/cm. The values of elec-
trical conductivity in the investigated honeydew samples were between 0.61 and
1.99 ms/cm. Out of a total of 14 tested honey samples, 1 sample (No. 11) did
not comply with the national regulations for honey.

Maximum value of free acidity in all types of honey (except in baker’s hon-
ey) was 50 mEq/kg, as is set by regulation (Official Gazette, 101/2015). Free
acidity in all tested honeydew samples was below 50 mEq/kg. These data in-
dicate the absence of undesirable fermentation. The mean acidity value in the
investigated samples was 21.29 mEq/kg.

Table 2. Electrical conductivity, free acidity, 5-HMF and diastase activity in honey-
dew samples

Electrical

sumple amictuty gy I i
1 1.22 9.6 521 25.16

2 0.87 7.4 0.50 17.19

3 0.88 5.4 11.72 17.74

4 0.82 4.6 1.35 13.43

5 0.89 4.6 0.81 18.64

6 1.15 30.0 1.85 22.12

7 1.60 48.4 6.55 12.08

8 1.85 44.0 1.69 20.87

9 1.15 33.0 2.77 16.23

10 1.55 29.0 11.20 14.25

11 0.61 18.0 18.08 19.01

12 1.33 15.5 1.48 28.55

13 1.99 21.5 1.41 23.33

14 1.15 27.0 26.01 26.47
Minimum 0.61 4.6 0.50 12.08
Maximum 1.99 48.40 26.01 28.55
STDEV 0.41 14.52 7.70 5.00
Mean 1.22 21.29 6.47 18.43
CV (%) 33.37 68.20 118.92 25.46

5-HMF": 5-hydroxymethylfurfural
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The regulation concerning the quality of honey in the Republic of Serbia
established the maximum 5-HMF content (40 mg/kg) and minimum diastase
activity (8 DN). Generally, all tested samples were in compliance with the pro-
visions of the Regulations regarding the content of 5-HMF and diastase activ-
ity. Mean 5-HMF content in investigated honeydew samples was 6.47 mg/kg,
with the range 0.50 to 26.01 mg/kg. Minimum value of diastase activity was
12.08 DN and mean activity was 18.43 DN (Table 2).

Discussion

Honey is a highly viscous solution of sugars, dominantly glucose and fruc-
tose in about equal concentrations (Venir et al., 2010). The most prevalent sug-
ar in honeydew is fructose, followed by glucose and sucrose. These results are
in accordance with other literature data (Kirs et al., 2011; Kivrak et al., 2017;
Sousa et al., 2016; Sergalio et al., 2019; Seijo et al., 2019). In general, the glucose
content was lower than the fructose content, which indicated the natural feed-
ing of bee colonies and confirmed the high quality of the examined honeydew
honeys. Sucrose content can also be used as an indicator of artificial feeding of
honeybees, if beekeepers overfeed the bees with sugar during the spring. High
concentration of sucrose means an early harvest of honey (Ouchemoukh et al.,
2007; Pasias et al., 2017; Saxena et al., 2010).

F/G and G/W ratios are important parameters for predicting the crystal-
lization tendency of honey. Fructose/glucose ratio shows the degree of honey
crystallization, because glucose is less water soluble than fructose (Laos et al.,
2011). Honey samples in which F/G ratio is greater than 1.33 do not crystallize
for a long period of time. If the F/G ratio is less than 1.11, honey crystallizes
quickly (Escuerdo et al., 2014). Crystallization process is slower or null when
G/W ratio is less than 1.7, and it is faster when the ratio is higher than 2 (Dobre
et al., 2012) or 2.10 (Venir et al.,, 2010). According to our results (Table 1), in
most of investigated samples, F/G ratio was greater than 1.11 and G/W ratio
was close to 2, so they can be categorized as medium-crystallizing honey.

Water is the second largest component of honeydew. Honey moisture de-
pends on the production season, floral source, abundance of nectar flow, soil,
ventilation of beehives, colony strength, meteorological conditions in the area
of honey production (primarily air humidity), and maturation and honey har-
vest time (Escuerdo et al., 2014; Kirs et al., 2011; Lazarevi¢ et al., 2017; Sousa et
al., 2016; Zivkov Balos et al., 2019b). Moisture significantly affects the physical
properties of honey such as crystallization, viscosity, and rheological behav-
iour. Although there are differences in moisture content, it can be assumed
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that the tested honeydews had adequate maturity since moisture was gener-
ally lower than the maximum permissible value (20%). As shown in Table 1.,
moisture of honeydew samples is fairly homogeneous, and this parameter is
characterized by a low coefficient of variation.

The electrical conductivity is often used in routine quality control of
honey. The conductivity is related to the concentration of soluble minerals,
organic acids and proteins. It is a useful tool for distinguishing honeys of dif-
ferent botanical origin. Storage time can also affect the electrical conductivity
of honey. The most adequate parameters for distinguishing honeys of different
geographical origin are those which described the patterns of pH and electri-
cal conductivity with changes of honey concentration (Acquarone et al., 2007).
Honeydew honey is characterized by higher electrical conductivity than blos-
som honeys, which is a good parameter to distinguish between the two types
of honey. The values lower than 0.8 mS/cm may indicate adulteration or mix-
tures with other types of honey (Sergalio et al., 2019).

Free acidity in the examined samples ranged between 4.6 and 48.4 mEq/
kg (CV = 68.2%) (Table 2). The acidity of honey is caused by organic acids
(tartaric, citric, oxalic, acetic, etc.), nectar or bee secretions (Yadata, 2014).
The acidity value varies depending on the floral source and bee species (Sousa
et al., 2016). Our earlier results (Zivkov Balos et al., 2018) demonstrated high
acidity of forest honey, as compared with other honey types. These results were
also reported by Bergamo et al. (2019) and Primorac et al. (2009). The natural
acidity of honey can be increased by the storage and ripening of honey, as
well as during honey fermentation. Honey adulterated with sugar syrup has
acidity lower than 1, while honey that is adulterated with invert sugar has a
pronounced high acidity (Yadata, 2014).

5-Hydroxymethylfurfural is formed as an intermediate product in the
Maillard reaction from the direct dehydration of sugars under acidic condi-
tions during thermal processing of foods (Pasias et al., 2017). This compound
is formed slowly and naturally during honey storage. Thus, it is considered an
indicator of honey freshness (Serglaio et al., 2019). Diastase activity is closely
related to 5-HME This parameter is sensitive to heat and long storage period.
Diastase activity signifies a possible overheating of honey, above 60° C, as well
as prolonged storage (Bergamo et al., 2019). Considering the 5-HMF content
and diastase activity found for investigated honeydew honeys, all samples were
in accordance with the established limits. These results indicate acceptable
freshness and proper manipulation of honeydews.
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Conclusion

The physicochemical characteristics of all honeydew honeys from Serbia
analysed in this research are within the parameters expected for honeydew in
general. Additionally, it can be concluded that Serbian honeydew is character-
ized by good quality as honey samples were within limits established by the
European and national Legislation.

Therefore, further research on honeydew physicochemical and therapeutic
properties is required to confirm the quality and authenticity of this product
and for better understanding of the value of this honey.
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Abstract

Mycoplasmas are widespread bacteria in domestic and wild birds.
Among the important species in laying hen, Mycoplasma gallisepticum and
Mycoplasma synoviae, are considered as an emergent pathogen in the last
few years worldwide, causing considerable economic losses as a result of
falling eggs and the decrease in egg quality. Transmission of M. synoviae
occurs horizontally, more rapidly in multi-age sites, and vertically, leading
to a decline in hatchability in breeding farms. The interaction between M.
synoviae and the host’s immune system explains the immunosuppression
induced by this pathogen. Inside the cell, M. synoviae can escape the im-
mune system by implementing several mechanisms.

Subclinical respiratory infection is often associated to M. synoviae.
However, severe disease may be observed in the presence of other factors
(respiratory viruses, stressors). The emergence of a new form of clinical
manifestation of disease associated to M. synoviae infection has been de-
scribed since the 2000s. Eggshell apex abnormalities of the produced eggs,
associated to high risk of cracks and breakage, is described.

The diagnosis of M. synoviae infection is based on various tests, includ-
ing serology, culture and biomolecular methods. Control is based on the
acquisition of free mycoplasma birds, biosecurity, regular monitoring and
vaccination. Management of other risk factors is essential.

Keywords: antibiotic, biosecurity, eggshell apex abnormality, layer hen,
Mycoplasma synoviae, PCR; serology, vaccination
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MYCOPLASMA SYNOVIAE INFEKCIJA
KOD NOSILJA: DIJAGNOZA I MERE
KONTROLE - PREGLED LITERATURE
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Kratak sadrzaj

Mikoplazme su $iroko rasprostranjene bakterije kod domac¢ih i divljih
ptica. Tokom poslednjih nekoliko godina, Mycoplasma gallisepticum i My-
coplasma synoviae smatraju se prete¢im patogenima $irom sveta, koji do-
vode do znacajnih ekonomskih gubitaka zbog smanjene nosivosti i opadan-
ja kvaliteta jaja. Do preno$enja M. synoviae dolazi horizontalno, brze na
mestima gde se uzgaja zivina razli¢ite starosti i vertikalno, $to dovodi do
smanjenja izleganja pili¢a na priplodnim farmama. Interakcija izmedu M.
synoviae i imunog sistema domacina izaziva imunosupresiju. Unutar Celije,
M. synoviae koristi razli¢ite mehanizme da zaobide imuni sistem domacina.

Subklinic¢ka respiratorna infekcija se ¢esto povezuje sa M. synoviae.
Medutim, do ozbiljnih klinickih manifestacija bolesti dolazi u prisus-
tvu drugih faktora (respiratorni virusi, razli¢iti stresogeni). Pojava nove
klini¢ke manifestacije bolesti koja se dovodi u vezu sa infekcijom M. syno-
viae opisuje se od 2000-ih godina. Opisane su nepravilnosti apeksa ljuske
jajeta povezanih sa visokim rizikom od pucanja i lomljenja ljuske.

Dijagnoza infekcije M. synoviae zasniva se na raznim testovima,
ukljucujuéi serologiju, kultivisanje i biomolekularne metode. Kontrola se
sprovodi redovnim monitoringom, vakcinacijom, biosigurnosnim merama
i nabavkom zivine koja je slobodna od mikoplazme. Upravljanje drugim
rizicima je od sustinske vaznosti.

Kljucne redi: antibiotik, biosigurnost, apeks jaj¢ane ljuske, koke nos-
ilje, Mycoplasma synoviae, PCR; serologija, vakcinacija
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INTRODUCTION

Mycoplasmosis are worldwide infections of domestic and wild birds. His-
torically, infections were described firstly in turkeys in 1926, then in chicken
in 1936 (Nascimento et al., 2005; Kleven 2008). More than 120 species, isolated
in mammals, birds, reptiles and fishes, were determined in Mycoplasma genus.
Currently, more than 20 species of mycoplasma are considered pathogenic in
poultry (Nascimento et al., 2005; Purswell et al., 2011).

Mycoplasma gallisepticum (M. gallisepticum) (chicken and turkey), Myco-
plasma synoviae (M. synoviae) (chicken and turkey), Mycoplasma meleagridis
(M. meleagridis) (turkey) and Mycoplasma iowae (M. iowae) (turkey) (Stipko-
vits et Kempf 1996) (in Sprygin et al., 2011) are the most important species.

Mycoplasmosis caused by M. synoviae was firstly described in turkeys in
1926 and in chicken in 1936 (Nascimento et al., 2005, Kleven 2008). M. syno-
viae is responsible of locomotor disorders, including arthritis, tendinitis and
synovitis. However, contrarily to M. gallisepticum, M. synoviae may be incrim-
inated in a subclinical respiratory infection, which can predispose birds to the
chronic respiratory disease following interactions with other pathogens (New-
castle disease virus, infectious bronchitis virus, Ornithobacterium rhinotrache-
ale and Escherichia coli).

In last decade, the situation of mycoplasma infections is characterized by
the emergence of M. synoviae compared to M. gallisepticum and a more pro-
nounced respiratory tropism (aerosacculitis) than the articular tropism, espe-
cially in chicken and secondarily in turkey (Khalifa et al., 2013). In laying hens,
M. synoviae has been causing serious egg drop problems since the 2000s with
alteration of the eggshell quality.

ECONOMIC IMPACT

Economic impact of Mycoplasma infection in layer hen flocks are well doc-
umented regarding to M. gallisepticum. Whereas, the economic significance of
M. synoviae has been a subject of debate for many years. While the increasing
occurrence worldwide of arthropathic and amyloidogenic M. synoviae strains
in poultry as well as strains that induce eggshell apex abnormalities (EAA)
and egg production losses (Landman and Feberwee, 2001, 2004; van Beek et
al., 2002; Feberwee et al., 2007), has increased attentiveness of the clinical and
economic impact of infection with this Mycoplasma. Prevalence of M. synoviae
infection in layers in some countries is summarized in Table 1.
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Table 1. Worldwide prevalence of M. synoviae in layers

Region / pe-

Country .4 ¢ tu dy Analysis Prevalence Reference(s)
Cotes dArmor,
France Brittany / Culture 68% Dg{oalllré};glg)e 1t
2002-2003 )
Germany - PCR 75% Kohn et al. (2009)
Landman and Feber-
Netherlands - Serology 73%  wee (2001); Feberwee
Europe et al. (2008, 2009)
Poland 1/628{%"5%%? PCR 29% Kursa et al. (2019)
Konya re- PCR 25% Aras and Sayin
Turkey gion /2010  Serology  22.5% (2014)
UK - Serology ~ 78.6%  Hagan etal. (2004)
Algeria  Easternregions Serology ~ 26.7%  Aimeur etal. (2010)
Ghana GXCE;? r%i;g;ct’ Serology 75% Matilda et al. (2018)
. . Region of Al- s Kammon et
Africa _ Libya  1apiT Al Gharbi  Serology  28%" al. (2017)
Morocco  Different regions Selr%%gy 100%**  Nassik et al. (2014)
: Region of Cap-  Serology ~ 28.5% Boussetta et
Tunisia Bon (6 districts)  Culture 9.5% al. (1997)
China %lz%rl%‘{iz%cless Serology  41.19%*  Xueetal. (2017)
Asia Different regions
Pakistan ~ in Rawalpindi ~ Serology =~ 42.6%  Shoaib et al. (2019)
/2016-2017
Oceania Australia  Two provinces  Serology 69% Gole et al. (2012)
Southern and Mohammed et
America USA central California Serology  32-91% al. (1986)
Brazil  ThreeStales/  pcR  22g5%  Buimetal. (2009)

PCR: Polymerase Chain Reaction;

UK: United Kingdom; USA: United States of America

*different categories of poultry production; ** broiler breeder flocks; *MG and MS
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Currently, it is demonstrated that M. synoviae infection causes severe eco-
nomic losses due to vertical transmission of the germ, resulting in death of em-
bryo, consequently a decrease in hatch rate, significant post-hatch mortality,
bacteria diffusion in the hatchery, and quality degradation of day-old chicks.
Moreover, M. synoviae may induce transient immunosuppression, an increase
in mortality of 1-4%, particularly in broiler chickens, a decrease of 5-10% in
egg production rate, and a decrease of 5-7% in hatch rate (Mohammed et al.,
1987; Stipkovits and Kempf 1996).

Mycoplasmosis due to M. synoviae occurred in layer hens flocks are as-
sociated to a decrease in the egg quality (Table 2). Egg-production level can
decrease from 86% to 79% after three weeks in 54 weeks old layer hens (Jeon et
al., 2014). Losses in infected hens are estimated at eight eggs per hen compared
to healthy flocks (Mohammed et al., 1987). Additional losses are mentioned in
affected flocks due to therapeutic and prophylactic means (Ferguson-Noel and
Williams 2015). Similar reports are observed in layer hens flocks in Tunisia.
Indeed, a decrease of 5-20% in eggs production is mentioned, according to the
farms registers. The prevalence of M. synoviae infections in Tunisian poultry
industry remains relatively high. Overall sero-prevalence of 19% (23 flocks /
63 visited) of all types of production in the Cap-Bon region (north-eastern of
Tunisia) is mentioned (Boussetta et al., 1997). The prevalence in layer hens
flocks is estimated to 28.5% (6 flocks / 21 visited). Currently, it appears that
this prevalence is higher according to field findings, in the absence of official
publications.

Table 2. Performance data for negative and positive M. synoviae layer flocks (Hussein, 2017)

M. synoviae free M. synoviae positive

Egg per hen housed 321 300
B-Grade percentage 2.87% 3.76%
FCR 2.36 2.47
Mortality 5% 12.60%
Point of lay pullet price £3.90 £3.90
Price feed per ton £210 £210

FCR: Feed conversion ratio

Positive layers do not achieve the optimal weight during the breeding
phase allowing them to lay eggs period. Consequently, the production level,
the eggs size and the eggshell quality are significantly affected later.
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A new syndrome, called “Eggshell Apex Abnormality” (EAA), has been
identified since 2000 in broiler-type breeders and layer hen’s flocks. This new
form is due to infection by certain strains of M. synoviae that multiply in the
hen’s genital tract. The presence of such eggs type in layer’s flocks in Tunisia
has also been reported in many integrations.

The upper part of the eggshell appears translucent, thin and very fragile,
so it is easy to break. The demarcation is clear between the normal and the
affected parts of the shell (Feberwee et al., 2009; Jeon et al., 2014). Eggshell
discoloration was also observed in positive flocks, which further increasing the
decommissioning rate of eggs. This rate may rise from 2.6% to 8.3% (Jeon et
al., 2014). However, other causes, such as infectious bronchitis virus (IBV) and
egg drop syndrome’76 virus (EDS’76) may induce more than 25% of egg qual-
ity degradation. Eggs from infected flocks are smaller, with a low commercial
value. Because of possible eggshell cracks presence, interior components con-
tamination is reported. The penetration of potential pathogens into affected
eggs has been accompanied with the increase of embryo mortality (Hunton
2005).

TRANSMISSION

One of the ways in which poultry mycoplasma are disseminated is through
egg transmission. This mode of transmission eased by the oviduct contamina-
tion is mainly observed for M. meleagridis and M. iowae. Whereas, the con-
tamination of embryonated eggs with M. gallisepticum and M. synoviae is
mainly due to the contiguity of the oviduct and contaminated air sacs (Kempf
1997; Dufour-Gesbert et al., 2006). Possible transmission via contaminated se-
men may also occur during artificial insemination in turkeys.

Transmission of M. gallisepticum and M. synoviae is mainly the conse-
quence of the direct and close contact between animals, where bacteria may
penetrate via respiratory and/or conjunctival pathways. Transmission can also
occur through indirect contact, due to possible persistence of Mycoplasma for
several days in the environment. The involvement of several types of animated
(people, wild birds) and inanimate vectors (vehicles, food, water...) has been
also established (Figure 1).
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Figure 1. Transmission ways of Mycoplasma synoviae in poultry

Once infected, birds may be able to carry asymptomatically the bacteria
even throughout the production period. Furthermore, because of the exten-
sion of poultry farms and the concentration of large integrations with multi-
age flocks in restricted geographical areas, maintaining the free-status of flocks
becomes very difficult.

PATHOGENICITY AND INTERACTION WITH OTHER
PATHOGENS

M. synoviae is involved in several types of disorders: respiratory, articu-
lar and genital. In general, this bacteria causes subclinical respiratory infec-
tion (Kleven 2008). However, it may evolve progressively and will induce air
sacculitis lesions, particularly when mycoplasma infection is exacerbated by
other pathogens such as Newcastle disease virus (NDV), IBV and avian influ-
enza virus (AIV), or when birds are infected with highly virulent M. synoviae
strains (Lockaby et al., 1999; Santos et al., 2014; Umar et al., 2017). Experimen-
tal infection of breeder hens with virulent M. synoviae strain can induce EAA
eggs production from the sixth day after a single intra-tracheal inoculation if
preceded by an infection with IBV. In addition, the mean daily egg production
per hen was significantly reduced by the M. synoviae EAA strain in SPF egg
layers (Feberwee and Landman, 2010).
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It is currently well established that mycoplasmas cause immunosuppres-
sion in infected birds. Indeed, these bacteria cause excessive release of pro-in-
flammatory cytokines, inhibit phagocytosis, and affect the B-cells and T-cells
functions (Stipkovits et al., 2012).

Several escape mechanisms to the host immune response were described
in mycoplasmas to explain the existence of chronic infections and some thera-
peutic failures. These include intracellular location, molecular mimicry (rec-
ognition of mycoplasmas surface epitopes as well as the self by the immune
system) and antigenic variability (Bencina et al., 1994; Garcia et al., 1994; Klev-
en 1998; Nascimento et al., 2005).

In systemic infection, M. synoviae may cause articular disorders. The first
cases of infectious synovitis have been described on broiler chickens since the
1950s and 1960s. While in layer hens, M. synoviae was found to be involved
in lesions of ovaritis, salpingitis and peritonitis. Co-infection of layers with
virulent strains of M. synoviae and E. coli increase significantly the mortality.
Virulent MS strains can act as a complicating factor in the layer E. coli perito-
nitis syndrome (Raviv et al., 2007).

Moreover, M. synoviae vaccines may predispose poultry to severe viral and
bacterial infections. Immunosuppressed layer hens have been shown high lev-
els of viral particles in tissues caused by AIV, subtype HON2 (Kwon et al., 2008;
Umar et al., 2017). Similarly, immunosuppression can increase the susceptibil-
ity of hens to bacteria and viruses infections (Subler et al., 2006). More severe
clinical signs and lesions following inoculation of chickens by M. gallisepticum
and H3N8, compared to animals infected with M. gallisepticum or H3N8 alone
are illustrated (Stipkovits et al., 2012).

DIAGNOSIS

Field diagnosis of M. synoviae infection is difficult because of the nonspe-
cific clinical signs, lesions and the numerous similar diseases. That is why, lab-
oratory investigations are very important to confirm clinical suspicion. Rapid
detection of infection is demanded to prevent spread and reduce economic
losses. Several direct and indirect diagnostic methods are available (Table 3).
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Table 3. Comparative elements of the main diagnostic techniques of M. synoviae

infections
Method Ap pllcaflon Detected SP/SE Advantages Disadvantages
domain | element
Strain isolation -Low time limit: 2-3 weeks
Bacteri- _ SP+++  |-Depth study of strains Cost (1dent1ﬁcat1on method)
Research Colonies o -Culture media very complex
, ology SE++  |-Antimicrobial sus- . .y
Direct centibility studies -Sometimes, growth inhibi-
diag- pubtty tion in favor to other bacteria
nosis -Affordable cost
PCR Diagnostic DNA SPe++ | Transport of.sa.m i Detection of dead bacteria
-Research SE+++  [ples less restrictive
-Rapid response
-Early detection
, (7-10 days) .
FlocK's SP+/- -Test repetition needed
Indirect ReA Surveillance 1gM (1gG) SE++ Low COSt. -Risk of false-positives
] -Very rapid
diag- Aoolicability i
X -Applicability in farms
losts -Facile use
ELISA -St{rvellla'nce IsG P -Automatable -Cos.t "
-Diagnosis SE++ . -Availability
-Rapid response

DN : Deoxyribonucleic Acid; RPA: Rapid Plate Agglutination;
ELISA : Enzyme Linked ImmunoSorbent Assay;
Ig: Immunoglobulin; PCR : Polymerase Chain Reaction; SE : Sensitivity; SP : Specificity

The mycoplasma infection diagnosis has been based on three techniques for
several decades: bacteria isolation and identification, detection of specific antibod-
ies and detection of bacterial DNA (deoxyribonucleic acid) by PCR (Polymerase
Chain Reaction) (Dufour-Zavala et al., 2008; OIE 2008; Qasem et al., 2015).

Serological investigations are widely used for preliminary diagnosis and
screening. The most commonly used tests are rapid plate agglutination (RPA)
and the immuno-enzymatic technique, ELISA (enzyme linked immunosorb-
ent assay). The hemagglutination inhibition (HI) test is generally performed to
confirm positive results (Gole et al., 2012; Khalifa et al., 2013; Michiels et al.,
2015). Furthermore, positive serology must be verified by bacteria isolation
and identification or by PCR, because of false-positive results and cross-reac-
tion problems, which can be expected in about any serologic test (Feberwee et
al., 2005; Heleili et al., 2012). Therefore, it is not advisable to rely completely
on one diagnosis test only.
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The ELISA test is used for the detection of specific antibodies against M.
gallisepticum and M. synoviae in serum and egg yolk. This allows the evalua-
tion of population immunity and transferred passive immunity (Hagan et al.,
2004). Association between ELISA serological status for M. synoviae and egg
quality parameters, such as translucency, shell breaking strength, percentage of
shell reflectivity and shell deformation, has been established (Gole et al., 2012).
Similarly, RPA can be applied to egg yolks, where the results are considered posi-
tive, negative and uncertain for antibody titles greater than or equal to 1:10, 1:5
and less than 1:5, respectively (Heleili et al., 2012; Nadeem et al., 2014).

The Mycoplasma culture is laborious, slow and expensive laboratory meth-
od, requiring sterile conditions. Problems with culture include the prolifera-
tion of faster-growing Mycoplasma species and the growth of other saprophyt-
ic organisms, such as M. gallinarum and M. gallinaceum. The detection of first
colonies may take up to four weeks and, even in this case, negative culture or
compromised result by mixed infections can be reported (Ferguson-Noel and
Williams 2015).

Due to the disadvantages of conventional diagnosis techniques, the use of
molecular methods is very helpful. The PCR, a rapid test, is characterized by
high sensitivity and specificity. This technique allows the mycoplasma detection
in clinical samples even from asymptomatic infected and/or treated birds (Evens
et al., 2005; Peebles et al., 2014; Kursa et al., 2019). M. synoviae may be detected
in different types of clinical samples issued from layer hens flock producing eggs
with abnormal apex (Catania et al., 2010). Different variants of PCR are used
for the detection of the four common mycoplasma species (M. gallisepticum, M.
synoviae, M. meleagridis and M. iowae) in the same sample, including real-time
PCR (Bagheri et al., 2011; Fraga et al., 2013). Furthermore, PCR has the advan-
tage of detecting co-infections with numerous field and vaccine strains of respir-
atory pathogens (M. synoviae, M. gallisepticum, IBV, avian metapneumovirus)
(Buim et al., 2009; Hutton et al., 2017; Ball et al., 2018; Fujisawa et al., 2019). The
use of random amplification of polymorphic DNA to establish the DNA profile
may be used for epidemiological investigations and/or for rapid identification of
strains (Charlton et al., 1999; Aras and Sayin 2014).

CONTROL

Control of Mycoplasma infections is based in general, on three comple-
mentary approaches: biosecurity, antibiotics preventive treatments and vacci-
nation. Due to the vertical transmission and the absence of walls of the germs,
making them more fragile in the outside environment, control of M. synoviae
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infections is theoretically easy. Voluntary programs of M. synoviae eradica-
tion are implemented in some countries, such as the United States and the
United Kingdom. Similarly, because of the increase in M. synoviae infections
prevalence in poultry farms, Germany started a mandated eradication control
program in January 2013 in all types of production, excepted of broiler flocks
(Feberwee et al., 2017).

The destruction of grandparents and M. gallisepticum confirmed positive
breeders is a measure implemented in some countries, including the Nether-
lands. However, the control of M. synoviae is currently limited to the applica-
tion of biosecurity programs, the screening of breeder’s flocks and voluntary
slaughter of infected grandparents in some countries. Vaccination against M.
synoviae can be performed as an additional measure to reduce infection pres-
sure in multi-age flocks of commercial layer hens.

The first defence barrier is the application of the all-in-all-out band, asso-
ciated to good biosecurity and monitoring program. However, in a multi-age
system, layers flocks are usually infected by M. gallisepticum and M. synoviae
in most regions of the world, which presents a potential risk of infection trans-
mission to broiler flocks.

The first step in controlling Mycoplasma infections is the acquisition of
fertile eggs and Mycoplasma-free birds. Treatment of hatching eggs by heating
(46°C for 12-14 hours), or more effectively, by injecting antibiotics, either by
an in-ovo injector or by dipping into an antibiotic solution, are different meth-
ods used for the eradication of the infection in grandparents (Nascimento and
Nascimento 1994; Stipkovits and Kempf 1996).

National certification programs have contributed to the control of Myco-
plasma infections in many countries, such as the United States (USA 1997),
Brazil (Villa, 1998) (in Nascimento et al., 2005) and France (Official Hygienic
and Sanitary Control) (Stipkovits and Kempf 1996). Monitoring is carried out
by serological methods such as SPA, ELISA and/or HI. In Tunisia, the control
of M. gallisepticum, M. synoviae and M. meleagridis is also based on an OHSC
using the SPA technique. Mycoplasma detection is frequently confirmed by
PCR (Nascimento et al., 1994; Nascimento et al., 1998).

Mpycoplasma monitoring is targeting breeding and commercial laying
farms. Analyses are performed on a number of animals, chosen randomly,
that vary according to the incidence of infection. Two samples are taken from
breeding animals in Tunisia, between 10-12 weeks and between 20-24 weeks,
on 2.5% of the total effective for M. gallisepticum and 5% for M. synoviae.

Antibiotic treatments can be administered in contaminated environments
as a preventive measure, especially during stress period, or as part of a curative
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treatment. The administration of antibiotic as preventive tool is very common in

several countries, including Tunisia. Several antibiotic molecules are used; these

include macrolides (tylosin, tylvalosin, tiamulin, tilmycosin), tetracyclines (oxy-
tetcracycline, doxicycline) and aminosides (spectinomycin) (Bébéar and Kempf

2005); Kreizinger et al., 2017). Tetracyclines, due to their relatively low cost, are

primary antibiotics in the treatment of avian mycoplasmosis.

The implemented programs vary widely across countries, regions and
farms. However, the emergence of antimicrobial resistance in M. synoviae
limits the use of this control approach. Therefore, the study of the sensitivity
profiles of field-isolated strains to antibiotic molecules is a fundamental step
towards improving the effectiveness of medical protocols. However, although
the treatments reduce significantly clinical signs, mycoplasma may be further
isolated after cessation of antibiotic administration, when animals are infected
by resistant strains (Reinhardt et al., 2005; Carrou et al., 2006).

Vaccination against M. synoviae is performed especially in breeders and
layers to prevent clinical signs and bacteria spread. Currently there are two
commercialized live attenuated vaccines available against M. synoviae: the
temperature sensitive MS-H vaccine strain and the NAD independent MS1
vaccine strain (Kreizinger et al., 2018). Interaction of these vaccines with oth-
er respiratory pathogens is documented. Indeed, M. synoviae vaccine strains
can modify AIV replication and immune responses. Furthermore, live vac-
cines can act as a complicating factor during respiratory co-infection in layers,
which may subsequently lead to vaccination strategies advance against poultry
respiratory pathogens, in general (Umar et al., 2017).

The immunization of animals against M. synoviae must consider the fol-
lowing properties:

- Itis shown that vaccination minimizes vertical and horizontal transmissi-
on of M. synoviae. Active immunization can prevent and/or reduce clinical
signs but does not prevent colonization of internal organs by wild strains
(Jones et al., 2006; Noormohammadi et al., 2007; Feberwee et al., 2009).

- Immunization may be accompanied by seroconversion, which must be
assessed through a monitoring system that does not interfere with other
official control programs (Markham et al., 1998; Feberwee et al., 2009).
Thus, differentiation of vaccine strains from field isolates is essential du-
ring vaccination and eradication programs. It is essential to establish a
Differentiating Infected from Vaccinated Animals (DIVA) system based
on multi-technique approach (Dijkman et al., 2016; Moronato et al., 2018).
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Differentiation between vaccine and wild strain was investigated using
nested PCR. This technique allows the presence of an adenine in a nucleotide
at position 468 of the oppF-1 gene of the vaccine strain of M. synoviae-H.
Indeed, the above-mentioned authors show the exclusivity of this mutation
in the vaccine strain, compared to wild M. synoviae strains isolated in Aus-
tralia (Zhu et al., 2017). Recently, differentiation between M. synoviae vaccine
and field strains was performed with indirect ELISA based on OppF-C gene
(Kordafshari et al., 2019). Furthermore, a melt-curve and agarose gel-based
mismatch amplification mutation assays (MAMA) was recently provided to
discriminate the MS1 vaccine strain from the MS-H vaccine strain and wild-
type M. synoviae isolates (Kreizinger et al., 2018). However, these assays are
limited by the available facilities and the cost.

CONCLUSION

Despite the lack of official data on the incidence of M. synoviae and its eco-
nomic impact in layers, it appears that this mycoplasma is gaining increasing
interest around the world. Although M. synoviae cause usually a subclinical
respiratory infection, it is responsible for several articular and genital disor-
ders. Moreover, the interaction between field and vaccine strains of M. syno-
viae and other viral and bacterial infections increase usually the severity of
clinical signs and lesions, and consequently the economic losses. In layer hens,
M. synoviae infection has been accompanied since the beginning of 2000s by a
new form, characterized by EAA eggs with a very fragile apex shell. Significant
withdrawing rates for affected eggs, justifies the importance of implementing
appropriate control measures. In this sense, control of M. synoviae infection in
layers should be based on an integrated approach involving biosecurity, vac-
cination, and regular surveillance. These should be well performed to limit the
problem of mycoplasmas persistence in infected flocks, especially in multi-age
integrations, and minimize economic losses.
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Abstract

This paper presents the results of chemical composition and microbio-
logical safety testing of dry cured meat products, fermented and semi-dry
or pasteurized sausages produced by several meat industries from Herzego-
vina. In the period from 2016 to 2018, a total of 85 meat products were sam-
pled. These included 20 samples of fermented pork sausages, 10 samples
of dry-cured pork loin, 5 samples of dry-cured pork neck and 50 samples
of heat-treated sausages. Quality control testing of the samples included
determination of meat protein, crude fat, moisture, sodium nitrite and
polyphosphates content in sausages, using standard analytical methods. It
was confirmed that all analysed samples meet the requirements in terms
of chemical composition, level of additives and microbiological safety. In
comparison with dry cured meat products and sausages analyses results,
with minimum requirements that are set forth in regulations for that prod-
uct category. The above mentioned suggests that the analysed samples are
good quality products and they are in compliance with the regulations.
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Kratak sadrzaj

U ovom radu prikazani su rezultati ispitivanja kemijskog sastava i
mikrobioloske ispravnosti trajnih suhomesnatih proizvoda, fermentiranih
i toplinski obradenih kobasica podrijetlom iz vie mesnih industrija sa
podrucja Hercegovine. U razdoblju od 2016. do 2018. ukupno je uzorko-
vano 85 mesnih proizvoda, od toga 20 uzoraka fermentiranih suhih trajnih
kobasica od svinjskog mesa, 10 uzoraka svinjske pecenice, 5 uzoraka suhog
svinjskog vrata - budole i 50 uzoraka toplinski obradenih kobasica. U cilju
ispitivanja kakvoce, u uzorcima trajnih suhomesnatih proizvoda i kobasica
odredena je koli¢ina bjelancevina, sirovih masti, vode, te aditiva natrijevog
nitrita i polifosfata primjenom standardnih analitickih metoda. Uspored-
bom rezultata analiza uzoraka s zakonski propisanim uvjetima, utvrdeno je
da svi analizirani proizvodi udovoljavaju propisanim uvjetima, u pogledu
kemijskog sastava i mikrobioloske ispravnosti. Svi uzorci kobasica udovol-
javali su zahtjevima Pravilnika, u pogledu sadrzaja aditiva. Iz svega navede-
nog mozemo zakljuciti da su analizirani uzorci proizvodi dobre kvalitete i
odgovaraju propisanim zakonskim normativima.

Kljucnerijeci: trajni proizvodi, kobasice, kemijski sastav, mikrobioloska
ispravnost

INTRODUCTION

Food legislation lays down general principles and requirements for meat
products and ensures that only safe products can be placed on the market.
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According to current regulations, the quality of foodstuffs including meat
products is determined according to their chemical composition and product
specification, i.e., specification sheet. Production process and quality of food
products is systematically addressed by relevant legislative and inspection au-
thorities, but it is also in the spotlight of consumers. Increased health aware-
ness and knowledge about food-related risks strongly affects current consumer
demand trends. An accurate insurance of the safety of food products requires
determination of product composition by application of appropriate chemical
and microbiological analyses (A¢imovi¢ et al., 2014).

Dry cured meat products are common traditional foods, which have been
produced and consumed worldwide over the centuries. They contain a vari-
ety of flavours and textures and are considered an important segment of local
economy and an essential part of the cultural and gastronomic heritage. Tech-
nology of production of dry cured products, regardless of the type, involves
salting, drying and ripening procedures (Krvavica et al., 2012). However, the
quality of these products relies upon the selection of raw materials and pro-
cessing technologies. Knowledge and understanding of highly complex chemi-
cal reactions in the tissues facilitate improved control of the processing system
and the quality of finished products as well. Cured meat products are widely
accepted and popular among consumers. However, the adverse effects of dry
cured meat products and sausages such as high contents of salt, saturated fats
and cholesterol, etc. must not be neglected (Popelka, 2016; Cop, 2016). Tradi-
tional manufacturing process might be associated with certain risks related to
environmental conditions, hygiene, animal health, welfare on the farms, etc.
(Oiki et al., 2016). Sausages are produced by stuffing selected ground mixture
(meat, fat tissue, skin, offal, connective tissue and other ingredients) into natu-
ral or artificial casings (Kovacevi¢, 2001). Dry fermented sausages are con-
sidered products of highest quality. In the region of Herzegovina, such sau-
sages are commonly produced from pork meat, sometimes mixed with certain
amount of beef, which undergo fermentation, smoking and drying process.
Fermented dry sausages from Bosnia and Herzegovina are usually put on the
market under commercial names “kulen”, “zimska salama’, “srijemska koba-
sica’, “sudzuk” and “¢ajna kobasica” and a wide range of similar products is also
available. According to the Regulation for minced meat, semi-finished meat
products and meat products (Anonymous 2013 a,b,; Anonymous 2017) heat-
treated sausages are defined as meat products manufactured from the mix-
ture of minced meat, mechanically deboned meat, fat and adipose tissue, offal,
blood and blood products of different mincing degree and additional non-
meat ingredients. A portion of filling for heat-treated sausages, i.e. meat batter
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or meat emulsion, is shaped into natural or artificial casing, pouch, mold, and
subjected to heat treatment - pasteurization with/without smoking or boil-
ing and sterilization. In Bosnia and Herzegovina, heat-treated sausages are
marketed as finely minced or roughly minced boiled semi-durable sausages,
whole-cut meat sausages or boiled and other heat-treated sausages.

As there is lack of relevant information on meat products manufactured
in B&H, the aim of this research was to identify basic nutritional parameters
and microbial safety of nine different types of semi-dry and dry meat prod-
ucts manufactured in several meat factories from the region of western Her-
zegovina and sampled over a three-year period. An overview of the results of
analyses of chemical composition and microbial safety of finished products
from the group of fermented dry sausages, dry cured meat products and heat-
treated sausages (finely minced boiled, semi-dry, whole-cut meat sausages) is
presented. For each sample, the contents of proteins, crude fat and water were
determined and the microbial population were determined. Quantification of
sodium nitrite and polyphosphates was performed for all the samples from
the category of dry fermented and heat-treated sausages. The obtained results
were compared with the reference values laid down in the national regulations
with the aim to evaluate the quality and microbial safety of meat products as
well as to determinate the content of nitrites and polyphosphates (Anonymous
2013a,b,c, 2016, Anonymous 2017; Anonymous 2018a,b).

MATERIAL AND METHODS

This research was conducted on 85 samples of semi-dry and dry processed
meat products manufactured by several meat companies. According to the
classification laid down by the Regulations (Anonymous 2013a and 2017), the
samples were categorized into five categories — 20 samples of fermented dry
sausages (“Cajna kobasica” and “zimska salama”), 15 samples of dry cured meat
products (dry-cured pork tenderloin and dry-cured pork collar - “budjola”),
10 samples of heat-treated sausages (finely minced cooked sausages — frank-
furter), 20 samples of roughly minced cooked sausages ( “kranjska kobasica”
and “narodna kobasica’) and 20 samples of sausages made of whole cuts of
meat (“kuhana $unka” and “pica Sunka”). The sampling was performed ran-
domly over a 3-year period (2016-2018) in the territory of western Herzego-
vina - municipalities of Siroki Brijeg, Ljubuski, Grude, Citluk and Posusje as
well as in the city of Mostar.

Sampling and sample preparation were conducted according to the stand-
ard procedure (ISO 3100-1:1991). All analyses were performed in the labora-
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tories of the Public Institution “Veterinary Institute Biha¢” applying accredited
methodologies. Chemical quality of the samples was determined by quanti-
tying total lipid contents (BAS ISO 1443:2007), moisture contents (BAS ISO
1442:2007) and total protein contents (BAS ISO 937:2007). In sausage samples,
nitrite (BAS ISO 2918:2007) and polyphosphate (BAS ISO 13730:2008) con-
tents were determined. Microbial safety of samples was determined by stand-
ard BAS ISO methods for detection and/or enumeration: Salmonella spp. (BAS
EN ISO 6579-1:2018), E. coli (BAS ISO 16649-1:2019), Listeria monocytogenes
applying (BAS EN ISO 11290-2:2018); Enterobacteriaceae (BAS ISO 21528-
2:2013); sulphitoreducing clostridia (BAS ISO 15213:2008); Staphylococcus au-
reus (BAS EN ISO 6888-1:2008); the counts of aerobic colonies applying (BAS
EN ISO 4883-1:2014).

Statistical data analyses

The results are presented as a mean value+ standard deviation. Descriptive
statistics (minimum, maximum, mean value, standard deviation, variance, mo-
dus and median) was calculated for all analysed variables. The data were pro-
cessed using Microsoft Office Excel 2016 (Microsoft, SAD) software package.

RESULTS

In dry cured products, water content varied between 29.0% in dry pork
collar and 52.1% in dry-cured pork tenderloin. Total fat content ranged from
minimum value in pork tenderloin (15.5%) to a maximum of 45.0% in dry-
cured pork collar. The highest average protein content (21.8%) was determined
in a dry-cured pork collar “budjola” (Figures 1 and 2). In dry fermented sau-
sages, the highest protein and fat contents were determined in “zimska slama’,
amounting29.7% and 43.4%, respectively. High water content (27.7%) was
found in “Cajna kobasica”. The highest protein and fat contents in the group
of semi-dry sausages were determined in sausages “narodna kobasica” and
“kranjska kobasica” amounting 28.6% and 53.3%, respectively. Water content
ranged between 24.3% in “kranjska kobasica” and 29.8% in “narodna kobasi-
ca’. The average contents of proteins, fat and water in frankfurter sausage were
17.6%, 24.1% and 58.3%, respectively. The analyses of sausages made of whole
cuts of meat revealed an average protein content of 13.2% in cooked ham and
14.7% in ,,pizza $unka®, whereas lower fat content (9.0%) was determined in
»pizza Sunka“ and higher moisture content (73.3%) was found in cooked ham.
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Figure 1. Mean values (+SD) of protein, fat and moisture determined in the dry
cured products
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Figure 2. Mean values (+SD) of protein, fat and water determined in the semi-dry
and pasteurised sausages
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Food additives are used in meat industry with the aim to improve sensory
properties of food, enhance processing procedures or extend durability of the
products, results are presented in Table 1. These results revealed high variation
of sodium nitrite concentration between dry sausages and heat-treated sau-
sages comparing to low variation between polyphosphates content.

Table 1. Mean values (£SD) of sodium nitrite and polyphosphates content

Product type Sodium nitrite mg kg™ Polyphosphates g kg
Cajna kobasica 49+45 3.0+ 0.6
Zimska salama 57+43 3.6+£04
Kranjska kobasica  40.9 + 14.9 2,1+£0.2
Narodna kobasica  42.3 +15.6 34+£04
Frankfurter 29.2+8.4 42+0.6
Kuvana $unka 37.3£19.6 2.8%0.7
Piza $unka 31.8+17.3 32+£0.7

Our research did not reveal the presence of food borne pathogens Salmo-
nella spp., L. monocytogenes in any of the analysed samples. The indicators
of process hygiene - total counts of aerobic mesophilic bacteria, Enterobac-
teriaceae, sulphitoreducing clostridia, E. coli and Staphylococcus aureus and
other coagulase positive staphylococci were less than 10 colony forming units
per 1g products, which is in compliance with the minimum requirements laid
down in the Regulation.

DISCUSSION

Chemical composition of meat products from Herzegovina is similar to
industrial products from neighbouring countries, where similar processing
technologies are applied (Croatia, Slovenia and Serbia). The water, protein and
fat content in dry cured products is typical and comparable with the results for
similar types of products from Bosnia and Herzegovina (B&H) and Croatia
(Pleadin et al., 2013; Pleadin et al., 2017). The fat content in dry fermented sau-
sages in our research is similar with contents in sausages from Croatia and Ser-
bia (38-41%) (Pleadin et al., 2009; Pleadin et al., 2013; Duci¢ et al., 2018), but
it is lower than average fat content (40-50%) in similar, industrialy produced
sausages from Spain (Olivares et al., 2010). The average protein content is simi-
lar with contents in sausages from Croatia and Serbia (26.2 - 47.9%) (Pleadin
et al., 2009; Pleadin et al., 2013; Duci¢ et al.,, 2018). Fat and protein content in
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industrial products in our research is higher than content in traditional home-
made product from Croatia (15.4% and 19.5%, respectively) (Kozacinski et al.,
2008). Pleadin et al., (2009; 2017) reported somewhat lower contents of pro-
teins (15.1%) and fat (24.6%) for semi-dry sausages from B&H, which could
be attributed to different recipes used by specific manufacturers (the amount
of added bacon, the use of more or less lean meat). The results of this study
for sausages made of whole cuts of meat correspond with previously reported
results (Pleadin et al., 2009) for similar heat-treated sausages from Croatia.

All the analysed products were in accordance with requirements of the
Regulation No. 82/13 (Anonymous 2013a) with regard to their chemical com-
position. The results of this research suggest that dry sausages are products of
highest quality and commercial value due to their ingredients and nutritive
value, i.e. the selection of best-quality meat and long ripening period. Com-
pared to semi-dry and cooked sausages, dry products are characterized by
lower moisture content.

This research revealed low concentration of sodium nitrite and polyphos-
phates. Kovacevi¢ et al. (2016) and Pleadin et al. (2009) reported somewhat
higher values for sodium nitrite (42.0 mg kg-1 and 44.8 mg kg-1) for simi-
lar products from the category of heat-treated sausages available on Croatian
market. Kovacevi¢ et al. (2016), Pleadin et al. (2009) and Duci¢ et al. (2018)
reported similar results (7.0 mg kg-1, 5.4 mg kg-1 and 7.1-9.1 mg kg-1) for
dry sausages from Croatia and Serbia. These vallues are within values recom-
mended for stability during the storage period (5-15 mg kg-1) (Sindelar and
Milkowski 2011). All analysed samples were in compliance with the require-
ments of the Regulation No 33/18 (Anonymous 2018a) agreed with the Euro-
pean Commission (EC) Regulation No. 1333/2008 (EC, 2008). According to
this Regulation, a maximum permitted level for sodium nitrite (mg kg-1) in
dry-fermented sausages is 50 mg kg-1, 100 mg kg-1 for heat-treated sausages,
50 mg kg-1 for dry-cured meat products and 100 mg kg-1 for semi- dry-cured
meat products. Maximum permissible level for polyphosphates is 5 g kg-1 for
all meat products.

From a public health perspective, fermented and heat-treated meat prod-
ucts can be analysed for their technological, biochemical, toxicological, nu-
tritive and other properties. Complex production process and diverse health
aspects of fermented meat products require a multidisciplinary approach ena-
bling an insight into potential risks and control thereof (Zdolec, 2016). Meat
and meat products are highly suitable medium for microbial growth. Thus,
meat products can contain organisms that are responsible for desirable spe-
cific taste of fermented products (sensory properties), harmful agents that can
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cause undesired changes of the texture, colour or taste of fermented products
as well as pathogens, which can harm the health of consumers. Some of the
most important foodborne pathogens that can be found in fermented meat
products and heat-treated sausages are Salmonella spp, L. monocytogenes, S.
aureus and E. coli (De Cesare et al., 2007; Stojanac et al., 2015). Fermented
meat products are a food vehicle in the outbreaks usually caused by Salmonella
spp. or verocytotoxigenic E. coli (Paramithiotis and Drosinos, 2016). Ferment-
ed meat products with a pH < 4.4 and water activity (aw) < 0.92, or with pH <
5.0 and aw < 0.94 do not enhance the growth of pathogenic bacteria. However,
although considered formally safe, the risk still exists and is associated with
post-processing contamination - e.g. during slicing or packaging. Regarding
the aforementioned, fermented meat products could still be considered poten-
tially risky food. The results of microbiological analyses confirmed the micro-
biological safety of pork meat products originating from Herzegovina.

CONCLUSION

According to the results obtained in this research and data from the litera-
ture, we can conclude that fermented dry sausages, dry cured meat products
and heat-treated sausages have chemical composition similar to products from
other parts of B&H, Croatia, Serbia and Slovenia. The analyses of the obtained
results strongly indicate that all product samples are of good quality and in
compliance with relevant legislation.
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