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ABSTRACT

During the period between 2014 and 2015 we perfdrmerphological, cultural, biochemical, genetic and
biological studies of 623 salmonella strains of A¥ifferent serovars, included in the Russian stikection of
microorganism strains of FSBI «All-Russian Statsdech Institute for Control Standardization andri@ieation

of Veterinary Preparations». During the investigatil6 museum bacteria strains of Salmonella geAtigpnae
sp. proved to be of great interest to us. Studsheir biochemical properties revealed peculiaritiesabling to
improve indication and identification techniquetioé salmonella of this kind.
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INTRODUCTION

First Salmonella arizonaésolates were obtained in 1939 by Mary E. Caldwell Dwight L. Ryerson, employees
of the department of bacteriology and zoology akzéna University. Heloderma suspectrum - Gila mengias the
source on the agent. Further in literature thereeweferences of the synonyms of this agent Pashaotrum
arizonae [1] and Arizona hinshawii [2] and onlyZ@02 it was labelled a single subspecies. Thee@ition of the
Kauffman and White classification scheme publisired007 by the International World Health Organizatgives
information on 99 existing serovars of this subggecHowever as opposed to the salmonella of tierot
subspecies of Salmonella Enterica, serovars ofoAee and Diarizonae have no names and are latsgtamiding
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to the antigenic structure formula. Moreover, tlesues of epizootic importance of serovariants amelr t
identification within Arizonae subspecies have be¢n sufficiently studied.

The source and natural reservoir for the salmoredlihese serovars are presented by reptiles dézamnakes and
tortoises). It must also be stated that turkey tsoudiglets, sheep [3], dogs, cats, monkeys aradsgd] are also
susceptible to this agent.

Literary sources quite often give descriptions lifical cases of human diseases causeddlynonella arizonae
agent with a substantially different form of diseasanifestation, including diseases with the fatgtome. Such
forms of disease manifestation of the arizonousady are recorded: meningitis [5], including newboneningitis

[6], gastroenteritis in children with microcephaly], otitis, osteomyelitis [8], pleuritis, sinussti peritonitis,

bacteriemia [7].

There is a described case of septic artritis ofjbipt occurrence in a 10-month-old baby . Theralg stated a
possibility of the disease passing without the camrior salmonella infection gastroenteritis [9].

Sporadic outbreaks of arizonosis among human be&irgsnore commonly registered in the south-wegtart of
the USA, inhabited by mostly Latin Americans, whiten eat snake meat and make medical preparatising u
snake by-products [10]. Besides Latin America arg#AUthe problem is also common for South Asia amdaG
Britain [11].

Newborns and young babies are most susceptibleetdisease. In accordance with a great numbeiroéal cases
we can make a conclusion that the infectious psgess intensified and obtains its acute form beeaf low
immune status. There is an opinion that human désda connected with the increased permeabilitythef
hematoencephalitic barrier, innate injuries, abserfcthe developed cellular immunity and is alsaditoned by
vertical contamination received from the mothertidPds who have had arizonosis frequently get rlegio
complications, hearing loss, hydrocephalus, et¢ f§erwards. Antibiotic therapy withiSalmonella arizonae
infection includes broad spectrum antibiotics - amifl;n, gentamicin, fluoroquinolones and third geation
cephalosporins [7].

Within livestock and poultry farming the problem Afizonae-infection is most urgent in turkey breegdi Turkey
breeding is highly developing in Russia. Growth psbduction and consumption of turkey breeding respi
development in the methods of veterinary-sanitamytol and veterinary-sanitary expertise in accocgawith the
specificity of the product and the peculiarities tbE agent [12]. According to the directives of tbeuncil
2009/158EC from 30th November, 2009, the veterinary-sanit@gnditions regulating market within the
Community and importation of poultry and hatchabdgs from the third countries state that turkeylable eggs
must necessarily go through inspection for the eabkfiosis agent Arizonae subspecies [13]. Study of
microbiological properties and genetic charactessdf salmonella strains Arizonae subspecies baselbS rRNA
gene will enrich the knowledge about the agenhefdangerous disease, that damages turkey breedlidiglevelop
the methods of bacteriological investigation ofzémnae-infection.

The aim of the investigation lies within the stuofythe properties of Salmonella strains Arizonakspecies and
further development of the stages of complex inthosand identification with differentiation of Ardbnae-infection
agent, based on routine microbiological methodsraathods of genetic 16S rRNA gene sequencing.

MATERIALSAND METHODS

16 museum strains @almonella arizonasubspecies from the collection of FSBI «All-Russitate Research
Institute for Control Standardization and Certifioa of Veterinary Preparations» were used as nahtefthe study
63-236; 44-67; 48:k:z53; 48:j:z; 1669/75; 107-36/3992-52; S05; 4601/54; S0-50; 261-58; 3065-61-P53-123;
Ni-14; 301-57/142; 4041. Reference cultures of Salefla enteritidis13076 and Escherichia coli 25922e used
as test-cultures within the identification of enfeacteria with the help of commercial biochemiestisets. For the
research the following nutrient media were usedideagar, cromogenic medium for salmonella cm10@Mmibth-
sulfite agar, beef-extract agar (BEA), beef-extrbwith (BEB). For the biochemical identificationstesystems
Microbact 12e, ENTERO test 24 N, APl 20e were used.

In the work epizootiological, bacteriological, segical, statistical methods of investigation wased.
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RESULTS

Study of the cultural, biochemical, biological pesfles of the strains and their genetic identifaatwere
performed on the premises of FSBI «All-Russian &tResearch Institute for Control Standardizatiomn an
Certification of Veterinary Preparations». For fh@pose of obtaining the first generation of salgilanbacterial
bulk frozen-dried cultures of the studied stramgroorganisms were dissolved in 1 ml of beef-estttaoth (BEB)
with the following transfer of the material to tiest tube with the same medium. 18-hour long calibn in
thermostat at 3 with the following reinoculation on BEB for obtaigy the second generation within 5-hour
cultivation was performed. Similar inoculations andtivation at the same mode were performed withdtrains of
Salmonella enteritidisLl3076 ATCC andescherichia coliATCC 25922, which were further used as reference
cultures. After that the material was reinoculabedbeef-extract agar (BEA), Endo agar, cromogerédiom for
salmonella cm1007, bismuth-sulfite agar for thelgtof cultural properties.

After 24 hours of cultivatingsalmonella arizonastrains on BEA growth of transparent 1-2 mm inntbéer «S»-
formed colonies was observed. After 24 hours ofivation on cromogenic medium CM1007 11 studieciat
showed blue colouring of the colonies, 5 straind parple colouring. On bismuth-sulfite agar grovathblack
colonies with a glittering zone around them waseobsd, the medium at the same time becoming bladkisaown.
After 48 hours of cultivation on Endo medium théories of 13 strains dbalmonella arizonabad metallic glitter
and crimson colouring, colonies of three straimsaimed transparent (figure 1).

Attention must be paid to the fact that the givebspecies of Salmonella are of the slowly fermenkimd, that is
why cultivation in Endo medium must last 48 houvketallic glitter observed within cultivatin®. arizonaeis
typical for E. coli, that is why it is necessarydifferentiate the agent of colibacillus from othmliforms when
performing bacteriological investigation of pathgito material and objects of veterinary and sanitary
epidemiological supervision. Crimson colouring afd® medium and metallic glitter in the caseSfarizonae
growth is conditioned by the activity gfgalactosidase, that is why it will not be revea&dnce, but by the 48-
hour period of incubation [14].

In the figuresl and 2 growth of the strain cultugesarizonaeand S. Enterica subspecies (serovar enteritidis) i
shown after 48 hours of incubation, where the caltdifferences are evident.

Capability of the microorganisms to ferment lactdsectly depends op-galactosidase activity. As far as we know,
organisms use two enzymes for lactose utilizafidre first enzyme- permease is necessary for traimgjelactose
molecules to the cell. The secon@-galactosidase provides hydrolysis of the comindesue with glucose and
galactose formation. In true lactose-negative naigganisms (the ones that do not ferment lactost#) énzymes
are absent. At the same time there are microbaiespthat lack only permease but h@ivgalactosidase. These are
the so-called late fermenting specis.arizonaebelongs to this kind. Presence ffalactosidase can be detected
with the help of the test using galactopyranosiddP@G, a colourless substance of the synthetic origining
structural similarity with lactose-galactosidase enzyme ferments ONPG with formatibglucose and ortho-
nitrophenyl, a substance that colours the subsyedtew.

Figure 2-Figure 2 - Growth of Salmonella Enterica strain colonies
enteritidis serovar 13076 on Endo medium during 48 hour s of
incubation (control)

Figure 1 - Growth of Salmonella arizonae 44-67 strain colonies
on Endo medium during 48 hours of incubation
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Besides when cultivatin§almonella arizonaen cromogenic medium cm1007produced by «OXOID»igadus
results were obtained. On this medium eleven straad blue colouring untypical for Salmonella (figgB8,5), that
is connected witlf-glucuronidase activity.

B-glucuronidase (abbr. GUS) is an enzyme synthedigedertain bacteria. It catalyzes fermentatioralbfbeta-
glucuronides. Due to the fact that plants don't @iesirate this enzyme's activity, the bacterial geoéing this
enzyme is widely used as a reporter gene in plansgenesis. High levels of the bacterial enzgrgducuronidase
can cause reactivation of carcinogens in the iimesind disintegration of bile acids.

Methods of GUS activity determination are basedrelease of phenolphthalein, nitro- or aminopherwid
fluorescent 4-methylumbelliferone from the corrasgiog synthetic beta- glucuronides under the enzme
influence. As a result of the fermentation produappearance the indicator colours the microbitdries and the
medium around, which helps to distinguish them fithva colourless (achromatic) microorganism colorlied do
not ferment this substrate. The differentiationhivitthis approach is complicated by the fact tlaicharolytic and
proteolytic enzymes of microorganisms are highlyedie and universal (they are common for differgrecies).
This conditions relatively low differentiation pregiies of the traditional media. For the more ectulture
differentiation one should identify their genusdapecies-specific enzymes. In the end of the XXuwg the new
generation differential media came into use in daatogy: the chromogenic ones whose operatingcjpia was
based on detecting highly specific enzymes in #wuired organisms. To such enzymes the followingsoare
referred: beta-D-glucuronidase Escherichia cobeta-D-glycosidase of enterococci. To detect thigusmenzyme
and thus to identify the microorganism one mustaghjhe chromogenic substance (when this substarieemented
by this enzyme, coloured or fluorescent producés generated) into the medium. As a result the éesowithin
microbal growth get a certain colouring or acqufre ability to fluoresce in ultraviolet irradiatioAs long as the
chromogenic substance or their mixture is injedted the media structure (including selective orfes)primary
inoculation, the result - selection of the puretund and its identification - can be obtained dgrtihe first 24 hours
of the study.

Figures3, 4 and 5 show the received growth of thieuee colonies with th@-glucuronidase enzyme, identified
consequently by sequencing as salmonella of Arieomad S. Diarizonae subspecies, and cultures Htifise
(subspecies S. Enterica) that do not have thisreazy

Figure 5-Growth of Salmonella
arizonael669/75 strain colonies (identified
later as Salmonella Diarizonae), having B-

glucuronidase enzyme

Figure 3-Figure 3 - Growth of Salmonella Figure 4-Growth of Salmonella enteritidis
arizonae 44-67 strain colonies, having B- 13076 strain colonies, not having B-
glucuronidase enzyme glucuronidase enzyme

As it is seen in figures3,4,5 when chromogenicianotrmedium cm1007 is used, it is impossible toniniguously
assert the culture's belonging to a certain sulispedhe strains belonging to Arizonae subspeciest e
differentiated from the other bacteria having pesif3-glucuronidase activity including Salmonella Dianmae,
Salmonella Indiana, Escherichia coli, Enterobaspgr, Shigella dysenteriae etc.

Observation of the studieBalmonella arizonaestrains' ability to utilize malonate showed that dtrains have
positive result in malonate test, whife arizonaeé3-236 and S. enteritidis 13076 have negativetsesu

Biochemical identificationUse of biochemical sets considerably accelerategptbcess of bacterial identification.

Testing the studied strains with the help of vasigats for microorganism biochemical identificatpresents much
interest.
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We chose ENTERO test 24 N, Microbact 12e, APl 20a< test-systems for Gram-positive enterobacteria
identification. Reaction staging was performeddnadance with the instructions for the mentiorext-systems.
Biochemical data interpretation of the bacteridtures obtained with ENTERO test 24N test systera performed
with the help of the code book ENTERO test 24 Nerpretation of the biochemical data obtained tglousing
Microbact 12E test system was performed with thip loé the Microbact 2009 software support. Intetptien of

the biochemical data obtained through using APE2tst system was performed with the help of weérace
Web Api. The results of the identification are givie the tableNel.

Genetic identificationFurther we performed genetic identification of 8tadied bacteria, basing on the methods
given in «Guideline for bacterial genetic identfion basing on analysis of 16S rRNA gene nucleatigquence,
developed by Federal State Budget Institution &lksian State Research Institute for Control Staliwktion and
Certification of Veterinary Preparations». Datatlod research results are also given in table tdarelation with
the data of biochemical identification $f arizonaestrains.

Table 1.Results of biochemical and genetic identification of Salmonella strains Arizonae subspecies

Ne ENTERO test 24 | Microbact 12¢ API 20 E Results of genetic identificatién
1|S. arizonae 63-z36 |S. enteritidis S. arizonae  [S. Enterica [Salmonella Bongori — 100% Genbank cp006692, fr87758_116124.
2|S. arizonae 44-67 S. Diarizonae S. arizonae _ [S. arizonae |Salmonella Enterica subsp. Diarizonae — 100%. GekbaAB273735, NR_0443}3.
3|S. arizonae 48:k:z53 |S. Diarizonae S. arizonae |S. arizonae [Salmonella Enterica subsp. Diarizonae — 100%. GekbaAB273735, NR_0443}3.
4/|S. arizonae 48;j:z S. Diarizonae S. arizonae [S. arizonae |Salmonella Enterica subsp. Diarizonae — 100%. GekbaAB273735, NR_0443}3.
5|S. arizonae 1669/75 |S. Diarizonae S. arizonae |S. arizonae [Salmonella Enterica subsp. Diarizonae — 100%. GekbaAB273735, NR_0443}3.
6|S. arizonae 107-36/71|S. Diarizonae S. arizonae |S. arizonae [Salmonella Enterica subsp. Diarizonae — 100%. GekbaAB273735, NR_0443}3.
71S. arizonae 5992-52 |S. Diarizonae S. arizonae [S. arizonae |Salmonella Enterica subsp. Diarizonae — 100%. GekbaAB273735, NR_0443}3.
8|S. arizonae S05 S. arizonae S. arizonae |S. arizonae [Salmonella Enterica subsp. Arizonae — 100%. Genbar006693.1, cp000880.
91S. arizonae 4601/54 |S. arizonae S. arizonae  [S. arizonae |Salmonella Enterica subsp. Arizonae — 100%. Genbar006693.1, cp000880.
10S. arizonae S0-50 S. arizonae S. arizonae |S. arizonae [Salmonella Enterica subsp. Arizonae — 100%. Genbar006693.1, cp000880.
11|S. arizonae 261-58 |S. Diarizonae S. arizonae |S. arizonae [Salmonella Enterica subsp. Diarizonae — 100%. GekbaAB273735, NR_0443}3.
12S. arizonae 3065-61-2{S. Diarizonae S. arizonae _[S. arizonae |Salmonella Enterica subsp. Diarizonae — 100%. GekbaAB273735, NR_0443}3.
13S. arizonae 4041 S. Diarizonae S. arizonae |S. arizonae [Salmonella Enterica subsp. Diarizonae — 100%. GekbaAB273735, NR_0443}3.
14S. arizonae PC-123 |S. Diarizonae S. arizonae  |[S. arizonae |Salmonella Enterica subsp. Arizonae — 100%. Genbar006693, cp000880.
15S. arizonae Ni-14 S. arizonae S. arizonae _[S. arizonae |Salmonella Enterica subsp. Arizonae — 100%. Genbar006693, cp000880.
16S. arizonae 301-57\14]S. Diarizonae S. arizonae |S. arizonae [Salmonella Enterica subsp. Diarizonae — 100%. GekbaAB273735, NR_0443}3.
17S. Enteritidis 13076 |S. Enteritidis Salmonella sp|S. Enteritidi{Salmonella Enterica subsp. Enterica — 100%. GenlizifR07222, CP007534.

* In the column the data on genetic identificatmfithe culture are given: name of the species, ettiss, percent of homogeneity with the strainsftiee gene
bank, name of these strains.

Summing up the received data given in table 1, exealed some interesting aspects in the specifafitthe
diagnostic test-systems based on biochemical piiepesf bacterial cultures. Thus the system ENTHEBS 24 N
identified the museum strai. arizonae63-z36 as S. Enterica variant enteritidis, thoggmetic identification
detected this strain's reference to Salmonella Bongt the same time when identified with the helpthe test-
system Microbact 12e a result indicating this steareference t&. arizonaewas obtained. We did not manage to
reliably identify the subspecies with the helplad test-system API 20 E, as well as with the twavious systems.
As it is well seen in the data given in table le tiagnostic specificity of the test-systems foteesbacteria
identification is not uniform. 88,24% coincidencktloe results obtained through genetic studies thighresults of
biochemical identification was recorded when usiEldTERO test 24 N test-system, 35,29% coincidencerwh
using Microbact 12e and API 20 E test-systems.

DISCUSSION

Studying the properties of the museum culturesaatdria strains Salmonella genus Arizonae subspémen the

collection of FSBI «All-Russian State Researchitatt for Control Standardization and CertificatiohVeterinary

Preparations» made it possible for us to enlarge&kttowledge of the microbiological peculiaritiestbése bacteria
and review the data of their reference to subspetieus ten strains of the sixteen studied culttiraswere thought
to belong to Arizonae subspecies were identifieBiasizonae subspecies, 1 strain belonged to Sg&orand only

5 of them belonged to Arizonae subspecies.

The study showed that biochemical propertiesSaimonella arizonaesubspecies, Diarizonae subspecies, and
Salmonella Bongori species are analogous but fmesopeculiarities.

Salmonella Enterica subsp. Arizonae, Salmonellaefig# subsp. Diarizonae and Salmonella Entericassub
Salamae have the capability for malonate fermamtatin our study the capability for malonate ferma¢ion was
common for 15 strains, 5 of them belonging to Anae subspecies and 10 to Diarizonae subspecignofglla
Bongori does not ferment malonate. Howe&rarizonaes3-z36 and S. enteritidis 13076 strains showedtneg
malonate test. We think that these results areittondd by the fact that some bacteria of Salmangéinus are able
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to use malonate as a source of carbons. Simultangdization of sodium malonate and ammonium salfiuring
the growth process leads to sodium hydroxide faomadnd thus increases alkalinity of the mediumthia forming
medium the colour of the reagent changes from gtedniue, that is conditioned by presence of PHcaur -
bromothymol blue. This test is widely used for eobacteria differentiation. Positive reaction isrkeal in the
strains of Enterobacter and Klebsiella genera arzbAae and Diarizonae subspecies Salmonella gewbike the
other subspecies of this genus show negative ogaittithis test.

It must be noted that this test was developed byelson in 1933 for easing the process of idemiycolibacillus
from Klebsiella. Later in1956 Shaw ascertained tifwet serovars of Arizonae subspecies Salmonellagyene
malonate-positive, while all the other subspecresmaalonate-negative (Shaw, 1965). The fact thahdwur study
we identified a strain with a negative malonate ¢éesiches the literary data available.

Positive R-galactosidase activity is common forlibeteria of the species Salmonella Bongori, Saéttafnterica
subsp. Arizonae and Salmonella Enterica subsp.iZdigae. In our case all the 16 strains showed &etiadidase
activity.

Ability to ferment lactose is mostly typical for IG@nella Enterica subsp. Diarizonae, but there smevars
Salmonella Enterica subsp. Arizonae, that alsogsssthis ability. Thus only five of the 16 stud&dains showed
this ability - 3 Diarizonae strains and 2 Arizorsins.

Positive 3-glucuronidase activity is recorded in&mella Enterica subsp. Diarizonae and Salmoriiterica
subsp. Arizonae, and the serovars of this subspesay demonstrate both positive and negative mwacfimong
Diarizonae subspecies 9 of the studied strains sigwsitive R-glucuronidase activity and one - tiggaAmong
Arizonae subspecies this activity was detectedvim af five strains. The strain referring to S. Borigspecies has
negative 3-glucuronidase activity.

We did not manage to perform exact identificatiorspecies reference for S. Bongori when condudiioghemical
identification of the salmonella from the group andtudy with three commercial test-systems Micovld®e,
ENTERO test 24 N and API 20 E. This fact is esséiiti practical diagnostics because it actuallyedatnes the
possibility to differentiate pathogenic variants sglmonella from humicular ones. Most accurate Itedn the
detection of subspecies of Salmonella genus wet@raa with the help of ENTERO test 24N, which vpasved
by genetic studies: coincidence of the resultsefegic studies with the results of biochemical tdeation was
recorded in 88,24% cases compared with 35,29% whkimg other test-systems.

Microbact 12e system for biochemical identificatimned out to be ineffective for identification tife bacteria
Salmonella genus Diarizonae subspecies and Boapgedies. Positive accurate results were obtainetl cases of
using this test-system for biochemical identifioatiof S. arizonaecultures. APl 20 E test system gave results
similar to the results obtained when using Micrdatidte.

CONCLUSION

During the study of the properties of 16 museunaiss which were previously referred to Salmonekaus
Arizonae subspecies 16s rRNA gene sequencing hefpéal define that the strash arizonae3-z36 is a humicular
strain belonging to Salmonella Bongori genus, anairs S. arizonaed4-67, 48:k:z53, 48:j:z, 1669/75, 107-36/71,
5992-52, 261-58, 3065-61-253, 4041, 301-57\142 rdicg to the results of genetic identification bejoto
Diarizonae subspecies.

Highest effectiveness and reliability of the resufeceived was obtained when employing 16 s rRNAege
sequencing. This way homogeneity with the base @akBeached 100% in all the cases

Bacteria of Salmonella genus Arizonae subspecigs b@chemical properties similar to Salmonellarianae.
That is why the strains of Diarizonae subspeciesnaajor agents, one must differenti&&monella arizona&om
them basing on biochemical properties.

When performing identification, one must pay spleeitiention to the ability to ferment malonate. rBahella
Diarizonae subspecies aBdlmonella arizonasubspecies have this ability in equal proportions.

Ability to ferment lactose is mostly common for Barizonae, but there are serov&sarizonagwhich also have

lactose-positive properties. In the present studyr&@ins identified as Arizonae were lactose-negadind 2 strains
were lactose-positive.
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Variable reaction to the activity of 3- glucurorsdais peculiar only for two subspecies of Salmangknus -
Arizonae and Diarizonae. Among Diarizonae subspegi®f the studied strains showed positive R-gliutidiase
activity and 1 strain — negative one. Among Arizersaibspecies this activity was shown in 2 of SirsstaWhen
using commercial test-systems for identificationthe studied bacteria according to their biochehpoaperties we
concluded that ENTERO test 24N showed highest &ffemess. It managed to identify 88,24% studiedpdam
Test-systems API 20 E and Microbact 12e managedjtally well identify 35,29% studied samples. Wenaged
to perform species identification of S. Bongori lwiteither of the three test-systems used. In &l dhses we
managed to reliably define gene reference of tiogebia with the applied systems for enterobacteeatification.
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