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CaxeTak

OundpTepyja je Tewka 3apasHa bonecT Koja ce Moxe CnpeynTy BakuuHa-
Lmjom. Y NpoTeKNnX HEKOMMKO AeLieHnja ce NOHOBO jaBrba y BE3u ca cMa-
HeHUM obyxBaTMma BakUMHaUMjoM y 3eMmrbama 3axsaheHum patom unm
counjanHMm Hemvpuma. MurpaHTcka Kpusa je TOKOM npoTekre AeleHnje
004AaTHO yTuuana Ha MOHOBHO jaBrbawe AudTepuje, NoceOHO KOXHUX
obnvka. C gpyre cTpaHe, y MHOrMM 3emrbama ce audTepuja cMarpa
€MMMNHUCaHOM 3apa3oM Te Ce BPeMEeHOM CMakbuna 1 No3opHOCT npemMa
0BOj MHMEKLMjU, Ka0 U HMBO 3HaHba O NabopaTopujcKoj U KIMMHUYKO] AW-
jarHocTuum. Cymra Ha Moryhe npycycTBO KOXHUX UMW PEeCrMpaTopHUX
dopmu andTepuje Koa MurpaHara Koju nponase T3B. bankaHckom pyTom
VHUUMpana je pa3maTtpame yCrnocTaBrbaka CMcTeMa akTMBHOT Had3opa
y unrby paHor npenosHaBaka Moryhux crnydvajeBa, afekBaTHOr y30pKO-
Bah-a, Nabopartopujckor TecTuparsa, nevexa u npuMmeHe ogrosapajyhunx
Mepa npemMa UsNoXeHUM KoHTakTuma. Linre oBor npernegHor unaHka je
[a ce nogurHe HMBO CBECTU fiekapa Koju Mory Aohu y KOHTakT ca obone-
numa o gudptepuje, Kao u fa ce 06HOBe 3Hara NoTpebHa 3a agekBaTHy
nabopatopujcky NnoTBpAy AvjarHo3e u Haasop. Y pagy je npukasaH npe-
rmeq akTyenHe nuteparype y oBoj obnactu, kao 1 npenopyke 3a nabopa-
TOpWjCKV pad 1 Haasop.

KmbyuHe peun: Corynebacterium diphtheriae, pudptepuja,
ONdTEPUYHN TOKCUH

YBopg

Oudptepuja je 3apasHa GonecT Koja ce Hajuewwhe maHude-
CTyje Y pecnnpaTtopHOj NN KOXHOj (hOpMU 1 MOXe nmaTin
TELKY KIMHWUYKY CINUKY, a 6e3 nevera 1 netanHn NCxog.
M3a3uBaum Gonectn cy noTeHUmjanHo TokcureHe BakTe-
puwje poga Corynebacterium: C. diphtheriae (no kojoj je n
HasBaHa), C. ulcerans n C. pseudotuberculosis. BakunHa-
uunja npotns audtepuje ce of Apyre nonosuHe 20. Beka
CNpOBOAM PYTUMHCKK, Te andbTepuja gaHac cnaga y 6one-
CTM KOje ce MOry CrpeynTy BakuuHama.

MacoBHa pyTUHCKa MyHU3aumja Oyrm HA3 roamHa nokasy-
je ycnex y cnpevaBatby U cy3bujary Benvkor 6poja 3apa-
3HUX GonecTy Ha HMBOY CBeTa, anv nof ogpeheHum okor-

Abstract

Diphtheria is a severe infectious disease that can be prevented by vac-
cination. In the past few decades, it has re-emerged in connection with
reduced vaccination coverage in the countries affected by war or social
unrest. During the past decade, the migrant crisis additionally influenced
the reappearance of diphtheria, especially its cutaneous forms. On the
other hand, in many countries, diphtheria is considered an eliminated in-
fection, and over time attention paid to this disease has decreased, as
has the level of knowledge about laboratory and clinical diagnostic meth-
ods. Suspicion of the cutaneous or respiratory forms of diphtheria poten-
tially present in migrants who pass the so-called Balkan route initiated the
establishment of an active surveillance system to be considered with the
aim of early detection of potential cases, adequate sampling, laboratory
testing, treatment and implementation of relevant measures regarding
exposed contacts. The aim of this review article was to raise the level
of awareness of physicians who may come into contact with diphtheria
patients, as well as to revise the knowledge required for adequate labora-
tory confirmation of the diagnosis and supervision. The paper presents an
overview of the current literature in this field, as well as recommendations
for laboratory work and supervision.

Key words: Corynebacterium diphtheriae, diphtheria,
diphtheria toxin

Introduction

Diphtheria is an infection that is most often manifested in
the respiratory or cutaneous forms and can have a severe
clinical presentation and, without treatment, it can be the
cause of deaths. The causative agents of this disease are
potentially toxigenic bacteria belonging to the Corynebac-
terium genus: C. diphtheriae (after which the infection was
named), C. ulcerans and C. pseudotuberculosis. Since
the second half of the 20th century, routine immunization
against diphtheria have been used and today diphtheria is
one of the diseases that can be prevented by vaccination.

For many years, routine mass immunization has been
successful in preventing and controlling a large number of
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HOCTMMa oByxBaT UMYHU3aALMjOM MOXe BUTK yrpoxeH. To
4oBoau 0O MOryhHOCTM MOHOBHE MOjaBe OBMX Oonectu
yKIbyYyjyhn 1 audtepujy n To He caMo Ha HMBOY cropa-
ONYHNX cnydajesa, Beh n y enugemumjckom obnuky [1, 2].
Crora envgemuonorvja 3apa3Hnx 00nect NpoTuB KOjux
ce BpWM BakuuHauuvja, na u enugemuvonornja gudrepu-
je, npe ceera 3aBucu of obyxsarta BakuuHaumjom. Mopeq
obyxBara y nojeavHa4yHnM 3eMrbama, HEOMXOLHO je Y3eTu
y 063up cBe yelwwhe v cBe 06MMHUje MUrpaLmje CTaHOBHU-
LWTBa Ha rnobanHoMm HMBOY, OAHOCHO KpeTake nonynauuja
pasnuumMTor (M YecTo Hemo3HaTor) BaKUMHAIHOr cratyca
[3]. Octanu dakTopu Koju Mory yTuuati Ha enuaemMmnono-
LUKy CNUKY andptepuje cy ogroxeHa gujarHosa gudrepuje
kKao n pactyhu ygoeo andrepuje y3pokoBaHe ApyrMM Mo-
TeHuunjanHo TokcureHum Bpctama poga Corynebacterium,
nopen C. diphtheriae. Y cknagy ¢ TUM Cy, Nopea NMyHu3a-
uuje, 3a KOHTPONy u cy3bujare LWmpewa audTepuje 3Ha-
YajHu: TayHa 1 bnaroBpeMeHa MUKpOOUONOLLIKa AujarHo3a
bonecTtu, ngeHTndmrKaumja KoHTakata u Hocunaua v Knu-
HWYKO nevene nauujeHara [4, 5].

Kao wrto je ouekmBaHo, 6poj crniyyajeBa audptepuje je Hu-
3aK y 3emrbama rge je obyxeaTt BakuuHOM gudtepuja-Te-
TaHyc-neptycuc (DTP3) BucoKk 1 obpaTtHo. Y meTa-aHanm-
31 CNpoBeaeHOj Ha nogauyma 13 Benukor 6poja semarsa,
HeBaKUMHNCAHN nauunjeHTn cy unHunmn 32% cnyyajesa y
3eMrbamMa y Kojuma ce jaBrbajy CrnopaguyHu criyyajeBu,
OOK je y 3emrbama ca BMCOKMM Opojem cryvajeBa ygeo
HeBaKLMHUCaHMX Mehy naumjeHTuma obonenum oa and-
Tepuje Behu og 65%. MNopen Tora, y 3emrbama ca HUCKUM
obyxsatom DTP3 BakumHaumjom, BehrHy cny4vajeBa yYnHe
deua mnaha og 15 roguHa [3]. Cy6onTumanHom obyxeary
BaKLMHaUWjOM MOry OOMPUHETU pasnnyunutu aktopu Kao
LWITO Cy NPUBPEMEHa HecTaluua BaKLMHA UK, CBe ue-
whe, onagjake noeBepewa y BakuuMHauujy. Henosepere
nckasyjy poguterbu, anu u geo negujatapa, WTo OUTHO
OoMeTa cnpoBofewe nporpama MMyHu3aumnje n gyropoyHo
KOMNpoMUTYyje heHe edekTe [2].

Y 3emrbama 3axsaheHumM paTtoM unu couujariHM He-
Muprma oOyxBaT BaKLMHALMjOM je 0OOAaTHO YrpOXeH, a
MuUrpaumja CTaHOBHMULUTBA YNpaBo M3 OBWX 3emarba je y
3Ha4yajHOM MopacTy TOKOM MOCMEeAHNX HEKONUKO AeLeHn-
ja. Y Eponu je y 2019. rognHu xuseno oko 90 MmununoHa
MurpaHara, WTo YmMHM oko 15% crtaHoBHUWTBA EBpone u
BULLE 0f jeaHe TpehuHe murpaHaTta y ceety [1, 3]. 3Hava-
jaH goeo murpaHaTa Koju 6opaBse y EBponu nponasw T3B.
BankaHckom pytom. CyMha Ha Moryhe npucycTBoO KOXHUX
Unu pecnupaTopHux opmun gudtepuje Kog oBUX MuUrpa-
HaTa uHMUMpana je pasMmaTpare ycrnocraBrbaka cuctema
aKTMBHOI Ha30pa y Lurby paHor npeno3Hasarwa Moryhmnx
cnydvajeBa, agekBaTHOr y30pkoBahsa, labopaTopujckor Te-
CcTUpama, nedera 1 npumMmeHe ogarosapajyhux mepa npema

infectious diseases worldwide, however, under certain cir-
cumstances immunization coverage may be compromised.
This leads to the possible reappearance of these diseases,
including diphtheria, not only at the level of sporadic cases,
but also in an epidemic form [1, 2]. Therefore, the epide-
miology of infectious diseases against which immunization
is carried out, including the epidemiology of diphtheria, pri-
marily depends on immunization coverage. In addition to
coverage in individual countries, it is necessary to take into
account the more frequent and more extensive population
migrations at the global level i.e., the movement of people
with different (and often unknown) vaccination status [3].
Other factors that may affect the epidemiological picture of
diphtheria are the delayed diagnosis of diphtheria as well
as the growing percentage of diphtheria cases caused by
other potentially toxigenic species of the Corynebacterium
genus, in addition to C. diphtheriae. Accordingly, accurate
and timely microbiological diagnosis of the disease, iden-
tification of contacts and carriers, and clinical treatment of
patients are important, in addition to immunization, and in
order to control and suppress the spread of diphtheria [4,
5].

As expected, the number of diphtheria cases is small in
countries where diphtheria-tetanus-pertussis (DTP3) vac-
cine coverage is high, and vice versa. In a meta-analysis
conducted on data collected from a large number of coun-
tries, unvaccinated patients accounted for 32% of cases
in countries with sporadic cases, while in countries with a
high number of cases, the share of unvaccinated patients
among those with diphtheria was greater than 65%. In ad-
dition, in countries with low DTP3 vaccination coverage,
the majority of cases included children under 15 years of
age [3]. Various factors can contribute to suboptimal vacci-
nation coverage, such as temporary vaccine shortages or,
increasingly, declining confidence in vaccination. Distrust
is expressed by parents, as well as by some pediatricians,
which significantly hinders the implementation of the im-
munization program and compromises its effects in the
long term [2].

In the countries affected by war or social unrest, vaccina-
tion coverage is further compromised, and population mi-
gration from these countries has been increasing signifi-
cantly over the last few decades. About 90 million migrants
lived in Europe in 2019, which accounts for about 15% of
European population and more than one third of migrants
in the world [1, 3]. A significant number of migrants staying
in Europe go along the so-called Balkan route. Suspicion
of the cutaneous or respiratory forms of diphtheria poten-
tially present in these migrants initiated the establishment
of an active surveillance system to be considered with the
aim of early detection of possible cases, adequate sam-
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N3NOXXEeHUM KOHTaKTuma.

TayHa MukpobuonoLuKka gujarHocTuka donecTu je og npe-
cygHor 3Hadvaja. Y 3emrbama y Kojuma je audprtepuja enu-
MUWHMCAHa UNW Ce jaBrba CNOpagu4yHO, BPEMEHOM joj ce
npuaaje mare naxte, a HABO 3Haka O KIMHUYKOj 1 Nabo-
paTopujCKoj AnjarHOCTULM Ce CHUXKaBa, Te AnjarHo3a Moxe
©ouTn ognoxeHa. To JOBOAM 4O BMCOKOT fieTanuTeTa Koju y
HeeHAeMCKUM 3eMibama JOCTUXE HUBO CrivdyaH OHOM rpe
MacoBHe MMyHu3aumje, oko 16% [6]. Crora cy, 6e3 063u-
pa Ha manu 6poj nnM TPEHYTHO OACYCTBO Crny4yajeBa, y 3e-
MIbamMa HEONXO4HW afekBaTHM nabopaTopujcku kanauu-
TETWN KOjU YKIbY4yjy KOHTUHYMpPaHO ofpKaBaH-e LOBOSbHOr
©poja obyuyeHor ocobrba, nabopaTopujcKy onpemy, ycaBp-
LaBake y MHOBaTUBHUM MeTodama 1 TEXHMKama Kao LUTO
Cy MOreKynapHa Tunusaumja u CeKBeHLMOHMpaHhe reHa u
cTabunHo ouHaHcuparse [4].

lMocTaBrbare anjarHose je 4ogaTHO OTeXaHo NojaBoM He-
ToKkcureHnx cojesa C. diphtheriae ca aTunu4yHMm ToKOoM 6o-
necTu y KOMe ce jaBrbajy U CUCTEMCKE KOMMNukauuje, kao
LITO CYy eHAOKapAMTUC, MUOKapAUTUC, CENTUYKN apTpUTUC
1 TellKe enn3oge rywobosbe Koje ce NoHaBIbajy.

Ceu HaBegeHu akTopu [OMPUHOCE MOHOBHO] MOjaBu
ondtepuje, cmaTtpaHe ,ctapom Oonewhy” koja je jow
yBEK M3a3uBana Benuke enuaemuje n 6una cMpTOHOCHa
y npBuM feueHujama 20. Beka Kaja je NpexuBrbaBare
YBENMUKO 3aBWCUIO Of AOCTYNHOCTU AUMTEPUYHOr aHTu-
ToKcuHa [7], a Beh oa apyre nonoseuHe 20. Beka je ,nobe-
heHa” macoBHOM MMyHM3auujom. MefyTum, ycnea paHuje
HaBefdeHux dakTopa, 6poj cny4vajeBa y cBeTy onykTypvpa
ca noBpemeHum nukosmuma. Tokom 2015-2019, enngemun-
je oudtepuje cy ce gorogurne y 3emrbama 3axsaheHum
COLIMOEKOHOMCKUM Kpr3ama W/Mnun opyxaHuMm cykobuma:
y JemeHny, baHrnagewy, Ha XauTtujy un y Beneuyenn. Enu-
nemuja y baHrnagewy je 6una Hajseha mehy ckopallHum
enugemujama, ca 8403 cnydaja mehy nsbernuuama 13 cy-
cegHor MuaHmapa (npunagHuum Hapoga PoxuHia). Ose
enuaemMuje cy 3axeaTtune cBe ctapocHe rpyne [3, 8].

Pacty Opoja cnyyajeBa, nocebHo y EBponu, gonpuHoce
MHgeKUumje OpyruM nOTEHUWjanHo TOKCUreHUM BpcTama:
C. ulcerans v C. pseudotuberculosis. Oe BpcTe n3asneajy
300HO3e, a C. ulcerans npey3umMma npumar y uHdekumnjama
[eTekoBaHUM Ko rbyau. TokcureHe BpcTe C. ulcerans n3o-
fioBaHe Cy W KoA pasnuumMTux Bpcta gomahux XMBOTUH-A
[5]. Tume ce nojavaBa notpeba ga ce naeHTUMKyjy no-
TEHLMjanHo TokcureHe kopuHebakTepuje, nocebHo y obna-
CTMMa BUCOKOr pu3mnka. 3HayajHa je uHTepancumniMHapHa
capagha rnekapa Koju Mory cpecTu nauumjeHte obonene
on, avdTepurje y CBOjoj KIMMHUYKO] NMpakcu, nabopaTopuja,
cekTopa enuaemMuornorvje, a y CBETIy CKOpujer 13ornoBa-

pling, laboratory testing, treatment and implementation of
relevant measures in respect to exposed contacts.

Accurate microbiological diagnosis of the disease is of cru-
cial importance. In countries where diphtheria has been
eliminated or occurs sporadically, attention paid to this in-
fection has decreased over time, and so has the level of
knowledge about clinical and laboratory diagnostics, there-
fore, the diagnosis can be delayed. This leads to high mor-
tality, which in non-endemic countries reaches a level sim-
ilar to that present before mass immunization i.e., about
16% [6]. Therefore, regardless of the small number of
cases or currently absent cases, countries need adequate
laboratory capacities that include the continuous mainte-
nance of a sufficient number of trained staff, laboratory
equipment, training on innovative methods and techniques
such as molecular typing and gene sequencing, and stable
funding [4 ].

The diagnosis is further complicated by the appearance
of non-toxigenic strains of C. diphtheriae with an atypical
course of the disease presenting with systemic complica-
tions, such as endocarditis, myocarditis, septic arthritis and
severe recurrent episodes of sore throat.

All of the above factors contribute to the re-emergence
of diphtheria, which is considered an “old disease” that
caused large epidemics and was deadly in the first dec-
ades of the 20th century when survival depended largely
on the availability of diphtheria antitoxin [7], and since the
second half of the 20th century has been “defeated” by
mass immunization. However, due to the previously men-
tioned factors, the number of cases worldwide fluctuates
with occasional peaks. During the period of 2015-2019,
diphtheria outbreaks occurred in the countries affected
by socioeconomic crises and/or armed conflicts: Yemen,
Bangladesh, Haiti, and Venezuela. The outbreak in Bang-
ladesh was the largest one among recent outbreaks, with
8,403 cases among refugees from neighboring Myanmar
(members of the Rohingya people). All age groups were
affected by these epidemics [3, 8].

Infections caused by other potentially toxigenic species: C.
ulcerans and C. pseudotuberculosis contribute to the in-
crease in the number of cases, especially in Europe. These
species cause zoonoses, and C. ulcerans is the leading
cause of infections detected in humans. Toxigenic species
of C. ulcerans have also been isolated in various domestic
animals [5]. This reinforces the need to identify potentially
toxigenic corynebacteria, especially in high-risk areas. The
interdisciplinary cooperation between physicians who may
meet diphtheria patients in their clinical practice, laborato-
ries, epidemiology sector, and in light of the recent isolation
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ta C. ulcerans n C. pseudotuberculosis n BeTepnHapckor
ceKkTopa, Te je afeKkBaTHO NPUMEHUTU U NpuUcTyn ,JegHo
3apasrbe”.

Op 4deTtnpu Guotuna koje cteapa C. diphtheriae: gravis,
mitis, intermedius v belfanti, 3a 6uotun belfanti je Takco-
HOMCKMM CTygujama HedaBHO MoOKa3aHO Aa npeacTaBriba
rpaHy Koja je jacHo pasrpaHunyeHa og C. diphtheriae 6vo-
TN mitis n gravis. Ha ocHOBY OBUX Harnasa je npegnoxeHa
HoBa BpcTa, Corynebacterium belfantii sp. nov [9].

Linre oBor paga je faa ce Kpo3 nperneq nutepartype npyxu
notpebaH HMBO 3HaHa 13 obnacTn Hag3opa Hag andTepu-
joM, HapounTo y AoMeHy nabopaTtopujcke AnjarHOCTUKe, U
Ja ce TUMe NOoAMrHe HMBO CBECTM fekapa koju mory nohu
Yy KOHTaKT ca obonenvma og audprepuje y unrby dnaroepe-
MEHOr Npeno3HaBaka MoOryhux crnydvajeBa M agekBaTHOr
noctynawa ca obonenom ocobom.

MoTeHUMjanHO TOKCUreHe BpcTe KOpuHebakTepuja
C. diphtheriae

OndTepujckn TOKCKH je rmaBHu dakTop BUpYreHumje bak-
Tepuje C. diphtheriae n [oBOAM 0 TELLKUX KIMHUYKUX KOM-
nnvkauuja Kao LWTO Cy pecnuMpaTtopHa OncTpykuuja, Muo-
KapauTuc 1 HeyporoLllka owtehewa. TOKCUH gudrepuje je
npoTeuH kogupaH bakteprnodarom u nopenq C. diphtheriae
npoun3Boje ra v apyre ABe NoTeHLMjarHO TOKCUYHE BPCTE,
C. ulcerans n C. pseudotuberculosis.

M TOKOM PYTUHCKOI CKPUHUHIa U TOKOM UCTpaXknuBaka Mo-
ryher cnydaja, nabopaTtopujcka AujarHocTuka nogpasyme-
Ba AeTeKuMjy TOKCUHa Kao HajBaXkHUjU TECT, Koju ce npBu
n 6e3 ognarara CNPOBOAM Ha BMNO KOM M3onaTy 3a Koju
NnocToju CyMHa Ha audrepujy. Peakumjom naHvaHe nonu-
mepusauymje (PCR) moxe ce OeTeKToBaTU reH 3a TOKCUH
andTepuje OUPEKTHO M3 KIMHUYKUX y3opaka. HeonxogHo
je KynTMBmucaTtun cBe NO3UTMBHE Y30pKe, a u3ornate TecTu-
paTn Ha NpPou3BOAHY TOKCMHA AudTepuje. 3a cnpedvasa-
He Lmpera 60necTn KIbyyHO je U MAEHTU(NKOBATH KOH-
TakTe, NOTeHLUujanHe KrnuuoHoLle.

C. ulcerans

C. ulcerans moxe pa npou3Bege OuTEPUjCKM TOKCUH
WMYHOSIOLLKM BEeOMa CriMdaH OHOM Koju ekcrnpumupa C.
diphtheriae, jep nocegyje reH 3a TOKCUH KOjuU ce Hanasu
Ha nu3oreHoMm GakTepuodary. VIcToBpeMeHo, opraHusam
MOXe [a Npon3BoAn 1 er3oTokcuH, poccponunasy [, y pa-
3nm4mTum pasmepama [10].

of C. ulcerans and C. pseudotuberculosis, the veterinary
sector as well, is important, therefore, it is appropriate to
apply the “One Health” approach.

Among the four biotypes created by C. diphtheriae: gravis,
mitis, intermedius and belfanti, the belfanti biotype has re-
cently been shown, by taxonomic studies, to represent a
branch that is clearly demarcated from C. diphtheriae bi-
otypes mitis and gravis. Based on these findings, a new
species was proposed, Corynebacterium belfantii sp. nov

9.

The aim of this paper was to provide, through an overview
of the literature, the necessary level of knowledge in the
field of diphtheria surveillance, especially in the domain of
laboratory diagnostic methods, and thereby to raise the
level of awareness of physicians who may come into con-
tact with diphtheria patients with the aim of timely detec-
tion of possible cases and providing adequate treatment
of such patients.

Potentially toxigenic corynebacterium species
C. diphtheriae

The main virulence factor of C. diphtheriae is diphtheria
toxin, which leads to severe clinical complications such as
respiratory obstruction, myocarditis and neurological dis-
orders. Diphtheria toxin is a protein encoded by bacteri-
ophages and, in addition to C. diphtheriae, it is produced
by two other potentially toxic species, C. ulcerans and C.
pseudotuberculosis.

Both during routine screening and examination of a pos-
sible case, laboratory diagnostics includes toxin detection
as the most important test, which is performed first and
without delay on any isolate suspected of diphtheria. Pol-
ymerase chain reaction (PCR) can detect the diphtheria
toxin gene directly from clinical samples. It is necessary to
culture all positive samples, and to test isolates for diphthe-
ria toxin production. To prevent the spread of the disease,
it is crucial to identify contacts i.e., potential germ carriers.

C. ulcerans

C. ulcerans can produce a diphtheria toxin immunological-
ly very similar to that expressed from C. diphtheriae, as it
possesses toxin genes found to be carried by lysogenic
bacteriophages. At the same time, the organism can also
produce the exotoxin phospholipase D, in different propor-
tions [10].

C. ulcerans is a ubiquitous bacterium and can be found
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C. ulcerans je ybuksutapHa baktepuja n moxe ce Hahu y
LUMpOKOM cnekTpy gomahwuHa. Mopen roBega v ko3a, Koa
KOjuX je paHuje n3onoBaHa, y ckopuje Bpeme oBa baktepu-
ja je HaheHa Ko cBukba, KyhHUX rbybumava, anu n MHOrMx
BpCTa AuBIbUX XuBoTuka [11]. VigeHTudmkoBaHa je kao
penak y3pouHuk rosefer mactutuca [12]. MHdekunja Bu-
MeHa Moxe OuTu gyroTpajHa, AOK M3nydvBame y MIeKo
Moxe 6utn nospemeHo. Ctora C. ulcerans ytude n Ha be-
30eHOCT XpaHe, jep je CUPOBO MIEKO MOEHTU(UKOBAHO
Kao jegaH of ussopa uHdekumje kog reyau. C. ulcerans je
npoHaheH 1 Kof KNMHUYKK 0Bonenux, anv 1 Kog 3apaBux
OVBIbMX 1 AoMahmx XUBOTUHCKMX BpcTa [11].

C. pseudotuberculosis

CnuyHo Bpctu C. ulcerans, v C. pseudotuberculosis ma
CMOCOGHOCT Aa npov3BOoau ANMTEPUJCKU TOKCUH KOju
CafpXun reH Koju ce npeHocu harom, anm n er3oTOKCUH
docdonunazy [. OBaj eH3M YHKLUNOHULLE Kao CHUH-
roMmvjenvHasa v genyje Ha BackynapHe eHpotenHe henu-
je, wto Moxe objacHUTK HeroBy cnocobHocT aa noseha
BacKynapHy nepmMeabunHoCT 1 nocrneLwn WnpeHe NHGEK-
umnje Kpo3 numMdHU cuctem gomahunHa. docconunasa no-
cpenyje y nsberaBarwy UMYHOr 04roBopa MHXMOUTOPHUM
edeKkToM Ha paroumTte. OTNOPHOCTU Ha yYbujare of cTpa-
He baroumTa JOMPUHOCE N MUKOSIUYHE KMUCENUHE Y LUTO-
TOKCUYHOM MOBPLUMHCKOM JIMMMAHOM OMOTauy, Koje onak-
LWaBajy MHTpauenynapHo npexverbaBamwe 1 opmMmupame
ancueca [13]. Npema cnocobHocTH pasrpaake HuTpaTa C.
pseudotuberculosis je knacudukoBaH y aga buotuna, rae
06a npon3Boae er3oTOKCUH anu ce CojeBM MOry pasrnuKo-
BaTW y NaTOreHoCcTn ycren Bapujaumja y npon3BogHM TOK-
cuHa [1].

C. pseudotuberculosis n3asnBa ka3eo3Hu NuMdaneHnTnC
Ko oBala M KO3a, Koju ce MaHuecTyje MOBPLUMHCKAM
WU yHyTpalwkwMM ancuecuma. [1OBpLUMHCKM ancuecu
Koju 3axBaTajy numdHe yBopoBe cy Yvewhn 1 nako you-
BUBKM, JOK ce MHdEeKUMja MaHudecToBaHa yHyTpaLlHbUM
nesmjama Moxe OTKpUTW camo Ha obaykumju [14]. UH-
dekumja OBOM BPCTOM Ce jaBrba M KOO KpaBa U KOH-a,
rae m3asvBa ynuepatmBHu numdarrntuc. Kog rosega ce
jaBreajy 1 nuorpaHynomMmarto3He peakuuvje, dopmuparse
ancueca n MacTUTUYHE U BUcLepanHe dopme, OOK ce U
KO KOHba jaBrbajy cnosballkby 1 yHyTpalkm ancuecu. C.
pseudotuberculosis ce NpeHOCK ca XMBOTUHE Ha YOBEKa,
OVPEKTHMM KOHTaKTOM Ca 3apaXeHOM >XMBOTMHOM UK
MecoM 3apaxeHe xuBoTune. Ctora je BehuHa npuvjasroe-
HUX NHPEKLMja Y pypanHOM OKpYXery 1 TO Mefy ceoCKuM
oBYapuma UM Ko mMecapa, Kao akyTHU UNU XPOHUYHM
numdbanenntuc. MNopen tora, C. pseudotuberculosis je ne-
TEKTOBaH U y KO3jeM 1 KpaBrbem mrieky [1].

in a wide range of hosts. In addition to cattle and goats,
in which it was previously isolated, this bacterium has re-
cently been found in pigs, pets, and many wild animal spe-
cies [11]. It has been detected as a rare cause of bovine
mastitis [12]. Infections of the udder can be long-lasting,
while excretion in milk can be intermittent. Therefore, C.
ulcerans can also affect food safety, as raw milk has been
identified as one of the sources of infection in humans. C.
ulcerans has been found in clinical patients as well as in
healthy wild and domestic animal species [11].

C. pseudotuberculosis

Similar to the C. ulcerans species, C. pseudotuberculosis
has the ability to produce diphtheria toxin containing phage
encoded genes, but also the exotoxin phospholipase D.
This enzyme functions as a sphingomyelinase and affects
vascular endothelial cells, which may explain its ability to
increase vascular permeability and promote the spread of
infection through the host’'s lymphatic system. Phospho-
lipase mediates evasion of the immune response by an
inhibitory effect on phagocytes. Mycolic acids found in the
lipid-rich cell walls, facilitating intracellular survival and
abscess formation, also contribute to resistance to phago-
cytyc destruction [13]. According to ability to break down
nitrates, C. pseudotuberculosis is classified into two bio-
types, both producing exotoxin, but their strains can differ
in pathogenicity due to variations in toxin production [1].

C. pseudotuberculosis causes caseous lymphadenitis in
sheep and goats, which manifests as superficial or internal
abscesses. Superficial abscesses involving lymph nodes
are more common and easily visible, while infections man-
ifested as internal lesions can only be detected at autopsy
[14]. Infections caused by this species also occur in cows
and horses, where it causes ulcerative lymphangitis. Pyo-
granulomatous reactions, abscess formation and mastitic
and visceral forms also occur in cattle, while external and
internal abscesses are also found in horses. C. pseudotu-
berculosis is transmitted from animals to humans by direct
contact with an infected animal or through the meat of an
infected animal. Therefore, most of the reported infections
are in rural areas, among rural shepherds or in butchers,
as acute or chronic lymphadenitis. In addition, C. pseu-
dotuberculosis has been detected in both goat and cow
milk [1].

Transmission and germination

The source of infection is an infected person or an asymp-
tomatic carrier of the pathogen. The infection is transmit-
ted through droplets from the respiratory tract, as well as
through contact with respiratory secretions or the contents
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TpaHcMuCHja U KNULIOHOLWITBO

M3Bop nHdekuuje je obonena ocoba nnv acMMnTomaTcku
Hocunal, y3podHuka. MHdekumja ce npeHocu npeko Ka-
nrbMua 13 AUcajHux nyTeBa, Kao U KOHTaKTOM ca pecnu-
paTOpHMM CeKpeTuma Unu cagpxajeM KOXHWUX rneawuja oco-
6a obonenux og avdptepuje. MiHkybaumja je obuyHo 2-5
[aHa, n3y3eTHo Moxe 6utn 1 go 10 aaHa.

AcvMnTOMaTCKM  MNPEHOC  MOTEHUMjarnHO  TOKCUTEHUX
kopuHebaktepuja (C. diphtheriae, C. ulcerans wn C.
pseudotuberculosis) MOXxe ce jaBUTM TOKOM nepuoga WH-
Kybauuje, pekoHBanecueHumje unm kopg 3gpasux ocoba.
Y 3emrbama rge je gudtepuja eHgemudHa, kog 3-5%
304paBuUX KIMLOHOLLIA CE MOXE OYEKMBATU NPUCYCTBO OBUX
opraHusama y HasodapuHKcy. HacynpoT Tome, y HeeH-
OEMCKMM 3emsbamMa m3onaumja noTeHumjanHo TOKCUYHMX
KopuHebakTepuja je penatuBHo peTka [15]. Y Tponckum
nogpydjuma gudtepuja je 4ecto eHaemMcka 1 Kapaktepu-
CTUYHa je KoxHa dopma. Kog nyTHMKa Koju cy ce Bpahanu
13 3eMarba ca eHaeMcKoM AudTepujom ca nHdekunjama
paHa yTBpheHO je NPUCYCTBO TOKCUTEHE KOXXHE andTepuje.
KoxHe neanje mory 6utu n3Bop y3poyHuka v 3a apuHre-
anHe cdopme 6onectu [16].

Y pasBujeHUM 3emrbamMa ca HUCKOM uHuugeHuom C.
diphtheriae ce yelwhe ce npujasreyje C. ulcerans, rae je
Hajsehu ygeo andtepuje nsassaH OBOM BpCTOM. Takohe
NnocToje M3BELUTAjM O MPEHOCY Y3POYHMKa U3mMehy rbyan m
KyhHMX rbybumala Koju mory OMTu noteHumjanHu n3sopm
nHopekumje [11]. 300HO3a je AoKka3aHa MOMEKynapHOM Tu-
n“3aunjoMm MOEeHTUYHUX CojeBa U30STOBaHUX U Of Jbyau u
of, uxoBuX KyhHUX rbybumala nnm gpyrmx gomanmx xm-
BOoTMHsa [17]. Nako He nocToje ANPEKTHM JOKa3n O NpeHo-
wewy C. ulcerans ca ocobe Ha ocoby, oBaj MyT NpeHoca ce
He MOXe UCKIbYYUTHK.

WHdekumja Bpctom C. pseudotuberculosis je vewha kog
XMBOTUH-A, OOK je Kof JbyAu peTka. XymaHe uHdekuumje
ce MaHuJEecCTyjy NoKanu3oBaHWM MHOjHUM rpaHyriomaTo-
3HUM NMMAaAEHNTUCOM Ca AYTMM U PEKYPEHTHUM TOKOM.
[MoTeHUmjanHO ynasHoO MecTo MHGEeKUnje Cy NOCEKOTUHE
Ha KOXW koA ocoba koje Aorase y KOHTaKT ca 3apakeHuM
XMBOTVMHAMa UM MECOM 3apaXKeHnX XnBoTuHa. CTora ce
andTepuja kojy msasmsa C. pseudotuberculosis cmaTpa
npodecnoHanHom 6Gornewhy nacTtvpa, wwuwada osaua,
pagHuKa y KnaHvuuama u mecapa. pyru nosHatn pusuk 3a
NHMEKUWjy Tbyan OBUM OpraHu3Mom je ynotpeba sapaxe-
HOr HemacTepu3oBaHoOr Mrieka.

of skin lesions of diphtheria patients. Incubation normally
lasts 2—5 days, and exceptionally up to 10 days.

Asymptomatic transmission of potentially toxigenic
corynebacteria (C. diphtheriae, C. ulcerans and C. pseu-
dotuberculosis) can occur during incubation period, conva-
lescence stage or in healthy individuals. In countries where
diphtheria is endemic, the presence of these organisms in
the nasopharynx can be expected to be found in 3—-5% of
healthy carriers. In contrast, in non-endemic countries, the
isolation of potentially toxigenic corynebacteria is relatively
rare [15]. In tropical regions, diphtheria is often endemic
and the skin form is typical. The presence of toxigenic cu-
taneous diphtheria has been found in travelers returning
from countries with endemic diphtheria including wound in-
fections. Skin lesions can be a source of causative agents
for pharyngeal forms of the disease as well [16].

In developed countries with a low incidence of C. diphthe-
riae, C. ulcerans is increasingly being reported, where the
largest percentage of diphtheria cases is caused by this
species. The transmission of pathogens between humans
and pets, which may be potential sources of the infection, is
also reported [11]. Zoonosis has been proven by molecular
typing of identical strains isolated from both humans and
their pets or other domestic animals [17]. Although there is
no direct evidence of person-to-person transmission of C.
ulcerans, this route of transmission cannot be ruled out.

Infections caused by the C. pseudotuberculosis species
are more common in animals, while they are rare in human
hosts. Human infections are manifested by localized puru-
lent granulomatous lymphadenitis with a long and recurrent
course. Cuts in the skin of people who come into contact
with infected animals or the meat of infected animals rep-
resent a potential entry point for the infection. Therefore,
diphtheria caused by C. pseudotuberculosis is considered
an occupational disease of shepherds, sheep shearers,
slaughterhouse workers and butchers. Another identified
risk for human infections caused by this organism is the
use of contaminated unpasteurized milk.

Significance and use of serological testing of popula-
tion and individual immunity/susceptibility to diphthe-
ria

In addition to the reduced vaccination coverage, the lack
of immunity in adults can contribute to the outbreak and
increased incidence of epidemics worldwide. This lack of
immunity may not only be the result of a previous drop
in coverage or temporarily reduced availability of vac-
cines (especially due to natural disasters and wars that
threatened the operation of healthcare systems and pub-
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3Hauaj n npuMeHa CeporsioLKOr TecTUpaka nonyna-
uuje n nHaunBuayanHor MMyHVITeTa/oceTJ'bMBOCTVI Ha
Audprepujy

Mopen cmareHor obyxBaTa BakLMHALIMjOM, HACTaHKy 1 Mo-
pacTy ydecTanoctu envaemuja y CBeTy MOXe LOMPUHETM
HegocTaTak UMyHWUTETa Kog oppacnux. OBaj HegocTaTak
UMyHUTETa HEe Mopa OGuTM camo nocneauua NpPeTxXogHor
naga y obyxeaTy Unm npuBpeMeHO CMateHe JOCTYMHOCTM
BakLMHa (mocebHo ycnen NnpupoaHMX katactpoda u paTo-
Ba KOju Cy yrpo3vnuv pag 34paBCTBEHMX CUCTEMA U jaBHO-
3a0paBCTBEHUX crny6u), Beh n Moryher onagawa MMyHU-
TeTa Tokom BpemeHa. 36or Tora je C30 og 2018. roguHe y
CBOje npenopyke, nopen Tpu fose DTP3 BakuunHe y NnpBux
LIeCT Meceuu XMBOTa, YBPCTMNA M TpWU peBakumHauuje
npoTtuns gudtepuje oo 15. roguHe xusota. OBe npenopyke
cy v geo Kanengapa obase3He nmyHusaumje y Penyonmum
Cp6wujn. C 063npom Ha HoBMja casHaka 0 AndTeEPUjU 1 No-
Behane Opoja cny4vajeBa agndptepuje y pasnmumtum perno-
HMMa cBeTa, peBaKLMHaLuuje cy, nopes OCHOBHE Tpu Jo3e,
0[] N3y3eTHOT 3Ha4aja 3a KONMEKTUBHU UMYHUTET.

3a ogbpaHy of nHdekumje AndTeEPUjoM OAroBOpaH je npe
cBera xymopariHu WMYHWUTET, a Kako je MopbuguteT of
audTepuje cKopo y NOTNYHOCTW nocreanua ToKCcuHa andg-
Tepwje, 3awTuTa o4 6onecTy NocpegoBaHa je aHTuTenMMa
NPOTMB TOI TOKCUHA. Y HEKMM €BPOMCKMM 3eMribama Crnpo-
BeleHe Cy CTyauje nomnynaumMoHOr MMyHuUTeTa Kopuwhe-
HbeM TecTa HeyTpanusauuvje TokcuHa (TNT) Ha KynTypwu
TkuBa Ha Vero henvjama, eH3UMCKOr UMyHOCOPOEHTHOT Te-
cta (ELISA), nmyHonowkor Tecta crnyopecueHumje nas-
TaHnga (DELFIA), Tecta nHxubuunje BeanBawa TOKCUHA
(ToBl) nnn nacusHe xemarnytuHauuje [18].

Mopen npuvmeHe y MpOLEHU MMYHOSOLIKOr ctaTtyca no-
nynauvje unu nojeavHua, ceporowka ncnutueamwba Mory
©OuTK KOopucHa 1 3a nabopaTopujcky anjarHody andrepuije,
¢ 0631MpoM Ha TO A4a TOKOM MHeKunje TMTPOBM aHTUTena
NpoTMB NaToreHa (na v NPoTMB TOKCUHA) Yy Cepymy pacTy.
Mnak, TuTap aHtuTena Huje npenopyyvyeHn Kputepujym 3a
notepay [1].

TecT HeyTpanuaaumje TOKCUHa Ha KynTypu henuja je anat-
HW cTaHgapg 3a in vitro ogpehuBawe aHTuUTena. Mehy-
TWMM, HeJoCTaluun OBOr TecTa Cy Ayro Bpeme MnoTpebHo 3a
n3Bohere TecTa 1 3axTeBU KOje MOpajy ucnywasaTu cne-
umnjanusoBaHM 00jeKkTn 3a rajewe Kyntype Tkma. OBO cy
orpaHuyaBajyhu caktopu 3a NpMMeHy y KNHUYKUM nabo-
patopuvjama, Te cy pasBujeHn BPOjHU MMYHOBNOXEMM|CKM
TecTtoBu. [pegHocTn 1 HegocTaum oBux TectoBa he 6UTK
pasMOTPEHM HEeLTO KacHuje, anv nakoha n3sofhewa, kao
rmaBHa 3ajegHnYka NPeaHoOCT MMYHOBMOXEMUCKNX METOo-
4a, UX YMHM Haj4ewhnm n3bopom 3a UCNUTMBaHE UMYHM-

lic health services), but also of a possible weakening of
immunity over time. Therefore, since 2018, the WHO has
included three booster doses of vaccine against diphtheria
that should be given until the age of 15, in addition to three
DTP3 vaccine doses given in the first six months of life,
in its recommendations. These recommendations are part
of the mandatory immunization schedule in the Republic
of Serbia. Considering the newly-gained knowledge about
diphtheria and the increase in the number of diphtheria
cases in different regions of the world, booster doses, in
addition to the basic three vaccine doses, are extremely
important for collective immunity.

Humoral immunity is primarily responsible for defense
against diphtheria infection, and since diphtheria morbid-
ity is almost entirely caused by diphtheria toxin, protec-
tion against the disease is mediated by antibodies acting
against this toxin. In some European countries, population
immunity studies have been conducted by the application
of toxin neutralization test (TNT) in the Vero cell cultures,
enzyme-linked immunosorbent assay (ELISA), dissoci-
ation-enhanced lanthanide fluorescence immunoassay
(DELFIA), toxin binding inhibition (ToBlI) test or by passive
hemagglutination method [18].

In addition to being used in the assessment of the immune
status of a population or an individual, serological tests can
also be useful for the laboratory diagnosis of diphtheria,
considering that the antibody titers against the pathogen
(even against the toxin) in the serum increase in the course
of the infection. However, antibody titers are not the recom-
mended confirmation criteria [1].

The toxin neutralization test in cell culture is considered
the gold standard for in vitro measuring of antibodies.
However, the disadvantages of this test include the long
time needed to perform the test and the requirements that
must be met by specialized tissue culture facilities. These
are limiting factors for the application in clinical labora-
tories, and a number of immunobiochemical tests have
been developed. The advantages and disadvantages of
these tests will be discussed below, but the ease of per-
formance, as the main common advantage of immunobio-
chemical methods, makes them the most common choice
for testing the immunity of the population and individual
patients. However, due to the variability of these methods
(especially between different laboratories and countries),
the dependence on critical reagents and the limited num-
ber of validation studies, the use of a common protocol
and well-defined standardized reagents is required [19].
The limitations of these methods in respect to measur-
ing protective antibody levels should always be taken into
consideration when performing immunity tests. In order
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TeTa nonynauuje u nojeanHadHmx nauyunjeHarta. Minak, 36or
BapujabunHoctn oBmx metoaa (nocedbHo namehy pasnuyu-
TMX nNabopatopuja 1 3emarba), 3aBUCHOCTU 0f, KPUTUHHUX
peareHaca v orpaHudeHor 6poja BanuMaauMoHuX CTyauja,
notpebHa je ynotpeba 3ajegHuykor nmpoTtokona v gobpo
neduHMcaHnx ctaHgapamsoBaHux peareHaca [19]. Yeek
Tpeba umat Ha yMy oOrpaHuMyera OBUX MeToda y oape-
AMBamwy 3aITUTHUX HUBOA aHTMUTENa MpPU UCMUTUBAKY
nmyHuteta. Kako 6u ce obeszbeguna Ta4HOCT M penpo-
ayumbunHoct, ann n omoryhmuno nopehene nogaraka 13
pPasnUYUTUX KIMHUYKNX UCNUTMBaKAa 1 CTyamja nonynauu-
OHOT UMYHUTETA, UMYHOBMOXEMUjCKN TECTOBU MOpajy 6rTK
BanuaupaHu 1 cTaHgapausoBaHu npumMeHoMm MefyHapoga-
HOr CTaHA4apA4HOr npenaparta unv Ha oaroBapajyhu HauuH
KanubpucaHor cekyHaapHor pedepeHTHOr npenapaTa, a
TUTPW aHTUTena Tpeba ga Oyay uspaxeHu y UHTepHaLu-
OHanHuM jeguHuuama. Npenopydyje ce ynotpeba Mehy-
HapogHor ctaHgapga C30 3a andTepujckm aHTUTOKCUH
(Human, NIBSC product code 10/262) 3a koju je noTep-
feHo da je norogaH 3a kanubpauujy UMyHOBUOXEMU|CKMX
TecToBa 3a AudTepujy y ctyamjama MMyHUTETa CTAaHOBHM-
wrBa. Nokasano ce ga je ctangap4 nogygapaH ca ysopuum-
Ma rbyACKor cepyma y Hajuelwhe kopuwheHnM TecToBuma.
Ynotpeba oBor ctaHgapaa he gatvm 6orbum yBug y nepdop-
MaHce npumereHor Tecta [20].

Mpoueaype 3a ucnuTuBawe aHTUTOKCUMHA audTepuje

WcTopujckn, ogpehrBame ANMTEPUjCKOr aHTUTOKCMHA je
BpLUEHoO in vivo. HajpaHuje meToge 3a Mepere HMBOA aH-
TUTOKCMHA Y Cepymy 3acHMBare Cy Ce Ha TUTpauunju TOKCH-
Ha audTepuje n ogpehrBamy HeyTpanm3auMoHor Kanaum-
TeTa CepyMCKOr aHTUTOKCMHa ynoTpebom KpBu 3amopaLa
Kao OCeTIbMBOr AETEKLMOHOT cuctema. Passunm cy mnx kpa-
jem 19. Beka Behring, Ehrlich n Roux. EBponcka apmako-
neja n garbe nponucyje Metogy Ha saamopumma 3a ogpenu-
Bate HMBOA AHTUTOKCUYHMX FNOBYNMHA Y KUBOTUHCKUM
cepymMumMa HaMmer-eHUM 3a UMyHOTepanujy (XMnepumyHum
cepymuma KOHa unm gpyrux cucapa). 36or ounrnegHmx
HefocTaTaka pyTUHCKE MPUMEHE TECTOBA Ha XMBOTUH-aMa
(eTnyke gmMneme, NOTMCTUYKM 3aXTEBU OfpXaBaha BUBA-
puvjyma n ekcrnepvMmeHaTa Ha XuBOTMH-aMa, BUCOKa LieHa
N BEMVKE KONMWYMHE cepyma MOTPebHe 3a UCMUTUBAHE),
pasBujeHa je in vitro anTepHaTuBa Koja 3a TeCT HeyTpanu-
3auumje TokcmHa (TNT) kopuctu kyntype Vero henuja. [21].
Vero henuje cy ngeHTndurkosaHe kao norogaH mogen 3a
cneunuyHy aeTekumnjy PyHKUMOHANHNX aHTUTeNa NpoTuB
andrepuje n y XyMaHnM U 'y XMBOTUHCKUM CepyMUma.

TecT ce n3Bogm Ha nnodyama 3a KynTypy TKMBa ca BULLE
OyHapuvha y kojuma ce henuje oceTrbMBE Ha TOKCUH
andTepuje (Hajuewhe Vero henuje) nHkybupajy ca cme-

to ensure accuracy and reproducibility, but also to enable
comparison of data from different clinical trials and popu-
lation immunity studies, immunobiochemical tests must be
validated and standardized using an international standard
preparation or an appropriately calibrated secondary refer-
ence preparation, and antibody titers should be expressed
in international units. The use of the WHO International
Standard for diphtheria antitoxin (Human, NIBSC product
code 10/262) is recommended and has been confirmed to
be suitable for calibration of immunobiochemical tests for
diphtheria in population immunity studies. The standard
has been shown to match human serum samples in the
most commonly used assays. The use of this standard will
provide a better insight into the performances of the test
applied [20].

Diphtheria Antitoxin Testing Procedures

Traditionally, the detection of diphtheria antitoxin was per-
formed in vivo. The earliest methods for measuring serum
antitoxin levels were based on diphtheria toxin titration and
on determining the neutralizing capacity of serum antitoxin
in guinea pig blood as a sensitive detection system. They
were developed at the end of the 19th century by Behring,
Ehrlich and Roux. The European Pharmacopoeia still pre-
scribes the guinea pig method for measuring the level of
antitoxic globulins in animal serum intended for immuno-
therapy (hyperimmune sera of horses or other mammals).
Due to the obvious drawbacks of the routine application
of animal tests (ethical dilemmas, logistic requirements for
maintaining vivariums and animal experiments, high cost
and large amounts of serum required for testing), an in
vitro alternative using Vero cell cultures for the toxin neu-
tralization test (TNT) has been developed [21]. Vero cells
have been identified as a suitable model for the specific
detection of functional diphtheria antibodies in both human
and animal sera.

The assay is performed using multi-well plates for tissue
culture in which cells sensitive to diphtheria toxin (most
commonly Vero cells) are incubated with a mixture of toxin
and tested or reference serum. The concentration of tox-
ins comprised in the mixture is predefined and fixed. An
increasing concentration of the tested serum and refer-
ence antitoxin of known neutralization value expressed in
international units - IU is used as the second component
of the mixture. The end point is determined by applying a
chemical dye that can visually distinguish between live and
dead cells and represents the lowest concentration of the
tested and reference antitoxin, which enables Vero cells
protection against the cytotoxic effect of diphtheria toxin.
The concentration of the tested serum sample is calculated
in relation to the reference standard and is expressed in [U/
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LLIOM TOKCMHA M UCMUTUBAHOT UNN pedepeHTor cepyma.
KoHueHTpauuvja TOKCUHA Yy cMeLun je yHanpen ogpeheHa
n dukcHa. Kao gpyra KOMMOHEHTa CMmelle KOpUCTU ce
pactyha KOHUeHTpauuja ucnutmsaHor cepyma u pede-
PEHTHOr aHTUTOKCWMHA Mo3HaTe HeyTpanu3auuoHe Bpes-
HOCTU M3paXKeHe Yy MHTepHaUMOHanHUM jeauHuuamMa — u.
j- (international units — 1U). 3aBplHa Tayka ce ogpehyje
NPYMEHOM XeMujcke Boje koja MoXxe BM3yernHo pasnvkoBa-
TV XnBe n MpTBe henuje n npeactaBrba HajHUXKY KOHLIEH-
Tpauujy TectupaHor u pedepeHTHOr aHTUTOKCMHA, Koja
MOXe Aa 3awTtntn Vero henvje og UMTOTOKCUYHOr AejcTBa
TOKcuHa andptepuje. KoHueHTpaumja y3opka ucnutmeaHor
cepyma ce u3padvyHaBa y OfHOCY Ha pedepeHTHU CTaH-
napa v nspaxasa ce y IU/mL. Caku TecT Mmopa ga cagp-
XV NO3UTUBHE N HEraTMBHe KOHTpose aa 6w 6o BanuaaH
[22].

360r paHuje nomeHyTUx Hegoctataka in vitro TNT y py-
TUHCKOM Mepewy HMBOa aHTUTOKCUHa Audrepuje y
XyMaHuMm cepymMuma npuMewyjy ce UMyHoBmoxemuj-
cke Mmetope: ELISA, myntunnekc umyHoecej (multiplex
immunoassay, MIA), mogndukosaHe ELISA metoge, kao
LUTO CYy MMYHOCOPGEHTHM TECT ca ABOCTPYKMM aHTUrEHOM
(double-antigen enzyme-linked immunosorbent assay,
DAE) [23], dDA-DELFIA [24, 25] n ToBI [26]. Komepuu-
janHu KoMnneTu AOCTYMHU 3a CeposiowKa WCMUTMBaHa
Cy yrmaBHOM 3acHOBaHW Ha gupektHoMm ELISA dopmary.
OBW KOMMMETH Ce YECTO KOPUCTE Yy EKCTEPHUM LLemama 3a
npoLeHy KBanuteTa 3a TecTupake aHTuTena Ha audrepu-
jy [19]. Mepemne TuTpa aHTUTENa y cepyMy gaje KputudHe
MHdOopMauuje 3a nNpoLeHy MMYHOSOLLIKOr cTaTyca nojeanH-
La 1 oceT/bUBOCTM Ha AndpTepujy. Y Ty CBpXy ce KopucTe
ycnocrtaBrbeHn kputepujymmn C30 [27] (Tabena 1).

Tabena 1. HUBOM aHTUTOKCMHA N UMYHUTET Ha AndTEPUjY

HuBO aHTUTOKCHHA
Antitoxin level

Ocoba je oceTrbuBa

<
0,01 IU/mL The patient is sensitive

0,01 IU/mL
0,01-0,09 IU/mL
0,1 IU/mL
20,1 IU/mL

CmepHmue 3a TyMayeHwe OgHOCe Ce Ha HMBOE aHTUTEeENa o;:l,pef]e-
He d)yHKLl,I/IOHaJ'IHI/IM TECTOM.

Kapaktepuctuke ELISA TecToBa

ELISA n EIA cy umyHobunoxemujcke TexHuke 3a ogpehu-

mL. Each test must contain positive and negative controls
in order to be valid [22].

Due to the previously mentioned shortcomings of in vitro
TNT, in regard to the routine measurement of diphthe-
ria antitoxin levels in human serum, immunobiochemical
methods are applied as follows: ELISA, multiplex immu-
noassay (MIA), modified ELISA methods, such as dou-
ble-antigen enzyme-linked immunosorbent assay (DAE)
[23], dDA-DELFIA [24, 25] and ToBI [26]. Commercial kits
available for serological testing are mostly based on direct
ELISA format. These kits are often used in external quality
assessment schemes for diphtheria antibody testing [19].
Measurement of serum antibody titers provides critical in-
formation for assessing an individual’'s immune status and
susceptibility to diphtheria. For this purpose, the estab-
lished WHO criteria are used [27] (Table 1).

Table 1. Antitoxin levels and immunity to diphtheria

Tymauewe
Interpretation

Hajumxn HuBo umpkynuwyher aHTUTOKCMHA KOju Aaje ogpefleHn cTeneH 3awTuTe
The lowest level of circulating antitoxin providing some degree of protection

HuBo umpkynuwyher aHTUTOKCUMHA KoOju Aaje oapefjeHu cTeneH 3awTuTe

The level of circulating antitoxin providing some degree of protection

3awTuTHU HUBO unpKynuwyher aHTUTOKCUHA

Protective level of cicrulating antitoxin

HuBo umpkynuwyher aHTUTOKCUHA KOju Npy»Ka AyroTpajHy 3awTuTy

The level of circulating antitoxin providing long-term protection

Interpretation guidelines refer to antibody levels determined by
functional assays.

Characteristics of ELISA tests

ELISA and EIA are immunobiochemical techniques for
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Bake KOHUeHTpauuvje aHTuTena y cepymy. ELISA je pa-
3BMjeHa Kao in-house TecT, anu ce Mory KOpUCTUTU U HEKN
JoctynHn komepuwmjanHu komnnetu. ok TNT ogpehyje
camMo (yHKUMOHanNHa aHTuTena (aHTuTena Koja HeyTpa-
nuwy TokcuH andtepuje), ELISA getekTyje ykynHe HMBoe
aHTuTena. OBOM BPCTOM TECTOBa Ce MOry pasfnnkoBaTtu u
nocebHo ogpehusatu IgM unu IgG aHTuTENa.

MpenHoctn y n3sohewy ELISA TectoBa Cy LUITO HUCY CKy-
nn, 6p3u cy, nakun 3a ynotpedy, npunaroarbuen 3a aytoma-
TM3auujy 1 KopucTe Marny KOnmm4mHy y3opka cepyma, jep ce
y3opuwm pasbnaxyjy npe Tectupama. lNoteHumjanHu Hego-
cTauwm cy nolumja kopenaumja ca in vitro TNT [19], noceb-
HO KOf, cepyMa Cca HUCKUM TUTPOM aHTUTena, orpaHu4eHa
TAYHOCT M NPELIM3HOCT 3aBMCHA Of Orncera KoHUeHTpauuje
aHTMTENa n BapujabunHa OCETIbLMBOCT M cneundUYHOCT
mehy pasnuumtum ELISA metogama. 3aBucHoOCT kopena-
unje ELISA u in vitro TNT (u3paxeHe kao NnpcoHoB Ko-
edUUMNjeHT) og TUTPa aHTUTENa MnokasaHa je y cTygujama
nopenera CceponoLlkMX MeToaa, rae je KoedUuumnjeHT Ko-
penaumje usHocuo oko R=0,81, anu je 3a cepyme ca Tu-
TpoM aHTuTena mcnog 0,1 IU/ml 6Mo 3HATHO HWXK, OKO
R=0,5 [28]. YnoTpeba pasnnunMtux nNpoToKosa, peareHaca
UNn KomepumjanHmux KoMmnneTa ytmye Ha KapakTepucTuke
nepcopmaHcu oee metoge [19]. 3a oncer KoHUeHTpauuja
antutena 0,1-1,0 IU/ml npeumsHocT meToge je mana (koe-
duumjeHT Bapujaumje je oko 10%). OBa HenpeLum3HoCT ce
3HayajHO nosehaBa Kafa Cy HMBOW aHTUTEena u3BaH OBOr
oncera [28]. AujarHocTnyka Ta4yHocT ELISA TecToBa, 6uno
Oa ce pagu o in house nnu kKomepupnjanHMMm KomnnetTuma, y
nopehemy ca in vitro TNT, je orpaHudeHa. OBo je nocebHo
N3paxxeHo koA TeCcTOoBa KOju page ca rpaHudYHMM TUTPOM
og 0,1 IU/ml, rge Huje moryhe pasnukoBaTu cepyme Koju
npyxajy cnaby 3awTtuTy (4BOCMUCIEHU, eHr. equivocal) of
OHUX KOjX HE MpY>Kajy HWKaKBY 3alITUTY (HEraTMBHU Cepy-
Mu). OCeTrbMBOCT U CneumnUYHOCT Ce Beoma pasrukyjy
nameny pasnuuntux ELISA kutoBa unu in-house metoaa,
a MHOrM ayTopu Ccy NpujaBuimv nojaBy NaXxHO MO3UTUBHUX
Kao M NaxHo HeratMBHWUX pesyntaTta [28, 29]. TectoBu
ELISA cy nokasanu 2-20 nyta Behe BpegHOCTM aHTUTe-
na y ysopuvMa ca HuBouma aHtuTena Hwkum og 0,1 1U/
ml mepeHo in vitro TNT [28]. YuHu ce ga je y3pok Tome
oceTrbuBocT ELISA cuctema cnocobHor ga oTkpuje Hucke
HMBoe cneumndwnyHor IgG koju Huje y cTawy Aa HeyTpanu-
we ToKcuH andptepuje y TNT Tecty. ELISA 61 ce morna
KOPUCTUTU Y CBPXE CKPUHWHIA, anu y30pke ca HMBOMMA
aHTutena mucnog 0,1 IU/ml 6u noeanHo Tpebano NoHOBO
oppeanTtn nomohy in vitro TNT ga 6u ce yTBpauno ga nu je
BepoBaTHO Aa he y3opak npyxuTtun cnaby unm HuKakey 3a-
wTuty. lobpa npakca je nocTaBrbake MHTEPBAna rpaHuy-
HUX BpeaHOCTH Y y3opuuma, ngeanHo namehy 0,1-0,15 [U/
ml, 3a Koje ce nocTaBba NPOTOKOST NOHOBHOI oapennBara
nomohy in vitro TNT [1].

measuring the concentration of antibodies in serum. The
ELISA was developed as an in-house test, but some com-
mercially available kits can also be used. While the TNT
only detects functional antibodies (diphtheria toxin neutral-
izing antibodies), the ELISA test measures total antibody
levels. With this type of tests, IgM or IgG antibodies can be
distinguished and specifically measured.

The advantages of ELISA tests are that they are inexpen-
sive, fast, easy to use, adaptable for automation and re-
quire a small amount of serum sample, since the samples
are diluted prior to testing. Potential disadvantages include
poor correlation with in vitro TNT [19], especially in sera
with low antibody titer levels, limited accuracy and preci-
sion depending on the antibody concentration range, and
variable sensitivity and specificity among different ELISA
methods. The dependence of the correlation of ELISA and
in vitro TNT (expressed as Pearson’s coefficient) on the
antibody titer has been shown in studies comparing se-
rological methods, where the correlation coefficient was
about R=0.81, but for sera with an antibody titer level be-
low 0.1 IU/ml, it was significantly lower, around R=0.5 [28].
The use of different protocols, reagents or commercial
kits affects the performance characteristics of this method
[19]. For the range of antibody concentrations of 0.1-1.0
IU/ml, the method precision is low (coefficient of variation
is about 10%). This imprecision is significantly increased
when antibody levels are beyond this range [28]. The di-
agnostic accuracy of ELISA tests, whether in-house ones
or commercial kits is limited in comparison to in vitro TNT.
This is especially marked in case of tests that use a cut-
off titer value of 0.1 IU/ml, where serum providing some
degree of protection i.e,, equivocal serum cannot be dis-
tinguished from that providing no protection (negative se-
rum). Sensitivity and specificity vary widely between dif-
ferent ELISA kits or in-house testing methods, and many
authors have reported high possibility of false-positive as
well as false-negative test results [28, 29]. ELISA tests
have shown 2-20 times higher antibody values in samples
with antibody levels lower than 0.1 IU/ml measured by in
vitro TNT [28]. This appears to be due to the sensitivity of
the ELISA system capable of detecting low levels of spe-
cific IgG that is unable to neutralize diphtheria toxin in the
TNT test. ELISA could be used for screening purposes, but
samples with antibody levels below 0.1 1U/ml should ideal-
ly be re-assayed by in vitro TNT to determine whether the
sample is likely to provide some degree or no protection. It
is a good practice to set a cut-off interval in samples, ide-
ally between 0.1-0.15 IU/ml, for which a re-determination
protocol using in vitro TNT is established [1].
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MynTunnekcHu TecT Ha 6a3u nepnu UnNu MynTm-
nrnekcHu umyHotect (Bead-based multiplex assay or
multiplex immunoassay)

Ynotpebom myntunnekc TectoBa (multiplex immunoassay,
MIA) mMory ce UCTOBpeMeHO AEeTeKToBaTU U KBaHTUMUKO-
BaTW aHTUTENa Ha BULIE PasnUYNTUX aHTUreHa y jeqHOM
y30pKy cepyma. CTora cy oBu TecTtoBu Op3u, EKOHOMUY-
HW, PenpoayumMbuIHM U KOPUCTE 3HATHO Maky KOnu4u-
Hy cepymMa of TecToBa KOju He3aBMCHO Mepe pasnuyuTe
aHanuTe. lMorogHM cy 3a CepornoLwKX Haasop U cTyguje
ceponpesaneHue. lNMpumeHom Luminex pryopecueHTHUX
MUKpocepa Kao Hocaya 3a aHTUreHe pasBujeH je TecT
3a ogpehyBame CepyMCKMX aHTUTENa NpOTUB MET pasnu-
YNTUX aHTUreHa (T3B. MeHTanmneKkc TecT): Tpu aHTureHa B.
pertussis (TOKCMH nepTycuca, MnamMeHTO3HN XemarnyTn-
HWUH W MEepTaKkTWH), TOKcMHa andtepuje n TetaHyca [30].
Y 0BOM TeCTy aHTUreHu cy ABOCTerneHoM kapboaunmua-
HOM peakLunjoM KOBaneHTHO Be3aHu 3a KapbokcuroBaHe
MukpocBepe. 3a audtepujy, audTepujckn Tokcoua gaje
0orby yunHak og TokcmHa [31].

MHoBauuje y anjarHoctuum gudptepuje: Morekynap-
He MeToAe Koje noTBphyjy npucyctBo TokcureHux C.
diphtheriae, C. ulcerans, C. pseudotuberculosis

Tokom 90-mx rogmHa 20. Beka pa3BOj OMjarHOCTUYKUX Te-
cToBa 3a ugeHtudukauunjy C. diphtheriae n TectoBa TOkK-
CWYHOCTHU je y ekcnaH3unju. MNMounke npuMmeHa KoOHBEHLMO-
HanHor PCR 3a oTkpuBawe reHa tox Koju kogupa TOKCUH
ondptepuje. MNocebHa naxkwa ce npuaaje GUONOLLKM ak-
TVMBHOM feny TokcuHa (pparmeHT A) [32]. dnsajHupanm cy
npajMepu 3a pasnuunte permoHe tox reHa, a JOCTYMHU Cy
1 npotokonu 3a PCR geTekuujy TOKCMHA AMPEKTHO M3 KNu-
Hu4kor maTtepujana [33].

Metoga PCR y peanHom BpemeHy (RT-PCR) uma gBe
3HavajHe NpegHOCTW Y OQHOCY Ha KoHBeHumoHanHm PCR:
[eTekumja je oceTrbuBuMja 1 3HaTHO Opxxa. Kaga ce OHK
eKkcTpaxyje u3 ogrosapajyhux ysopaka nnu nsonarta u 3a-
BpLUEe peakuuoHe cMelle, pe3yntatn PCR-a cy goctynHu
y poky oa 60 go 90 muHyTa, 6e3 garbe notpebe 3a ren
enektpodope3om un kopaumma YB petekumje. Kopg ose
MeToge Hema notpebe 3a TOKCUYHUM BojersemM eTuamvjym
6pomuaom. Mpem PCR y peanHom BpeMeHy 3a geTekuujy
TOKCcuHa objaBrbeH je 2002. rognHe [34].

[aren pasBoj metoga BONEH je u3onaunjom TOKCUreHUX
cojeBa C. ulcerans kop naumjeHata ca Gonewhy Hanuk
ondtepuju. CekBeHuuoHupawe u nopehewe fox reHa
n3 C. diphtheriae n C. ulcerans oTKpuBa pasnuke name-
Ry TokcureHmx cekBeHumn oBe ase BpcTe [35]. MokasaHo
je Ba ycrnieq oBux pasnuka Mothershed tox real-time PCR

Bead-based multiplex assay or multiplex immuno-
assay

By using multiplex assays (multiplex immunoassay, MIA),
antibodies to several different antigens can be simulta-
neously detected and quantified in one serum sample.
Therefore, these tests are fast, cost-effective, reproducible
and use significantly less amount of serum than tests that
measure different analytes independently. They are suita-
ble for serological surveillance and seroprevalence stud-
ies. Using Luminex fluorescent microspheres as antigen
carriers, a test was developed to determine serum antibod-
ies against five different antigens (the so-called pentaplex
test): three antigens of B. pertussis (pertussis toxin, fila-
mentous hemagglutinin and pertactin), diphtheria and teta-
nus toxins [30]. In this test, antigens are covalently coupled
to carboxylated microspheres by a two-step carbodiimide
reaction. For diphtheria, diphtheria toxoid is more effective
than toxin [31].

Innovations in the diagnosis of diphtheria: molecu-
lar methods confirming the presence of toxigenic C.
diphtheriae, C. ulcerans, C. pseudotuberculosis

During the 1990s, the development of diagnostic tests for
the detection of C. diphtheriae and toxicity tests was ex-
panding. Conventional PCR tests for detection of the fox
gene, which encodes the diphtheria toxin, started to be
used. Special attention was paid to the biologically active
part of the toxin (fragment A) [32]. Primers for different re-
gions of the fox gene have been designed, and protocols
for PCR toxin detection directly from clinical sample mate-
rial are available [33].

The real-time PCR (RT-PCR) method has two significant
advantages over conventional PCR: detection is more sen-
sitive and significantly faster. Once DNA is extracted from
the appropriate samples or isolates and the reaction mix-
tures are completed, PCR results are available within 60 to
90 minutes, without the need for further gel electrophoresis
and UV detection steps. With this method, there is no need
for toxic ethidium bromide staining. The first real-time PCR
for toxin detection was published in 2002 [34].

Further development of the methods was directed by the
isolation of toxigenic strains of C. ulcerans in patients with
diphtheria-like disease. Sequencing and comparison of fox
genes from C. diphtheriae and C. ulcerans reveal differ-
ences between the toxigenic sequences of these two spe-
cies [35]. It has been shown that due to these differences,
the Mothershed tox real-time PCR method is not reliable
enough to detect toxins from some strains of C. ulcerans.
In order to overcome this weakness, the fox gene regions
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MeToda Huje AOBOSbHO Moy3faHa y AeTeKuMju TOKCMHA U3
Hekux cojeBa C. ulcerans. Kako 6w ce npeBasuwiao 0Baj
HegocTaTtak, MOEHTUMUKOBaAHN Cy PErvoHN tox reHa Koju
Cy KOH3epBMpaHM Ha HUBOY CekBeHue kof obe BpcTe, Te
cy AmsajHupann PCR npajmepu kao n xmbpugmsaumoHe
npobe 13 Tux permoxa.

PasBujeH je n BanugupaH u myntunnekc real-time PCR
3a kopuHebakTepuje [36]. OBaj TecT ugeHtudukyje C.
diphtheriae n C. ulcerans/C. pseudotuberculosis koju ca-
OPXe 1 KOjU He cagpxe fox OeTeKumjoM LUIbHUX reHa:
reHa koju kogmpa B-nogjeanHuuy PHK nonumepase (rpoB)
crneumduyHy 3a C. diphtheriae, ppyror rpoB TapreTa 3a
C. ulcerans n C. pseudotuberculosis n Tpeher TapreTa 3a
noeHTudurkaunjy doparmeHTa A TokcMHa M3 6uno koje o
oBe Tpu BpcTe. OBaj MeToa Takohe yKIby4yje MHTEPHY KOH-
Tpony npoueca.

Opyrn myntunnekc TecToBu cy Takohe onucaHu 3a naeH-
TMdmKaumjy n MornekynapHy OUCKPUMUHAUMjy TOKCUTEHUX
n HetokeureHux C. diphtheriae v C. ulcerans kopuctehu
tox, rpoB n dixR kao reHcke mete [37]. OBKM TeCTOBU MOry
Op30 pasnukoBaTM TpW MOTEHUMjarHO TOKCUYHE BpCTe
y msonatmma u KIMHUYKMM y3opuuma, Te npeacraBrbajy
edunKacHO anjarHOCTUYKO cpencTBo 3a andtepujy [38].

Mako peTko, y HEeKMM criyyajeBmma tox reH Huje exkcnpu-
MUpaH y nsonatmma, nako je npucytaH n moryhe ra je ge-
TektoBaTn PCR meTogama. OBe HeTokcureHe Gaktepuje
Koje HOoCe reH 3a TOKCUH (eHrn. non-toxigenic toxin gene
bearing, NTTBs) Takohe aajy nosutueaH pesynrtaTt y PCR
TecTupaky Ha MPUCYCTBO fOX reHa, anu NoLTo He Mpou-
3BoAe ANATEPU|CKN TOKCUH, (DEHOTUMCKN TECTOBU Kao LUTO
je Enek tect he 6utn HeratueHu. Kako cy 3a Enek tect no-
TpebHM cneumjanM3oBaHn peareHcu 1 Meaujym, kao u 3bor
OyXvHe n3Bohera TecTa, Jobpa AnjarHoCT1YKa cTpaTeru-
ja je ynotpeba PCR TecTta 3a 6p3y Tpujaxy Koja ce Moxe
M3BECTU U OUPEKTHO M3 KIMHUYKOT y30pKa. HeratmeBHuM
PCR Tectom ce TOKCMYHOCT MOXe UCKIbYunTu. Tume ce
wtene pecypcu (peareHcu notpedbHm 3a msBohewe Enek
TecTta) U Bpeme, a crpeyaBajy ce HenoTpebHe KOHTPOHe
mepe. Kog nosmtusHor PCR TecTa fokasaHo je npucycTBo
tox reHa n Taj pesyntar uae y npunor aujarHosu gudre-
pvje. MehyTum, kako ce camo Ha ocHoBy PCR TecTta He
MOXe TBPAMTU Ja N ce pagu O 3amcta TOKCUTEHOM WUNn
NTTB y30pKy, HEOMXOAHO je NOTBPAUTU NPOU3BOAHY TOK-
cvHa Enek Tectom.

BuornoLwuku, KNnuHMYkn n envagemuonolukm 3Hadaj NTTB co-
jeBa jol yBeK Huje y MOTMNyHOCTM pacBeTSbeH. 36or Tora
nauuvjeHTa Tpeba cmaTpaTy BepoBaTHMM criyyajem gudre-
puje ako je PCR pesynTtar fox reHa no3uTuBaH, anu opra-
HW3aM Huje N30MN0BaH, HYje NocTaBfbeHa XMCToNaTosnoLLKa

that are conserved at the sequence level in both species
have been identified, and PCR primers have been de-
signed as well as hybridization probes from these regions.

The multiplex real-time PCR test for corynebacteria has
been also developed and validated [36]. This test detects
C. diphtheriae and C. ulcerans/C. pseudotuberculosis con-
taining and not containing fox by detection of target genes:
the gene encoding the B-subunit of RNA polymerase
(rpoB) specific for C. diphtheriae, the second rpoB target
for C. ulcerans and C. pseudotuberculosis and the third
target for the identification of toxin fragment A from any
of these three species. This method also includes internal
process control.

Other multiplex assays have also been described for the
detection and molecular discrimination of toxigenic and
non-toxigenic C. diphtheriae and C. ulcerans using fox,
rpoB and dixR as gene targets [37]. These tests can rapid-
ly distinguish three potentially toxic species in isolates and
clinical samples, and represent an effective diagnostic tool
for diphtheria [38].

Although rarely, in some cases the fox gene is not ex-
pressed from the isolates, although it is present and de-
tectable by PCR methods. These non-toxigenic toxin gene
bearing bacteria (NTTBs) also yield a positive result in
PCR testing for the presence of the tox gene, but in pheno-
typic tests such as the Elek test they will be tested negative
since they do not produce diphtheria toxin. Since the Elek
test requires specialized reagents and media, as well as
due to the test duration, a good diagnostic strategy is to
use a rapid triage PCR test that can be performed directly
from a clinical sample. A negative PCR test result can rule
out toxicity. This saves resources (reagents needed to per-
form the Elek test) and time, thus avoiding unnecessary
control measures. A positive PCR test result proves the
presence of the fox gene, and supports the diagnosis of
diphtheria. However, since it cannot be asserted based on
the PCR test alone whether it is a truly toxigenic sample or
NTTB one, it is necessary to confirm the toxin production
using the Elek test.

The biological, clinical and epidemiological significance of
NTTB strains has not yet been fully elucidated. Therefore,
a patient should be considered a probable diphtheria case
if the PCR result of the tox gene is positive, but with no
organism isolated, no histopathological diagnosis, and no
epidemiological link with a laboratory-confirmed case [1].

Molecular typing and gene sequencing

Molecular typing and subtyping methods have been ap-
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AvjarHosa n He NOCTOjU ennaeMronoLLKa Besa ca nabopa-
TOpujckM noTBpheHum cny4dajem [1].

MonekynapHa Tunusauuja u ceKkBeHuupame reHa

MeToge MonekynapHe Tunusauuwje u cybTunusaumje ce
npumetrbyjy y npahewy Lwmpewa enuaeMmjckux cojesa.
OBMM meTodama ce MOry pas3fnuvkoBaTW €HOEMCKU, enu-
aemujckn n yBeseHu cnyyajesu. Moryhe je npatntu ga nu
umMa gucemMuHauuvje MMNopTOBaHUX Cry4vajeBa Unv naeH-
TndukoBaTn Moryhe nssope nHdpekumje [39]. Ha npumep,
Ko MHdekumja 300HOTUYKOM BpcToM C. ulcerans oBe Me-
Tofde ce npuMekyjy Aa Ce NCMUTa CyMhba Ha NMpeHoLLeHe
Ca XMBOTUHA, YecTo KyhHMX rbybumaua, Ha rbyae. Mone-
KynapHa Tunmusauuja ce jow yBek 3soau camMo y HEKOIMKO
opabpaHux nabopartopuja, anv nNpuMeHa OBUX CTaHOap-
[OM30BaHUX MOMEKynapHO ennaeMuorowKux anarta y npa-
hewy KnoHarmHor wupeka MMa BEnuKM YyTUuaj Ha jaBHO
34paBrbe, jep je U3Bop KOPUCHUX MHGOpMaunja 3a mepe
KOHTpOIe 1 cy3bujarba Lmpera uHdekumje. Y nocnegwoj
neuennjn 20. Beka gowrno je go nsbunjakba MacoBHE enu-
nemuvje gudptepuje y Pyckoj ®egepaumjn 1 3emrb.ama Ha
Teputopumju 6user CosjeTckor Casesa, LWITO je AodaTHO
ykasano Ha notpeby n ycMepuno naxwy Ha NpuMeHy ca-
BPEMEHNX TEXHMKA MOSieKyrnapHe buonoruje y anjarHocTu-
um audrepuje. NoctaBreeHa je ctaHgapgHa MeToaa reHo-
TMnusaumje 3a 6p3o npahere cojeBa — puboTMnNusaLmja.

MpeTxogHe meToAe MoMneKynapHe Tunu3auuje npumere-
He Ha C. diphtheriae yxrbyumuBarne cy nonvmMmopdusme gy-
XWHE pecTpuKkunoHmnx cparmeHata (restriction fragment
length polymorphisms (RFLPs)) kopuwhewem OHK u pa-
3nnunTux npoba, umrbajyhn Ha reH TOKCUHa U MHCepUmo-
He enemeHTe. KacHuje cy pasBujeHe n pasnnumte MeToae
MoneKynapHe noaTunuaauuje: ren enekrtpodopesa y nyn-
cHom norby (PFGE)), HacymundHa amnnudvkaumja nonu-
mopdpHe OHK (random amplification of polymorphic DNA
(RAPD)) n nonvmmopcuamMmn JyxuHe amnnmduumpaHmx
dparmeHata (amplified fragment length polymorphisms).
OBe meTofe Hanase NpuMeHy y ennaeMmnoroLKnum ncTpa-
Xneawnma audptepuje [40]. Jarsmum passojem Mmonekynap-
HUX TexHomnoruja, MeTofAe MONEeKyrnapHOr CEKBEHLMOHM-
pawa kao wTto cy Multi-locus sequence typing (MLST) n
Next-generation sequencing (NGS) npeyaumajy npumar y
ennaeMyornoLLKOj TUNU3aunju natoreHa u NOTUCKYjy npeT-
xogHe metoge [41].

Multi-locus sequence typing (MLST) je norogHa metoaa 3a
enuaeMuoroLlke CTyauvje n Haa3op jep Aaje nogaTke BUCO-
Ke edpKkacHOCTM 1 pe3onyuuje Koju AonpuHoce pa3ymeBa-
kY NpeHoca natoreHa Tokom enuaemuje. NMpegHoctv MLST
y nopehewy ca pubotunusaumjom n PFGE cy jegHocTaB-
HOCT 1 ynopeamBocT pesynTtata. OBa MeTofa ce 3acHuBa

plied in monitoring the spread of epidemic strains. With
these methods, endemic, epidemic and imported cases
can be distinguished. It is possible to monitor the dissemi-
nation of imported cases or to identify possible sources of
infection [39]. For example, in infections with the zoonot-
ic species of C. ulcerans, these methods are applied to
examine a suspected transmission from animals, usually
pets, to humans. Molecular typing is still performed only
in a few selected laboratories, but the application of these
standardized molecular epidemiologic tools in monitoring
clonal spread has a major impact on public health, asitis a
source of useful information for infection control measures.
In the last decade of the 20th century, there was an out-
break of a mass diphtheria epidemic in the Russian Fed-
eration and the countries within the territory of the former
Soviet Union, which additionally indicated the need and
drew attention toward the application of modern molecular
biology techniques in the diagnosis of diphtheria. A stand-
ard genotyping method for rapid monitoring of strains - ri-
botyping - has been established.

Previous molecular typing methods applied to C. diphthe-
riae included restriction fragment length polymorphisms
(RFLPs) using DNA and various probes, targeting the
toxin gene and insertion elements. Later, various molec-
ular subtyping methods have been developed: pulsed
field gel electrophoresis (PFGE), random amplification of
polymorphic DNA (RAPD) and amplified fragment length
polymorphisms. These methods are used in epidemio-
logical studies of diphtheria [40]. With the further devel-
opment of molecular technologies, molecular sequencing
methods such as Multi-locus sequence typing (MLST) and
Next-generation sequencing (NGS) take precedence over
previous methods in the epidemiological typing of patho-
gens [41].

Multi-locus sequence typing (MLST) is a suitable method
for epidemiological studies and surveillance since it pro-
vides high-efficiency and high-resolution data that contrib-
ute to the understanding of pathogen transmission during
epidemics. The advantages of MLST compared to ribotyp-
ing and PFGE are simplicity and comparability of results.
This method is based on the analysis of nucleotide varia-
tion (single nucleotide polymorphism [SNP]) within seven
or more housekeeping genes. MLST allows the analysis
of sequence types and clonal complexes of an organism
and therefore provides information about the distribution
of a particular clone in an epidemic or in a geographical
area. Further information on the molecular epidemiology of
diphtheria that can be used to predict evolutionary relation-
ships between strains and infer global relatedness of the
pathogen can be obtained by whole-genome sequencing
(WGS).
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Ha aHanu3n Bapujauuje Hykneotuaa (nonumopdursam jea-
HOr Hykneotuaa, eHrn. single nucleotide polymorphism
[SNP]) y okBupy cegam unu Buwe housekeeping reHa.
MLST omoryhaBa aHanuay TUNoBa CEKBEHUMN U KITOHCKUX
KOMMeKkca opraHvMaMa u cTora npyxa uHdopmauuje o
pacnpocTparweHOCTM ogpeheHor KroHa y ennaemuju unu
Ha HekoM reorpadckom noapydyjy. arse nHdopmavmje o
MorekynapHoj envaemuvonoruju audrepuje Koje ce mory
KopucTUTK 3a npegsuiare eBonyuMoHNX ogHoca usmeny
cojeBa N OOHOLLIEHE 3aKibyyka O rnobarnHoj cpoaHoOCTU
naToreHa ce Mory 4o6uTu CeKBeHUMpareM LIeNor reHoma
(whole-genome sequencing, WGS).

CekBeHUuMpaH€e reHa 3a ugeHTU(uKaumjy Bpcta
Corynebacterium

Benvkn 6poj BpcTa 4vHu pog Corynebacterium v oo faHac
je Buwe og 140 BpcTa M30N0BaHO N MAEHTUUKOBAHO U3
pasnMunMTUX y3opaka: rbYACKUX, XXUBOTUHCKUX, U3 XKNBOT-
He cpeauHe, 3emrbe unu cupa [1]. Ycnen senuke xetepo-
reHocTu opraHusama poga Corynebacterium v YnkbeHuLe
[a ra YmHe 1 BUPYNEHTHN naToreHn n 6esonacHn koMeHca-
nn, ogpehnBare TayHMX BPCTA je KIbYYHO Y NOCTaBibaky
KnuHudke gujarHose. CekBeHuMpate pubO30MCKUX reHa
(16S unun 23S) je 6p3a 1 noysgaHa metoga 3a ogpehvBa-
e BehnHe oBux BpcTa [42].

MehyTtum, Hekn npegctaBHuum Corynebacterium spp. ce
He Mory maeHTudumkoBaTM camMoO OBOM METOOOM, jep Cy
pasnuke <0,8% wnoeHTUTETa 04 rotoBO KOMMMETHe 16S
rRNA reHcke cekBeHue. OBo obGyxeata: C. ulcerans u
C. pseudotuberculosis; C. afermentans, C. coyleae, C.
mucifaciens w C. ureicelerivorans; C. aurimucosum, C.
minutissimum w C. singulare; C. sundsvallense n C.
thomssenii; C. propinquum wn C. pseudodiphtheriticum
(<2%); C. xerosis, C. freneyi n C. hansenii; C. macginleyi
n C. accolens. butHo je 3HaTu ga je 3a mehycobHo pa-
3MIMKOBaHke OBWMX BpCTa noTpebHa gopjatHa MeToda, Kao
LITO je cekBeHuupawe reHa rpoB. HaxanocTt, 16S rRNA
reHn kopuHebakTepuja nokasyjy Bprno mano nonmmopdu-
3Ma; CTora je HEOMNXO4HO CEeKBEHLUMpake KomnneTHor 16S
reHa (oko 1500 bp). [MokasaHo je ga dparmeHT rpoB Be-
nunymHe 432—-452 bp nokasyje AOBOSbHY ANCKPUMUHATOPHY
moh ga pasnukyje Corynebacterium spp. BaxHo je nmatn
y BUay Aa cekBeHue rpoB HUCy JOCTYNHe 3a CBe BpCTe Y
jaBHOM JOMeHY Ha nHTepHeTy [43].

HajcaBpemeHunje TexHuke, kao wto je NGS, mory ga wuc-
nutajy reHeTudkn apudT Corynebacterium spp. n objacHe
pa3HOMNMKOCT nHcepuuje bakTepuodhara n noBesaHmx gak-
Topa BUpyneHuuje. VicTpaxmBara 3a garbe yHanpehewe
OBMX MeTOAda je YCMepeHOo Ka uaeHTudukauujm HOBUX
Tapreta. In silico je OTKPUBEHO HEKOSMMKO HEMPUCTPACHUX

Gene sequencing for identification of the Corynebac-
terium species

The Corynebacterium genus comprises a large number of
species and to date more than 140 species have been iso-
lated and identified from different samples: human, animal,
environmental, soil or cheese [1]. Due to the great heter-
ogeneity of the organisms of the Corynebacterium genus,
as well as due to the fact that it comprises both virulent
pathogens and harmless commensals, the determination
of the correct species is crucial in establishing a clinical
diagnosis. Sequencing of ribosomal genes (16S or 23S)
is a fast and reliable method for determining most of these
species [42].

However, some specimen of Corynebacterium spp. cannot
be identified by this method alone, as the differences are
<0.8% identity of the almost complete 16S rRNA gene se-
quence. These include: C. ulcerans and C. pseudotuber-
culosis; C. afermentans, C. coyleae, C. mucifaciens and C.
ureicelerivorans; C. aurimucosum, C. minutissimum and
C. singulare; C. sundsvallense and C. thomssenii; C. pro-
pinquum and C. pseudodiphtheriticum (<2%); C. xerosis,
C. freneyi and C. hansenii; C. macginleyi and C. accolens.
It is important to know that an additional method, such as
the rpoB gene sequencing, is needed to distinguish be-
tween these species. Unfortunately, the 16S rRNA genes
of corynebacteria show very little polymorphism; therefore,
sequencing of the complete 16S gene (about 1500 bp) is
necessary. It has been shown that the 432—452 bp rpoB
fragment demonstrates sufficient discriminatory power to
distinguish Corynebacterium spp. It is important to note
that rpoB sequences are not available for all species in the
public Internet domain [43].

State-of-the-art techniques, such as NGS, can examine
the genetic drift of Corynebacterium spp. and explain the
diversity of bacteriophage insertion and associated viru-
lence factors. Research for further improvement of these
methods is aimed at identifying new targets. Several un-
biased new targets having the potential to show adequate
variation for a sequencing-based scheme have been de-
tected in silico. Genomic data of the C. diphtheriae strains
have shown that most of these targets are suitable for
further evaluation, showing between 2 and 16 variants.
Several genomes of Corynebacterium spp. are available
for research and evaluation of new and potentially more
discriminatory targets [44].

The advantages of typing methods based on sequencing
are high reproducibility and discrimination, the increasing
availability of mass application and the possibility of exam-
ining the mechanism, causes and dynamics of the move-
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HOBMX Tapreta, Koju Mmajy noTeHuujan ga nokaxy age-
KBaTHy Bapujauujy 3a LieMy 3aCHOBaHy Ha CeKBeHLMpakby.
leHomcku nopgaum cojesa C. diphtheriae nokasanu cy ga
je BehnHa oOBMX Tapreta norogHa 3a Jarby esanyauujy,
nokasyjyhu mnamehy 2 n 16 BapujaHTu. Hekonuko reHo-
ma Corynebacterium spp. je OOCTYMNHO 3a UCTpaxuBakbe
M NpoLEeHy HOBUX WM MOTEHUMjarnHo AWCKPUMUHATUBHM]MX
TapreTa [44].

lMpegHocTM mMeToda TUnNu3aumje 3aCHOBaHWX Ha CEKBEH-
uupawy Cy BMCOKa PenpoayumbuiHOCT M AUCKPUMUHA-
TMBHOCT, cBe Beha OOCTYMHOCT MacOBHE MpUMEHEe U MO-
ryRHOCT mucnuTuMBakwa MexaHu3Ma, y3poka W AuHaMUKe
KpeTakwa enuaemunjckux knoHosa. Ctora oBe meTtoge no-
cTajy Bogehe y nctpaxmBamy €BONyTUBHUX OAHOCA Y enu-
[0EMUNONOLLKE CBpXE.

CekBeHUMpaH-€e Lenor reHoma

Bapujaumnje Gaktepujckux reHoma y OKBUPY jeqHe BpcCTe
MOry HacTaTu ycrneg TaykacTux myTaumja, XoMonorHe pe-
KoMBuHauuje 1 pasnuka y cagpxajy reHoma. Y Tadkacte
myTaumje cnagajy SNP, koje cy Hajuewhn n HajjegHoCTaB-
HWjU TUN MyTauuvje, 1 nojeaMHadHe uHcepuuvje unu gene-
uunje Hykneotuga [45]. OBaj nssop BapujabunHoctn OHK
3Ha4ajHO AOMPUHOCK €BOMYLMjU U LIMpenY BakTepuja.

SNP je Bapujaumja jegHor Hykneotuaa (ageHuH, LMTO3MH,
rBaHWH UNN TUMWH) Yy FeHETCKOj cekBeHuW. NojeamHayHo
unu y manom 6pojy SNP goBoge [o manux, Yak u Henpu-
METHMX NpoMeHa y reHoMy. MeRyTum, akymynauuja oBmx
npomMeHa je Hajsehu y3pok ausepsuTteta Mehy reHomuma.
Kako Buwwe kogoHa Kogupa jedHy amuHOKUCENWHY (gere-
Hepauuja koga), myTaumje 4ecTto mory ouTtu ,Tuxe” Tj. cu-
HOHWMHE M He JoBOAe OO0 NPOMeHe ekcnpecuje reHa. Ha-
CynpoT HMMa, HECMHOHUMHE MyTauuje mMory JOBecTu OO0
npomeHe ekcnpecuje, Tj. NPOMEHe KOAMPaHOr NpoTenHa
ycnep npoMeHe aMUHOKUCENMHE.

SNP mory 6utn nokasarterr Op3uHe eBonyuuje opraHu-
3ama koja ce ogpehyje u3 ogHoca 6poja HECUHOHUMHUNX
nNpoOMeHa Hykrneotuga no HecUHoHUMHom MecTty (dN) u
©poja CMHOHMMHMX MPOMEHA MO CUHOHUMHOM MmecTy (dS).
To omoryhasa npumeHy SNP 3a getekuujy wmnpena ogpe-
HeHor coja. OBa ynotpeba je npolumMpeHa Ha nonynaunoHy
reHeTUKy 3a MpoLeHy reHeTudke Bapwjaumje, naeHTUdu-
Kaumjy cpoacTBa MNM POAMTErbCTBa, Mepere CTPYKType
nonynauuje M nNpoOMeHe y BENUYMHM MomMynauuje TOKOM
BpemeHa [1].

BaxBarbyjyhn cekBeHuuoHupawy uenor reHoma (WGS),
npowwnpuBakbem MLST koHLEeNTa Ha LUeo reHoMm, passuje-

ment of epidemic clones. Therefore, these methods are
becoming the leading ones in the research of evolutionary
relationships for epidemiological purposes.

Whole genome sequencing

Variations in bacterial genomes within a species can arise
from point mutations, homologous recombination, and
differences in genome content. Point mutations include
SNPs, which are the most common and simplest type of
mutation, and single nucleotide insertions or deletions [45].
This source of DNA variability contributes significantly to
the evolution and spread of bacteria.

A SNP is a variation of a single nucleotide (adenine, cyto-
sine, guanine or thymine) in the genetic sequence. SNPs,
individually or in small numbers, lead to small, even im-
perceptible alterations in the genome. However, the accu-
mulation of these alterations is the main cause of diversity
among genomes. As several codons encode one amino
acid (code degeneracy), mutations can often be “silent”
i.e., synonymous and without causing changes in gene ex-
pression. In contrast, non-synonymous mutations can lead
to a change in expression i.e., changes in the encoded pro-
tein due to amino acid alterations.

SNPs can be an indicator of the rate of evolution of organ-
isms, which is determined by the ratio of the number of
non-synonymous nucleotide changes at non-synonymous
site (dN) and the number of synonymous changes at syn-
onymous site (dS). This enables the application of SNPs
to detect the spread of a particular strain. This use has
been extended to population genetics to assess genetic
variation, identify kinship or parentage, measure popula-
tion structure and changes in population size over time [1].

Thanks to whole genome sequencing (WGS), and by ex-
tending the MLST concept to the whole genome, a typ-
ing scheme known as core genome MLST (cgMLST) has
been developed. This technique is used to examine the
relatedness of isolates based on SNP phylogeny, and has
been applied in several hospitals in epidemic research. As
cgMLST provides additional, higher-resolution information
on the genetic diversity of species, this method may be-
come the gold standard for strain subtyping in epidemio-
logical studies [1].

The set of all constant and variable genes i.e., all genes
belonging to a species, constitutes the pangenome. In
comparison to core or often variable accessory genome
analysis, pangenome analysis shows better discrimination
within strains. Several studies have emphasized the utility
of WGS in understanding the evolution and pathogenicity
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Ha je wema Tunu3auunje nosHate Kao core genome MLST
(cgMLST). OBa TexHMKa ce KOpUCTU 3a UCMUTUBaHE CPOa-
HOCTU n3onata Ha ocHoBy SNP cunoreHuje, Te je Hawwna
MPUMEHY y HEeKOnuKO BonHuua y uCTpaxusawy envae-
muje. Kako cgMLST npyxa gogatHe uHdopmaumje sehe
pesonyuuje 0 reHeTCKOM AMBEP3UTETY BPCTa, OBa MeToaa
MOXe NoCTaTh 3raTHW CTaHdapA 3a cybTununsaumjy cojesa
y enMaeMmnonoLLKnUM ucTpaxmearwmma [1].

CKyn CBMX KOHCT@HTHUX U BapujabunHux reHa, gakne cBux
reHa npuvnagHuka BPCTe, YMHW MaHreHom. Y OofHocy Ha
aHanuay jesrpa Unu 4ecto MPOMEHIBUBON akLecoapHOr
reHoma, aHanusa naHreHoma nokasyje 6orby OUCKpUMU-
Hauwujy yHyTap cojeBa. Hekonuko cTyauvja Harnawasa Ko-
pucHoct WGS y pasymeBary eBOfyuuje U NaTtoreHocTu
pasnuunTtux cojesa C. diphtheriae [46].

TpaHcKkpunTOMUMKa

CekBeHUMOHMPare reHoMa gaje MHopmaLujy o reHoTu-
ny, anv He N beHoTMNy opraHn3ma, jep He pasnukyje Koju
reHu cy exkcnpumupaHu. Ekcripecuja reHa nogpasymesa
FMXOBY akTuBauujy nop ogpeheHvm ycrnosuma (y oaro-
BOPY Ha CMOSbHU CTUMYNaHC unu y ogpeheHom cragujy-
My pasBoja), LUTO BOAWM reHcKoj TpaHckpunuuju. Ctora je
TPaHCKPUMTOM CKyMn CBMX eKCMpUMMpaHux reHa y henuju
y ogpefeHOM TPEeHyTKy, a 0Baj TEPMUH Ce YIMaBHOM KO-
pUCTY 3a KOMMMeTaH CeT CBUX PUBOHYKMENHCKUX K1Mcenu-
Ha (TpaHckpunata) y ogpeheHoj henuvjy unu opraHuamy.
TpaHckpunToMuKa [aje HOBWM KBanuteT WHdopmaumja u
ca3Hal-a He caMo O NPUCYTHUM reHuma, Beh 1 0 HLUXOoBO]
dyHKUMjK 1 perynaumju. Metoge koje ce Mory npuMeHnTr
ykrbyyyjy microarray n PHK cekBeHumoHupare. OBaj npu-
CTyn MOXe gatu yeug y ogbpambeHu ogrosop gomahuHa
Ha naToreHe u KBUXOBY Nponudepauujy [47].

PHK cekBeHuuoHuparwe pfaje MoryhHOCT wucnutmMBaka
npoduna ekcrpecuje n Kapaktepusauuje pasnuynto ek-
cnpuMmpaHux reHa, jep omoryhasa aHanuay KOMMMeTHOr
TpaHckpuntoma. Kog mukpoopraHu3ama oBa MeToda je
norofHa 3a UCnUTUBaKe MexaHusama BUpyreHuuje v na-
ToreHocTw. Y cnydajy C. diphtheriae cekBeHua reHoma je
Aobpo nosHaTta, anu aHanu3a TpaHcKpunToMa Adaje HoBe
nHpopmaumje. Nopeherem TpaHCKpUnTOMa OUBIbEN COoja
W MyTaHTa ca geneumjom perynaropa tpaHckpunumje DtxR
pacseTrbeHe cy moryhe Hose ynore DixR. Mako je o pa-
Huje no3Hato ga DtxR yuyecTtByje y MHXubunumju cuHTese
OndTEPUjCKOr TOKCMHA W perynaumju metabonusma reo-
xha Gaktepuja, yoyeHo je ga je kog AdixR mytaHTa oko
15% reHoma gpyravuvje TpaHckpuboBaHO, LITO yKa3yje Ha
apyre moryhe perynatopHe ¢yHkuumje DixR [48].

of different C. diphtheriae strains [ 46 ].
Transcriptomics

Genome sequencing provides information about the gen-
otype, but not about the phenotype of the organism, since
it does not distinguish which genes are expressed. Gene
expression implies their activation under certain conditions
(in response to an external stimulus or at a certain stage
of development), which leads to gene transcription. There-
fore, the transcriptome is the set of all expressed genes
in a cell at a given time, and this term is generally used
for the complete set of all ribonucleic acids (transcripts) in
a given cell or organism. Transcriptomics provides a new
quality of information and knowledge not only about the
genes present, but also about their function and regulation.
The methods that can be applied include microarray and
RNA sequencing. This approach can provide insights into
the host’s defense response to pathogens and their prolif-
eration [47].

RNA sequencing provides the opportunity to examine the
expression profile and characterization of differentially ex-
pressed genes, as it enables the analysis of the complete
transcriptome. In the case of microorganisms, this method
is suitable for examining the mechanisms of virulence and
pathogenicity. In the case of C. diphtheriae, the genome
sequence is well known, but transcriptome analysis pro-
vides new information. By comparing the transcriptomes
of the wild strain and a mutant with a deletion of the tran-
scriptional regulator DtxR, possible new roles for DixR
have been elucidated. Although it was previously known
that DtxR participates in the inhibition of diphtheria toxin
synthesis and the regulation of bacterial iron metabolism,
it has been observed that about 15% of the genome is dif-
ferently transcribed in the AdtxR mutant, suggesting other
possible regulatory functions of DtxR [48].

Conclusion

In addition to the characteristics of the causative agents
and the epidemiology of the disease, the paper provides
an overview of laboratory methods, from traditional bacte-
riological techniques to the most modern methods such as
genome sequencing. For the purposes of routine surveil-
lance (active surveillance in the migrant population, which
is to be established in our country), not all of the described
laboratory techniques will be applied, however, the knowl-
edge thereabout is necessary for epidemic preparedness
and response planning in regard to a potential outbreak
of diphtheria epidemic, especially if the patients are reg-
istered in several countries, which is one of the possible
scenarios.
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3akrby4ak

Mopen kapakTepucTmka y3podHuka u envgemuonoruvje 6o-
nectn, y pagy je pat nperneq nabopatopujcknx metoaa
of TpaguumoHanHmx 6aKTepUONoLIKMX TEXHUKA OO Hajca-
BPEMEHUUX MeToda Kao LUTO je ceKBeHuMpawe reHoma.
3a notpebe pyTMHCKOr Haa3opa (aKTMBHOT Hag3opa y Mu-
rPaHTCKOj Monyrawmnju Koju ce HacTOoju YyCnoCcTaBUTK Y Ha-
Wwoj 3emrbn) Hehe cBe onucaHe nabopaTopujcke TEXHMKE
OMTN NpMMeHeHe, anu je LUXOBO No3HaBaHEe HEOMNXOAHO
pagv nnaHupara 1 cnpoBoferwa ogroBopa Ha eBeHTyarn-
Hy enuaemujcky nojasy audTepuje, HAPOYUTO YKOIUKO ce
obonenu 6yay perncTtpoBanu y Bule 3emarba, WTo je je-
OaH of moryhux cueHapuja.

CnyvajeBn gudtepuvje ce KOHTUHYMPaHO AOETEKTYjy Yy 3e-
mrbama brniuckor n Cpegtber Victoka, kao U y nojeauHnm
3eMrbama AQpUYKOr KOHTUHEHTA Ofakme y Hally 3eMrby
ponasu Hajgehu 6poj MurpaHaTa 1 Tpaxunaua asuna. Ha-
YMH HMXOBOTN NMyTOBaka, OOpaBak y HeageKBaTHUM CMe-
WwTajuma, 6rMckn KOHTaKTU KOje OCTBapyjy ca pasnuunTum
ocobama y npuxBaTHUM LEHTPMMA U BaH HUX, NOBpeae
Kojuma Cy W3MOXeHW, y3 Hu3ak obyxBaT BaKUMHaLWjoM,
YMHE MUrpaHTe 40AAaTHO U OCETILUBMM U €KCNOHUPAHUM,
O[HOCHO MOXEMO UX cmaTpaTtu rpyrnomM y BUCOKOM pPuU3K-
Ky o4 andrepuje y CBUM HeHum obnmuuma. Nako je pu-
3UK 32 JOMULMITHY Monynauujy HM3ak Kako 300r 3agoBo-
reaBajyher obyxBata BakuuHaLUMjoM, Tako M 360r HUCKOr
WHTEH3UTEeTa U y4ecTanocTn KoHTakaTa nsmehy gomaher
CTaHOBHULUTBA U MUrpaHaTta, unak ce Taj pusmK He Moxe
3aHeMapuTu Te YMHW OoAaTHM pasnor 3a yBohewe Hag-
30pa, noseharwe CBECTU M MO3OPHOCTU, KAO N 3Hawa Ha
CBMM HMBOWMMA 34paBCTBEHE 3aLUTUTE.

ObaBe3a pedepeHTHe ycTaHOBe 3a jaBHO 34paBrbe je Aa
npatehn caBpemeHa meguuMHcKa focTurHyha wn aktyen-
HY enuaemMuonoLUKy cuTyauujy, MHUUupa pasmartpare
BaXHUX NWTawa W efykyje Apyre y4ecHuke y cuctemy
30paBCTBEHE 3alITUTE Yy pasnuuuTMM obnactuma, yYemy
[ONpuvHOCKU 1 OBaj NperrnefHn YnaHak, kaja je y nurawy
andrepuja.

INutepatypa / References

Diphtheria cases are being continuously detected in the
countries of the Near and Middle East, as well as in some
countries of the African continent, from where the largest
number of migrants and asylum seekers come to our coun-
try. The way they travel, their stay in inadequate accommo-
dation, the close contacts they make with different people
in the reception centers and outside them, the injuries they
are exposed to, along with low vaccination coverage, make
migrants additionally sensitive, susceptible and exposed
i.e., they can be considered a group at high risk of diph-
theria in all of its forms. Although the risk for the resident
population is low due to satisfactory vaccination coverage,
as well as due to the low intensity and frequency of con-
tacts between the local population and migrants, this risk
cannot be ignored and represents an additional reason for
introducing surveillance systems, increasing awareness
and attention, as well as expanding knowledge at all levels
of health care.

The obligation of the reference public health institution is
to follow modern medical achievements and the current
epidemiological situation, initiate consideration of relevant
issues and educate other participants in the health care
system in various fields, which this review article contrib-
utes to, when it comes to diphtheria.
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