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Abstract

Brucellosis is a re-emerging zoonotic disease, which spreads in different ways: respiratory (inha-
lation), contact, alimentary (consumption of unpasteurized milk and contaminated dairy products) or a
combination of these. The disease has existed in the Republic of Macedonia since 1980, with over 12.000
reported and confirmed human cases. All neighbouring and many other European countries have also re-
ported existence of brucellosis with significantly different incidence. Brucellosis remains a rare disease in
EU/EEA. In 2014, 354 confirmed cases of brucellosis were reported by 18 EU/EEA countries. The highest
rates were reported by Greece (135), Spain (60) and Portugal (50). The control of brucellosis is very com-
plicated due to large reservoirs in domestic and wild animals. The control of animal brucellosis is impera-
tive for the control of human brucellosis.
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Pesrome

Bpyueno3ara e Bb300HOBSBAIIO c€ 300HO3HO 3a00JIsIBaHE, KOETO CE€ PAa3MpOCTpaHsBA M0 Pa3IHIHH
HAUMHM: PECIIUPATOPHO (MHXAJIALMH), Ype3 KOHTAKT, Upe3 XpaHa (KOHCyMallis Ha HeMacTbOPU3UPAHO MIIS-
KO ¥ 3aMbPCEHM MIJIEYHU TPOIYKTH) UM KOMOMHA1Us OT TaxX. ChlecTByBaHeTo Ha Oojectra B PeryOnuka
Maxkenonus e norsbpaeHo ot 1980 1. ¢ Hag 12 000 choOiieHu ¥ NOTBBPACHU Cilydas ¢ Xopa. Beuuku cb-
CEJIHU M MHOTO JPYTH €BPOINEHCKH JIbPKaBH ChIO ChOOIIABAT 3a HAJIMUKE HA OpyI1eI03a CbC 3HAUUTEIIHU
pa3nuuMs B YeCTOTa Ha MposiBIeHue. bpyienosara ocraBa psako 3a0oisBaHe B cTpaHuTe oT EBponeiickus
Cbh103 U cTpaHute ot M3rounoesponeiickus peruod. [Ipes 2014 r. ca cpo011eHu 354 NOTBBPAEHU Cllydas Ha
Opynenosa ot 18 ctpanu ot ot Ts1x. Haii-mHoro ca ciywante, peructpupanu B ['bpius (135), Mcnanus (60)
u [Topryranus (50). KouTponsT Ha Opylieno3ara € MHOTO TPYZIEH Opaau TojeMus Opoil Ha JOMALTHUNTE U
JIMBH KUBOTHH, KaTo pe3epBoap Ha nHpekuusaTa. KoHTporsT Ha Opylieno3ara mpu KUBOTHHUTE € 33 IbJIKH-
TEJIEH C OIIe/l KOHTPOJIa Ha 3a00JIsIBAHETO IIPU XOpara.

Introduction

In 450 BC Hippocrates gave the first descrip-  over 500.000 new human cases per year, also a
tion of the disease. Capasso presented proofs of  disease which is significantly changing the global
bone lesions in humans killed during the eruption  ecological map with new strains, hosts and reser-
of Vesuvius in 79 AD, and of presence of bacte-  voirs (Pappas, 2010).
ria with similar morphology as Brucella in car- The disease was successfully eradicated in
bonized cheese (Capasso, 2002). Marston was the  most of the developed countries but has remained
first to describe brucellosis as a separate disease in  endemic in others. Areas with high risk are the Med-
1859. David Bruce first isolated the agent (Brucella  iterranean countries (Portugal, Spain, Italy, Greece,
melitensis) in 1887 in Malta. Zammit indicated bru-  Turkey and North Africa), East Europe, Africa, the

cellosis as a zoonotic disease 18 years later. Middle East, South and Central America and the
About 60% of emerging human pathogens are ~ Caribbean (Taleski et al., 2002; Corbel, 2006). Sev-
defined as zoonotic. Brucellosis is one of the world-  eral traditional endemic areas like France, Israel

wide most common re-emerging zoonotic diseases  and most of the Latin American countries have
(Godfroid et al., 2005; Selleem et al., 2010) with  accomplished control of brucellosis while in oth-
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er parts of the world the situation has dramatically
worsened (Syria, Mongolia, Iraqi, Saudi Arabia),
(Papas et al., 2006). Over long periods, no reports
on the epidemiological and epizootic situations
from some countries were available.

Brucella species are classified as a catego-
ry B pathogen, a potent bioweapon and the most
common laboratory-acquired pathogen. Brucellosis
primarily affects domestic and wild animals and
is then transmitted to humans. The route of trans-
mission may be respiratory, contact, alimentary
(food or water) or a combination of these. Spread-
ing through food is very important as it happens by
consuming unpasteurized milk, and dairy products
made of such milk.

Numerous diagnostic tests, from isolation,
serologic tests to molecular diagnostics, have been
developed. The Brucella genome has been com-
pletely sequenced, but recent detection of new spe-
cies has instigated a number of queries about their
origin, evolution and taxonomy, which indicates a
need of revision of the global map of brucellosis.
The optimal treatment of human brucellosis is con-
tinuously under debate (Ariza et al., 2007).

The aim of this study was designed to give
some up-dated information on new Brucella strains
and reservoirs, the current epidemiology situation,
paths of transmission of the disease with respect to
zoonotic and foodborne diseases, and the current
successful measures for control and prevention of
brucellosis in the Republic of Macedonia, a small
country with a long history and experience as an
endemic area.

Materials and Methods

Reviews, presentations of official data, re-
ports, scientific papers and conference reports were
analyzed and presented.

Results and Discussion

Until recently, the genus Brucella was con-
sidered to represent a genetically homogeneous and
clonal group of bacteria associated with: 1.Terreste-
rial mammalian hosts (classical strains B. meliten-
sis, B. abortus, B. suis, B. canis, B. ovis, B. neoto-
mae), 2. Marine mammals (B. ceti and B. pinnipe-
dialis), and 3. ,,Atypical”, more recently identified
(B. microti, B. inopinata, B. papionis and B. vulpis).
All species are genetically highly related , > 99%
(Holger et al., 2008; Holger et al., 2010; Audic et
al., 2011; Nymo et al., 2011). The most infective
terrestrial Brucella species are B. meiltensis and
B. abortus, while B. suis is less pathogenic. New
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Brucella strains as marine mammals and atypical
Brucella species represent a new zoonotic threat
for humans.

Recently reported brucellae from amphibians
(worldwide-distributed exotic frogs) are genetical-
ly highly diverse and might represent several new
Brucella species or a link between free-living soil
saprophytes and the pathogenic Brucella. Amphib-
ian brucellae are capable of causing disease in dif-
ferent frog species ranging from localized manifes-
tations to generalized infections. Frogs represent a
new and ecologically significant natural host and
reservoir (Eisenberg et al., 2011; Scholz et al.,
2016; Dahouk et al., 2017).

Because of the potentiality of emergence of
new species as human pathogens, brucellosis is a
continuously re-emerging zoonotic disease. Brucel-
losis remains a rare disease in EU/EEA. In 2014,
354 confirmed cases of brucellosis were reported
by 18 EU/EEA countries. The highest rates were
reported by Greece (135), Spain (60) and Portu-
gal (50), following by Germany (47), France (16),
Sweden (16), (ECDC, 2016).

Fig. 1. Reported confirmed brucellosis cases: rate
per 100 000 population, EU/EEA, 2014 (Source:
Annual epidemiological report, ECDC, 2016)

Brucellosis has existed in R. Macedonia since
1980 with over 12.000 reported and confirmed hu-
man cases (Taleski et al., 2013). The disease exists
in all neighbouring and some other European coun-
tries with significantly different incidence (Cekan-
jac et al., 2009; Obradovic and Velic, 2009; Nico-
letti, 2010; Nenova et al., 2013).

B. melitensis biotype 2 was confirmed as
an etiological agent in R. Macedonia. A recent
study based on molecular methods for species typ-
ing (AMOS PCR and RT PCR), and genotyping
(MLVA-16 and MLVA-8), beside B. melitenisis,
also confirmed B. abortus (for the first time in



R. Macedonia). Epidemiological data suggested
that about 23% of the disease had spread by the
alimentary way (foodborne disease due to con-
sumption of unpasteurized milk, cheese, and under-
cooked infected meat), 34% by contact and 43 % by
a combined way of spreading brucellosis. The re-
spiratory way is rare and happens in laboratories or
while working with infected animals. About 80% of
the patients lived in rural, and 20% in urban areas.
The disease has a seasonal character in the Medi-
terranean area, with a maximum in May-June and
minimum in winter. Since 2008, in R. Macedonia,
the national control strategy has been completely
changed from ,,test and slaughter” to vaccination of
small ruminants (sheep and goats) with Rev 1 vac-
cine, applied intraocularly (Naletoski et al., 2009;
Banai, 2010; Blasco, 2010). The results indicate a
significant decrease in the epizooty in animals and
human morbidity (287, 167, 107, 94, 47, 35, 20 and
23 human cases in 2009, 2010, 2011, 2012, 2013,
2014, 2015 and 2016, respectively).

a soil-associated motile bacterium to a host-adapted
pathogen. Whilst there is no evidence to date that
frog’s isolates represent a zoonotic threat, appropri-
ate measures should be taken to avoid unnecessary
contact with potentially infected amphibians until
the zoonotic potential of this group is better under-
stood.

Control of animal brucellosis is imperative
for control of human brucellosis. Preventive mea-
sures include effective veterinary and health con-
trol of animals (trading, transport, slaughter, vacci-
nation) and animal products (meat, milk and their
products), education of the population, multi-insti-
tutional cooperation and continuous state financial
support. Exchanges of positive and successful ex-
perience and collaboration of all countries in en-
demic areas is imperative, beside international help
with resources and expertise.

Years (1980 - 2016)

Vaccination

No of cases

started in 2008

Fig. 2. Human cases in Macedonia

Conclusions

Control of brucellosis is very complicated
due to large and novel reservoirs in domestic and
wild animals.

New Brucella species (marine mammals) as
well as “atypical” Brucella strains have enhanced
the understanding of the evolution of the genus from

113

References:

Ariza, J., M. Bosilkovski, A. Cascio, J. D. Colmenero, M. J.
Corbel, M. E. Falagas, Z. A. Memish, M. R. H. Roushan,
E. Rubinstein, N. V. Sipsas, J. Solera, E. J. Young, G. Pap-
pas (2007). Perspectives for the treatment of brucellosis in
the 21% century: the loannina recommendations. PlosMed
J. 4:e317.

Audic, S., M. Lscot, J. M. Claverie, A. Cloeckaert, M. S. Zy-



gmunt (2011). The genome sequence of Brucella pinnipe-
dialis B2/94 sheds light on the evolutionary history of the
genus Brucella. BMC Evol. Biol. 11: 200.

Banai, M. (2009). Insights into the problem of B. melitensis
and rationalizing a vaccination program in Israel. Interna-
tional Scientific Conference in South Eastern Europe and
Mediterranean Region. Struga, Macedonia, Contributions,
pp. 168-179.

Blasco, J. M. (2010). Control and eradication strategies for
Brucella melitensis infection in sheep and goats. Interna-
tional Scientific Conference in South Eastern Europe and
Mediterranean Region. Struga, Macedonia. Contributions,
pp. 146-164.

Capasso, L. (2002). Bacteria in two-millenia-old cheese and
related epizoonoses in Roman polutations. J. Infect. 45:
122-127.

Cekanjac R., J. Mladenovic, E. Ristanovic, S. Lazic (2010).
Epidemiological characteristics of brucellosis in Serbia,
1980-2008. Croat. Med. J. 51: 337-344.

Corbel, M. (2006). Brucellosis in Humans and Animals: FAO,
OIE, WHO.

Dahouk, S. A., S. Kohler, A. Occialini, M. P. J. de Bagiiés, J.
A. Hammerl, T. Eisenberg, G. Vergnaud, A. Cloeckaert,
M. S. Zygmunt, A. M. Whatmore, F. Melzer, K. P. Drees,
J. T. Foster, A. R. Wattam, H. C. Scholz (2017). Brucella
spp. of amphibians comprises genomically diverse motile
strains competent for replication in macrophages and sur-
vival in mammalian hosts. Sci. Rep. 7: 44420.

ECDC, Annual epidemiological report 2016.

Eisenberg, T., H. P. Hamman, U. Kaim, K. Schlez, H. Seeger,
N. Schauerte, F. Melzer, H. Tomaso, H. C. Scholz, M. S.
Koylass, A. M. Whatmore, M. Zschock (2011). Isolation
of potentially novel Brucella spp. from frogs. Appl. Envi-
ron. Microbiol. 78: 3753-3755.

Godfroid, J, A. Cloeckaert, J. P. Liautard, S. Kohler, D. Fre-
tin, K. Walravens, B. Garin-Bastuji, J. J. Letesson (2005).
From the discovery of the Malta fever’s agent to the dis-
covery of a marine mammal reservoir, brucellosis has
continuously been a re-emerging zoonosis. Vet. Res. 36:
313-326.

Holger, C. S., Z. Hubalek, I. Sedlacek, G. Vergnaud, H. To-
maso, S. Al Dahouk, F. Melzer, P. Kdmpfer, H. Neubauer,
A. Cloeckaert, M. Maquart, M. S. Zygmunt, A. M. What-
more, E. Falsen, P. Bahn, C. Gollner, M. Pfeffer, B. Huber,
H. J. Busse, K.Nockler (2008). Brucella microti sp. nov.,
isolated from the common vole Microtus arvalis. IJSEM
58: 375-382.

Naletoski, I., T. Kirandziski, D. Mitrov, K. Krstevski, I. Dza-
dzovski, S. Acevskiet (2010). Gaps in brucellosis eradica-

114

tion campaign in sheep and goats in Republic of Macedo-
nia: Lessons learned. Croat. Med. J. 51: 351-356.

Nenova, R., I. Tomova, T. Kantardjiev, B. Likov (2013). Bru-
cellosis in Bulgaria — an overview of the present sitiation.
Eighth Balkan Congress of Microbiology. Microbiologia
Balcanica 2013. Veliko Tarnovo, Bulgaria, October 2™ —
5%.2013, 60.

Nicoletti, P. (2010). Brucellosis: past, present and future. In-
ternational Scientific Conference in South Eastern Europe
and Mediterranean Region. Struga, Macedonia, 12-14
Nov 2009, pp. 21-31.

Nymo, 1., H. Nymo, M. Tryland, J. Godfroid (2011). A re-
view of Brucella infection in marine mammals, with spe-
cial emphasis on Brucella pinnipedialis in the hooded seal
(Cystophora cristata). Vet. Res. 42: 93.

Obradovic, Z., R. Velic (2010). Epidemiological characteris-
tics of brucellosis in Federation of Bosnia and Herzegovi-
na. Croat. Med. J. 51: 345-350.

Pappas, G., P. Papadimitrou, N. Akritidis, L. Christou, E. V.
Tsianos (2006). The new global map of human brucello-
sis. Lancet Infect. Dis. 6: 91-99.

Pappas, G. (2010). The changing Brucella ecology: novel
reservoirs, new threats. Int J Antimicrob Agents. Epub.
36(Suppl 1): 8-11.

Scholz H.C., K. Nockler, C. Gollner, P. Bahn, G. Vergnaud,
H. Tomaso, S. Al Dahouk, P. Kdmpfer, A. Cloeckaert, M.
Magquart, M. S. Zygmunt, A. M. Whatmore, M. Pfeffer, B.
Huber, H. J. Busse, B. K. De (2010). Brucella inopinata
sp. nov., isolated from a breast implant infection. IJSEM
60: 801-808.

Scholz, H. C., K. Muhldorfer, C. Shilton, S. Benedict, A. M.
Whatmore, J. Blom, T. Eisenberg (2016). The change of
medically important genus: worldwide occurrence of ge-
netically diverse novel Brucella species in exotic frogs.
PLoS ONE 11(12): e0168872.

Seleem, M. N., S. M. Boyle, N. Sriranganathan (2010). Bru-
cellosis: a re-emerging zoonosis. Vet. Microbiol. 140: 392-
398.

Taleski V., L. Zerva, T. Kantardjiev, Z. Cvetnic, M. Erski-Bil-
jic, B. Nikolovski, J. Bosnjakovski, V. Katalinic-Jankovic,
A. Panteliadou, S. Stojkoski, T. Kirandziski (2002). An
overview of the epidemiology and epizootology of bru-
cellosis in selected countries of Central and Southeast Eu-
rope. Vet. Microbiol. 90: 147-155.

Taleski V., M. Zdravkovska, S. Mrenoski, V. Markovski, D.
Bosnjakovski (2013). Control of human brucellosis in
Macedonia: past and present. The Fifth Eurasia Congress
of Infectious Diseases, 15-18 May 2013, Tirana, Albania,
pp. 445-446.





