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ABSTRACT

Introduction. Respiratory mycoplasmosis and infectious synovitis are economically significant and notifiable avian diseases, therefore, the issue of Mycoplasma
gallisepticum and Mycoplasma synoviae control on poultry farms is of great importance. Vaccination is one of the ways to ensure specific prevention, however,
when a vaccine is developed, its protective properties are assessed with special focus. Challenge does not always lead to the disease manifestation due to its
predominantly chronic and factor-dependant nature.

Objective. Laboratory simulation of the factors that contribute to the disease manifestation and a histological analysis of pathological changes in the infected
and vaccinated poultry.

Materials and methods. Seronegative and vaccinated 67-day-old Haysex white cross chickens were selected for the experimental purposes. We used S6 strain
of Mycoplasma gallisepticum, WVU 1853 strain of Mycoplasma synoviae and A/chicken/Amursky/03/12/HIN2 strain of low-pathogenicity avian influenza virus.
Results. The associated infection of mycoplasmoses and low-pathogenicity avian influenza is manifested as a disease with pathohistological changes that include
mild respiratory and joint disorders. Histological tests of the infected non-vaccinated poultry revealed damaged tracheal ciliated epithelium with desquamation.
The poultry vaccinated against mycoplasmosis and experimentally infected showed no signs of epithelial separation, however, local submucosal edema was
observed in the trachea. Non-vaccinated poultry infected with low-pathogenicity avian influenza virus HIN2, Mycoplasma gallisepticum and Mycoplasma synoviae
demonstrated dystrophic changes and lymphocyte infiltration in the third eyelid gland which suggested an inflammation. Lymphocytic lung tissue infiltration was
detected both in the vaccinated and non-vaccinated experimentally infected poultry. All groups of chickens, except for the control one, demonstrated lymphocyte
depopulation in the cortical substance of the fabricium sac.

Conclusion. The study resulted in developing a challenge procedure for poultry using Mycoplasma gallisepticum and Mycoplasma synoviae agents, in defining
conditions for clinical manifestation of mycoplasmoses, in detecting infection-caused pathological changes at the cellular level.
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PE3IOME

BBepeHue. PecniupatopHblii MIKOMNIa3M03 1 MIHOEKLIMOHHIA CUHOBWT MTUL, ABNIAKTCA SKOHOMUYECKM 3HAUUMbIMM 1 HOTUGULUPYEMbIMM GONIE3HAMM, N03TOMY
sonpoc 6opb6bl ¢ Mycoplasma gallisepticum n Mycoplasma synoviae Ha nTuLieBofYeCKUX NPeANPUATUAX ABNAETCA aKTyanbHbIM. [IpuMeHeHIe BaKLIMH — OANH 13
noco6oB cnewnduyeckoil NPoPUNAKTUKN, 0AHAKO NPy pa3paboTke NpenapaToB 0C060€ BHIMAHIE YAENAETCA OLEHKe UX MPOTEKTUBHbIX CBOACTB. KOHTponbHoe
3apaXkeHue He BCeraa NPUBOANT K NPOABNIEHNIO G0NIE3HIN BBIAY ee NPEUMYLLECTBEHHO XPOHUUECKOTO TEUeHMS 1t haKTOPHOCTH.
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Lienb nccnepoBanua. Boccozaanme GakTopos, cnoco6CTBYIOLLNX NPOABNEHMIO G0Ne3HI B Na60PATOPHbIX YCNOBUAX, U BbIABEHIE NATONONMYECKUX U3MeHeHWI
B OPraHu3me 3apakeHHbIX ¥ UMMYHU3MPOBAHHbIX MTUL} Ha TUCTONOTMYECKOM YPOBHE.

Marepuanbl u meTopbl. B kauecTse NofoNbITHbIX KMBOTHbIX ObINM 0TOOPaHbI CEPOHEraTUBHDIE 11 BAKLMHUPOBAHHbIE Kypbl kpocca Xalicec benbiii B Bo3pacte
67 cyT. B xoze onbita ucnonb3osanu wramm S6 Mycoplasma gallisepticum, wramm WVU 1853 Mycoplasma synoviae w wramm A/chicken/Amursky/03/12/HIN2
BUPYCa HU3KOMATOTEHHOrO rpunna nTuL.

Pe3ynbTatbl. ACCOLMMPOBAHHOE TeYeHe MIKOMNA3MO30B C HU3KOMATOreHHbIM FPUNNOM NTUL NPOABNAETCA 3a60/1eBaHMEM 1 NATOTNCTONOTNYECKUMM U3MeHe-
HUAMM, CPeY KOTOPbIX Nerkue pecnupatopHble paccTpoiiCTBa v CYCTaBHON CUHAPOM. [TpU TUCTOAOTNYECKOM UCCIeA0BAHMN Y 3aPaXKeHHbIX HeBAKLIMHUPOBAHHbIX
MTUL, BbIABUMM HApYLLeHNe LLeOCTHOCTI PECHIUTYATOr0 SNUTeNA Tpaxeu C 04arami ieckamaLmy. Y BakLMHUPOBAHHO NPOTUB MUKOMNa3M03a U SKCnepuMeH-
TaNbHO MHGULIMPOBAHHOI MTULIbI NPU3HAKOB OTCNAMBAHUA ANUTENNA He HAbNIOAANOCH, 0AHAKO BLIABNANM TOKANbHI 0TeK NOACIN3NCTOrO CNI0A Tpaxei. B xenese
TPETbero Beka y HeBaKLIHNPOBAHHDIX NTULL, 3apaXeHHbIX BUPYCOM Hu3KonatoreHHoro rpunna ntuy, HIN2, Mycoplasma gallisepticum n Mycoplasma synoviae,
0TMeyanu AUCTpoduyeckie M3MeHeHNA 1 UHOUALTPaLIMIO NMMOOLIUTAMK, UTO CBUAETENLCTBOBANO 0 HAMYIMM BOCNANeHNA. B rpynne Kak BaKUMHUPOBAHHBIX,
TaK 1 HeBaKLMHMPOBAHHbIX JKCMEPUMEHTANbHO MHOULIMPOBAHHDBIX NTUL B TKAHAX NErkX BbIABAANN MMdOLMTapHyto uHGuUALTpauyio. Bo Beex rpynnax nuu,
Kpome KOHTPONbHOI, HabntoAany KapTuy AenonynaLmui AMMQOLUTOB B KOPKOBOM BelLiecTBe ¢abpuumeBoii cymky.

3aknioueHue. PeynbTaTom JaHHOTO UCCNE[0BaHNA ABNAETCA C03/aHNe MeTOAA NPOBeAeHUA KOHTPONbHOrO 3apaxenua ntuy Mycoplasma gallisepticum
n Mycoplasma synoviae, a Takxe BbliBNeHIe YCNOBUIA ANA KNMHUYECKOro NPOABAEHMA MUKONNa3MO030B, YCTaHOBMEHME NaTONOrMYeCKUX U3MeHeHUI Ha KNETOYHOM
YPOBHE BCNEACTBIE UHPULMPOBAHUA.

Kntouesbie cnosa: Mycoplasma gallisepticum, Mycoplasma synoviae, ractonorus, KOHTPONbHOE 3apakeHme
bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpencts OTBY «BHUN3M» B pamkax TemaTikin HayuHo-uccnesoBaTenbckix pabot «BetepunapHoe 6narononyune».
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INTRODUCTION

Respiratory mycoplasmosis and infectious synovitis are
economically important diseases caused by Mycoplasma
gallisepticum and Mycoplasma synoviae [1]. The peculia-
rity of these mycoplasmoses is their chronic nature with
exacerbation resulting from reduced natural resistance
or caused by stress factors of various origin [2]. Vaccina-
tion is one of the ways to prevent these diseases [3]. When
vaccines are developed, special attention is paid to their
protective properties demonstrated in the challenge
tests. Taking into account that avian mycoplasmoses are
factor-dependent, it is rather difficult to reproduce the in-
fectious process in the laboratory. Thus, the issue of testing
protective properties of vaccines against respiratory myco-
plasmosis and infectious synovitis has become especially
important in the antimicrobial resistance control time.

Mycoplasma gallisepticum causes respiratory mycoplas-
mosis in chickens and turkeys, with the following signs:
rales, coughing, rhinorrhea, aerosacculitis. This disease
is predominantly chronic, spreads slowly in the flock, my-
coplasma-carriers frequently occur. The disease can be
aggravated by such stress factors as vaccination, poor
feeding, draughts, high concentration of ammonia in
the air, etc. Post-mortem lesions resulting from respirato-
ry mycoplasmosis include serous, serous-fibrinous or fib-
rinous exudate in the nasal cavity and suborbital sinuses.
Tracheal mucosa is hyperemic, lungs are full of blood,
pneumonia may occur. Pathognomonic sign consists in se-
rous, serous-fibrinous or fibrinous aerosacculitis of thoracic
or abdominal air sacs: with thickened and opaque walls

and exudate accumulated in the cavity. The non-compli-
cated form is characterized by no lesions of parenchyma-
tous organs [4, 5].

Mycoplasma synoviae is the pathological agent causing
infectious avian synovitis, characterized by arthritis, ten-
dovaginitis, synovitis and anemia. The disease clinical signs
may include lameness, pale comb, stunting and swelling
in the metatarsal and tibiotarsal joints, plantar surface
of the paw, and thoracic bursa [6]. During subacute and
chronic disease, the surface of the affected joints is mace-
rated, covered with exudate crusts and necrotic mas-
ses [7, 8, 9]. Periarticular tissues and tendon sheaths in
the affected joints are edematous, transparent exudate
accumulates in the joint cavity; the chronic course is char-
acterized by a significant amount of fibrinous masses [10].
The disease may also manifest itself as a respiratory syn-
drome indistinguishable from respiratory mycoplasmosis.
Egg Apical Abnormalities (EAA) is believed to be a patho-
gnomonic sign of infectious synovitis, which causes signi-
ficant economic losses due to the need to cull table and
hatching eggs [4, 11].

Despite the extensive list of avian mycoplasmosis
characteristics, such characteristics as chronic nature and
factor-dependence create certain difficulties in creating
infections in the laboratory.

It is difficult to assess protective properties of the vac-
cine developed for specific prophylaxis of chronic diseases.
For acute infections, such as high-pathogenicity avian in-
fluenza and Newcastle disease, it is easy to assess vaccine
protective properties in challenge tests; however, this
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method has significant limitations for chronic infections,
including mycoplasmosis, because it is not always possible
to reproduce well-pronounced clinical signs in the labora-
tory [12,13, 14].In addition, mycoplasmosis pathogens can
persist in the body for a long time and remain undetected
by the immune system (biological mimicry) [4, 9, 15].

Thus, creating a laboratory model of mycoplasmosis
to assess protective properties of newly developed vac-
cines is assumed a timely and relevant task. Given that
infections of mycoplasma origin belong to factor-depen-
dent diseases, it was necessary to select a trigger for clin-
ical manifestation [16, 17]. For this purpose, a reproduc-
tion model of co-infection caused by M. gallisepticum,
M. synoviae and low pathogenicity avian influenza virus
(subtype HON2) with zero intravenous pathogenicity index
(IVPI =0) was tested in the experiment. According to some
foreign authors, co-infection with low pathogenicity avian
influenza virus (H3N8) significantly affects M. gallisepticum
pathogenesis [18]. Infection of clinically healthy birds with
this pathogen in the laboratory does not lead to clinical
signs. However, on poultry farms, the co-infection of low
pathogenicity avian influenza and mycoplasmosis causes
respiratory infection [10, 19].

A laboratory-created model of mycoplasma and low
pathogenicity avian influenza co-infection may be used
both for assessing vaccine protective properties and for
analyzing the role of each pathogen in the pathogenesis
of mixt-infection.

MATERIALS AND METHODS

Strains. Strains S6 of M. gallisepticum and WVU 1853
of M. synoviae were used during the experiment. Strain
of low-pathogenicity avian influenza virus A/chicken/
Amursky/03/12/HI9N2 (hereinafter - HON2) was used as
a co-infecting agent (trigger).

Inactivated emulsion combined vaccine against respira-
tory mycoplasmosis and infectious synovitis, produced by
the Federal Centre for Animal Health (pilot batch).

Infectious doses. M. gallisepticum culture with activity
of 6.0 log, hemagglutinating units and M. synoviae with ac-
tivity of 3.0 log, agglutinating units were used for infection.
The infectious doses of low pathogenicity avian influenza
virus was 10° Ig EID/0.5 cm?.

Poultry. Seronegative and vaccinated 67 day-old Hisex
white egg cross chickens were used for the experimental
purposes. The chickens were kept in the animal facilities of
the Federal Centre for Animal Health, the keeping and feed-
ing conditions corresponded to zoo-hygiene requirements.

The dose and method of infection. The infection pattern
and methods are given in Table 1.

Clinical observation and post-mortem examination.
During the whole experiment (35 days post vaccination),
the experimental chickens were monitored to assess their
general condition (mobility, body condition score, reac-
tion to external stimuli, crowding, depression, feed and
water refusal, etc.).

On day 14 post infection, the chickens were euthanized
and post-mortem examination was performed to describe
lesions in organs and tissues. Pieces of organs and tissues
were sampled for histological tests.

All the experiments were carried out in accordance with
Directive 2010/63/EU of the European Parliament and of
the Council of 22 September 2010 on protection of ani-
mals used for scientific purpose.

Histological tests were conducted in the Center for pre-
clinical tests located in the Federal Centre for Animal
Health. Organ sections were stained with hematoxylin and
eosin, examined microscopically and followed by taking
photographs.

Serological tests. Levels of specific antibodies to M. gal-
lisepticum and M. synoviae were measured in avian sera
using ELISA test kits manufactured by the Federal Centre
for Animal Health; antibodies to the avian influenza virus
HIN2 subtype were detected using hemagglutination
inhibition (HI) test kits also manufactured by the Federal
Centre for Animal Health.

RESULTS AND DISCUSSION

On day 3 after infection of non-vaccinated chickens
with a combination of HON2 + M. gallisepticum + M. syno-
viae pathogens (group No. 2), mild respiratory symptoms
were observed, in particular, the chickens were passive,
had watery eyes, conjunctival injection (reported in 6 out
of 10 chickens). Between days 5-10, the following signs
were noted: persistent skin hyperemia spotted in feather-
less patches on the heads, watery eyes and rhinorrhea.
Nasal exudate dried into scabs, which easily fall off by
themselves (in 9 out of 10 chickens). At the same time,
5 chickens from the group showed a change in behavior
consisting in hypodynamia. Post-mortem examination of
chickens in this group revealed signs of catarrhal laryngo-
tracheitis with petechial hemorrhages (Fig. 1).

On day 7 post infection, some chickens from group
No. 2 demonstrated lameness, in addition the birds were
apathetic. Pronounced swelling, skin cracks and exudation
were observed on the plantar surface of the paws (Fig. 2).
Chickens spend a very high proportion of their daylight
hours in recumbency. Opening of the affected sole parts
showed severe swelling of the soft tissues with serous exu-
date; the soft tissue was swollen and had a gel-like consis-
tency. These signs may suggest an articular inflammation
caused by infectious synovitis.

Table 1
Infection procedure (scheme and methods)

Group Number
number | of birdsin Vaccine Infection
the group
Inactivated emulsion HIN2 (intranasally, ocularly);
combined vaccine M. gallisepticum,
1 10 against respiratory M. synoviae
mycoplasmosis and infectious (intranasally, ocularly,
synovitis (pilot batch) intramuscularly)
HON2 (intranasally, ocularly);
M. gallisepticum,
2 10 Not vaccinated M. synoviae
(intranasally, ocularly,
intramuscularly)
3 10 Not vaccinated HIN2 (intranasally, ocularly)
M. gallisepticum,
4 10 Not vaccinated M synoviae
(intranasally, ocularly,
intramuscularly)
5 (control) 5 Not vaccinated Was not carried out
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Fig. 1. Petechial and striped hemorrhages on the tracheal
mucosa in the non-vaccinated poultry after infection
with HON2 + M. gallisepticum + M. synoviae

(photo by D. A. Kozlov)

In groups No. 1 (vaccinated against mycoplasmosis),
No. 3 (infected with HON2), No. 4 (infected with M. galli-
septicum and M. synoviae) and No. 5 (negative control), no
visible clinical abnormalities were observed.

Morphological examination of the respiratory tract
revealed that non-vaccinated poultry infected with HON2
influenza virus, M. gallisepticum and M. synoviae (group
No. 2) had disrupted ciliated epithelium in trachea with
desquamation. Chickens vaccinated against mycoplas-
mosis infected with HIN2 + M. gallisepticum + M. syno-
viae (group No. 1), showed no signs of desquamation, how-
ever, local swelling of the submucosal layer was detected.
Morphological structure of the trachea in control chickens
was preserved, all layers were clearly visible (Fig. 3). At the
same time, lymphocytic infiltration of lung tissue was de-
tected in both groups of vaccinated and non-vaccinated
chickens. All chicken groups, except for the control one,
demonstrated a drop in lymphocytes in the cortical layer
in the bursa of Fabricius, which proves activation of the
immune system and the redistribution of lymphocytes
after infection.

After infecting the non-vaccinated chickens using
intranasal and ocular methods (HON2 + M. gallisepti-
cum + M. synoviae), the third eyelid gland demonstrated
dystrophic changes and lymphocytic infiltration (Fig. 4),

Fig. 2. Inflammation of the plantar surface of the foot
in the non-vaccinated chicken on day 7 after infection
with HON2 + M. gallisepticum + M. synoviae: edema,
exudation (photo by D. A. Kozlov)

which suggested inflammation [16, 20]. The group of the
challenged vaccinated chickens, on the contrary, demon-
strated a drop in lymphocyte in the third eyelid gland
tissue.

All the experimental chickens, except for the con-
trol ones, showed signs of accidental thymus involution.
White pulp of the spleen predominated over the red one
in the non-vaccinated infected chickens. The experimental
non-vaccinated chickens infected with HON2 virus (group
No. 3) had lymphocytic infiltration of kidneys and focal
hemorrhages.

Histological tests of the intestines in all groups revealed
that the duodenum serous and muscular membranes
were preserved, autolysis was observed in the apical re-
gion of the intestinal villi and intestinal crypts were well
expressed. Chyme was detected in the intestinal lumen.
Cecal lymphoid follicles were identified on the border be-
tween the small and large intestine. They were structured,
oval-shaped, without a pronounced reactive center.

The observed hyperemia of the vessels in various or-
gans probably results from insufficient exsanguination.

The disease specificity after infection was confirmed by
testing samples of chicken serain ELISA and Hl test. Table 2
shows mean antibody titers in vaccinated and non-vacci-
nated chickens before and after the challenge.

Fig. 3. Morphological structure of the trachea:

a - vaccinated and infected chicken; desquamation of the ciliated epithelium and submucosal swelling;
b - vaccinated and infected chicken; preserved tracheal structure;

¢ - control group; normal tracheal structure (hematoxylin and eosin staining, magnification 100x;

photo by O. A. Chupina, V. V. Pronin)
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Fig. 4. Histological examination of the third eyelid gland:

a - non-vaccinated infected chicken,; lymphocytic infiltration and dystrophic changes;
b - control group; normal structure of the third eyelid gland (hematoxylin and eosin staining,

magnification 100x; photo by O. A. Chupina, V. V. Pronin)

The data obtained demonstrate that the immune sys-
tem of the non-vaccinated chickens reacted to infection
with each pathogen. At the same time, mycoplasmosis
antibody titer in groups No. 2 and 4 significantly increased
after infection (age-related), indicating mycoplasmas re-
production in chickens and stimulation of the immune
response. Similarly, for groups 2 and 3, an age-related in-
crease in the titer of anti-hemagglutinins to the HON2 influ-
enza virus indicated its replication in the body. In group 1
(vaccinated poultry), titers of antibodies to M. gallisepti-
cum, M. synoviae, and HON2 influenza virus also increased
after infection depending on the age. However, it should
be noted that on day 21 after vaccination, mycoplasmosis
pathogens were also administered intramuscularly, which
increased the immune response (a booster effect) and
was accompanied by an increase in the titer of specific
antibodies. At the same time, the absence of a clinically
pronounced disease and histopathological changes inim-
munized birds indicated the vaccine effectiveness.

Table 2
Antibody titre before and after vaccination and infection

Mean antibody titer in group

Before challenge /

Post vaccination

CONCLUSIONS

1. Low-pathogenicity avian influenza virus (HON2 sub-
type) with a zero intravenous pathogenicity index can
be used as a co-infecting agent to assess the protective
activity of mycoplasmosis vaccines during a laboratory
challenge test.

2. The co-infection of mycoplasmosis and low-patho-
genicity avian influenza is manifested by a clinically pro-
nounced disease and histopathological lesions.

3. The clinically associated form of respiratory myco-
plasmosis and infectious synovitis is reproduced in
the laboratory after preliminary infection of poultry with
the low-pathogenicity avian influenza HON2 virus and
is accompanied by mild respiratory disorders and joint fai-
lure. Histological examination of infected non-vaccinated
birds revealed damaged tracheal ciliated epithelium with
desquamation. A chicken vaccinated against mycoplas-
mosis and challenged with HON2 influenza virus, M. gal-
lisepticum and M. synoviae, showed no desquamation

Post Challenge

vaccinations (day 21)
Mg =102+ 64 Mg = 2,688 + 902 Mg=4,013+1,012 Mg=7,105+ 1,812
1 Ms=34+12 Ms =2,830 + 803 Ms = 3,590 + 899 Ms=7,200 + 1,679
HIN2 =0 HIN2=0 HIN2=3.4+0.33 HIN2=43+0.15
Mg =84+ 53 Mg = 1,002 + 402 Mg =3,013+914
2 Ms=12+8 Not vaccinated Ms =948 + 899 Ms = 2,590 + 688
HIN2=0 HIN2=33+04 HIN2=4.4+0.3
3 HIN2=0 Not vaccinated HIN2=4.0+0.44 HIN2=45+03
Mg =66 + 43 ) Mg =1,383 £212 Mg =2,080 £ 765
4 Ms=24+12 Not vaccinated Ms = 907 + 64 Ms = 1,648 + 966
Not challenged
Mg=16+9
5 Ms=28+12 Not vaccinated Mg =206 + 82 Mg =304+ 102
HIN2 =0 Ms =118 + 89 Ms =194 + 90
HIN2=0.6+0.3 HIN2=0.5+0.2

Mg — Mycoplasma gallisepticum; Ms — Mycoplasma synoviae. For Mg and Ms geometric mean ELISA titers were calculated in the group,

for HIN2 the titers were expressed as Hl log,.
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signs, however, local swelling of the submucosal layer was
detected. Trachea morphological structure in control chi-
ckens was preserved, all layers were clearly visible.

4. A significant increase in antibody titers after infection
of chickens non-vaccinated against mycoplasmosis and
low-pathogenicity avian influenza suggested pathogen
reproduction in chickens.
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