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SUMMARY

Due to the increased role of opportunisticinfections, mycobacterioses, parasitocenoses, etc. the detectability of nonspecific reactions to PPD-tuberculin has sharply
increased, which makes it difficult to make a diagnosis and brings laboratory test methods to the fore. The aim of the study was to determine practical significance
of blood-drop agglutination test in comparison with allergy test, and frequency of avian tuberculosis lesions on internal organs. For comparative assessment of
these techniques 4,086 chickens were tested, including 2,000 young chicks aged 6—9 months and 2,086 adult poultry. In order to compare the results of allergy and
serological tests, necropsy was performed for reacting chickens, identified using blood-drop agglutination test and demonstrating positive results using both meth-
ods. Low effectiveness of the allergy test in comparison with the serological test was established. The blood-drop agglutination test made it possible to additionally
identify 311 adult chickens seropositive for tuberculosis in poultry farms. The effectiveness of this serological method in young birds and poor matching of results in
comparison with an allergy test have been shown. The necropsy findings confirmed the practical significance of the serological test; generalized tuberculosis process
was noted in all birds positively reacting in blood-drop agglutination test. The dependence of internal organ lesions on poultry-keeping conditions was determined
in tuberculosis-affected farms in the autumn and spring periods. Internal organ lesions were found in 835 birds out of 1,072 tested poultry. In the autumn period
the intestines were affected in most cases (57.2%), lung lesions were found in the least cases (8.2%), and in the spring period tuberculosis lesions were more often
detected in the lungs (43.8%), less often in the intestines (35.5%). In the winter period, the morbidity predominantly occurs due to dust infection, and in summer,
birds become infected via alimentary route, which explains the results obtained. The identification of a significantly larger number of diseased chickens, both in
advanced form and at an early stage, makes it possible to recommend a blood-drop agglutination test for the diagnosis of tuberculosis. The involvement of internal
organs directly depends on the poultry keeping system and should be taken into account when veterinary and sanitary measures are performed.

Keywords: tuberculosis, chickens, blood-drop agglutination test, necropsy, poultry farming, diagnosis, PPD-tuberculin, antigen, blood

For citation: Baratov M. 0. Evaluation of the effectiveness of blood-drop agglutination test for chicken tuberculosis diagnosis. Veterinary Science Today. 2023;
12(1): 66-72. DOI: 10.29326/2304-196X-2023-12-1-66-72.

Conflict of interest: The author declares no conflict of interest.

For correspondence: Magomed 0. Baratov, Doctor of Science (Veterinary Medicine), Chief Researcher, Head of Laboratory for Infectious Pathology of Livestock,
(aspian Regional Research Veterinary Institute — Branch of Dagestan Agriculture Science Center, 367000, Russia, Republic of Dagestan, Makhachkala, ul. Dakha-
daeva, 88, e-mail: alama500@rambler.ru.

YIIK 619:616.98:579.873.21:636.52/.58:616.076

OueHKa YOPeKTUBHOCTU KPOBAHO-KaneNbHO peakLni
arrNTUHALMY NPU JUArHOCTUKe TyOepKynesa Kyp

M. 0. bapatos
[TpuKacnuiickuii 30HaNbHbII HayYHO-NCCNE[OBATENbCKII BeTepUHAPHbIA UHCTUTYT — dunnan OTBHY «DepnepanbHbiii arpapHblil HayuHbIiA LieHTp
Pecny6nuku [larectan» (Mpukacnuiickuit 3oHanbHblit HUBW — dunuan OTBHY «OAHL| PI»), r. Maxaukana, Pecny6nuka [larectan, Poccua

PE3IOME

B cBA311 ¢ BO3pOCLLeli PoNbHo ONNOPTYHUCTUYECKIX MHGEKLII, MIKOOAKTEPHO30B, Napa3uTOLLEH030B 11 . Pe3KO YBeANUUNach BLIABNAEMOCTb HecneLnduyeckux
peakuuii Ha MM111-TybepKynuH, 4To 3aTpyAHAET NOCTaHOBKY AMArH03a v BbIBOAMT Ha NepBbiii naH nabopaTopHble MeToAbl MccnefoBaHuA. Lienblo HacToswwei pabo-
Tbl ABUNOCH ONpe/ieNeHie NpaKTUYEeCKoi 3HAUMMOCTI KPOBAHO-KaneNbHOI peaKLyyi arrioTHALMY B CPaBHEHNIN C anepriiyeckoil npo6oil v YacToTbl nopaxeHnsa
BHYTPEHHINX OpraHoB Npu TybepKyne3e nTuw, [l npoBe/ieHA CPaBHUTENBHOI OLIEHKIN aHHbIX METOAOB 6bino nccnenoBaxo 4086 kyp, 3 Hux 2000 rosi. cocTasnan
MONOAHAK 6—9-MecAuHoro Bopacta v 2086 ron. — B3pocnas nuua. B Lienax conoctaBneHna peynsratos annepriyeckux 1 ceponornyeckinx nccnefoBanmil npo-
BOAWNY NATONOr0-aHaTOMIUYeCKoe BCKPbITUE Kyp 13 YCNa PearnpyloLLyX Ha aniepre, BbIABAEHHbIX C MOMOLLbH KPOBAHO-KaneNnbHON peakLui arrioTMHaLmn
11 IONIOXKUTENbHO pearupyloLLux no 06oum MeTofam. YcTaHoBNEHa HU3Kas IPOEKTUBHOCTD annepruyeckoil Npobbl B cpaBHEHIM C CEPONOTUYECKOI peakLueli.
KpoBAHo-KkanenbHaA peakLys arrioTUHaLMY N03BOAMAA SONONHUTENbHO BbIABUTD B NTULIEBOAYECKNX X03A/CTBaX 311 Cepono3uTUBHbIX Ha Tybepkyne3 B3pocsblx
Kyp. Moka3aHa 3gYeKTUBHOCTb JAHHOTO CEPONOrNYECKOro METOAiA U HA MOIOAHAKE NTIL C HU3KMM COBMajieHNeM pe3yNbTaToB B CPABHEHUN C annepriyeckoi
npo6oii. Pe3ynbrathl NaToNoro-aHaTOMMYeCKoro BCKpbITAA NOATBEPANMN NPAKTUYECKYI0 3HAUMMOCTb CePONOTINYECKOil PeaKLiii, BO BCEX CyYadX Y NONOXMTENb-
HO pearupyloLLIX B KpOBAHO-KanebHO peakLuy arraioTUHaLMKM 0cobeii 0TMeueHa reHepanu3auua Ty6epkynesHoro npowecca. 3aBUCUMOCTb NOPAKEHHOCTH
BHYTPEHHWX OPraHoB OT YCIOBIIA COZEPXaHIA NTULbI ONPEAeNANN B HebnarononyyHbIx no Tybepkynesy xo3ailCTBax B 0CEHHMIA 1 BeCeHHNIi nepuopbl. Bbiasuan
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nopaxeHue BHYTPeHHUX opraHoB y 835 ron. u3 1072 nccnegoBaHHbIx 0cobeid. B oceHHuii nepuos B 60nbLUMHCTBE Clyyaes 6bin nopaxeH KiwweyHnk (57,2%),
B MeHbLUNHCTBE — erkie (8,2%), a B BeCeHHMIt nepuog Ty6epKynesHble N3MeHeHUA yallie 06HapyxmuBanu B nerkux (43,8%), pexe — B KwweyHuke (35,5%).
B 3umHuii nepuop cofepxanus rmaBHas npuuvHa 3a601eBaemMoCTi — NbineBas MHGEKLIAA, B NETHHIA Xe NepuoA NTULbI 3aparkaloTcs aMMeHTapHbIM nyTem,
yeMm 1 06BACHAKTCA NONyYeHHbIe Pe3ynbTaTbl. BbifBNeHe 3HauNTENbHO GoMbLLIEro KonuuecTBa 6oNbHbIX Kyp, NPUYeM Kak B 3amyLieHHoii hopme, TaK 1 Ha
paHHeii CTauu, JaeT BO3MOXKHOCTb PEKOMEHZ0BATb KDOBAHO-KAMeNbHYI0 PeaKwyio arrioTUHaLMIA ANA ANarHoCTUKY Ty6epKyne3a. opaxeHHOCTb BHYTPEHHUX
0OpraHoB HaX0AMTCA B IPAMOIi 3aBUCUMOCTIA OT CUCTEMbI COAEPKaHNA NTULIbI 11 JOMKHA YUUTHIBATLCA NPU NPOBEAEHUM BETEPUHAPHO-CAHUTAPHDIX MEPONPUATHIA.

KnioueBbie cnoBa: Tybepkynes, Kypbl, KpOBAHO-KanenbHas peakwna arrioTUHALK, NaToN0ro-aHaToMUyeckoe UccieoBaHme, NTULEBOACTBO, ANATHOCTUKA,
[INA-Ty6epKynuH, aHTUreH, KPoBb
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INTRODUCTION

Despite the fact that most of the commitments and
goals set within animal tuberculosis control programs
have been achieved, tuberculosis in both animals and
humans currently remains one of the most complex and
significant concerns [1-3].

After the change of socio-economic formation, dis-
ruption of established links in the livestock management
system and a sharp decline in the industry’s potential,
it became urgent to develop effective methods for control
of infectious diseases, in particular avian tuberculosis [4-6].

According to some authors, with the transfer of poul-
try farming to commercial basis and reduction in poultry
raising time period under optimal veterinary and sanitary
conditions on complete feed, the problem of avian tuber-
culosis has become less notable [7, 8].

At the same time, the emerging increase in the num-
ber of poultry in private farms, where uncontrolled and
unsystematic movement of both poultry and products
is typical, causes certain difficulties in carrying out animal
health, managerial and anti-tuberculosis measures. Under
these conditions, poultry can become a source of constant
circulation of mycobacteria in the environment [9].

According to the literature data, in some farms tuber-
culosis-affected chickens became the source of infection
in cattle. In certain cases, milkers who kept chickens in back-
yard farms were Mycobacterium avium vectors [10-17].

In this regard, timely detection of chickens with tu-
berculosis is of great practical importance for improving
the health of farms affected with this disease. The current-
ly practiced diagnostic methods do not allow detecting
all birds with tuberculosis [18-20]. This is evidenced by
the fact that after the double tuberculinization and iso-
lation of birds reacting to PPD-tuberculin, chickens with
a pronounced form of tuberculosis are subsequently de-
tected in disease-free herds according to necropsy find-
ings [20-24].

The issue of improving and finding new, more effective
methods of tuberculosis diagnosis in chickens has been

of interest to researchers for a long time. So, for this pur-
pose, scientists began to test serological methods based
on immunological tests, for example, the agglutination
test. In this regard, a tuberculosis antigen was prepared
from avian Mycobacterium avium culture [25-32].

Some researchers carried out the hemagglutination
test using the blood sera of tuberculosis patients [33-36].

In order to find approaches to the development
of more advanced methods of avian tuberculosis diagno-
sis and taking into account the detectability of chickens
with a 50% infection rate among non-reactors to tuber-
culin, the antigen (strain 9 with pronounced antigenic
properties) was prepared for blood-drop agglutination
test (BDAT) at the All-Union Institute of Experimental
Veterinary Medicine (now the Federal Research Center —
All-Russia Research Institute of Experimental Veterinary
Medicine named after K. I. Scriabin and Ya. R. Kovalenko
of RAS).

In 1955 A. V. Prokhorov et al. conducted BDAT of an-
tigen prepared from Mycobacterium avium cultures and
compared its results with those of a tuberculin test. At the
same time, it was found that a higher number of diseased
chickens were detected using the serological method
rather than when the allergy test was implemented. Thus,
out of 23,355 birds tested using the allergen, 756 (3.2%)
birds with tuberculosis were identified. Out of 22,599
non-tuberculin reactors, tuberculosis was diagnosed in
2,079 (8.4%) birds when tested with BDAT [23].

Similar results were obtained by other researchers
who consider BDAT to be an effective method of avian
tuberculosis diagnosis that can be used for identification
of diseased chickens both at the initial disease stage and
at the stage of systemic infection [37, 38].

Subsequently, in order to detect a mixed infection
(pullorum infection and tuberculosis), a complex antigen
was manufactured at the Lithuanian Veterinary Research
Institute, which is a mixture of the GNKI pullorum antigen
and the tuberculosis antigen of the Lithuanian Veterinary
Research Institute [39].
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In order to isolate the maximum number of infected
birds, many researchers recommend conducting a com-
prehensive study using two methods: BDAT and tubercu-
linization [38].

Unfortunately, no data on the scientific significance
and practical effectiveness of the blood-drop agglutina-
tion test in the diagnosis of chicken tuberculosis is avail-
able in the literature. Due to the fact that many aspects
of this test’s performance remain unstudied, there conti-
nues to be a multiplicity of concepts about the justifiability
and relevance of this test.

It is important to note that due to the increased role
of opportunistic infections, mycobacterioses, parasito-
cenoses, etc., the detectability of nonspecific PPD-tubercu-
lin reactions has sharply increased, which, of course, com-
plicates the diagnosis and brings laboratory test methods
to the fore. In this regard, in order to identify chickens af-
fected with tuberculosis, the necessity of serological test
methods is justified, though their role, in our view, is often
underestimated.

The aim of the study was to compare the effectiveness
of the serological test method (BDAT) with the allergy test,
as well as to assess lesions in birds’ internal organs in cor-
relation with the chicken keeping system.

MATERIALS AND METHODS

BDAT studies in the diagnosis of avian tuberculosis
were carried out in farms of the Republic of Dagestan in
the period from 2015 to 2021.

A blood-drop agglutination test using whole blood and
antigen was used in combination with intradermal allergy
diagnostic testing.

One or two drops of antigen (prepared in the laboratory
from a day-old meat-peptone agar culture) were pipetted
onto a clean slide. Blood was taken from the axillary vein,
transferred to the slides and mixed with the antigen. The
reaction was considered positive if the mixture became
lighter and flakes were formed due to adhesion of mic-
robes to antibodies, and it was considered specific, if ag-
glutination occurred within one minute.

For comparative assessment of BDAT and allergy test
4,086 chickens were tested, including 2,000 6-9 month-
old young birds and 2,086 adult birds.

In order to compare the results of allergic, serologi-
cal and post-mortem tests, 300 chickens were subjected
to diagnostic slaughter: 100 birds reacting to allergen,
100 birds identified with BDAT and 100 birds having posi-
tive reactions in both diagnostic tests.

To establish the correlation between internal organ
lesions and the poultry keeping system, 1,072 birds were
slaughtered: 579 - in the autumn, 493 - in the spring.

Allergy tests were carried out in accordance with the

“Guidelines for the use of (PPD) tuberculins in mammals
and birds"" using avian PPD-tuberculin via intradermal in-
oculation into the wattle at a dose of 0.1 mL. The test result
(the formation of swelling at the injection site) was read
after 30-36 hours.

During the simultaneous test, two allergens (dry pu-
rified tuberculin and dry purified complex allergen from
atypical mycobacteria, CAM) were intradermally inocu-

' Guidelines for the use of (PPD) tuberculins in mammals and birds.
Available at: http://www.agrozoo.ru/text/vetprep_html/238.html.

lated into both sides of the chicken wattles at a dose
of 0.1 mL: after that differences in severity of reactions
to these allergens were determined?.

All animal handling procedures were performed in ac-
cordance with the European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (ETS No. 123).

RESULTS AND DISCUSSION

Comparison of the effectiveness of the BDAT and
the allergy test was carried out in farms with the capaci-
ty of 2,086 adult poultry considered relatively free from
tuberculosis.

The total number of adult poultry in OO0 “Buynaksky
poultry farm” was 3,678 birds, no PPD-tuberculin reactors
were detected there according to the results of scheduled
allergy tests over the past 5 years. There were 1,200 ani-
mals in the farm SPK“Buglen’, positive tuberculin reactors
were detected, but the diagnosis was not confirmed later.
The diagnosis was not confirmed among adult poultry
(768 birds) in the farm “Kazbek” either. No positively re-
acting birds were found in the flock of 630 birds in the
IP “Ruguzh”. The test results for adult poultry are shown
in Table 1.

It was established that more diseased birds were ad-
ditionally detected using the BDAT: in OOO “Buynaksky
poultry farm” - 3 birds, SPK“Buglen” - 78 birds, KFKh “Kaz-
bek” - 227 birds and IP “Ruguzh” - 3 diseased chickens.
The matching of the results of the allergy test and BDAT
was noted in 73.90-75.40% of cases.

Testing of young animals of 6-9 months of age was car-
ried out in two farms: on the poultry farms OO0 “Karabu-
dakhkentskaya” and at KFKh “Tarki’, where over the past
5 years no poultry was subjected to allergy tests. It was
possible to identify both seropositive and positively res-
ponding to tuberculin birds.

As the results presented in Table 2 show, tuberculosis
can be detected with BDAT in birds at an early age. So,
18 birds (1.3%) were detected serologically at the poultry
farm OOO «Karabudakhketskaya», and 12 diseased birds
(2.0%) were detected in the farm KFKh “Tarki”. The mat-
ching of BDAT and the allergy diagnostic test results
in young animals ranges from 12.5 to 27.8%.

It should be noted that the sensitivity of BDAT at
the poultry farm OO0 “Karabudakhkentskaya” was higher.
Comparing allergy test and serological test results, it can
be concluded that a high level of seropositivity indicates
the threat of reactivity of the tuberculosis latent form.
The high information value of specific antibody detection
using BDAT gives grounds to use this test for monitoring in
the system of comprehensive infection prevention.

The necropsy results for poultry that reacted to the al-
lergen and were identified using BDAT are shown in Table 3.

During necropsy of positively reacting chickens tes-
ted with the BDAT, the tuberculosis systemic process was
noted in 13% of the tested birds; lesions of the spleen and
intestine were observed in 26% of birds, of liver and intes-
tine —in 14% of tested birds, of liver, intestine and spleen —

2 Guidelines for conducting a simultaneous allergy test using
tuberculin and a complex allergen from atypical mycobacteria (CAM)
in the diagnosis of tuberculosis in animals: approved by the Ministry
of Agriculture of the USSR of November 27, 1978.

Available at: https://base.garant.ru/70526680.
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Table 1
Comparative study of agglutination and allergy test in adult poultry

Name R — Diseased chickens identified with Matching of BDAT

of establishment poultry, birds

and allergy test

Allergy test, birds BDAT, birds results
000 “Buynaksky poultry farm” 1,221 - - 3 0.25 - -
SPK“Buglen” 400 161 40.25 239 59.75 19 73.90
KFKh “Kazbek” 365 69 18.90 296 81.10 52 75.40
IP“Ruguzh” 100 - - 3 3 - -
Table 2

Comparative study of agglutination and allergy test in young poultry

Diseased chickens identified with Matching
Name Number of tested of BDAT and allergy

of establishment poultry, birds

Allergy test, birds BDAT, birds test results
000 “Karabudakhkentskaya” 1,400 5 0.36 18 130 5 27.80
KFKh “Tarki” 600 16 270 12 2.00 2 12,50

in 3% of birds. Tuberculous nodes were detected in the fol-
lowing organs: liver (9%), intestine (7%) and spleen (3%).

During necropsy of chickens identified based only on
the results of an intradermal allergic test, systemic tuber-
culosis was detected in 9% of cases, lesions of the spleen
and intestine - in 24% of cases, liver and intestine —in 16%
of cases, liver, spleen and intestine — in 1% of cases. As
for other organs, lesions were detected in the liver (3%),
intestine (4%) and spleen (2%).

Necropsy of chickens with positive reactions detected
during diagnostic testing performed by both methods
showed the presence of systemic infection in 12%, le-
sions of the spleen and intestine in 18%, liver and intestine
in 15%, liver, spleen and intestine in 2%, liver, intestine and
oviduct in 4%, liver, intestine and lymphoid tissues in 1%
of the birds subjected to examination. Tuberculous nodes
were observed in some organs: liver (6%), intestine (2%)
and spleen (1%).

Table 3

In general, tuberculosis in chickens is accompanied by in-
ternal organ lesions typical for this disease. Yellowish-gray
or grayish-white tubercles of various shapes and sizes are
noted. At the initial stage, some organs are affected with
the formation of nodes ranging in size from a poppy seed to
a pinhead, clearly visible and separating from healthy tissue.

In advanced cases, there are tuberculous tubercles
in several or all internal organs. Sometimes solid knots
reaching the size of a hazelnut are formed. Large nodes are
often located close to each other, they can merge, forming
conglomerates up to 4 cmin size.

Lesions are often observed in several organs, primarily
the liver, spleen, and then others, with uniform nodules
of the same size.

In general, tuberculosis of chickens is accompanied
with patchy lesions in internal organs.

In connection with the above, it seemed reasonable
to study correlations between internal organ lesions and

Comparison of parameters of internal organ lesions in chickens with tuberculosis

Lesion location

Positive results obtained using

allergy test allergy test + BDAT

Systemic form 13 9 12
Spleen and intestine 26 24 18
Liver and intestine 14 16 15
Liver 9 3 6
Intestine 7 4 2
Liver, intestine and spleen 3 1 2
Spleen 3 2 1
Liver, intestine and oviduct - - 4
Liver, intestine and lymphoid tissues - - 1
There were no macroscopically visible lesions 25 | 39
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Affected internal organs
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Liver 83 16 33 10.2
Spleen 27 52 18 5.6
Intestine 26 5 2 0.6
Liver and intestine 122 234 22 6.8
Systemic form 74 14.6 22 6.8
Liver, spleen and intestine 93 18.5 61 18.9
Intestine and spleen 27 6.4 - -

Liver, spleen and lungs 27 5.2 32 9.9
Intestine, mesentery and lungs 10 1.9 - -

Intestine and lungs 8 15 - -

Oviduct 6 1.1 - -

Spleen and lungs 3 0.5 2 0.6
Liver, spleen and intestine 3 0.5 2 0.6
Muscles 2 0.4 - -

Liver and lungs 1 0.38 28 14.9
Lungs 2 0.4 14 43
Liver, intestine and lungs - - 8 24
Liver, lungs and oviduct - - 12 3.7
Liver and gizzard - - 2 0.6
Liver, spleen and oviduct - - 10 3

Lungs and kidneys - - 2 0.6
Lungs, liver and kidneys - - 12 3.7

the poultry keeping system. For that, poultry in tubercu-
losis-affected farms were tested after winter and summer
periods — in spring and autumn. The results are shown
in Table 4.

It has been established that lesions of internal organs
were detected in 796 birds out of 1,072 birds subjected
to diagnostic slaughter at different times. According to
the frequency of lesions, the liver, intestine and spleen
come first, however many cases of systemic tuberculosis
process are also recorded. Along with this, tuberculous le-
sions are observed in the lungs, oviduct, kidneys, gizzard,
cloaca.

As the results of the post-mortem dissection conducted
in the autumn period showed, tuberculous nodes were
most often found in the intestine (56.2%), less frequent-
ly in the lungs (8.9%), and as regards the spring period:
in most cases — in the lungs (39.0%) and in the least cases -
in the intestine (33.6%). The poultry keeping conditions
are likely to be the reason for this. In winter, dust infection
seems to prevail, and in summer, birds become infected
via alimentary routes.

CONCLUSIONS

1. For avian tuberculosis diagnosis, it is necessary
to conduct a comprehensive study with simultaneous per-
formance of a blood-drop agglutination test and a double
intradermal allergy test.

2.The blood-drop agglutination test makes it possible
to identify a significantly larger number of chickens with
tuberculosis both at the systemic infection stage and at
an early stage of the disease.

3.The liver, spleen, intestine in birds with tuberculosis
are most often affected, and other organs get affected to
a lesser extent.

4. The lesions in the intestine and lungs are directly
correlated with the poultry keeping conditions. Lesions
in the lungs prevail in the winter period, and lesions in
the intestine are more common in summer.
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