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SUMMARY

Specific antibodies against chlamydia were detected using complement fixation test and chlamydia genome was detected using polymerase chain reaction in
pregnant rabbits experimentally infected with Chlamydia psittaci. The infected rabbits developed a fever and respiratory signs and the infection was confirmed
by specific antibodies against chlamydia detected in their blood and by abnormalities in rabbit kindling. Complement fixation test of paired rabbit sera revealed
an increase in the titers of specific antibodies against chlamydia, which on Day 7 post infection varied within 1:7.5; on Day 14, mean concentration was 1:40 and
by Day 30 mean titer increased to 1:60. However, when pathological materials from the urogenital tract of the experimental animals were tested in polymerase
chain reaction and in smear microscopy, it was impossible to confirm that there is an etiological link between chlamydia and kindling problems in experimental
animals. At the same time, molecular and genetic tests of internal organs (liver) sampled from stillborn baby rabbits revealed the chlamydia genome, thus, proving
chlamydia involvement into the pathological kindling. Therefore, such a retrospective method as complement fixation test with a chlamydia antigen is of high
diagnostic value for lifetime chlamydia diagnosis.
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3HayeHune PCK u MNLP B gnarnoctuke skcnepumeHTanbHoil
MHQEKLUU KPONnKOB, Bbl3BaHHOW Chlamydia psittaci
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PE3IOME

MpoBe/eHa MHAMKALMA CTeLMOUUECKIX XNAMUANIAHBIX aHTUTEN B PEaKLyuy (BA3bIBAHUA KOMMNIEMEHTA v reHOMa XNaMUAWii METo0M NONIMMEPa3HOii LieNHoiA pe-
KUK Y CYKPObHBIX KpObUMX NPY IKCNEPUMEHTANbHOI MHGEKLM, BbI3BaHHOi Chlamydia psittaci. Pa3guTie MHGEKLMOHHOT0 NPOLIeCca y 3aparkeHHbIX KpONKOB
COMPOBOX/1ANO0Ch MOBbILLEHWEM TeMNEPATYPbI TeNa U MOSBAEHNEM PECTUPATOPHbIX CUMITOMOB 11 b0 MOATBEPKAEHO HANMUMEM B UX KDOBU CTIELIMUUECKIX
XNaMIAMIHbIX AHTUTEN U NATONOTUYECKUMI PoZamit. [Py UCCNE0BAHIM NAPHDIX CIBOPOTOK KPOBY KPOMMKOB B PEAKLIM (BA3bIBAHMUS KOMMNEMEHTA BbIABIIA
HapacTaHue TATPOB cneLnduUecKIn XNaMUANIAHDIX aHTUTER, KOTOPbIE Ha CeZibMbIe CYTKI OCTIE 3apaXkeHus BapbIUpoBanich B npeaenax 1:7,5; Ha ueTbipHaauaTble
CYTKIN CPEAHAA UX KOHLIEHTPaLWA Gbina paBHa 1:40, v K TPUALATBIM CyTKam CpesHMi TUTP yBeanunnca Ao 1:60. O4HaKo NOATBEPANTb XAMUANIAHYH STHONOTYIO
HebnarononyyHbIX UCX0Z10B OKPONA FKCMEPUMEHTANbHO 3apaXKeHHbIX KPONMKOB NP NCCNEA0BAHINA P06 MATONOTNYECKYX MaTEPUANOB, MONTYYEHHbIX U3 ypore-
HUTANBHOTO TPaKTa UCCTIeZlyeMbIX XKUBOTHBIX, METO/0M NOAMMEPa3HOIA LieMHOI peakLini 1 MUKPOCKOMIEii Ma3K0B-0TNEYaTkoB He yaanoch. Mpy 3Tom Moneky-
NAPHO-TEHETUYECKME UCCTIEA0BAHMA NPO6 BHYTPEHHIX OPraHOB (MeyeHb) MEePTBOPOXKAEHHbIX KPObYAT N03BONIN BbIABUTL FEHOM XNaMUANI, B pe3ynbrate
yero Obina NOATBEPKAEHA XNAMUAMIHAR HTMONOTUA NATONOTUYECKOTO UCXOAA OKPONa KPONNKoB. (NefjoBaTesbHO, NPU NPUKIUHEHHON NOCTAaHOBKE AMarHo3a
Ha XNaMUAVO03 TaKoil PETPOCTIEKTUBHBIN METOA, KaK PeaKLys CBA3bIBAHIA KOMMNIEMEHTA C XNAMUAMIHbIM aHTUTEHOM, IMEET ANArHOCTUYECKYHO LIEHHOCTb.

Kniouesbie cnosa: xnamuauo3, Chlamydia psittaci, nonumepasHas LenHas peakuys, KpOAMKK, Ceponoruueckie UccnefoBaHms
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INTRODUCTION

Advances of molecular biology reported over the past
decades have resulted in creation of new postgenomic
technologies that facilitate development of methods in-
dicating pathogen genome. These methods significant-
ly improve laboratory diagnosis of infectious diseases,
including those of animals. Polymerase chain reaction
(PCR) has become one of such mainstream methods. Its
high sensitivity and specificity, which, according to some
authors, reach 99.9% [1-3] and surpasses all the other
existing methods, together with the availability of test
equipment, have contributed to a wide use of PCR for di-
agnosis of infectious diseases [4-7].

In the last decade of the twentieth century, genomes
of almost all significant pathogens of infectious animal
diseases were sequenced. Availability of nucleotide se-
quence databases and improvement of bioinformatic
methods, along with advances in genetic engineering and
artificial protein synthesis, which made it possible to ob-
tain a polypeptide chain from amino acids, made synthesis
of specific primers a routine operation.

Owing to high specificity and sensitivity of the me-
thods based on in vitro nucleotide amplification, detection
of the pathogen genome now plays a key role in diagno-
sis, pushing aside all other diagnostic methods, including
retrospective diagnosis.

Wide use and availability of the method changed di-
agnostic algorithms, where polymerase chain reaction
became the ultimate test requiring no extra confirmation
and serological methods got focused only on preliminary
diagnosis and monitoring with mandatory confirmation
by one of direct methods, where chlamydia antigen or
genome are detected in PCR'.

However, researchers, medical and veterinary doctors,
as well as laboratory workers engaged in diagnosis of in-
fectious diseases, are familiar with such situations when
diagnostic titers of specific antibodies are often detected
in blood of clinically ill animals by retrospective methods,
more often in complement fixation test (CFT) or en-
zyme-linked immunosorbent assay (ELISA) [8-11]. At the
same time, titres in paired sera increased by a factor of 2 or
more, which was indicative of an active infectious process,
but not of a disease in the past, and PCR gave a negative
result [12-15].

Thus, chlamydiosis was not confirmed, if diagnosis was
based on “Methodical guidelines on laboratory diagnosis
of chlamydia infections in animals’, where retrospective
methods are used only for preliminary diagnosis. Due
to negative PCR results, many commercial breeding farms
took no chlamydia eradication and prevention measures,
thus leading to uncontrolled spread of chlamydia infec-
tion [16-19]. This also happened because there are sim-
ply no other diagnostic methods at disposal of veterinary
laboratories, other than PCR, which detect chlamydia,
antigens or DNA of chlamydia in the tested material, as
prescribed in the guidelines.

Chapter 3.3.1 of the WOAH Manual of Diagnostic Tests
and Vaccines for Terrestrial Animals? clearly recommends
to use PCR and ELISA-based methods (for antigen detec-
tion) to identify a chlamydia agent. However, there are
no diagnostic ELISA kits in the Russian Federation to de-
tectit.

Therefore, PCR has become the only method used in
the veterinary laboratories to diagnose chlamydia in agri-
cultural animals. Accordingly, the aim of this research was
to determine the role of CFT and PCR in diagnosis of Chla-
mydia psittaci in experimentally infected rabbits.

MATERIALS AND METHODS

For infection we used C. psittaci strain “250” deposi-
ted in the FSBSI “FCTRBS-ARRVI” collection of micro-
organisms, isolated from an aborted bovine fetus in the
Kuybyshev Oblast in 1973 and cultured in developing
chicken embryonated eggs with an infectious titer of
10764 LD, /0.3 cm? [20].

Five pregnant does were used for the experiment.

Sterility (non-contamination) of the pathological mate-
rial for re-isolation was determined in the nutrient media:
meat-peptone broth (MPB), meat-peptone agar (MPA),
meat-peptone liver broth (Kitt — Tarozzi medium), Sabou-
raud medium.

Concentration of chlamydia-specific antibodies in
blood of experimentally infected rabbits was deter-
mined with the help of CFT, using an “Antigen and sera
kit for serological diagnosis of chlamydia in farm animals”
(FSBSI“FCTRBS-ARRVI’, Russia).

Initially, to exclude spontaneous chlamydia infection
in rabbits, biomaterial samples were tested in CFT with

" Methodical guidelines for laboratory diagnosis of chlamydia infections
in animals: approved by the Department of Veterinary Medicine

on 30.06.1999 No. 13-7-2/643. Available at: https:/files.stroyinf.ru/
Data2/1/4293757/4293757190.htm.

2 Avian chlamydiosis. In: WOAH. Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals. Available at: https://www.woah.org/en/what-we-do/
standards/codes-and-manuals/terrestrial-manual-online-access.
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a chlamydia antigen and in PCR with a specific primer. At
the next stage of the experiment, does mated with bucks.
On Day 3-7 post mating, 4 does were infected with viru-
lent chlamydia culture. Infectious material, i.e. 10% puri-
fied suspension of elementary chlamydia bodies was ad-
ministered intraperitoneally in a volume of 1.0 cm?3. One
rabbit served as a control.

On Day 23-30 post infection, the effect of kindling
was assessed. The kits from the does were visually exa-
mined, height and weight measured and diagnostic tests
for chlamydia made to confirm the etiological link with
the pathogen in case of reproductive disorders in the in-
fected animals.

Microscopic tests included sampling, preparation
of smears, carbol-fuchsin staining (Stamp’s method) and
micro-slide examination under the immersion system of
a light microscope at a magnification of 100x.

The does were sampled in accordance with the PCR
sampling rules. Urogenital probes were used to sample
vaginal mucosa of the infected animals, after that the
samples were put into sterile tubes containing transport
medium. Samples for microscopy were also taken with
urogenital probes and applied onto slides to prepare
smears.

All tests in animals were carried out in strict compliance
with intergovernmental standards on laboratory animal
keeping and handling adopted by the Intergovernmental
Council for Standardization, Metrology and Certification
as well as in accordance with Directive 2010/63/EU of the
European Parliament and of the Council of the European
Union of 22 September 2010 on the protection of animals
used for scientific purposes.

PCR test was used for molecular and genetic purposes.
Chlamydia DNA was detected in samples from the infected
animals using PCR-based “CHLA-KOM" test kit for chlamy-
dia detection in animals and birds (FBIS “Central Research
Institute of Epidemiology” of Rospotrebnadzor, Russia),
developed to detect DNA of Chlamydiaceae family micro-
organisms in biological material.

DNA was extracted from the tested material using a set
of reagents “DNA-sorb-B” (FBIS “Central Research Institute
of Epidemiology” of Rospotrebnadzor, Russia). Amplifica-
tion products were detected in agarose gel electrophore-
sis using the “EF” kit for preparation of agarose gel (FBIS

“Central Research Institute of Epidemiology” of Rospotreb-
nadzor, Russia). The results were read judging by the pre-

Table 1

sence or absence of a specific band of amplified DNA in
the electrophoregram.

Chlamydia was isolated from pathological and clinical
material taken from developing 6-day-old chicken embry-
oned eggs. For this purpose, 20% suspensions were pre-
pared from the liver of stillborn rabbits (2 fetuses from each
doe), which were subsequently administered into the yolk
sac of developing chicken embryonated eggs. Embryos that
died earlier than Day 4 post infection were culled (as non-
specific). Yolk membranes were sampled from the embryos
that died between Day 4 and Day 14 post infection, smears
were prepared from them, stained using modified Stamp’s
method and examined under an immersion light micro-
scope in order to identify elementary chlamydia bodies in
the form of pink dots on a green mounting media.

RESULTS AND DISCUSSION

The experiment was conducted in the Department
of Virology of the FSBSI“FCTRBS-ARRVI".

At the first stage, general health status of the experi-
mental animals was assessed.

Observation of animals before insemination and
on Days 3-7 after insemination, as well as before infection
revealed that the rabbit health parameters were within
the physiological norm, as confirmed by the body tem-
perature (38.5-39.5 °C) and animal behavior.

No specific antibodies were detected in sera samples
tested in CFT with a chlamydia antigen. No chlamydia ge-
nome was detected in PCR-tested clinical material from
these animals.

Prior to the experiment, 4 bucks were clinically exam-
ined; then used for mating with experimental does and
subjected to similar laboratory tests for spontaneous chla-
mydia infection. The results were also negative.

As thermometry showed, infection with a virulent chla-
mydia strain caused a short increase in body temperature
in all 4 experimental rabbits, which began on Day 2 af-
ter infection and lasted until Day 6, when the average
body temperature in the group was equal to 39.62 °C.
In the following days, the temperature began to stabilize.
In addition, the infection affected the overall health status
of the rabbits. Starting from Day 3, the animals lose appe-
tite, look lethargic and unkempt. On Day 5, three infected
rabbits (Nos. 1, 2 and 3) developed a cough.

Assessment of kindling post infection with virulent
chlamydia is given in Table 1.

Effect of experimental infection with C. psittaci “250” on pregnancy in rabbits

Effect
on pregnancy

Animal
number

in total

Kits born

1 s/b 6 6 100 0 0

2 s/b 5 5 100 0 0
— | Experimental

3 kindling, s/b 6 2 33 4 67

4 s/b 5 5 100 0 0

Total for the group 22 18 82 4 18

5 Control kindling 6 0 0 6 100

“s/b” - stillbirth.
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Stillbirth cases were reported in three infected animals.
Only four out of six kits from Doe No. 3 survived. The sur-
vival rate in the group was 18%. The control doe gave birth
to 6 healthy kits.

The next stage was to study humoral immunity dyna-
mics in rabbits. The results of serological tests of sera from
experimental and control animals are given in Table 2.

It was found that, prior to infection no antibodies
to chlamydia antigen were detected in blood of all rab-
bits. Consequently, they lacked specific anti-chlamydial im-
munity, which was important for purity of the experiment.
On Day 7 post infection, complement-fixing antibodies
were detected in sera from experimental rabbits; mean
titer was 1:7.5. In the future, there was an increase in their
concentration. Therefore, on Day 14, mean titer was equal
to 1:40 and by Day 30, it increased to 1:60. An increase in
the antibody level in the paired serum samples from the
infected rabbits suggests development of an infectious
process of chlamydial etiology. No complement-fixing
antibodies were detected in blood of the control animals
during the whole experiment.

Mucus scrapes from vagina of infected animals were
taken together with the samples of internal organs
from the stillborn and normal kits (liver) for microscopic,
molecular and genetic analyses aimed at detection of
chlamydia elementary bodies and DNA on Day 30 post
infection, after kindling in all does.

Table 3 summarizes data on fetuses and clinical mate-
rials tested after kindling, as well as on chlamydia re-isola-
tion from pathological materials.

Microscopic tests showed no chlamydia in vaginal
smears of the infected does. Microscopic tests showed
elementary bodies of chlamydia in smears prepared from
the internal organs of stillborn kits. PCR revealed no DNA
chlamydia in samples of vaginal mucosa. PCR revealed
C. psittaci genetic material in liver samples from stillborn
kits. Similar tests of the pathological material taken from
the control rabbit gave negative results.

To identify the pathogen and confirm chlamydial
etiology of the abnormal kindling observed in does,

Table 3

Table 2
Level of complement-fixing antibodies in blood of infected rabbits

Animal
number

before
infection

Chlamydia antibody titer

1 - 1:10 1:20 1:40

2 - 1:5 1:20 1:40
Experimental

3 - 1:10 1:80 1:80

4 - 1:5 1:40 1:80

Mean titre in group - 1:7.5 1:40 1:60

5 Control - - - -

the pathogen was re-isolated from samples of internal
organs (liver) of the stillborn fetuses with positive PCR
results in developing 6-day-old chicken embryonated
eggs, followed by a smear microscopy to detect ele-
mentary bodies of chlamydia. Chlamydia were already
isolated in the first passage. Specific embryonic death
was reported on Days 4-8 after infection with a 20%
suspension of pathological materials. In addition to con-
firming the chlamydial etiology of stillbirths in rabbits,
it also suggested a high virulence of chlamydia isolates
re-isolated from rabbits. Administration of pathological
materials from the liver of control rabbit fetuses into
the yolk sac of developing chicken embryonated eggs
showed a negative result.

Analyzing the data obtained during the experiment, it
can be concluded that the use of PCR alone gives an in-
complete picture for the chlamydia lifetime diagnosis. It
is advisable to use retrospective methods, such as CFT
with a chlamydia antigen, which makes it possible to
identify chlamydia specific antibodies. An increase in
the antibody titre in the animal blood may suggest an
active infectious process and may be used as a basis for
a diagnosis.

Re-isolation of C. psittaci “250” from clinical and pathological material from infected rabbits after kindling

Re-isolation of chlamydia

Test material Microscopy results in chicken embryonated eggs PCR results
mucus scrape from vagina - not tested -
1
fetal liver + + +
mucus scrape from vagina - not tested -
2
fetal liver + + +
Experimental
mucus scrape from vagina - not tested -
3
fetal liver + + +
mucus scrape from vagina - not tested -
4
fetal liver + + +
mucus scrape from vagina - not tested -
5 Control
fetal liver - - -
“—"—negative test results;

“4+"— positive test results.
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CONCLUSION

The conducted experiments showed that infection
of pregnant does with virulent Chlamydia psittaci strain“250”
resulted in an active infectious process, characterized by
a fever, respiratory signs and deterioration in the general
condition of the tested animals. In addition, all experi-
mental does had abnormal kindling. Only 4 out of 22 kits
survived. The offspring survival rate was 18%. Only sero-
logical tests (CFT) made it possible to confirm chlamydial
etiology of the pathological process in the infected animals.
Imprint smear microscopy and PCR of urogenital tract
scrapes from the infected animals gave negative results.
However, the chlamydial etiology of abnormal kindling was
confirmed by PCR, used to test internal organs from fetuses
of the infected animals and by chlamydia re-isolation in
6-day-old chicken embryonated eggs.

Thus, the use of PCR alone does not give a complete
picture for chlamydia lifetime diagnosis in animals. Con-
sequently, it is advisable to use not only molecular, but
also retrospective methods, such as CFT with a chlamydia
antigen, which helps to identify specific chlamydia anti-
bodies, and the growing antibody titre can serve as a basis
for the diagnosis.
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