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Introduction

Masiuk, D. N., Nedzvetsky, V. S., Sosnztskyi, A. L., Kokariev, A. V., & Zavhorodnii, A. 1. (2018). Peculiarities of PED virus
pathogenesis in neonatal non-immune piglets on Ukraine farms. Regulatory Mechanisms in Biosystems, 9(4), 522-528.
doi:10.15421/021878

The article presents the results of study of the immune and tissue features of pathogenesis of PED virus in neonatal piglets in
Ukraine. Clinical and epizootological analysis was performed in three separate agricultural enterprises with adverse epidemiological
situation with PED virus. Blood samples and fragments of the small intestine of PEDv infected piglets were used to study the
characteristics of the pathogenesis of PED virus. It has been determined that the pathogenesis of super-acute infection by the PED
virus in 1-7 day old non-immune piglets proceeds according to the classic type of infectious process with a relay transmission of
the pathogen. Moreover, diarrthea syndrome has induced the development of irreversible and lethal pathophysiological lesions by
replication the PED virus in enterocytes of infected piglets. Pathogenetic changes observed in PEDv infected piglets were
combined with the following components: acute inflammatory-necrotic process in the tissue of the intestine, destruction and
desquamation of the epithelium of the small intestine. The infection process on day 3—5 of manifestation of clinical signs of PED
virus is accompanied with an increase in the number of erythrocytes, leukocytes and monocytes, hemoglobin, hematocrit level and
aminotransferase activity. In addition, PED virus infection induced an increase in IgM levels and the number of phagocytizing
leukocytes with increased aggressiveness and digestive power. The duration of the release of PED virus with feces is 26-37 days
after cessation of watery diarrhea. The concentration of PEDv in the feces of convalescent piglets ranged from 120 to 1700
equivalent genome in 1 g of tissue. Parasite coenotic associations of the microbiocenosis of the digestive tract of PED virus
infected piglets did not have time to form into stable epitopes. There was a constant quantitative prevalence of transient microbiota
and a decrease in the share of probiotic microorganisms. The intestinal microflora consists of random transient microbiota of the
environment with pathogenic properties. The results presented show evidence that molecular and cell-mediated immunological
events in non-immune piglets have the initial stage of the specific progress of immune response against PEDv.

Keywords: PEDv; pathogenesis; piglets; morphological and biochemical indicators of blood; cell-mediated immunity;
humoral immunity; intestinal microbiocenosis

diarrhea is recognized as one of the most dangerous and emergent virus
infections of neonatal piglets. The emergence of the PED virus is com-

Porcine epidemic diarrhea virus (PED) is an emergent, highly con-
tagious viral disease of pigs of all ages with the progress of a lethal
diarrhea syndrome in non-immune piglets, who suffer almost 100%
mortality in the early postnatal period (1-7 days), with a primary out-
break of infection.

Synonyms: Piglets epidemic diarrhea — PED; Porcine Epidemic
Diarrhoea — PED; Transmissible gastroenteritis of swine like disease;
Vomiting and wasting disease in piglets (English); Erbrechen und
Kummern bein Sagferkel (German) (Ouyang et al., 2015).

The causative agent is Porcine Epidemic Diarrhea virus (PEDv).
Taxonomy: genus — Alphacoronaevirus, family — Coronaeviridae, order —
Nidovirales. There are two subtypes of the virus: PEDv type 1 — causes
diarthea syndrome in mature animals and suckling piglets, except for
prenursery pigs; PEDv type 2 —also affects prenursery pigs. The virus is
antigenically homogeneous, according to the results of sequencing,
there are two genetic items — North American and Chinese, which are
characterized by a high degree of genome homology (Kocherhans et al.,
2001; Jung et al., 2015; Miller et al., 2016). According to the results of
the global monitoring observations presented OIE, porcine epidemic
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parable to African swine fever, classical swine fever, swine respiratory-
reproductive syndrome and circovirosis. An important and key biologi-
cal property of PEDv is an extremely high capacity for spontaneous
mutation in field variants of the virus, which determines the significant
genetic heterogeneity of epizootic isolates and their virulence variability.
The mutant PEDv clones express the modified antigens, which allow
them to effectively avoid vaccine-stimulated immune control. The lack
of immune control in a short time leads to the progress of infection in
farms (local populations), and high pathogenicity for neonatal non-
immune piglets leads to significant economic losses (Pillatzki et al.,
2015; Thomas et al., 2015; Chen et al., 2016).

The main path of PEDv infection in sensitive animals is the faecal-
oral transmission. However, there are many indirect possibilities of infec-
tion through contamination with the virus of environment objects, such
as clothing and footwear of personnel, vehicles, feed, food, pig factory
waste, and also such infection vectors as insects and rodents (Masiuk
etal., 2018). Poor-quality disinfection and long-term preservation of the
virus in the external environment, especially during the cold season,
cause a serious epizootic risk (Lowe et al., 2014; Lin et al.,, 2015;
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Crawford et al., 2015). The lack of effective antiviral agents that funda-
mentally break the epizootic chain of PED infection in a wide range of
genetic variants of field virus strains determines the complexity of anti-
infectious preventive measures. Moreover, despite the use of modemn
laboratory diagnostic systems, the variability of mutant strains is a signi-
ficant cause of the late detection of the PED causative agent. Destruction
of infected individuals, carrying out disinfection measures, replacement of
livestock can still leave a chance of the infection recurring when compli-
ance with the regulatory requirements is incompletely realized (Lee, 2015).

The main symptom of PEDv pathogenesis is watery diarrhea. In ty-
pical cases, all symptoms of diarrhea develop. With a disease outbreak
in a sensitive population, morbidity and mortality can vary considerably.
Infected piglets which are 7-10 days of age usually die within 3 to 4
days as a consequence of both dehydration and intoxication in the cour-
se of the PED virus infection. The average mortality rate is 50%, but it
can reach 90-100%. In fattening farms, in most cases, there is a signifi-
cant variability of clinical signs during an acute PEDv outbreak. Disease
symptoms observed in week-old piglets are manifested by depressed
behaviour, a lack of appetite, secretion of watery feces without any signs
of blood. Recovery, as a rule, occurs in 7-10 days, mortality is 1-3%.
However, the range of mortality can increase as a result of other envi-
ronmental factors, especially the stress induced by uncomfortable caging
and technological disturbances. The PED virus shedding to pigs is usually
slower than transmissible gastroenteritis on breeding farms and takes
from 4 to 5 weeks after the pathogen enters the population of sensitive
animals (Stevenson et al., 2013; Lowe et al., 2014). The aim — to study
the specific immune and tissue features of the PED virus pathogenesis
in neonatal piglets on Ukrainian farms.

Materials and methods

The work was carried out in the laboratory of the Research Center
for Biosafety and Environmental Control of Resources of the Agro-
In dustrial Complex of the Dnipro State Agrarian and Economic Univer-
sity. Clinical and epizootological analysis was performed in three differ-
rent agricultural enterprises with adverse epidemiological situation with
the PED virus using routine methods of collecting and processing data
describing the symptom complex of the disease, taking into account cli-
nical signs, age, distribution and duration of infectious diseases, the num-
ber of dead and diseased animals, as well as identified pathological changes.

As the main criteria for the creation of the algorithm, data on anam-
nesis, laboratory tests of virus-containing samples from animals, immu-
nobiological studies of hematological and immune indicators of pigs
during the development of an infectious process were used. The groups
of piglets with the most characteristic clinical signs were selected on
every monitored farm.

Serological diagnostics of PEDv was performed by ELISA using
the BioTek EL *800 photoelectric immunoassay analyzer (USA) and
the ID Screen®™ PEDV indirect test system (IDvet, France) according to
the manufacturer’s instructions. The samples of serum are considered to
be PEDv positive when the S/P value of the sample is higher than
04U, atadilutionof 1 : 10.

Reverse transcription of RNA of the PED virus, and replication of
cDNA was performed using a set of reagents "Bio-T kit®PEDV all —
TGEV»" ("Biosellal", France) in a CFX 96 Real-Time System thermo-
cycler ("Bio Rad", USA).

Bacteriological examination of the contents of the gastrointestinal
tract of the examined piglets included an indication and identification of
microorganisms of different taxonomic status. Simple and enriched nut-
rient mediums were used to isolate acrobic bacteria, namely: plain broth
and plain agar in the native form with the addition of 10% serum, as
well as in the cerebral broth, medium R. Hottinger, Endo agar, XLD
agar. Analysis of anaerobic microorganisms was accomplished by seeding
material into the Kitt-Tarozzi medium and on agar containing 5% blood.

The morpho-tinctorial and biochemical properties of field crops
were studied by routine methods. The pathogenicity of the identified
daily cultures of microorganisms was determined in a biological assay
performed using white mice. A broth culture of the studied microor-
ganism in a volume of 0.3 cm® was injected subcutaneously in 5 white
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mice with weight of 18-20 g. The amount of erythrocytes and leukocy-
tes, hemoglobin and hematocrit level were determined in the blood
using the PCE-90 VET automatic hematology analyzer (HTL, USA).

The ratio of various forms of leukocytes was determined with mic-
roscopy in blood samples stained by Romanowsky-Giemsa via coun-
ting 200 cells.

Biochemical studies of blood serum were performed using an auto-
matic Miura 200 biochemical analyzer (ISE Stl, Italy) and the corres-
ponding reagent kits manufactured by High Technology (USA).

The immune status and indicators of nonspecific resistance were
studied by comparative analyses in the samples of both infected and
intact piglets.

Bactericidal activity of blood serum was determined by the method of
Michel & Treffers (1956) in modification of Sarukhanov et al. (2007).
Lysozyme activity in serum was determined in accordance to Khrabus-
tovskyi et al. (2002). Phagocytic activity of leukocytes (PAL), phagocytic
number (PP) and phagocytic index (PI) were determined in stabilized
EDTA blood with a Staphylococcus aureus culture by the method de-
scribed by Kondrakhin et al. (1985). The content of immunoglobulin
classes A, M and G in serum was determined by radial immune-diffusion
by Mancini et al. (1965).

Variation and statistical processing of the obtained results was per-
formed using the Statistica 6.0 specialized software (StatSoft Inc., USA).
The significance of differences was assessed after verifying the experi-
mental data obtained for the normal distribution using Student t-test or
its non-parametric counterpart — the Wilcoxon test. Selective parameters
presented in the work have the following designations: x is the sample
average, SE is the standard error of the average value.

Results

The results of the analysis of data obtained from monitoring on the
epizootic situation of the presence of the PED virus in the central and
south-eastern regions of Ukraine over the past two years showed PEDv
presence in 23% of monitored farms. The PED virus has been identified
in three typical pig farms, with an intensive technology for keeping ani-
mals and an unsatisfactory level of biosafety. Based on the clinical and
epizootological analysis of the occurrence and development of infecti-
ous pathology in sensitive animals in previously flourishing farms, the
most generalized algorithm for the functioning of an interpopulation
parasitic system consisting of a sensitive pig head and a field virus has
been created. A complete clinical and epizootological study of infectious
pathogenesis conducted in samples of blood and intestinal tissues showed
that in all farms the source of PEDv infection remained uncertain. In spite
of this unassignable cause of infection, the epizootic process was develo-
ped with common features, similar on all the studied considered farms.

The results of the clinical and epizootological monitoring of the in-
fectious process showed that the clinical symptoms characteristic of the
PED virus initially manifest themselves on a massive scale in neonatal
piglets in a large farrow from conditionally healthy individuals which
were previously infected by PEDv pigs. The presence of the virus was
confirmed by retrospective indication of IgG to PEDv capsid antigens
by ELISA. In 52-68% of blood serum samples from 10% of the repro-
ductive herd at a dilution of 1 : 200, antibodies were determined in diag-
nostic titers.

The results of the analysis of the identified PED infection showed
enzootic coverage of susceptible populations, in which the primary
outbreak occurred suddenly. Moreover, total infection has is a specific
feature towards epizootic events in the farms of Ukraine. At the same
time, all the newborn piglets, which were obtained in a large farrow of
the recovered pigs that were previously infected with PEDy, fell ill with
the typical PED symptom complex. Watery diarthea in most piglets
was detected during the first days after birth, especially from 12 to
18 hours of life. Approximately 25-30% of the animals developed
diarrhea in 2-3 days and only a small number of piglets, no more than
8-10%, developed symptoms of the PED virus in 5-6 days. The diar-
rhea observed in our study was accompanied with vomiting, some pig-
lets had persistent and very painful vomiting. The feces are liquefied
and turned into a colourless or greenish-yellow watery mass, sometimes
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whitish or bright yellow, but without any admixture of blood. More-
over, diarrhea was persistent and quickly led to dehydration. In the
course of PED infection, the animals lost weight, their ribs, spine, hook
bone began to show, facial bones began protrude. In the terminal stage,
the animals passed with a pathological form of exhaustion with a clearly
expressed general weakness, apathy, severe depression, up to a reduction
and loss of pain reflexes. Muscle turgor was detected as decreased, “stil-
ted gait” and clumsiness of movements appeared, the skin became
wrinkled, inelastic, inactive, dry, rough (Fig. 1). Diarrheal syndrome in
piglets infected with PEDv on the 10-14 days of life proceeded much

more lightly with relatively low lethal outcome, mortality accounting
for up to 10-15% of the cases. Most of the piglets with diarrhea recove-
red as time went by. Post-infectious asthenia lasted 24 weeks and fini-
shed with almost complete reparation of impaired physiological functi-
ons and restoration of fattening conditions.

Molecular genetic methods RT-PCR were used for the diagnosis of
PED. In samples of feces of diseased animals (n = 29), PEDv RNA was
identified at a concentration of 3.02 x 107+ 9.45 x 10° equivalent genes
in 1 g of the biomaterial. The quantitative characteristics of the genomic
material of PEDv are shown in Figure 2.
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Fig. 2. PEDv cDNA Amplification Products Detection Graph

General depression quickly intensified, piglets noticeably weak-
ened, the appetite was absent, toxic effects, metabolic acidosis and ali-
mentary asthenia increased. The animals were completely passive,
exhausted and were constantly lying on their side, showed no muscular
activity, reacted poorly to external stimuli and general suppression of
vitality was aggravated. After 3 to 6 days of the diarrhea syndrome,
against the background of hypothermia, progressive pathological ex-
haustion and an increase in intoxication with symptoms of deep depres-
sion, and stupor, the piglets died in a comatose state from the paralysis
of the cardiovascular center. Before death, the mild tonic clonic move-
ments and frothy discharge from the oral cavity were observed.

The mortality among the neonatal piglets in the primary outbreak of
PED virus, of individuals in which watery diarrhea was identified in the
first postnatal 72 hours, was identified as 100%. Only some of all piglets
infected with the PED virus on the 4-5th day, and even fewer on the 6-7th

524

day of life, died after the severe form of diarrhea syndrome, a small
number up to 15-20% of the diseased piglets survived for a long period
of time and became convalescents — virus extractors.

Monitoring of 12 convalescent animals isolated from the common
herd showed decreasing dynamics in the number of PEDv feces from
every individual. Fecal samples were examined daily for the presence of
PEDv in RT-PCR until a negative result was obtained. The intense iso-
lation of the virus detected during the first 6-9 days after the cessation of
the active phase of watery diarrhoea and was 1700 + 80 of genome
equivalents in 1 g of biomaterial, when P < 0.01. In the course of the
next two weeks, there was a lytic drop in the amount of virus secreted to
relatively small quantities and amounted in 21-25 days to 12+ 6 of
equivalent genomes in 1 g of the biomaterial at P <0.01. After the next
12 days, the virus release ceased for all convalescents. The first case of
the virus excretion closure was registered at 26 days and the last — at
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37 days. Within a month, after the last case of registration of PEDv ge-
netic material in the feces of convalescents, weekly control tests were
performed to determine whether the pathogen was released into the
external environment, but all the samples showed a negative result on
the presence of PEDv genetic material in the feces.

The serous membranes of the internal organs were transparent, fat
depots of the internal organs were depleted. The spleen was elastic, not
enlarged, the borders were sharp, bright red. The brain membranes were
edematous, anemic, the brain tissues were pale with collapsed vessels,
the consistency of brain tissue was dense.

The results of the analysis of tissue samples showed that the lesions
were localized in the gastrointestinal tract, where signs of gastroentero-
colitis were pronounced, with desquamation of the secretory epithelium
of the small intestine. Mesenteric lymph nodes were dense, deep red on
the incision. The disturbances of the small intestine walls were determi-
ned with histology analysis. The destruction of the intestine was mani-
fested by significant thinning and catarrhal hemorrhagic inflammation,
which is developed in the damaged areas. Histology analysis of the
affected areas of the small intestine showed acute catarrhal hemorrhagic
inflammation of the mucous membrane which associated with the areas
of degenerative changes and local necrotic foci (Fig. 3).
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Fig. 3. The results of histology staining of the small intestine
of clinically healthy piglets () and those infected with PEDv (b):
hematoxylin-eosin staining; / — desquamation of small
intestinal epithelial cells, 2 — swelling of the submucosa

Both edema and atrophy of the intestinal villi due to enterocyte des-
quamation were detected in the mucous membrane. In regional lymph no-
des, significant catarrhal-hemorrhagic inflammation, edema of the blood
vessels of the follicles, swelling of the capsule and trabecules were obser-
ved. In the trabecular lymph nodes, accumulations of a large number of
eosinophils were detected.

The analysis of hematological parameters in blood samples of all
selected groups revealed pronounced signs of pathogenetic disorders in
16-18 day old piglets, which began to manifest 3-5 days after the ap-
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pearance of clinical signs of PED virus. The presented results of the
analysis of hematological blood parameters in piglets infected with
PEDv indicate the increase of relative leukocytosis with absolute mono-
cytosis, against the background of hypovolemic polycythemia (Table 1).

Based on the obtained results, it was determined that in the blood of
piglets infected with PEDv there was a significant increase in the
number of erythrocytes by 34.1% (P < 0.05), hemoglobin content by
25.5% (P < 0.05) and the level of hematocrit index at 61.3% (P < 0.05)
in comparison with healthy animals. There was also a significant increase
in the erythrocyte sedimentation rate in the average of 5.93 times (P <
0.01) in comparison with clinically healthy piglets. The results indicate a
moderate increase in the inflammatory process.

Table 1
Hematological values of the piglets' blood (x + SE)

Control Pigletswith  Pigletswith  Piglets with
(clinically diarrhoeal diarrhoeal diarrhoeal
Blood values  healthy, intact syndrome from syndrome from  syndrome
animals, thefarmNo 1 thefarmNo2 from the farm
n=:6) (n=28) m=34) No3m=32
Hemoglobin, g/drrf 950+3.8 110.1+£4.3* 12824+82% 1194+7.5*
ESR, mmvh 82+05  384+24*  59.6+33%  478+23*
%‘ﬂ?k"’d cells, 561014 727+063* 819£052% 7.14+071*
Hematocrit, % 371£19  563+32*%  643+42*% 589+3.7*
Leukocytes, g/dv’  820£0.66 1540+1.56% 18.60+2.84* 14.60+2.44*
WBC differential, %
Basophils 0 0 0 0
Eosinophils 12+03 1.7+02 1.1£02 09+02
Stab neutrophils 12+03 24+04 26+02 35403
Segmentonuclear 45 37 438146 393439 433438
neutrophils
Lymphocytes 502+£35  48.6+35 542+42 492+4.1
Monocytes 1.6+03 3.5+03* 2.8+04* 3.1+04*

Note: the difference between the indices in piglets with a diarrhoeal syndro-
me and clinically healthy piglets was significant at * — P < 0.05, ** — P <
0.01, *** P <0.001.

Significant changes in the number of leukocytes in PEDv infected
piglets on average 1.98 times (P < 0.05) in comparison with control
group of animals indicate the stimulation of cellular immunity. Howe-
ver, the detected leukocytosis in infected piglets was accompanied by a
1.96 times (P < 0.05 increase in the number of monocytes, which indi-
cates the preferential development of subpopulations of phagocytes).

Thus, the PED virus induces an increase in the blood the count of
erythrocytes and leukocytes, including monocytes, as well as the level
of hemoglobin, hematocrit and ESR indicator.

The results of immunological studies of blood samples, which re-
flect the state of the nonspecific immune defense of the body of piglets
infected with PEDv are presented in Table 2.

Table 2
Immunobiological status of the body of piglets (x & SE)

Control Pigletswith ~ Piglets with  Piglets with
Indicators of the ~ (clinically diarrhoeal diarrhoeal diarrhoeal
immune status of  healthy, intact ~ syndrome syndrome syndrome

the microorganism  animals)  from the farm from the farm from the farm
(n=6) Nol@n=28) No2(n=44) No3(n=32)
IgG, mg/en?’ 566+034 542+024 568+036 5.62+038
IgM, mg/cm’® 048+0.04 0.72+£0.04* 0.68+0.02* 0.81+0.06*
IgA, mg/em’ 0.12+0.01 0.12+0.01 0.12+0.01 0.11+0.01
Lask, mg/cm® 3424022  340+024 322+021 344+032
Basque, % 9630+032 96.80+034 97.10+£022 96.90+0.34
FAL, % 7148+645 8422+7.12 79944816 7T478+642
FCH, U 6.66+023 744+032 756+022 732+033
FLLU 767+034 8.66+024 886+044 8.56+0.36

Note: the difference between the indices in piglets with a diarrhoeal syndro-
me and clinically healthy piglets was significant at * — P < 0.05, **— P <
0.01, *** —P <0.001.

The presented results of indicators of humoral immunity of piglets
infected with the PED virus indicate activation of the initial stage of the
development of the immune system. In the first place, this is evidenced
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by the increase of IgM concentration as a key indicator of the primary
immune response, by 53.5% compared to the clinically healthy piglets
of the group. The activation of phagocytic immunity is also noted, as
evidenced by the increase in the relative number of activated phagocy-
tes by 11.4%, phagocytic number by 11.7% and phagocytic index by
13.3% compared to the control group of piglets.

There were no changes in such indicators as the concentration of
IgG and IgA, the level of bactericidal and blood serum lysozyme activity,
which may be mediated immunosuppressive effects of PEDv. Thus, the
PED infectious process in piglets induces an increase in the level of I[gM
in the peripheral blood and the number of phagocytic leukocytes with
increased aggressiveness and digestive capacity.

The analysis of the biochemical parameters of blood of piglets indi-
cates their depletion in piglets with PED diarrthea syndrome and the
development of toxicosis on the background of dehydration (Table 3).

Table 3
Biochemical values of the piglets' blood (x = SE)

Control  Pigletswith _ Pigletswith _ Piglets with
Blood chemis (clinically diarthoeal diarthoeal diarthoeal
value try healthy, intact ~ syndrome syndrome syndrome
animals)  fromthe farm from the farm from the farm
(n=6) Nol@n=28) No2(n=44) No3(n=32)
Total protein, g/dm® 58.46+3.60 43.19+2.65% 4746+2.18*% 4574+297*
. 3 2424+ 1097 + 1403+ 1154+
Albumins, g/cht 280 1.56%* 207 .44
Globulins, g/dm’ 34224314 3222+221 3343+£3.15 3420+231
Jase. B/dm’ 1125+ 1984+ 2168+ 166.6+
aratytase, 7.1 124%% 14, e 11.7%*
AST, U/dn?® 4428+261 93.17+885*% 10264+1022* 78.98 + 8.44*
ALT, U/dm?® 40.77+3.18 63.18+6.15% 71.15+£5.78*% 6428 +6.12*
AST/ALTratio,U  1.09+0.12 147+£028 144+031 1.23+£0.25
Creatine pmol/dm®  84.98+1.49 102.50+743 97.10+7.90 88.70+822
Urea mmol/dm’ 266+£020 S561+1.17% 498+236* 5.13+1.82*
ﬁffifnﬂ?l’ 596080 184+0.64%F 211+095%% 0.75+0.12%
gslta%‘};‘;};"sl’ha' 1387+ 181 4175+423% 3523+327*% 3779+316*
Calcium, mmol/dm’® 253+0.12  234+034 281+042 249+037
Inorganic phos-
phorrus, mmol/dm® 1.51+0.19 146+0.12 1.68+0.14 139+0.12
Ca/P,U 1.75+£0.19 1.60+£0.15 167+012 1.79+0.18
General lipopro- 1659, 158 4674474 2824354 3242425
teins, mg%
Glucose,mmol/dm’®  5.07+048 1.85+0.32* 201+026% 1.64+044*

Note: the difference between the indices in piglets with a diarrhoeal syndro-
me and clinically healthy piglets was significant at * — P < 0.05, **— P <
0.01, *** P <0.001.

The results of the biochemical analysis of blood showed a signifi-
cant decrease in the total protein content in the blood serum of piglets
with diarrhea syndrome on average by 22.2% (P < 0.05) due to a de-
crease by 49.8% of the albumin fraction (P < 0.01-0.05), in comparison
with clinically healthy piglets. Moreover, in sick animals, a violation of
lipid and carbohydrate metabolism is indicated. Blood samples of infec-
ted piglets showed a decrease in cholesterol level by 73.7% (P < 0.01),
glucose by 63.8% (P < 0.05) and total lipoproteins by 80.8% (P <0.01)
and an increase in the urea content of 1.97 times (P < 0.01) in compari-
son with healthy piglets.

The results of biochemical analyses of enzyme activity in blood
serum of piglets showed the increase of the activity of o-amylase and ala-
nine aminotransferase on the average by 72.4% (P <0.01) and 62.4% (P <
0.05), respectively, and alkaline phosphatase and aspartate aminotransfe-
rase by 2.76 times (P < 0.05) and 2.07 times (P < 0.05), respectively, in
comparison with clinically healthy piglets.

The species composition of the intestinal microbiocenosis and the
quantitative ratio of the main groups of microbionts determined no ente-
ropathogenic species of Salmonella, Yersinia, Proteus, Enterococcus and
Pseudomonas (Table 4). The exception to the common data was the iden-
tification of hemolytic E. coli, which were identified in six cases. The in-
testinal pathology in piglets, accompanied by hemolytic £. coli, did not
differ from other clinical manifestations of watery diarthea involving non-
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hemolytic E. coli in terms of the severity of diarrheal syndrome. The phe-
nomenon of hemolysis of erythrocytes by E. coli on plain agar did not
correlate with the severity of the pathogenesis of coronavirus diarrhea, and
in a biological test on white mice there was no death in mice, which,
however, does not disprove the potential likelihood of the presence of
virulent properties, but does not confirm their presence as a result of
clinical observations.

Table 4
Microbiocenosis of the piglets' intestines (n x 10" CFU/G; x + SE)

Control Piglets with ~ Piglets with ~ Piglets with
(clinically diarthoeal diarthoeal diarthoeal
Microorganisms  healthy, intact ~ syndrome syndrome syndrome
animals)  fromthe farm from the farm from the farm
(n=06) Nol®m=28) No2®n=44) No3n=32)
48x10°+  62x10'+ 48x10°%  79x10'+
MAFAM 32x10° 5.6% 10° 34x10 62x10°
Nonhaemolytic 36x10%  44x10°+ 61x10°+  87x10°+
E. coli 29x10 3.7x10° 46x10° 6.8x 10
Haemolytic 62x 107+
E coli 0 49% 10 0 0
B 44x10°+  53x10'+ 67x10%  82x107+
MErOCOCCUS SPP- 5 3 105 33 10° 41x100  62x10°
32x10% 27x10% 58x10°+  6.6x10°+
Proteus spp. 22%10° 11x10° 33x10°  32x10°
Peeud S 63x10°+  33x10°+ 48x10°+  56x10°+
Seudomonas Spp- 5 ¢ 10 14 % 10° 23x100  24x10
Clostridi 56x10°+  87x10'+ 85x10°+  64x10°+
OSIFIAMIMSPD- 4 1 % 1P 84 x 107 7710 29x 10
. 66x10°+  76x10*+ 68x10°+ 83 x10°+
Anthracoids 32% 107 36% 10° 31x10°  26x10°
. . 61x10°+  65x10°+ 24x10°+  22x10°+
Yeastlikefungi 5 C. e 41x10° 12x10°  12x10°
Lactobacterium 45x10'+  43x10°+ 68x10°+  63x10°+
spp. 22x10° 2.1 107 24 x 107 25x 107
Bifidobacterium 46x10°+  52x10°+ 23x10%+  74x10°+
Spp. 23 x10* 2.1 x 107 1.8x10° 33 %107
Aerococcus 84 x10°+ 0 0 0
viridans 34107
Note: " —n=6.

All types of microorganisms identified in the internal contents of
the intestine in biological samples on laboratory animals were apathoge-
nic and had a pronounced biochemical activity with respect to nitrogen
and carbon-containing compounds, that is, they were ubiquitous sapro-
phytes ammonificators and pathogens of fermentation processes.

Noteworthy is the complete absence of Aerococcus viridans in the
intestinal contents of the sick piglets.

The biological study of the pathogen to confirm the specificity of
the etiological factor of the diarrheal syndrome was conducted on a
sensitive biological model represented by non-immune neonatal piglets
when PED infected. For making the bioassay in the PED-free reprodu-
cer, 6 clinically 1-2 day old healthy piglets were selected and orally
infected with crushed biomaterial (intestine) of dead animals with the
PED symptom complex. The infectious dose was 50 x 10° of PEDv
equivalent equivalents per piglet upon oral introduction of the pathogen.

The results of clinical observation indicate that the incubation period
lasted 8 to 12 hours, after which watery diarrhea began. Defecation was
frequent, feces liquefied to a watery state, were yellowish or colourless,
and diarrhea was often accompanied by severe vomiting. The intensity
of the severity of pathogenesis steadily increased over time. The diar-
rhea observed in the study quickly lead to dehydration. Against the
background of complete abandonment of interest in food, dehydration
and increasing intoxication, the animals lost their live weight, their
emaciation at the terminal stage of the infectious process turned into
pathologically marked exhaustion. Diarrheal syndrome lasted from two
to four days, during which all infected piglets died.

Discussion

The results of the study showed that the death of piglets in the first
postnatal days was widespread. Mortality reached 100%, and the dura-

Regul. Mech. Biosyst., 9(4)



tion of pathogenesis amounted to 3—4 days. In the feces of piglets with
clinical manifestations of diarrhea syndrome, PEDv RNA was identified
using RT-PCR. The retrospective epidemiological study previously found
that infectious disease occurred from replacement gilts in the form of
mild diarrheal syndrome with a small coverage of the population. Fur-
ther, in the study of serum of convalescent animals by ELISA, specific
antibodies to PEDv antigens in diagnostic titer 1 : 10 were detected in
38% of animals.

The similarity of both clinical and epidemiological development of
PEDv infection corresponds to two typical outcomes that occur either
by the classical type with a fatal diarrheal syndrome in neonatal non-
immune piglets, or the type of non-lethal diarrheal syndrome, with a
relatively mild course in animals of older age groups. Therefore, the
only effective way to prevent the onset and development of incurable
lethal diarthea syndrome in neonatal non-immune piglets is preventive
protection of lactogenic origin from the first hours of life. Similar
recommendations have been proposed by many researchers (Stevenson
etal., 2013; Stadler et al., 2015).

In addition, the infection of the non-colostrum piglets from the
farms with the PEDv was carried out in order to identify the main
characteristics of the infection progress and the development of the
immune response. Oral infection of newborn piglets with a vaccinated
dose of 5 x 107 of genome-equivalents of the pathogen led to the death
of all experimental piglets. A hyperacute course of infection was detec-
ted in all individuals of this group. Moreover, the clinical results showed
the presence of the classic severe type of pathogenesis and the absolute
mortality of infected animals. The results obtained allow us to consider
the dose of the virus used for the infection as an emergent, leading to
undoubted death - dosis certa letalis (DCL).

Given that the infecting dose of PEDv in an amount of 5 x 107 of
genome equivalents administered to newbom piglets in our experiment
was estimated as lethal (DCL), this dose can be taken as a critical value
of infecting dose of the strain. The obtained result showed that 5 x 10’
of PEDv genome equivalents can be used for direct control infection in
testing the immunological potency of prophylactic biologic drugs, as it
leads to 100% their death of the infected animals as a result of patho-
physiological disorders, which are incompatible with life, induced by
reproduction of PEDv in intestinal enterocytes. The acute infection in
our study is confirmed by the results of the path analysis which revealed
pathognomic changes peculiar to the PED virus, as well as the PEDv-
positive result of PCR analysis in the small intestine tissues of infected
piglets. Pillatzki et al., (2015) demonstrated an important feature of the
dynamics of PED infection. They revealed that an increase in infecting
dose of PEDv reduces the duration of the incubation period of the discase
for the time necessary for the initial stage of the virus reproduction in the
enterocytes to the first generation of the pathogen. Further, there is a
massive infection of the epithelium of the small intestine, with the result
that the infectious process is accompanied by the development of watery
diarrhea syndrome, as indicated in the results of Stevenson et al. (2013),
Stadler et al. (2015), Boonsoongnem et al. (2015).

The features of PEDv pathogenesis in the model of germ-free
piglets that did not receive colostrum are presented in the work of Jung
et al. (2014). Three day old neonatal piglets were inoculated with a pro-
totype strain PC21A. The first disease symptoms in the group of
infected animals were detected after 22—-36 hours, which coincides with
the results obtained in our monitoring experiment of infectious pathology
in pig-breeding farms. Localization and intensive reproduction of the
PEDv in the small intestine of piglets was demonstrated using fluores-
cent probes in the study by Jung et al. (2015).

The results obtained in our study showed that on the farms of
Ukraine the PEDv almost completely ceased to be excreted with the
feces of convalescents 37 + 2 days after cessation of the diarthea synd-
rome. Infection of intestinal epithelial cells occurs in the first 12—
18 hours after inoculation of the virus and reaches a maximum in 24—
36 hours, which is confirmed by the results of RT-PCR. On the 37th
day after infection, the detected virus concentration was estimated to
range from 12 + 6 to 1700 £ 80 of genome equivalents in 1 g of the
biomaterial. Multiplication of the pathogen outside the cells of the intes-
tine does not happen, which is very important in the study of the mecha-
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nisms and duration of virus shedding in convalescent piglets. The data
obtained in our experiment are consistent with the results of other stu-
dies on the timing of conditional and clinical recovery of piglets after
initial PED infection (Pasick et al., 2014; Mesquita et al., 2015; Pizzurro
etal, 2018).

The results of the post-mortem observation revealed signs of deep
exhaustion, in particular, anemia of the skin and mucous membranes.
The results of biochemical blood tests in piglets with clinical manifesta-
tions of the PED virus showed a violation of the content of hepatospeci-
fic enzymes: aspartate- and alanine aminotransferase. The data obtained
confirm the fact that the animals died as a result of alimentary dystrophy
and severe autointoxication in combination with the phenomena of
metabolic acidosis. Moreover, a decrease in the level of cholesterol,
glucose and total lipoproteins was detected in the blood samples of in-
fected piglets, which indicates the depletion of the energy reserves of
their body. The increased activity of a-amylase and alkaline phosphatase
was also shown, which may be due to inflammation of the small intestine,
induced by the PED virus. Thus, the results of biochemical studies of
blood serum of piglets with clinical manifestations of the PED virus
indicate intoxication of the body, as indicated by elevation of transami-
nases and on the background of dehydration and exhaustion.

The results of the hematological analysis of the blood of piglets
with diarrheal syndrome induced by the PEDv indicate a hemoconcen-
tration, which is accompanied by an increase in the number of formed
elements and the hematocrit index. Hemoconcentration is an extremely
unfavourable pathophysiological phenomenon, as it leads to oxygen
deficiency of tissues, especially the brain, as a vital center. An increase
in the ESR indicator was also found, which depends on the degree of
aggregation of erythrocytes and plasma concentration of “acute phase
proteins” — markers of the inflammatory process.

The numerical increase in immune competent cells that possess
phagocytic ability indicates the development of the initial stage of the
inflammatory process with involvement in the process of immunogene-
sis and the formation of the primary immune response. It is crucial that
the primary cell-mediated mechanism is provided with an increase in
the specificity of the antigen-binding centers of antibodies to antigen
determinants of the virus. As a result of the growth of the antibody affi-
nity, the formation of a directed PEDv specific immunity in the body of
piglets occurs.

The increase in the level of IgM and the activity of phagocytic leu-
kocytes detected in our experiment also indicates the initiation of the
primary humoral response to PEDv infection. IgM antibodies are the
key factor in the development of the primary immune response, since
they are most effective in recognizing antigens of various types (Joling
et al,, 1993; Tizard, 2009). Moreover, IgM have a higher ability to acti-
vate the complementary system, which acts as a powerful tool to elimi-
nate particulate antigens, including viruses (Roos et al., 2008). It is
worth noting here that the formation of local immunity in the mucous
membranes of the small intestine, where the effects of PEDv are mainly
focused, requires the activation of macrophage and neutrophil effector
cells (Yuan et al., 2018). The increase in the phagocytic activity of small
forms of phagocytic cells that we detected may be the result of the
development of the body's immune response in the monitored period of
16-18th days of the piglets’ life. No significant differences in the
content of IgG, IgA, as well as in the bactericidal and lysozyme activity
of all of them were found in the blood of piglets. This fact can be
explained by the fact that the extremely rapid development of the PED
infectious process in newborn piglets leads to a lethal outcome (Jung
et al., 2014). Unfortunately, a short period of infection of about 35 days
is the main cause, which can explain why it is impossible to generate
and to multiply to a sufficient number specific clones of lymphocytes,
which produce enough IgG and IgA to detect changes.

Thus, molecular and cell-mediated immunological events indicate
the initial stage of development of a specific immune response to PEDv.

The results of the histological examination of the small intestine of
piglets infected with the PED virus indicate thinning of its wall due to
shortening of the villi. The revealed ratio of the length of the villi and
the depth of the crypts of 3 : 1 was significantly less than the normal
physiological ratio of 7 : 1. Such a morphological disturbance, in the
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first place, may be due to the intense replication of the virus and the total
death of enterocytes (Boonsoongnern et al., 2018). The results presented
in our study have shown the absence of microbial species that have a
specific pathogenic effect. The composition of the gastrointestinal mic-
robiota with watery diarthea of piglets is also poorly understood and
insufficiently covered in the scientific literature. The role of intestinal
microflora in the PED infectious process in newbomn piglets remains
unexplored (Ma et al., 2018). The results of microbiological analysis
showed that the species composition and quantitative ratio of microbiota
in the intestine of piglets correspond to microbiota of the environment.
The species (taxonomic) composition of microorganisms is normergic
and does not include specific prokaryotic pathogens. The microflora
identified in the small intestine of piglets is saprophytic, enzymatically
active. It is important to note the decrease in the share of probiotic
microorganisms, among which Aerococcus viridans, which is an indi-
cator of the clinical well-being of animals, is completely absent. It is a
known fact that this is a resident representative of the open cavities of
healthy animals and an indicator of the normergic composition of the
microbiocenosis in a state of clinical well-being, and its absence is a
prognostically unfavourable symptom in relation to the health and life
of the organism. Synergistically with aerococci, the content of lacto- and
bifidobacteria is sharply reduced, which also indicates the clinical distress
of the examined piglets. Thus, the relatively short period between PEDv
infection and death can be the main reason for the absence of changes in
the composition of the microflora.

Conclusions

The PED virus induces super-acute pathogenesis in 1-7 day old
non-immune piglets. PED infection accords to the classic type and
accompanied with a relay transmission of the pathogen, the develop-
ment of irreversible and life-incompatible pathophysiological lesions,
which are caused by PEDv replication in enterocytes of piglets. Patho-
genetic disturbances determined in PEDv infected piglets include the
acute inflammatory-necrotic process, destruction and desquamation of
the epithelium of the small intestine. The infection process is accompa-
nied by an increase in the erythrocyte count, phagocytic activity of leu-
kocytes and monocytes, aminotransferase activity, as well as an incre-
ment of IgM content at 35 days of manifestation of clinical signs of the
PED virus. The release of the PED virus with feces takes place 26—
37 days after cessation of watery diarrhea. The concentration of PEDv
in the feces of convalescent piglets ranged from 12 + 6 to 1700 + 80 of
genome equivalents in 1 g of tissue. Parasite coenotic associations in the
microbiocenosis of the digestive tract of PEDv infected piglets were not
have observed. The intestinal microflora consists of random transient
microbiota of the environment with pathogenic properties.
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