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Abstract. We investigated the occurrence and pathologic findings of transmissible viral proventriculitis (TVP) associated
with the chicken proventricular necrosis virus (CPNV) in commercial broiler chickens in southeastern Brazil. Seventy-three
broilers, 25-36 d old, with a history of reduced growth, were referred to our veterinary pathology services from 2013 to
2017. Broilers were clinically examined, weighed, and euthanized for postmortem examination. Broilers of different ages
with proventricular histologic lesions were positive for CPNV by RT-PCR; however, the intensity of histologic lesions
was higher among 33-d-old animals, and viral RNA detection was more frequent among those that were 28 d old. In the
proventriculi of 35 of 73 (48%) broilers, lesions were characterized by glandular epithelial necrosis, lymphoplasmacytic
and histiocytic infiltrates, and metaplasia of glandular epithelium to ductal epithelium. In 24 of 73 (36%) broilers with
histologic TVP-compatible lesions, CPNV was detected by RT-PCR for the viral protein 1 (VPI) gene. Broilers with
histologic lesions were lighter than expected compared to the Cobb 500 standard weight. TVP has not been reported
previously in broiler chickens in Brazil, to our knowledge.
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Transmissible viral proventriculitis (TVP) is an emerging
infectious disease with a poorly known etiopathogenesis.
It affects mainly broiler chickens,®'® but is also reported
in broiler breeder and layer chickens.'”"” TVP is charac-
terized macroscopically by enlargement, wall thickening,
and pallor of the proventriculus."”'" Microscopically, it is
characterized by specific lesions, including necrosis of
oxynticopeptic cells, lymphocytic infiltrates, and ductal
epithelial hyperplasia with metaplasia of glandular epithe-
lium to ductal epithelium.>®’

The clinical signs of the disease are nonspecific and char-
acterized by impaired growth, poor feed conversion,”" non-
uniformity of the flock,>'*'" and impaired digestion.">"*
Mortality in flocks with TVP is reported to be 3.03-4.49%.°
The disease has been reported in broilers 13-59 d old’ and in
broiler breeders 920 wk old."

Initially, TVP was associated with other viruses, such as
infectious bursal disease virus.'” Later, researchers identified
a virus named R11/3. This virus was isolated from broilers
with TVP, inoculated into specific pathogen—free (SPF)
chickens, and the disease was reproduced for the first
time.'™"" The virus was later named chicken proventricular
necrosis virus (CPNV), and physical and genomic analysis
led to its identification as a birnavirus.'” Nevertheless, ques-
tions still remain regarding the role of other agents in the

development of TVP.” Experimental infections with CPNV
were unable to reproduce the impaired growth seen in natural
cases, thus reinforcing the idea that additional factors could
be involved in the pathogenesis of TVP.*?

TVP has economic implications because it can increase
costs by decreasing production indicators in affected
flocks™*'? and increasing the rate of stunted broilers.'® Since
its first identification in 2005,* TVP has been reported in
many countries,”>'® but not in Brazil, to our knowledge.
We investigated the occurrence and pathologic findings of
TVP in broilers confirmed with reverse-transcription PCR
(RT-PCR) for CPNV.

Our study included 73 broilers from different mixed
flocks grown in conventional houses in southeastern Brazil.
All broilers were vaccinated at the hatchery against Marek
disease, infectious bronchitis, infectious bursal disease, and
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Newcastle disease. Samples included 10 broilers from retro-
spective cases (2013, 2016, and 2017) and 63 broilers from
prospective cases (2017). Retrospective cases consisted of 2
pools of proventriculi samples fixed in 10% neutral-buffered
formalin (2013 and 2016), and another pool of fixed and fro-
zen proventriculi (2017). The 63 prospective cases consisted
of stunted broilers from 6 different flocks or houses from the
same producer. The populations were 17,000—40,000 birds
per house, and we examined 10—12 broilers from each of
these flocks. All 73 broilers were sampled at 25-36 d old,
and all the flocks had a previous history of impaired growth
and thickening of the proventricular wall. Clinically, stunting
was the main sign in these broilers. In addition, the broilers
had ruffled feathers (12 of 73) and poor feathering (6 of 73).
Broilers from the prospective study were weighed, clinically
examined, and postmortem examined in the Animal Pathol-
ogy Sector of the Universidade Federal de Minas Gerais
(Belo Horizonte, Minas Gerais, Brazil). The broilers’ weights
were compared to the standard weight of Cobb 500 mixed
flocks.* Data regarding age, vaccination schedule, manage-
ment, production data, mortality rate, and clinical signs were
obtained from the owner.

The project was approved by the Committee on Ethics in
the Use of Animals (CEUA), protocol 169/2017, and all of
the owners of the farms signed a consent form. Broilers were
euthanized following the guidelines from the Brazilian Fed-
eral Council of Veterinarians, resolution 1000/2012.

During postmortem examination, larynx, trachea, lung,
heart, proventriculus, gizzard, intestine, pancreas, bursa of
Fabricius, thymus, spleen, liver, and kidneys were fixed in
10% neutral-buffered formalin, processed routinely for his-
topathology, and stained with hematoxylin and eosin. The
proventriculus from each broiler was sectioned longitudi-
nally, and the thickness of the wall was measured at the cen-
tral portion before placement in formalin. In addition, 2
transverse sections of the proventriculus were collected and
formalin-fixed. Microscopically, the proportion of affected
versus unaffected glands of the mucosa was examined and
scored. For scoring the proventricular lesions, a representa-
tive section from each broiler was selected.

Proventricular lesions were scored based on the distribu-
tion and intensity of glandular epithelial necrosis and the
interstitial or deep glandular histiocytic and lymphoplasma-
cytic infiltrations as follows: mild (+), occasional glandular
epithelial necrosis and inflammatory infiltrate affecting 25%
of the glands; moderate (++), multifocal glandular necrosis
and inflammatory infiltrate with 25-50% of glands affected;
marked (+++), diffuse epithelial glandular necrosis and
inflammatory infiltrate with >50% of glands affected. The
intensity and distribution of ductal metaplasia of the glandu-
lar epithelium were associated with necrotic and inflamma-
tory lesions and classified as mild (occasional inflammatory
cells), moderate (cells near the surface of the glands), and
marked (cells reaching the base of the glands). The lymphoid
follicles and plasma cells in the lamina propria of the mucosa

(particularly near the surface) were not considered inflam-
matory infiltrates given that they are normally found in
healthy broilers.

Samples of the proventriculi collected from the 63 broil-
ers in the prospective sampling were placed in microtubes
and immediately frozen in liquid nitrogen. Total RNA extrac-
tion was performed using the silica and guanidine lysis buf-
fer protocol.” Four proventriculi from the retrospective
samples stored at —80°C were also used, totaling 67 proven-
triculi analyzed by RT-PCR. The proventriculi of the other 6
broilers were received fixed in formalin, and no frozen sam-
ples were available for RT-PCR.

The concentration and purity of the RNA extracted were
assessed (NanoDrop 2000 spectrophotometer; Thermo
Fisher). RT-PCR reactions were performed (one-step Kkit,
Access RT-PCR system A1250; Promega), following the
manufacturer’s instructions. Detection and amplification of
the CPNV viral protein 1 (VP1) gene were performed using
the oligonucleotides and protocols described previously.'
The positive control was obtained from a proventricular
sample previously confirmed by partial Sanger sequencing
of the VPI gene.'” As a negative control, similar reactions
were performed with all of the reagents and without template
cDNA. The final product of each reaction was subjected to
electrophoresis in 1.5% agarose gel containing ethidium bro-
mide along with a molecular weight marker of 100 bp (Low-
Ranger 100bp DNA ladder; Norgen).

The chi-square test or Fisher exact test was used as
appropriate to evaluate the association between the pres-
ence and intensity of the proventricular histologic lesions
and RT-PCR viral detection. The effect of the histologic
lesions on proventricular wall thickness was evaluated by
ANOVA, including the linear effect of age as a covariate.
To study the effect of intensity of the histologic lesions,
gross lesions, and molecular detection on weight, a
repeated-measure mixed model was fit in which “flock”
was considered a random variable. The effect of age on the
difference between the observed and expected weights of
Cobb 500 strain, proventricular wall thickness, RT-PCR
results, and histologic lesion scores was investigated by
ANOVA. For all analyses, the significance level of <5%
(SAS Institute, 2018) was used.

The examined broilers were grouped according to age
and the histologic lesions compatible with TVP, which had
different intensities for various ages (25-36 d old). Lesions
were more frequent in 33- and 36-d-old broilers than in
those <30 d old. Two broilers were excluded from this anal-
ysis because their age was not known, thus totaling 71
broilers. Twenty-one (30%) broilers positive by RT-PCR
were 25-36 d old, and 13 of 21 (62%) had histologic TVP
lesions. No association was observed between age and RT-
PCR results (p = 0.79). Positive and negative broilers had
average ages of 31.2 and 30.9d, respectively. An associa-
tion was observed between histologic lesions and age (p =
0.04), in which broilers with histologic TVP lesions had an
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average age of 32d, and broilers without lesions were on
average 30 d old. Therefore, it is more likely to find histo-
logic lesions in 32-d-old broilers. However, age did not
influence proventricular histologic lesion scores (p = 0.11);
different lesion intensities were present in all age groups
and showed no pattern.

Weekly mortality rates were 0.5-4.0%, with an average of
1.4%. At the end of 4wk, cumulative mortality was 2.2—
7.4%, with an average of 5.4%. Nevertheless, it was not pos-
sible to correlate mortality rates to the presence of histologic
TVP lesions because this analysis would require differentia-
tion between flocks with and without histologic lesions and
all sampled flocks had broilers with TVP.

All 63 broilers referred to our pathology service had body
weights below the Cobb 500 standard weight for mixed
flocks.” The broilers weighed 0.50—1.84 kg and were an aver-
age of 1.60kg below the Cobb 500 standard. The presence
and absence of histologic TVP lesions and the body weights
were compared among these broilers. The average weight of
broilers with histologic lesions was 1.04kg, whereas the
average weight of those without histologic lesions was
1.06kg. Thus, broilers with histologic lesions were, on aver-
age, 1.15kg below the Cobb 500 standard weight, and broil-
ers without lesions were 0.99kg below. Nevertheless, the
presence or absence of histologic lesions showed no signifi-
cant influence on the weight (p = 0.58).

Macroscopically, the main proventricular change was
thickening of the mucosa, albeit not always associated with
lumen dilation and undigested content. Five of 73 (7%) broil-
ers had proventriculus with a thickened wall. In the mucosa,
the papillae were flattened in 3 of 8 broilers, which also had
mucosal gland dilation, and miliary white areas in the mucosa
(Suppl. Figs. 1-4). The enlargement of the proventriculus
was associated with lumen and isthmus dilation (Fig. 1). The
presence or absence of histologic lesions interfered with the
proventricular thickness (»p = 0.002). Broilers with histologic
TVP-compatible lesions had an average thickness of
0.578 cm; broilers without histologic lesion had an average
thickness of 0.505 cm. Other findings included dyspigmenta-
tion of feet, legs, and skin (52 of 73), necrotic pododermatitis
(36 of 73), periorbital swelling (3 of 73), airsacculitis (3 of
73), and fibrinous pericarditis (1 of 73).

Microscopically, 35 of 73 (48%) broilers had TVP-com-
patible histologic lesions in the proventriculus. Of those, 21
(60%) had mild (+) proventricular lesions, 13 (37%) had
moderate (++) lesions, and 1 (3%) had marked (+++) lesions.
The presence of histologic lesions compatible with TVP was
significantly associated with positive RT-PCR results by the
chi-square test (p = 0.04). Of the 63 prospective samples
tested, 21 were positive by RT-PCR, and proventricular
lesions were observed in 13 of the 21 (62%). From the 42
RT-PCR-negative proventriculi, 27 (64%) had no histologic
lesions. No significant association was observed between
histologic lesions and the presence of gross proventricular
lesions (p = 0.38).

RT-PCR was positive in 3 proventriculi from the 10 tested
retrospective cases, resulting in a total of 24 (36%) positive
RT-PCR results. Histologic TVP-compatible lesions were
present in 6 of the 10 retrospective samples.

Proventricular histologic lesions were characterized by
oxynticopeptic cell necrosis of the submucosal proventric-
ular glands, inflammatory infiltrates, and ductal epithelial
hyperplasia with metaplasia of glandular epithelium to duc-
tal epithelium. The inflammatory infiltrates of lympho-
cytes, histiocytes, and plasma cells were the most evident
lesions in the proventriculi, followed by necrosis and meta-
plasia (Figs. 2—4). Glandular ectasia was associated with
necrotic epithelial cells and histocytes inside the lumen.
Moderate-to-marked reactive follicular aggregates of lym-
phocytes were also present (Table 1). A case with marked
TVP-compatible lesions also had mild fibroplasia. Intra-
nuclear inclusion bodies were not present. Lymphoid deple-
tion was found in the bursa of Fabricius of 3 broilers; there
were no lesions in the thymus and spleen. Enteritis caused
by Eimeria spp. was found in 2 broilers.

We defined proventriculitis in broilers by histologic
lesions in the proventriculus and confirmed the viral etiology
in 36% of the cases by RT-PCR for the V'PI gene of CNPV.
These results are similar to other studies,"®”'"'® in which
similar lesions have been reported as TVP cases in different
countries."'*"

The majority of TVP cases documented in the literature
are in broiler chickens.*'* Our cases occurred in broilers
housed in conventional houses without optimal biosecurity
practices. The transmission of the TVP agent is not fully
comprehended (vertical, horizontal, or both), but oral and
ocular infections have been reported."’ Also, an experi-
mental study that propagated the virus by amniotic inocu-
lation of embryonated chicken eggs caused proventricular
TVP lesions.® Therefore, in our study, the poor biosecurity
measures may have favored the entrance of the virus via
people, fomites, vehicles, food, or other animals. How-
ever, the breed, environmental factors, concurrent dis-
eases, and host immunity should also be considered in the
onset of the disease.

We found the higher percentage of broilers with histo-
logic TVP-compatible lesions among 29- to 36-d-old ani-
mals. The most severe lesions were identified in 33-d-old
broilers. These data differed from other documented studies,
in which 18- to 31-d-old broilers were affected.”''*"” How-
ever, only broilers up to 31 d old were examined in those
studies."'®'"” We found that the disease can manifest later
given that some of our older broilers had lesions in the initial
stage. Experimental and natural TVP studies have identified
CPNV by RT-PCR in broilers at 14-31 d old""" and 21 and
49 d old.” Nonetheless, an experimental study that inoculated
the virus in 14-d-old broilers and tested for CPNV up to 49 d
old only detected the virus until 28 d old.""

Although there is no confirmation that TVP leads to death
or stunting, broilers with TVP histologic lesions in our study
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Figures 1-4. Transmissible proventriculitis in broiler chickens. Figure 1. Longitudinal section of the proventriculus and ventriculus.
Dilation of the lumen and isthmus (asterisk) with diffuse thickening of the proventricular mucosa in association with white nodules in
the mucosa (arrow). Figure 2. Proventricular mucosa of a 20-d-old broiler with marked inflammatory infiltrate in the interstitium and in
the lumen of glands. There is also loss of glandular epithelium and ductal epithelial hyperplasia (*). H&E. Bar = 500 um. Figure 3. High
magnification of Figure 3. Necrosis and loss of glandular cells, replacement of glandular epithelial cells with ductal epithelium (ductal
metaplasia), and diffuse infiltrate of lymphocytes and histiocytes in the interstices and in the lumens of acini. H&E. Bar = 50 pm. Figure 4.
Proventricular mucosa of a 32-d-old broiler. Marked ductal metaplasia (*) is seen at the base of the gland, associated with epithelial necrosis
(n) and infiltration by lymphocytes and histiocytes. H&E. Bar = 50 pm.

Table 1. Frequency by type and distribution of histologic lesions in the proventriculi of broiler chickens with transmissible viral
proventriculitis.

Proventricular histologic lesions Frequency
Lymphoplasmacytic and histiocytic infiltrate affecting >50% of the glands (marked) 1/73 (1)

Ductal metaplasia of the glandular epithelium 11/73 (15)
Interglandular mild number of follicular aggregates of lymphocytes 12/73 (16)
Lymphoplasmacytic and histiocytic infiltrate affecting 25-50% of the glands (moderate) 13/73 (18)
Lymphoplasmacytic and histiocytic infiltrate affecting up to 25% of the glands (mild) 21/73 (29)
Glandular epithelial necrosis 22/73 (30)
Glandular ectasia 24/73 (33)
Moderate to marked number of follicular aggregates of lymphocytes 24/73 (33)

Numbers in parentheses are percentages.
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were 1.038 kg below the Cobb 500 standard weight, although
only stunted broilers were examined. We have not studied
flocks unaffected by TVP to allow weight comparisons. The
proventriculus is responsible for chemical digestion,*’ and it
is therefore expected that lesions in this organ might lead to
decreased productivity and quality of health. Reports on TVP
have shown worse feed conversion, reduced weight gain, and
poor uniformity in natural cases of the disease.'®'’ Nonethe-
less, the disease did not lead to a decrease in production indi-
cators in SPF chickens.*’

We identified gross lesions similar to those reported in
other studies, such as proventricular enlargement, thickening
of the wall, glandular dilation,®’ flattening of the mucosa,
and circular white areas in the mucosa.>'®!’ Nevertheless,
only 5 of 35 proventriculi with histologic lesions had macro-
scopic thickening of the wall, and some broilers had typical
histologic lesions and no thickening of the proventricular
wall, thus highlighting the importance of histologic examina-
tion to support the diagnosis. We did not find any other stud-
ies evaluating the thickening of the proventricular wall by
macroscopic measures.

The main histologic lesions found in the mucosa of the
proventriculi from broilers in our study were lymphoplasma-
cytic and histiocytic infiltrates, glandular epithelial necrosis,
glandular ectasia, and interglandular follicular aggregates of
lymphocytes, similar to previous reports.>*'" Ductal meta-
plasia of the glandular epithelium, seen in the base of the
glands in association with necrosis and inflammation, was
present in the proventriculi of only 15% of the broilers. Other
reports that showed higher frequencies of metaplasia may
have examined a greater number of proventriculi with
chronic lesions. Lesions such as activated follicular aggre-
gates of lymphocytes’ and glandular ectasia’ have also been
documented in TVP cases.

We identified viral RNA of CPNV in the proventriculi
without histologic lesions. This result raises the question of
whether this virus could persist in the proventriculus,
although subclinical infection may not be ruled out. Studies
indicate that CPNV has an incubation period of 2-3d,'""!
and the sensitivity and specificity of the RT-PCR for CPNV
were 88% and 83%, respectively, in frozen proventriculi."
We did not find any studies on the persistence of the virus in
the proventriculus of healthy broilers.

Our study is in accord with others that presented CPNV as
the agent of TVP cases,"®”''® although viral detection was
not confirmed for all of the cases diagnosed as TVP.*” Some
researchers have raised questions about the role of other
viruses in the disease.'*"* Nevertheless, these studies did not
look for CPNV and only examined the proventriculus con-
tent, instead of searching for these viruses in the proventricu-
lar mucosa and in situ to associate the virus with histologic
lesions. Some data reinforce CPNV as the TVP etiologic
agent, such as the experimental reproduction of the disease’
and the identification of the CPNV VP gene by RT-PCR in
the proventricular tissue of broilers in different studies."”""

Other viruses, such as picornavirus'> and gyrovirus,"
have also been associated with TVP. However, they have not
been used to reproduce the disease and were not identified in
situ in association with lesions. Therefore, it is not possible
to determine whether they cause TVP."'®

TVP apparently caused a loss of performance in broilers
with proventricular lesions in our study. Therefore, we rec-
ommend investigation for TVP in flocks >20 d old showing
impaired growth. Moreover, additional investigations are
needed encompassing flocks from different regions to deter-
mine the incidence and prevalence of TVP in Brazil.
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