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THE PATHOGENITY OF CRYPTOSPORIDIUM PARVUM
TYZZER, 1912 AND C. BAILEYI CURRENT,
UPTON ET HAYNES, 1986 FOR CHICKENS

L. PALKOVICund V. MAROUSEK
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Abstract, Clinical symptoms and pathological-morphologicul changes in the respiratory tract of
chickens inoculated with Cryptosporidivm parvum were described for the first time and compared
with those induced by Cryplosporidium baileyi. Intratracheal inoculation with these Lwo spocies
cnused symploms of a respiratory tract disease in all chicken, but a disease of the digestive tract
or death did not occur in any ense, Pathological and morphological changes were observed only
in the rospiratory svstem and were characterized by petechiae in the mucosa of larynx, trachen,
primary bronchi and in the wall of air sacs in chickens infected with O parvum, or by diffuse hyper-
aemin of respiratory traet mucosi in chickens infected with €. baileyi. The pathological-histological
changos, which were characterized by affections of various degress in epithelinl eells, muecouns glands,
and lamina propria mucosae, wore moere pronounced in the chickens infected with C. parvum.

Cryptosporidia were found for the first time in the glandular epithelium of stomach
of laboratory mouse and were named Cryplosporidium muris (Tyzerz 1907). The
range of hosts in which eryptosporidia have been found is still increasing. Tzipori
et al. (1980) recorded 12 host species, O'Donoghue (1985) 14 host species, and Cur-
rent (1986) already 31 species of mammals, 7 species of birds, 5 species of reptiles,
and 2 fish species. Some authors assume that cryptosporidia are organisms with a great
host specificity (Votterling et al. 1971). Others, however, are of an opposite opinion
and recommend to assign only one species to the genus Cryplosporidium (Tzipori
et al. 1980). On the basis of papers dealing with the transmission of eryptosporidia
among individual animal species Levine (1984) proposes to divide these parasites
into four species: Cryplosporidium crotaly (Triffit, 1924) in reptiles, C. meleagridis
(Slavin, 1955) in birds, C. muris (Tyzzer, 1907) in mammals, and C. nasorum (Hoover
et al., 1981) in fish. Upton and Current (1985) found two morphologically different
Cryplosporidium species in catttle, C. parvum and C. muris, C. parvum causing erypto-
gporidiosis in calves. Current ot al. (1986) described C'. baileyi as a new Cryplospori-
dium species specific for birds. Cryptosporidia with the same localization (cloaca,
bursa of Fabricius) and oocyst morphology were detected in spontancously infected
broiler chickens by Pavliasck and Palkovié& (1986) in Czechoslovakia. Peroral
transmissions of C. baileyi to suckling laboratory mice and suckling kids were unsue-
cessful (Current et al. 1986). Unsuccessful was also the experimental intratracheal
inoculation of suckling laboratory rat with oocysts of C. baileyi (Palkovid and Ma-
rousek, unpubliched results). Experiments with the transmission of cryptosporidia
from mammals to chickens showed different results. Peroral inoculations of chickens
with oocysts from infected calves were mostly unsuccessful (Pavlasek 1983; O'Do-
noghue 1985), similarly as the inoculation of chickens with mucosal scrapings from
infected guinea pigs (Vetterling et al. 1971). However, Tzipori et al. (1980)
succeeded in peroral infection of chickens with ileal homogenate from an infected
calf. Lindsay et al. (1987) demonstrated developmental stages of eryptosporidia in
the respiratory tract of 1- and 7-day-old chickens on days 4—12 after intratracheal
inoculation with €. parvum oocysts. The oocysts were found in a mixed faeces sample
on days 7 and 9 post infection (DPI).
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The purpose of the present study was to compare the pathogenic effect of €. parvum
and €', baileyi for chicken~ after intratracheal inoculation with ooeysts,

MATERIALS AND METHODS

Twonty-four specinwens of 3-duy-old broiler chickens wore divided into two exporimental (A, 1B)
and two eontrol (U, D) groups of six specimens cach. The chekins of experimental groups were
inoenlnted intrtrmchenlly with 450,000 ooeysts of . pervion (group A) and . baileyi (group B).
The chickons of the control groups peecived intratracheally 0,20 mil of wline, The groups A, C and
I 1 were kept separately under the sane conditions of the environment and feeding. In order
to verily the infectivity of (. parmon for mamanals, five 3-duy-old white laboratory mice woere
inoculnted perorally with 150,000 oncysts. Anolher group of mice of the same age served us control,

The inoeualun: of €, parcem (510 > 482 wn large sphuerical ooeysts) was prepared from Lhe
feecs of antarmily infoeted, 18-dny-oRl calf. The gocyatx of . bailey (oval, 6.47 < 5.23 pm) used
in our experiment were obtined from fueces of naturally infected chickens and repeatedly passaged
in experinentally infecied chickens at the Institule of Parsitology, Czechoslovek Academy of
Scionees. neees from the el and chickens were suspended in 2.5 9, potassinm dichromate solution
nnd stored ar 1°C for aboul 30 days<. The ooey=ts from the sumples were concentrated by flotation
in Shenthor's sugar solution, and stored in suline containing 100 FU /il penicillin and 100 pa/ml
streptomyein at 4 °C for 9 days. The nnmber of oocysts in the infection dose was determined using
Biirker's chamiber, During the oxperinent, the chickens were observed duily for their clinical condi-
tion andd the nimmber of exercted pocysts was determined by the method of eloaca and beak cavity
irvigntion (Pavhisek 19870, bl Flowstion-eentrifugntion wethod after Brezon (1957) was used for
duily nxaminations of ixed samples of chicken fiweees from onch group and facees of both infect ed
anel control mice, One chivken from eanch group was disseeted on 3, 5, 7, 10, 12, and 14 DPL Muco=al
serupings of conjumetivi, adjueent nusnl envities, larynx, teachea, brouchi, duodenum, jejunwm,
e, encetn, lnege intestine, cloaea, and burst of Fabrieiis, as well as imprint preparations of
nir aes and hing parenchynm were stained after Gienwa, Fxcisions fron conjunctiva, adjacem
pisatl envities, larynx, trachos, bronehi, lungs, air sies, clonca, and buma of Fabricing were fixed
in 10, nouteal formalin und enbedded into paeatfing Sections were stained with haematoxylin
and cosin and n{tor Giensa, Samples of larynx, trachea, bronehi and mir sucks were taken [or sean-
ning olectron microscopy (SEM). Sl tissne samples for SEM were fised in 2.5 9, glutaraldehyde
at 4 °C for 2 b, washed in encodylnte buffer, fixed in 27, 00, washed in redistilled waler, dehydreated
through graded aleohol serics (30-—100 2 ), wied transforrod 1o acetone, Then they were critical-
point dricd, conted with gold wl cxamined with TESLA BS 300 scanning electron microscope.
Orgnns of all chickens killed on 5 and 12 DI’ wore subjected to bacteriological examinations, culli-
vintion s histologienl examinations for the prosence of moulds, wond enltivation and serological
eximinations for the prosenee of miyeoplasmns nt the Central State Veterinary Institute in Prague.

RESULTS

(linical examinations

Chickens of both experimental groups did not exhibit any clinieal symptoms of
disease up to 5 DPI and behaved in the same way as those in the control groups.
Sinece 6 DPIL, the chickens [rom both inoenlated groups were somnolent and less
active. Since 10 DP, & worsened clinical state was obsorved in chickens of group B
(€. bailey). Dyspnoea and wheeziness were noticed in them. The same clinical signs
appeared in the chickens of group A (€. parzum) on 11 DPI and persisted up to 13 DPL
The changes in the clinieal state of chickens in group B lasted up to the termination
of the experiment, i.e. to 14 DPIL. Neither a discharge from nasal eavities, beak or
eves nor signs of the digestive tract disease were observed in any chicken of both
inoeulated groups. The chickens of the control groups did not exhibit any elinical
gigns of disease during the whole course of the experiment.

Parasitological examinations

(', parvum oocysts (morphologically identical with those used in the inoculum)
were found in chickens of group A only in the beak cavity washing of one chicken 5
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and 7 DPIL. None of the chickens had oocysts in cloaca washings or in mixed samples
of facces examined by flotation-centrifugation method. C'. baileyi vocysts were found
in all chickens of group B in beak cavity washing on 4—12 DP1 and in cloaen washing
on G-—14 DPL. In mixed faceal Hlotations, the oocysts were found on 4—14 DPI,
In the stained mucosa serapings of chickens of group A, C. parvum vocysts oceurred
in larynx and trachea from 3 DPI (particularly trophozoites and macrogametoeytes),
in primary bronchi from 5 DPI (trophozoites, meronts 1 and 11, and macrogameto-
evtes) (Table 1), (', baileyi ooeysts were found in chickens of group B in larynx and
trachea from 3 DPI (mainly trophozoites and meronts 1 and 11), in primary bronchi,
lung parenchyma, and bursa of Fabricius from 5 DP1 (trophozoites — oocysts), and
in cloaca from 10 DPT (trophozoites — oocysts) (Table 2). During both €' parvam
and (', baileyi infection, all developmental stages were observed at various intensities.
Whereas the number of numerous asexuval (Pl. I, Fig. 1) and less numerous sexual
developemental stages (I’ 1, Fig. 2) of C. parvam considerably deercased from 7 DPIT,
numerouns asexual and sexunl developmental stages of €. baileyi were detected up to
the termination of the experiment (14 DPI).

No eryptosporidia oceurred in the control groups of chickens.

The laboratory mice used for the verification of the inoculum infectivity for mam-
mals passed € parvum oocysts in their faeces fraom 7 DPT up to the end of the experi-
ment (14 DPT), The control mice remained negative.

Pathological-morphological examinations

Pathological-anatomical ehanges in both chicken groups were observed only in the
respiratory tract. In chickens inoculated with €. parvum, numerous petechiae were
found in larynx and trachea from 5 DPI, in primary bronchi from 10 DPI, and on
turbid and thickened air sacs from 12 DPI. On 14 DPI, the petechiae were observed
only in trachea and larynx. The trachea contained a small amount ol mucus (Table 1).
The mucosa ol upper respiratory tract in €. bailegi-inoculated chickens was inffusely
hyperaemic from 5 DPI. Single minute petechiae occurred in larynx from 7 DPI,
in trachea and primary bronchi and on air sacs only on 12 DPI. The lumen of trachea
contained a greater amount of mucus than in chickens inoculated with C. garvuam
('TMable 2).

Pathologieal-histological changes were characterized by various stages of affection
of mucosa of the respiratory tract and of the air saes of chickens of both groups. Deve-
lopmental stages ol eryptosporidia were demonstrated on the surface of epithelial
cells and on seeretory epithelium of mucons glands (P1. 1, Fig. 3). In C. parvum-inocu.-
lated chickens, the cilia disappeared from larynx, trachea, and primary bronchi,
and the whole epithelinl layer became markedly thicker. The larynx epithelinm was
hyperplastic, the mucous glands degenerated, lamina propria mucosae was focally
hyperaemic and infiltrated with mononuclear cells and eosinophils, which penetrated
through the epithelium up to the lnmen (1 11, Fig. 4). A degeneration and destruc-
Lion of epithelin, loss of mucous glands, strong cellulization of lamina propria mucosae
mainly by an infiltrate consisting of mononuclear cells and eosinophils were observed
in trachea. In primary bronchi, there was a focal hypertrophy and metaplasia of the
eylindrical epithelinm into a stratified columnar one, hyperaemia and marked in-
filtration of lamina propria mucosae with mononuclear cells (. 11, Fig. 5). The lung
interstitium was hyperaemic and contained focal accumulation of cosinophiles. The
findings of eryptosporidia in mesobronchi, parabronei, and ventrobronchi were only
oceasional. The cilia of air sac epithelium were destructed at the places where cryptos-
poridia oceurred and the middle connective tissue layer was focally infiltrated by
lymphoeytes and cosinophiles.
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A loss of epithelium cilia, which were replaced by a continuous layer of eryptospo-
ridia, was evident on the mucosa of respiratory tract of . baileyi-inoculated chickens
(PL ILL, Fig. 6). The epithelium was focally hyperplastic and the mucous glands
were destructed, Lamina propria mucosae was hyperacmic and thickened due to the
accumulation of the infiltrate consisting of mononuclear cells and single eosinophils.
Focal acecumulation of ly mphoxytes and eosinophils was observed also in the middle
connective tissue layer of air sacs and interstitium of hyperacmic lungs. A large number
of eryptosporidia were present also on the epithelial cover of mesobronchi, para-
bronchi and ventrobrouchi (PL 111, Fig. 7).

SEM examinations

Various developmental stages of €. parvum and C. baileyi were demonstrated by
SEM on the surface of epithelial cells of the respiratory tract. A more massive in-
fection was observed in C. baileyi-inoculated chickens, where the mucosa of larynx,
trachea, and primari bronchi was at some places covered with a continuous layer
of eryplosporidia (Pl. IV, Fig. 8). At the sites where cryptosporidia had separated,
a loss of cilia was evidet (Pl. IV, Fig. 9).

Results of other ¢ xaminations

On the basis of bacteriological examinations of organs, cultivation and histological
examinalions for moulds, as well as cultivation and serological examinations for
mycoplasms, the possibie presence of pathogenic baecteria, moulds and mycoplasms
was excluded.

DISCUSSION

Chickens inoculated with C. parsum and C. baileyi exhibited similar clinical signs
indicating an affection of the respiratory tract. The exeretions of oocysts were different.
In €. baileyi-inoculated chickens, a large numhber of oocysts occurred in the washings
from the beak cavity from 4 DPI and in cloaca washing (rom 5 DPI up to the termi-
nation of the experiment, whoereas only one chicken from the group inoculated with
C. parvum had single oocysts in the beak cavity washing on 5 and 7 DPI. The oocysts
wero morphologically identical with those used in the inoculum. Lindsay et al. (1987)
found C. parvum oocysts in a mixod sample of chicken faeces on days 7 and 9 alter
intratracheal inoculation. Asexual and sexual developmental stages were demonstrated
by them only in serapings from the mucosa of respiratory tract. Since these authors
did not found the developmental stages of eryptosporidia on the epithelium of di-
gestive system or bursa of Fabricius, they assume that the life cycle took place in the
respiratory tract and that the oocysts coughed out into the beak cavity were passaged
throngh the digestive tract. Also in our experiment, (. parvam oocysts were found only
in the scrapings from respiratory tract mucoss, where numerous asexual but only
oceasional sexual developmental stages were found. After 7 DPI, the number of the
found developmental stages considerably decreased. In chickens infected with C.
baileyi, numerous asexual and sexual developmental stages were found in the scrap-
ings from the respiratory tract during the whole period of observation. On the basis
of these results we assume that it will be suitable to compare the life cycle of C. parvum
and €. bailey in the chicken respiratory tract at the level of transmission clectron
m.lcroseupy The resnlts of pathological-histological examinations of the respiratory
tract of C. baileyi-inoculated chickens, characterized by a loss of cilia, focal destrue-
tion of mucous glands and infiliration of lamina propria mucosae mainly by mono-
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nuclear cells were identieal with the resulis obtained by some other authors (Hoerr
et al. 1978, Mason and Hartley 1980, Dhillon et al. 1981, Blaghurn et al. 1987).
[n chickens inoculated with €. parvum, the number of eryptosporidia on the epithelial
cells of respiratory tract mucosa was lower than in those inoculated with C. bailey
but the histopathologieal changes were more pronounced. Lamina propria mucosa,
was markedly congested and thickened several times as a result of the infiltration
with mononuclear cells and eosinophils, The changes in the trachea were characterized
by the loss of cilia, degeneration and destruction of the epithelia, and loss of mucous
gland. In primary brocnhi, the eylindrical epithelium was hypertrophic and turned
to a stratified squamous one.

Our results, as well as those obtained by Lindsay et al. (1987) indicate that after
intratracheal inoculation, €. parvum can affect only the respiratory tract where it
acts as a pathogen. C. baileyi inoculated intratracheally to chickens of the same age
affects in addition to the respiratory tract also the cloaca and bursa of Fabricius,
where its effect is probably non-pathogenic. Blagburn et al. (1987) inoculated
perorally and intratracheally 1- and 7-day-old broiler chickens with C. bailey oocysts.
The intratracheally inoculated chickens developed respiratory eryptosporidiosis
with marked pathological-morphological changes in the respiratory tract. Cryptos-
poridia were found in the cloaca and bursa of Fabricius of the perorally infected
chickens, but did not induce there any pathological lesions. Though findings of
Cryptosporidia in the respiratory and digestive tracts and bursa of Fabricius of
spontaneously and experimentally infected birds have been reported, clinical cryptos-
poridiosis is usually associated with the infection of respiratory tract (Fletcher ct al.
1975, Mason and Hartley 1980, Dhillon et al. 1981, Lindsay and Blagburn
1986, Lindsay et al. 1986). However, Hoerr et al. (1985) described rerious diarr-
hoeas associated with a high mortality in spontaneously infected 5-day-old guails,
in which the cryptosporidia were distributed only in the whole small intestine. The
respiratory tract was not affected. The unsuccessful transmission of C. baileyi to 2-
and 14-day-old quails performed by Current et al. (1986) suggests that another
species of cryptosporidia might be involved in the caso described by Hoerr et al.
(1985).

In view of the diversity of localization, clinical signs, and pathologicai-morphoto-
gical changes in spontancously infected poultry and on the basis of unsuccessful
experimental transmissions between some species wo suppose that poultry crypto-
sporidiosis is not caused by a single species of cryptosporidia. The results of this study
indicate that chicken respiratory eryptosporidiosis can be induced by two morpho-
logically different species, C. bailey and C. parvum, transmitted from chickens or
calves.

The difference in the intensity of oxperimental infections with C. parvum and (.
baileyi is conspicuous particularly in SEM examinations. The fact that only single
sexual developmental stages could be demonstrated after C. parvum inoculation in-
dicates a certain alteration in the development of C. parvum in an “atypical host™.
An elucidation of the eause of this alteration may contribute to the elucidation of the
speeilicity of individual Cryptosporidium species.

From the epizootological point of view it is necessary to take into consideration the
two possible etiologies of respiratory cryptosporidiosis in chickens (poultry) and to
direct one's attention to an exact specific determination of the causative agent.
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HATOEHHOCTL KPUMHTOCIIOPWU/IMA CRYPTOSPORIDUM PARVUM TYZZER,
1912 1 €. BAJLEY! CURRENT, UPTON ET HAYNES, 1986 JI.TfI KYP

. Haskgosun w B Mapoymen

Pemome, Briepsuie 0mneiin KOMHUMCCKIC TPRIHAKR 11 NATOAOIHYeCKO-MODQOI0rHIec ke na-
MEHCHIND ALIXATEILRON cneTeMsl Kyp, aapamenunx Cryptosporidium  pareim M ¢ paBHCMBL
¢ MIMCHEHMSIMY, BLBBaHHIMMKW Cryplosporidinm baileyi. Buvrpn-rpnwnm,noe Japaenue dTHMN
KPMUTOCHOPHAHAMYE BLEBLLIIO HPHIHAKA 3000JCBAMNA (bINATEALHOH cneTemuw. 1ln B 0HOM
caysae we mabuiojain 3abosieBanus HWIMCBAPHTCALNOIO TPAKTA Wian u0eldn nmofonLTHLX
UBOTHLIX.  HaTod101 n1ecKO-1HATOMBMICCKIE HAMCHCHIDE BETPEYAINeh TOJLKD B JIMXATeLROI
cnereme i OLum XapakTepHIoBAHL HOTeXIHMME B MYKO3e 1JMOTKH, Tpaxen, GpouxoB mepsoro
HOPRAKA 1 B CTCHKC BOZIVHIUBIN MCUIKOR ¥V KYP, 38paKeRHLIX C. parvum, wian andidysuoii
FIIICPEMUCIl MYKO3 [LIXATCALHOI CHOTCMBL KY P, sapamennsix C. baileyi. TlaTonornyecko- rucTo-
JOIMUCCRUC WIMPHEHIDI, XAPAKTCPUAVBANNLE PAHON CTENCHBLIO HOPAZKEHHT JUMTeNHaNBAKX
KICTOR, CMANCTIX 3eded it lamina propria mucosae Grmm GOXNCC BLlPA3HTe ILHLL, YeM V Kyp

sapigkenmax C. parvum.
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Varroa jacobsoni belongs nowadays to the
most important pests of honey bees in all countr-
ies of its occurrence where the economic losses
enused by this mite parasite achieve very high
values. 1ts conlinuing spread into new territories
reprosenls & very serious mensce for the loenl
hee breeders. Althongh many efforts have been
oriented to find a suceessful way for its control,
the results arc not still satisfncrory, A more
profound knowledge of the hiology of the purasite
is necossary to find effective measures for its
control. For this purpose a detailed information
on the functional morphology of the organ
systems cun be useful. Especially to this ain
is oriented the mnin part of this book.

The first chapter is devoted to general
characteristies of the mite, to the morphology
of individual stages, ontogeny, ecology and
distribution. The following 8 chapters deal with
individun! organ systems: thagmosis nnd skeleto-
muscular system, tegument, respiratory system,
nlimentary system, excretory system, oxocrine
glands, nervous system and endocrine system
elements, reproductive systen. In this text very
many new datu concerning V. jacobsoni obtuined
in course of authors’ investigations are given.
In the chapter 10 the morphological specializa-

tion of the mite’s organ systoms is treated. The
chapter 11 discusses tho ways of specialization
of V. jacobsoni in compurison with another bee
parasite — Tropilaelaps elareae. The book closes
with a sunimary, list of references and 2 appenda-
gea: control measures for bee varroosis, and
A glossary of acarological and morphological
tLerms,

The malter of the book is well and lueidly
presented. The drawings are very instructive,
the photomicrographs are ol good quality. But
their numbering should be separate and not
mixed with the numbering of figures in the text,
Very useful are the tubles giving comparison
of morphoelogical terms in the papers by indivi-
dunl authors. Alse the terminological glossary
may be welcomed by the readers. In the litera-
ture no paper by Czechoslovuk authors is
mentioned,

On the whole this one specics monograph can
be warmly accopted. It contains agreat amount
of important duta accompunied by fine illustra-
tions. The book has been intended first of all
for specialists, but also the practitioners will
find here many interesting facts, especially those
concerning the control measures. ‘The authors
have done in it a great. deal of work.

Dr. V, (..'ﬂmny'. '.Se.

217



