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Abstract: Crenosoma vulpis and Eucoleus aerophilus are 2 important lung nematodes of wild and domestic
carnivores. A recent report underscored the severity of bronchial gland hyperplasia and bronchiolar metaplasia
in parasitized foxes. The objective of this study was to quantify the degree of bronchial gland hyperplasia and
bronchiolar metaplasia in foxes naturally infected with C. vulpis and E. aerophilus. Fifty-one trapped wild foxes
and 12 farmed foxes were necropsied and 6 lung sites were processed for histopathological examination. The
degree of bronchial gland hyperplasia was evaluated using the Reid index (bronchial gland to bronchial wall
ratio) and the severity of goblet cell metaplasia was determined by morphometric analyses. None of the farmed
foxes had microscopic evidence of nematodes in the lung, whereas evidence of C. vulpis and E. aerophilus was
detected 1n 66.6% (34/51) and 49% (25/51), respectively, of the wild foxes. Lungworms caused a significant
increase in the Reid index with 2-fold increase in the size of bronchial glands. Bronchiolar goblet cell metaplasia
was present in 60.7% (31/51) of foxes harboring C. vulpis and in 23.5% (12/51) of those with E. aerophilus.
The odds ratio for bronchiolar goblet cell metaplasia was 16.0 (p<0.001) for C. vulpis and 9.0 (p<<0.001) for
E. aerophilus. It was concluded that the severnity of airway inflammation and bronchiolar obstruction n foxes
parasitized with C. vulpis and E. aerophilus is similar to that reported in humans with chronic obstructive
pulmonary disease. The clinical significance of airway changes in apparently healthy wild foxes needs to be
mvestigated.
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Eucoleus aerophilus, foxes, goblet cell metaplasia, lungworm

INTRODUCTION This  study also

mucous metaplasia 1s

postulated, that bronchiolar

a sigmificant lesion m the

Crenosoma vulpis and Eucoleus aerophilus are
2 important nematodes that parasitize the lungs of foxes
(Vulpes vulpes) in many parts of the world, particularly in
Atlantic Canada and the eastern United States (Smith,
1978; Zeh et al., 1977). The lesions caused naturally and
experimentally by C. vulpis and E. aerophilus have been
described and are characterized by chrome bronchitis and
bronchiolitis (Stockdale and Hulland, 1970). A recent
study showed that while C. vulpis is widely distributed in
bronchi of all pulmonary lobes,
E. aerophilus 15 restricted to the bronchi of the caudal
lobes (Nevarez ef al., 2005).

and bronchioles

bronchioles of foxes.

Enlargement and hyperplasia of bronchial glands has
also been reported m ammals harboring C. vulpis and
E. aerophilus (Nevarez et al, 2005, Stockdale and
Hulland, 1970). Over production of mucus resulting from
hyperplasia glands and bronchiolar
metaplasia can result m awrway obstruction and airflow

of bronchial

limitation. In human and veterinary medicine, the
aforementioned changes along with the plugging of
airways are collectively referred to as Chronic Obstructive
Pulmonary Disease (COPD) or Recurrent Airway
Obstruction (RAO) (Lopez, 2007, Rendell, 2006). The
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pathological  implications of COPD-like changes in
foxes parasitized with O vedps and B aeroplils have
received littlle atterfion. F or instatce, it i3 unclear if the
degree of bronckial gland orperplasia and bronchd olar
metaplasia is quartitatively different in parasitized foxes
as compared to nonparasitized fox es. [t is also, yet to ke
determined if the magnitude of hroncliolar mucous
plugging in foxes is compardble to that in patierds
exhikiting scliti cal signs of COPD.

The ohjectives of the current study were to quartify
by morphomettic analyses the degree of bronchial gland
byperplasia, broncldolar goblet  cell metaplasia  and
mucous pluggng in the lungs of foxes natarally
irfected with O wdpis and B asophilus.

MATERIAL S AND METHOD S

Fiftyr-one wild red fores trapped in Prince Edward
Idland were used for this study. Trapping was done in
accordatice with the Wildlife Conservation Act and the
Gereral Fegulations as outlined in the Fish and Game
FProtection Act of Prince Edward [sland, Canada. These
foxes were part of aprevious shady aimed to determine the
topographical distibution of lungworms in the lung
(Mewirez o o, 2005). Twelwve farmed foxes raizsed at the
experimentd for fam of the Novwa Beotia Agrieultural
College were used as parasite-free control ammals.

For each foee, samples of lung from the Right Craral
(R, Right Middle (FLD), Fight Diaphragm atic (RL0), Left
Cranial (LC) and taro sites of Left Diaphragmatic (LI
lobeswere fixed in 10% taffer ed forrm din and processed
for W stopathological ex amination as previously described
Mevarez ef al, 2005). Lungs wee examited
microscopically  and  the  presence  of  parasites
inflammaticry, broncltial Fdand horperplasia, bronchd olar
thetapl asia and formation of mucous plugs in siterays was
recorded. [dertification of O wdpis and B acroplilis
was based on the morphological features of the parasites
(Boulsbyr and Mopdz, 1983,

Morphotmetric anayses were done in the langs of
15 parasitized wild foxes and 12 norparasitized lungs
obtained from farmed foxes The sewverity of tronckial
gland rperplasia and bronckdclar meetaplasia, as well as
the degree of altway plugging was quantified using
comercial  software. The areas of the mucous plug
and the bronchiolar lumen were caloulated  a
6. 3xmagificaticn intheee ratdom Iy selected bronckd oles
fror each pulm cnary lobe, The bronchiclar mucous plug
atud the broncld ol & ham enwere manally tracedwrith a red
litie ona compater moritor veing mooephom eteic softwrare.
The area for the bronchi dar mucous plug and b onchd olar
Lt enwas expressed as the percertage of lam en ocoupled
by the mouacus.

The relative proportion of cells and cell detris in the
mucus was determined in 3 tronchioles from each lobe as
follow: Bronchioles contaring mucous exudate were
selected o the compner screen at amagnification of 1 2x.
Areas of the mucous plug were selected using the
Dlattfeldt oriettator (Cundersen ef A, 1988, wlich
cotwists of atnureric crcle on a tratspatent owerlay that
ig placed on the mondtor screen The relative proportions
of cells versus mucus were then caleulated using image
atwalyais,

The Reid index o bronchial gdand to bronchial wall
ratio was caleulated in three randomized bronchd in each
individual lung lobe and expressed as a percentage of
brotuchd al wall ocoupled by the glands, The thicknesses of
the bronchial wals were traced by image atalysis by
placing two poirts oo the opposite sides of the wall
(Thoxlbeck, 19880, Similar meamurement was dote o the
cottespotding brotickd al gand. The relationship between
the presence of lungworts in the lung and bronckial
hyperplasia and bt orchi clar metaplasia was itrresti gated
uaing the Odds ratio and Cld-square test. Differenices in
the Reid index and mucous morphometry in parasitized
atid norparasiized fowes was  statistically tested by
ote-way Andyeis of Variance (ANOV &)

RESULTS

The lungs of 666% (34510 of wild foxes had
ctogs-section evidence of O Cvulpis infection while
49% (25517 had E aerophilus The adult and larvd
stages of O welpis were idenfified based on parasite
microscopic morphology (Fig 10, The uterus of female
. vulpms was typically filled with developing eggs and
developing first-stage larvae. The intestinal cells were
multi-tncleated and onthe swface, the cuticle of 0 vedpis
showed datldy stairing ridges and musce cells in the
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: Bronwchus, wild fox. Cross sections of Crerosoma
vulps showing the gt (2, ovary (0 and werus
filled with first stage larwae (L1 and devel oping
eggs. Hematoxylin and eosin Bar= 50 pum

1253



S Anim Vet Adv, 7 (100 1252- 1258 2008

Fig 2: Bronchus, wild fox. Cross sections of an adult
female Bucalews aerophilus it the hamen (atr ow).
This parasite shows the gut (2 and werus filled
with Wipolar plugged eggs (&), Inset: Detail of an
egz  showing the bipoar plugs  (arrows).
Hematoxylinand eosin. Bar= 10 pm

underldng  outicle layers. Buwoleus aerophilus were
readily disinguished morphologicaly from O vdpis in
histological sections (Fig. 2. In cross section, the uterus
of adut female E aerophifus usually contained
thick-walled eggs, many of which exhibit the typica
bipolar plugs(Fig ). The shell wall swface was matked
with a pattern of ridges characteristic for B aeroplilus.
The intestine was typically composed of a series of short
coluttat cells and the esophagus was composed of
gtichoeytes.

The airways patasitized with © vulpis and
B agroplihs had rematlable cellular infiltrates and
intraliwninal accumidation of mucus. The lamins profeda
atid lumens cortaned maty eosinophils admived with
feutropbils and monormaclear cells Some s ays withost
patasites in the wild fores cortained eosinoplils and
othet inflatmmatory cells. Inflammatory cells were typd cally
ghsent in the aitways of farmed foxes The bronchk
cotutairing O vadpes also exhibited moderate goblet cell
hyperplasia, bt moost remarkable, was the severe goblet
cell metaplasia in affected b oncki dles. 3 ane bronckdoles
wete lined altmost exclusively by goblet cells (Fig. 3. M one
of these changes was observed in the bronchioles of
fatmedfores

Bronchial goblet cell lorperplasia was present in
SEE% (29/51% of wild foxes with O wdpis and in
21.5% (117510 in foxes with B geroplilis. The oddsratio
for bronchial goblet cell byperplasia was1 02 (p<0001) for
% walpis and 6.2 (p<0.001) for B aerophilus. Bronckd olar
goblet cell metaplasia was present in 60.7% (231/51) of
foxes with O walpis andin 23 5% (12510 of fores with
B aercplilus. The odds ratio for tronchiolar goblet
cell metaplasia and O valpis was 16.0 (p<0.0017 and

Fig 3: Bromochiole, wild fox. Severe goblet cel
metaplasia Mote bronchiole filled with mucus and
cell debris (asterisk). The brofchd dlar mucosa is
litied predominantly by mucusproducing goblet
cells. PAS- Aleian Hlue stain Bar = 100 pm

00 (p=0.001) for B aercplolus. DMicroscopically, the
bronchioles of wild fox es with parasites were lined with
abundsit  goblet cells and the bronchioles often
cottained large mucous plugs. These changes were
present at all lewels of the bronchioles. The tronch ol ar
mucosa of farmed foxes did not cortain goklet cells or
mucous plugs.

Morphomettic analyses reveded thd bronckdclar
plugs it parasitized foxes oocupied 3.8 £ 106% of the
brofchiola hanen. In contrast farmed foxes had only
2008 £8 3% of the bronchiolar hamenfilled exclusivel ywith
cell debris or exfolisted cells. This difference in the
percentage of mucous plug size bebrreen wild and farmed
foxes was sigrificant (p20.0010). Morphomettic analysis
also showed that the relative proportions of mucus to
cells in the bronckdolar plugs were signdficantly larger
(p=0.001) inwildfoxes(52.7£15 7% compated to farmed
foxres(7.0£7 9% The normucous component of the plug
in wild foxes was largely composed of eosinophils,
neutropldls, moacrophages and some fluid and cellular
debris. The bronclioles of farmed fores sporadically
contained exfoliated cellular debris bt no muois or
irflatmmatory cells.

The bronchi of wild foxes containing O vulpis or
E gercphilis had a noticeable erlargem ent and some
digterticn of the bronchdal glands (Fig 4. Some glands
were only distended while others contained celludar
debris, newtrophils and some eosinophdls. The beonchial
gland of one wildfox cortanedthe remnarts of a parasite,
presunably E aerophilus. Mone of these chatges were
present in the brotehd and b onckial gands of the farmed
fores DMlorphometric studies showed a significant
(p=001) gland erlargement i fowes infected with
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Fig. 4: Broncls, wild fox. Epithelial hyperplasia and
enlarged  submucosal garnd  (asterisks).
Hematoxylinand eosin. Bar = 100 pm

lungwrorms as shown by a Feid index of 442448 26%,
compatred to oy 1915382 74% in the nonparasitized
cotitrol grog.

DISCUSSION

The host-patrasite interaction in mammals is typically
followed by  eosinoplil  infiltration, wlich is a
characteristic microscopic finding in the airways of
patrasitized foxes (B ehun ef a, 19970, It is itteresting to
fuote, b ever, that eosinoplilic infiltrates were oot orly
seety in parasitized bronchd, bt also in atrerays lacking
parasites of parasitic lavae, Inflanmation  withoat
ittralesional nematodes suggests perhape a postmorterm
moverett of lungarorm s along airway luthen as has been
described in other organs such as the stomach and
irtestine (Brown ef ol , 19920 It iz also, feasible that the
inflanmatory  process could  have  extended  from
patasitized to norparasitized airways through spilling of
cytokines and  other  pro-inflamsmatory mediators
(Dhaham ef al., 20007, Ancthet possible explanationis that
the infl et atory frocess and imivone respanse remained
active long after the nematodes had been expelled from
the airways of foxes as reported for other nematodes in
the intestine (Belim of ol 1997, Kahohana of &I, 2003).

&g previously reported (Mevdrez of al, 2005
Stockdale and Hulland, 19700, 0 valpis and B aeroplilus
provoke chronic bronchial inflamm ation microscopically
characterized by peribronchial @ Iymphoplasmacytic
infiltrates, mucosal byperplasia and erlargement and
byperplasis of bronchial glands.

Inthe current study, bronchial Sand enlatgement in
parazitized fior es was rem arbable as demonstrated ey the
twro-fold increase in the bronehial toowall ratio(Feid inde)
in foxes hathoring lunger o s, The Reid index of 20%
present i healthy foxes is gquantitatiwely similar to the

index reported for the heathy lnaman lang, while the 40%
index it fo es with langw oem s is comparable to that seen
in hmans with chrordc beanchitis or COPD (Thwlbeck,
19851, The cwrent investigation clearly shows that the
Reidindex is an objective method to quartify the degree
of bronchial gland terperplasia in andmals and to the
authors” knowledge this the first time that this index has
been used in veterinary pathology, The Redindex could
be valuable for other studies such as Recurrent Adrway
Ohstruction (ROA) in horses and astlima in dogs and
cats, Bronchiolar goblet cell metaplasia was a significant
microscopic change in the wild foxes This lesion
correlated with the presence of O vadpis in the aive ays as
statistical analyses revealed that foxes with crenosomosis
were 16 times more likely to have metaplastic bronchdoliti s
than twninfected foxes In contrast, the association of
goblet cell metaplasia and F aerophilus was not as
strong probably because this nematode is mainly fournd
inmajor bronchi rather in the bronchicles (W evarez ef of
2005,

The high prevalence of dual parasitic infections in
wild foxes precluded argy definitive conclusion as to
whether btronclhiclar epitheliad mucous metaplasia was
caused by O wildpis of by B aercpbifus. HNonetheless, a
fact points to O vulpis and exclude B aeroplilis as the
putative canse of broochiolar metaplasia As previously
teported (MW ortison and Gier, 1979, Mevarez f of , 20057
E ngroplilus ismainly foundin large bronchd rather than
in bronwhicles where atway metagplasia takes place.
Future stadies should evduate the effect of single-
parasite infections on the degee of bronchiolar
metaplasia.

Dae to the medical importaties of own an asthana and
COPD, there has been a plethora of imvestigations to
elucidate the pathogenesiz of bronchiclar goblet cell
metaplasia (Thwlbeck, 1988). Bronwchiclar epithelial
mucous metaplasia is ane of several host respotses to
persistent irritati on it the matimalian long (JTamal ef al
1984; Retdell, 2006, Fot instance, goblet cell metaplasia
ig chatacteristically seen in patients with a Mstoy of
chroric cigarette smoking or after ol otuged inhalati on of
irritant gases such as sulfur dioxide (B ashaum and Jany,
19907, Bepram ous thetapl asia (Bashawm and Jaty, 19900, a
microscopic change commonly reported it patients with
COPD, was tiot obzerved in sy of the parasitized foxes.
Bronchiclar mucous metaplasia in the parasitized wild
fowes was so severe that some airways wete lined
almost exclusively by goblet cells. Despite considershle
research it the last 2 decades the pathogenesis of
bronchiclar  goblet cell metaplasia iz still pootly
utiderstood (Bashawn and JTauy, 1990, JTamal eof 4,
1924, Williams of al, 2008). Recent itvvestigations with
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asthmatic and COPD patients have established a link
between goblet cell metaplasia and secretion of
mflammatory mediators such as IL-4, 1L-9 and IL-13
(Basbaum and Jany, 1990). The participation of these and
other cytokines i mucous metaplasia in foxes parasitized
with C. vulpis s yet to be demonstrated.

Morphometric analyses i the current study revealed
that 52% of the bronchiolar plug in parasitized foxes was
composed of mucus and the remaining 48% of
inflammatory and exfoliated cells. Tt was also interesting
to note that the cellular components of the mucous
plugs included neutrophils and not only eosinophils
as expected in a parasiic disease (Lopez, 2007,
Stockdale and Hulland, 1970). The neutrophil 13 one
umportant effector cell incniminated m bronchiolar injury
in horses with recurrent airway obstruction, a condition
also characterized by mucous plugging of the bronchioles
(Lopez, 2007). quantitative using
bronchoalveolar lavage should clarify if neutropluls are a
major contributor to the bronchoalveolar cellularity in
foxes harboring lungworms.

An important issue that needs to be investigated is
whether the chronic bronchitis-bronchiolitis with mucus
plugging has relevant clinical and welfare implications for
parasitized wild foxes. The magnitude of mucous plugging
in some trapped foxes was comparable in severity to that
seent In bronchioles of horses with climical evidence of
recurrent airway obstruction (heaves). This 13 an
umportant 1ssue, since these wild foxes were presumed to
be relatively healthy at the time of trapping.

Future studies

CONCLUSION

This mvestigation demonstrated that foxes harboring
lungworms develop a chronic bronchitis and bronchiolitis
characterized by substantial bronchial mucous gland
hyperplasia, but most remarkably, by severe bronchiolar
metaplasia with copious accumulation of mucus in the
bronchioles. The magnitude of these changes 1s sumilar to
that reported m human COPD and therefore parasitized
foxes could be a useful amimal model to study the
pathogenesis of bronchiolar epithelial mucous metaplasia.
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