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Introduction 
 

A few parasitic diseases of which the pathology had not yet been described, or  the 

descriptions of which needed to be augmented, are listed here. My main contribution 

was the identification of the parasites and, in one case, supply of material. Together 

with Dr. Dewald Keet and Prof. Nick Kriek, the pathology of the lesions that were 

seen in buffaloes in the Kruger National Park were elucidated. I was co-promoter for 

Dr. Keet’s M.Med.Vet thesis, and, of course, the first to identify the parasite as 

Parafilaria bassoni, an identification that was later confirmed by Dr. Odile Bain. The 

interesting aspect is that this parasite was for the first time recovered and described 

from the retro-orbital spaces of springbok, Antidorcas marsupilalis, from Marienthal in 

Namibia in 1964, and has since never been found again. The information on the 

parasite formed a part of the thesis and was rewritten to suit the format of the 

Onderstepoort Journal of Veterinary Research. 
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LESIONS IN THE HEART AND LUNGS OF GREATER 
KUDU (TRAGELAPHUS STREPSICEROS) CAUSED BY 
CORDOPHILUS SAGITTUS (NEMATODA: FILARIOIDEA) 

John M. Fletcher, D.V.M., M.P.H., Joop Boomker, B.V.Sc., Valerius de Vos, B.V.Sc, 

and Chris H. Gardiner, Ph.D. 

Abstract: Lesions in the heart and lungs resulting from infection by the filarial nematode Cor 

dophilus sagittus were observed in 31 of 42 free-ranging greater kudu {Tragelaphus strepsiceros) of 
the Kruger National Park, Republic of South Africa. Animals less than 1 yr old were free of lesions 

whereas many of those over 1 yr old, irrespective of sex, were affected. Adult worms were found 

free in the right ventricle of the heart, in coronary arteries, and in the pulmonary artery and its 
branches. In the coronary arteries, worms were usually found coiled within aneurysmal lesions, 
which were often visible on the epicardial surfaces and occasionally on the endocardial surfaces of 
the right and left ventricles. Within pulmonary arteries, the presence of the parasites provoked a 

unique intimai proliferative response similar to that seen in canine dirofilariasis. 
Key words: Cordophilus sagittus, kudu, Tragelaphus strepsiceros, vasculitis. 

INTRODUCTION 

Cordophilus sagittus (v. Linstow, 1907) 

Monnig, 1926 is a member of the nematode 

family Filarioidea. The parasite infects the 

chambers and vessels of the heart and the 

branches of the pulmonary artery of certain 

antelope. Von Linstow5 described the orig 
inal specimen, which was found in the heart 
of a bushbuck {Tragelaphus scriptus) in the 

Cameroon. Turner4 reported C. sagittus in 

a bushbuck from Malawi and suggested that 

kudu {T. strepsiceros) may also be parasit 
ized. McCully et al.3 described the patho 

logic lesions associated with the parasite in 

kudu, bushbuck, and African buffalo {Syn 
cerus caffer). Cordophilosis is also known 
to occur in nyala {Tragelaphus angasi) in 

the Kruger National Park (KNP), Republic 
of South Africa.2 Young and Basson6 re 

ported fatal cordophilosis in eland {Tau 

rotragus oryx) translocated to the KNP. 

The purpose of this study was to identify 

pathological lesions associated with C. sag 

From the Department of Veterinary Pathology, 
Armed Forces Institute of Pathology, Washington, D.C. 

20306, USA (Pletcher, Gardiner); Faculty of Veteri 
nary Science, University of Pretoria, Onderstepoort, 

0110, Republic of South Africa (Boomker); and the 
National Parks Board of Trustees, Private Bag X402, 

Skukuza, 1350, Republic of South Africa (de Vos). 

ittus in free-ranging greater kudu. The lo 
cation of the parasites within the coronary 
vessels differs from that described previ 
ously. 

MATERIALS AND METHODS 

Free-ranging kudu from the Malalane area 

of the KNP were shot in the neck, exsan 

guinated, and necropsied. Most of the kudu 
were taken between 0700 and 0900 hr on 

the day of their necropsy. Forty-two ani 

mals were examined as part of a study of 

external and internal parasitic infections and 

pathological lesions in the kudu. Filarial 
worms from the heart and lungs were fixed 
in alcohol and later identified as C. sagit 
tus.4'5 Tissue samples containing lesions of 

cordophilosis were fixed in 10% neutral 
buffered formalin, embedded in paraffin, and 

processed by standard methods. 

RESULTS 

Macroscopic findings 

Lesions resulting from Cordophilus infec 

tion were found in 31 of 42 kudu examined 

(Table 1). Macroscopic lesions were ob 

served in both the heart and lungs of most 

kudu over 1 yr old. Pale round-to-oval cyst 
like lesions measuring 1-2 cm in diameter 

were usually visible from the epicardial sur 
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Figure 1. Heart of a greater kudu with aneurysmal 
lesion (arrow) of coronary artery caused by adult Cor 

dophilus sagittus. 

faces of the ventricles but were only occa 

sionally visible from the endocardial sur 

faces (Fig. 1). Dissection revealed these cystic 
lesions to be parasitic aneurysms within 

branches of the coronary arteries. Up to six 
worms (both sexes) could be found coiled 
within an aneurysmal cavity. It was not un 

usual to find as many as five aneurysms in 

Table 1. Distribution of lesions caused by Cordo 

philus sagittus by age group and sex in greater kudu 
from Kruger National Park, Republic of South Africa. 

Lesions 

Sex and Lungs Heart Heart and 

age No. lesions only only lungs 

Male 

1 yr 2 0 0 0 
1-2 yr 2 1 0 3 

Adult 0 2 0 8 

Female 

1 yr 5 0 0 0 
1-2 yr 1 1 1 2 

Adult 1 0 2 11 

Totals 11 4 3 24 

Figure 2. Cut surface of distal diaphragmatic lobe 

of lung from a greater kudu. Florid villous proliferation 
of the intima of the pulmonary artery (arrow) is caused 

by adult Cordophilus sagittus. Bar = 1 cm. 

a heart. They were most often located ad 

jacent to the intermediate or longitudinal 
grooves. Adult worms were also found free 
in the right ventricular chamber and in the 

pulmonary artery at the base of the heart as 

well as along its course into the pulmonary 
parenchyma. Parasites were also found in 
the smaller branches of the pulmonary ar 

teries, particularly in the distal diaphrag 
matic lobes (Fig. 2), where their presence 

provoked a florid, sharply demarcated vil 

lous proliferation of the intima (Fig. 3). 

Histological findings 

Histological sections of parasitic aneu 

rysms in the branches of the coronary ar 

teries revealed a greatly dilated vascular 

space containing worms. The walls of these 

affected arteries and their branches were 

thickened above and below the parasitic 
aneurysms (Fig. 4). Focal areas of ventric 
ular myocardial scarring were noted in the 

more heavily parasitized hearts. Often a mild 
villous proliferation of the intima was pres 
ent but never to the degree observed in the 

affected pulmonary arteries. The normal ar 

chitecture of the coronary artery wall was 

replaced by fibrous tissue. Bundles of me 

dial smooth muscle cells were isolated by 
thick bands of fibrous tissue or had been 

pushed to the periphery by fibrosis of the 
intima. External and internal elastic lami 
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Figure 3. Cut section of distal diaphragmatic lobe 

of lung from a greater kudu infected with Cordophilus 

sagittus. Note the extended fronds (arrow) of the villous 

proliferation of the pulmonary artery. Bar = 1 mm. 

nae were disrupted and distorted. Thick 

walled arterioles were prominent within the 
fibrous tissue surrounding the affected cor 

onary vessels, and nodular collections of 

lymphocytes were occasionally seen in the 

adventitia. Foci of mineralized debris (para 
sitic "mummies") could sometimes be found 

within the walls of the parasitized arteries 

(Fig. 5). Arterioles in the adjacent myocar 
dium were prominent as a result of smooth 
muscle hyperplasia, and venules were di 

lated. Perivascular inflammatory infiltrates 

consisted of lymphocytes and eosinophils. 
Focal areas of fibrosis and lymphocytic in 

terstitial myocarditis were also noted. 

Changes in the myocardium were promi 
nent in areas adjacent to parasitized arter 

ies, but changes gradually diminished distal 
to these areas. In a few kudu, microfilariae 

were observed in the myocardium, where 

they seemed to elicit a moderately severe, 
but localized, eosinophilic myocarditis. 

Multinucleated giant cells were often closely 
associated with these microfilariae. Eosin 

ophilic lymphadenitis and focal areas of eo 

sinophilic pneumonia were attributed to the 

presence of microfilariae, but such lesions 
were few in number. 

Microscopic changes observed in the par 
asitized branches of the pulmonary arteries 
were similar to those in coronary arteries, 
with one notable difference: a localized flor 

Figure 4. Histological section of heart from a greater 
kudu infected with Cordophilus sagittus revealing 
thickened wall of the coronary artery (a) and numerous 

sections of adult parasites within the lumen. H&E, x 6. 

id villous intimai proliferation enveloped 
worms within branches of the pulmonary 
arteries (Fig. 6). Fronds of intimai tissue 

measuring 20-200 ^m in diameter extended 
from the intimai surface of the vessel. Each 

frond was composed of a fibro vascular core 

that contained occasional smooth muscle 
cells and was covered by one to multiple 

layers of endothelial cells (Fig. 7). Eosino 

phils and plasma cells were often abundant 
within these intimai fronds. Arterioles ad 

jacent to the parasitized pulmonary arteries 

had thickened walls as a result of medial 

smooth muscle hyperplasia, and accumu 

lations of lymphocytes and eosinophils were 

Figure 5. Histological section of heart from a greater 
kudu revealing thickened wall of a coronary artery (a) 

surrounding a focus of mineralized debris. H&E, x 5. 
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Figure 6. Histological section of distal diaphrag 
matic lobe of lung from a greater kudu. The lumen of 

a branch of the pulmonary artery is occluded by an 

intimai proliferation that envelops adult Cordophilus 

sagittus. a, wall of pulmonary artery; v, proliferation 
of intima of pulmonary artery. H&E, x 15. 

in adventitial tissues. The surrounding lung 

parenchyma was essentially normal except 
in those few kudu that had localized areas 

of eosinophilic pneumonia associated with 

the presence of microfilariae. 

Adult male and female parasites exhib 

ited morphological characteristics (i.e., coe 

lomyarian musculature, a small intestine, 
and lateral internal cuticular ridges) of a fi 

larial nematode (Figs. 8, 9). 

DISCUSSION 

The presence of Cordophilus sagittus and 

associated lesions in the hearts and/or lungs 
of 31 of 35 kudu over 1 yr old suggests a 

high rate of infection. The absence of adult 
worms and associated lesions in a number 

of kudu lambs studied could be the result 

of lowered susceptibility to cordophilosis in 

this age range. However, because many fi 

larial parasites have lengthy pr?paient pe 

riods, it is more likely that lambs receive 

infective larvae via one or more species of 

biting insects at an early age followed by a 

long period of migration and maturation of 

parasites. This may culminate in aggrega 
tions of adult parasites in the right ventricle 

of the heart and in coronary and pulmonary 
arteries as observed in the adult animals in 

this study. It seems reasonable to assume 

Figure 7. Histological section of frond composing 
the intimai proliferation of the pulmonary artery from 

a greater kudu. Note that the fibrovascular core (f) is 

covered by multiple layers of endothelial cells (e). H&E, 

xl50. 

that whereas some infective larvae mature 

in the right heart and pulmonary arteries, 
others pass through the lungs and left heart 
to find their way into the coronary arteries. 

Once the worms reach maturity, it is un 

likely that further migration occurs. 

Aneurysmal lesions similar to those in 

this study have been reported in kudu, 

bushbuck, and an African buffalo,3 but the 

C. sagittus adults were supposedly said to 

be found in coronary veins rather than ar 

teries. In that study, hypertrophy and hy 
perplasia of medial smooth muscle cells of 

"smaller branches" of the coronary arteries 
were ascribed to hypertension created by 
obstruction of the venous drainage. It seems 

unlikely that the parasite changed its site of 

predilection from coronary veins to arteries. 
It may be that the intimai proliferation and 

transmural fibrosis that characterized the 

well-developed arterial lesions obliterated 
the histological features of the parasitized 
coronary vessels thus causing them to be 

mistaken for veins. 

The medial smooth muscle hyperplastic 

changes observed in smaller coronary and 

pulmonary arteries and arterioles of para 
sitized kudu are reminiscent of those ob 

served in the lungs of dogs and cats with 

certain nematode parasites (e.g., Dirofilaria 
immitis) that live in or migrate through pul 
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Figure 8. Histological section of lung from a greater 
kudu containing cross section of an adult female Cor 

dophilus sagittus surrounded by fronds of intimai pro 
liferation. Note the coelomyarian muscles (m), small 

intestine (i), and sections of ovary (o) and uteri (u) 
containing mature microfilariae. H&E, x 150. 

monary arteries.1 Theories on the patho 

genesis of such lesions include pulmonary 

hypertension, inflammatory stimulation by 
the parasites, thrombosis, and local ana 

phylaxis in response to parasitic antigens. 
The absence of microfilariae in the tissues 

of most kudu in this study contrasts with 

descriptions of microfilariae and associated 

inflammation that were reported in the 

myocardium and lymph nodes of most kudu 

in another study.3 It was conceded in that 

study that the microfilariae seen in lymph 
nodes may have been from an unidentified 

subcutaneous filarial nematode found in the 

sternal region of several of the kudu. No 

subcutaneous filarial nematodes were found 

in the kudu in our study. In only a few kudu, 
microfilariae and associated lesions were 

observed in the myocardium, lymph nodes, 
and/or lungs. 

The most significant and interesting le 

sions of cordophilosis in kudu were the 

aneurysms in the coronary arteries and 

branches of the pulmonary arteries and the 

associated proliferative endarteritis lesions 
seen most strikingly in the pulmonary ves 

sels. Both of these lesions appear to result 

from the presence of mature worms; how 

ever, the pathogenesis of arterioaneurysms 
such as these in response to filarial parasit 

Figure 9. Higher magnification of adult female par 
asite (Cordophilus sagittus). Note sections of ovary (o) 
and a lateral internal ridge of cuticle (arrow) at the level 

of the lateral chord (1). H&E, x300. 

ization is not clear. Mechanical, toxic, and/ 

or immune-mediated damage could initial 

ly weaken the artery wall with subsequent 
dilatation resulting from blood pressure. The 

tendency for these parasitic aneurysms to 

occur at specific locations (in the epicar 
dium adjacent to the intermediate and lon 

gitudinal grooves) is most likely related to 

vessel diameter and the increased hydro 

dynamics of coronary circulation of this seg 
ment. Although villous intimai prolifera 
tions were present in many parasitic 

aneurysms of the coronary arteries, they 
never attained the floridity observed in the 

parasitized branches of the pulmonary ar 

teries, where the aneurysmal dilatation of 

the vessel lumens were filled with both fine 

and coarse intimai villi that embraced the 

parasites. It was apparent in some cases that 
worms had been incarcerated through the 

process of intimai proliferation, and calci 

fied remains with attending granulomatous 
inflammation were occasionally observed 

within fibrous tissue adjacent to the vas 

cular lumen. Villous intimai proliferation 
in response to a pulmonary arterial filarial 

nematode is not unique. A similar response 
is seen in canine dirofilariasis.1 

As is often the case with diseases in wild 

life, it is difficult to assess the importance 
of cordophilosis to the general health of kudu 

herds. The physical condition of heavily 
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parasitized animals did not differ noticeably 
from that of animals with few parasites, or 

even from those free of infection. Pulmo 

nary lesions were remarkable in microcosm; 

however, even in the heavily parasitized 

kudu, pulmonary arterial lesions due to C 

sagittus were not considered significant. 
The coronary vascular lesions produced 

by C sagittus would seem to portend greater 

physical disability than do the pulmonary 

lesions; however, the lesions described 

herein were limited to the parasitized cor 

onary arteries and the adjacent myocardi 
um. Inflammatory changes were generally 

modest, and neither the livers nor lungs of 

parasitized kudu showed signs of cardiac 

decompensation. 
The apparent benign nature of G sagittus 

infection in these kudu is in contrast to cor 

dophilosis reported in eland translocated 

from Addo Elephant National Park in the 

Western Cape Province to the Kruger Na 

tional Park in the eastern Transvaal.6 Dur 

ing this episode, numerous fatalities attrib 

utable to G sagittus occurred among the 

eland, which apparently had no previous 

exposure to this parasite. Hearts from dead 

eland showed many more parasitic aneu 

rysms than did the kudu hearts in our study. 

Reports of similar fatalities in domestic cat 

tle appear in the files of the Pathology Sec 

tion, Onderstepoort Veterinary Research 

Institute. 

Although it is seemingly a subclinical 

condition in kudu (most probably nyala and 

bushbuck as well), game farmers and wild 

life managers should be aware of cordophi 
losis. In these and other susceptible animals, 

including domestic cattle, infection may re 

sult in severe disease with fatal conse 

quences if, having had no previous exposure 
to G sagittus, animals are translocated to 

endemic areas or are otherwise exposed to 

the parasite. 
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