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EIMERIA FRATERCULAE SP. N. IN THE KIDNEYS OF

ATLANTIC PUFFINS (FRATERCULA ARCTICA) FROM

NEWFOUNDLAND, CANADA: SPECIES

DESCRIPTION AND LESIONS

Frederick A. Leighton and Alvin A. Gajadhar2

ABSTRACT: Renal coccidiosis is reported for the first time in an auk (Alcidae). Infection was
detected in seven of 50 nestling Atlantic puffins (Fratercula arctica) and a new species of coccidia,
Eimeria fraterculae sp. n., is described. The structure and sporulation of oocysts are characterized.
Meronts, gamonts, and developing oocysts were present in collecting duct epithelium of medullary
cones. The predominant host response was hypertrophy of infected cells, tubule dilation, and a
mild localized peritubular infiltration with mononuclear inflammatory cells.

INTRODUCTION

Coccidia have been found in the kid-

neys of several species of birds represent-

ing a wide range or orders and families

(Munday et a!., 1971; Wobeser, 1974;

Montgomery et a!., 1978; Thompson and

Wright, 1978; Obendorf and McCo!!,

1980; Gajadhar et a!., 1983a; Gajadhar et

a!., 1983b). To our knowledge, renal coc-

cidia have not been described from any

member of the family A!cidae (auks), the

predominant family of marine birds in the

Northern Hemisphere. In this paper we

describe renal coccidiosis in a North At-

lantic alcid, the Atlantic puffin, and a new

species of the genus Eimeria.

MATERIALS AND METHODS

Specimens for this study were from prefledg-
ling young puffins collected as part of a larger
study of the toxic’ effects of crude oil on marine
birds (Leighton et al., 1983). All birds were from

Great Island, 50 km south of St. John’s, New-

foundland, and were collected in July of 1968,
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1982 and 1984. The age of the birds was not

known. All were feathering and were probably

�7.5 wk old, the approximate mean age of

fledging for puffins on Great Island (Nettleship,
1972). In 1982, 22 birds were maintained in
captivity in artificial burrows for 15 days prior

to necropsy (Leighton et al., 1984). In 1984, 27
birds were used in oil intoxication studies while

they remained in their native burrows, and were
dissected on the day they were removed from
the field. The birds were killed by decapitation.
Renal tissue from all birds was fixed in 10%
neutral-buffered formalin. In 1984, one kidney

from each bird was placed in 2.5% aqueous po-

tassium dichromate solution and held at 4 C

until processed for oocyst isolation 2 mo later.

One additional bird included in this study was
a fledgling that had been collected and fixed in

formalin in 1968.
A cross-section of the caudal division of each

formalin-fixed kidney collected in 1968 and

1982, and from each 1984 specimen identified
as positive for oocysts by flotation, was embed-

ded in paraffin, sectioned, stained with hema-

toxylin and eosin, and viewed with a light

microscope. Potassium dichromate-preserved

kidneys were homogenized and processed for

isolation of oocysts by flotation as previously

described (Gajadhar et al., 1983a). Oocysts were
suspended in a thin layer of 2.5% aqueous po-

tassium dichromate solution in a petri dish at
20 ± 2 C for 21 days and examined daily for

sporulation. The suspension of oocysts was then
kept at 4 C for 5 days and was again examined.

One hundred oocysts were measured using an
eyepiece micrometer and 40 sporocysts were
measured using a drawing tube and millimeter
scale. Measurements were expressed as mean ±

one standard deviation (range).
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FIGURE 2. Unstained wet prepa�tion of oocysts

of E. fnatenculae sp. n. from Atlantic puffins. Unspo-

rulated oocysts with contracted sporonts, x 1,250.

FIGURE 1. Line drawing of a sporulated oocyst

of Eimenia fraterculae sp. n. from the kidney of an

Atlantic puffin.

‘1�
� .�.

FIGURE 3. Unstained wet preparation of oocysts

of E. fnaterculae sp. n. from Atlantic puffins. Four
sporocysts enclosed by an oocyst wall composed of a

dense inner layer and a translucent outer layer,

xl,250.
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Prevalence

RESULTS

Stages of renal coccidia were detected

histologically in two of 22 puffins collect-

ed in 1982. Both were females and were

control birds that had received no oil.

Oocysts were isolated from four of 27 kid-

neys collected in 1984. These were from

two males, one female, and one of unde-

termined sex. Al! had received oral crude

oil (0.3 or 1.0 ml per day) for the 5 days

immediately preceding necropsy. Cocci-

dia were detected histologically in the

kidneys of the female puffin collected in

1968.

Description of parasite:
Elmena fraterculae sp. n.

Type host: Fratercula arctica.

Type locality: Great Island, Newfound-

land, Canada.

Location in host: Renal collecting tu-

bules.

Etymology: The specific name is de-

rived from the generic name of the type

host.

Description: Characteristic of the genus

Eimeria: sporulated oocyst (Fig. 1) has

four sporocysts, each sporocyst containing

two sporozoites. Unsporu!ated and sporu-

lated oocysts (Figs. 2, 5) are subspherica!

and have a wall approximately 1.5 �m

thick which consists of a translucent, thick,

greenish outer layer and a thin, dense in-

ner layer. Oocysts measure 18.6 ± 0.5

(17.6-19.6) �m in diameter along the axis

through the micropyle and 19.2 ± 0.5

(17.6-20.0) �m in diameter elsewhere. An

inconspicuous micropyle is present but at
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most orientations oocysts appear spherical

and to lack a micropyle. An oocyst resid-

uum is present as a small cluster of gran-

ules in sporulated oocysts. Sporocysts are

ova! to ellipsoidal, measure 9.8 ± 0.5 (9.0-

10.8) x 7.1 ± 0.6 (6.2-8.0) �tm, have a

Stieda body and contain a prominent spo-

rocyst residuum. Sporozoites are arranged

in a curved position within sporocysts and

contain two refractile globules and a nu-

cleus.

Sporulation

After 21 days at 20 C no sporulated

oocysts were observed, but there were

contracted central sporonts. Approximate-

ly 5% of oocysts were sporulated com-

pletely after a further 5 days at 4 C.

Endogenous stages

All developmental stages of E. frater-

culae sp. n. were found in the collecting

duct epithelium of renal medullary cones

(Figs. 4, 5). The parasites consistently oc-

cupied the apical portion of the host cell,

relative to the nucleus. Usually, all cells of

affected ducts were parasitized (Figs. 5-

8). Meronts and gamonts occupied most

of the epithelium. Mature meronts con-

tained more than 20 banana-shaped mer-

ozoites (Fig. 6). Occasionally individual

merozoites appeared free in the lumen.

Various stages of immature and mature

micro- and macrogamonts were present in

the same duct (Fig. 7). Single epithelia!

cells appeared parasitized by several gam-

onts. Macrogamonts were more or less

spherical, and contained a prominent cen-

tral nucleus and many small eosinophilic

wall-forming bodies. Microgamonts were

oval, were generally larger than macro-

gamonts and contained small nuclei. Ma-

ture microgamonts were irregular in shape

and had peripheral layers of dense, baso-

philic microgametes.

Developing oocysts fully occupied the

cytoplasm of host cells and characteristi-

cally contained several large eosinophilic

granules of varying density (Fig. 8). Oo-

cysts with collapsed walls were present in

the lumina of collecting ducts, and a few

were seen within host cells.

Pathology

Small pale foci were noted grossly on

the ventral surfaces and on cut surfaces of

the two infected kidneys collected in 1982.

These foci corresponded to areas of par-

ticular!y intense infection with coccidia.

Hypertrophy of infected epithelial cells

was present in association with merogony

(Fig. 6) and was pronounced in associa-

tion with gametogony (Fig. 7) and oocyst

formation (Fig. 8). The tubule epithelium

changed from its normal morphology as a

monolayer of cuboidal cells to a layer of

tall, irregularly shaped cells with their

apices massively distended by tiers of de-

veloping parasites (Figs. 7, 8). This was

accompanied by dilation of the tubule to

several times its normal diameter and, in

some foci, by development of papillary

lumenal projections of infected epithe-

hum (Fig. 4). In some areas, the massive

epithehial hypertrophy resulted in appar-

ent occlusion of the collecting duct lumen.

There was a mild to moderate infiltration

of the immediate peritubular interstitium

with mononuclear inflammatory cells and

a few granulocytes. The epithehium of col-

lecting ducts from which oocytes were

being shed into the lumen consisted of a

monolayer of thin attenuated cells or low

cuboidal cells. Ulceration of the epithe-

hum was evident in a few affected tu-

bules.

DISCUSSION

This study describes a new species of

renal coccidia of the genus Eimeria and

renal coccidiosis in an additional family

of birds: the Alcidae. Alcids are all marine

birds and it is of interest that most reports

of renal coccidia in birds are from hosts

that occupy marine or fresh water habi-

tats. It is uncertain to what extent renal
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FIGURES 4, 5. Histological sections of kidney from Atlantic puffins infected with E. fnatenculae sp. n.,
H&E stain. 4. Longitudinal section of heavily infected collecting ducts in a medullary cone. Collapsed

oocysts are present within the dilated lumina. Mild mononuclear inflammatory cell infiltration (arrow), x 120.

5. Cross-section of medullary cone with developmental stages in collecting duct epithelium, x 160.
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FIGURES 6, 7. Histological sections of kidney from Atlantic puffins infected with E. fnatenculae sp. n.,

H&E stain. 6. Mature meronts in collecting duct cells contain banana-shaped merozoites, x 1,100. 7. Im-

mature and mature macrogamonts (MA) and microgamonts (MI) in the apices of epithelial cells. Host cells
are hypertrophied and appear to contain multiple gamonts, x 560.

coccidia of the genus Eimeria are host-

specific. Some contend that there is no

cross-infection among hosts of different

genera (Pellerdy, 1974). Cross-infection

among host species within the genus An-

ser has been documented (Gajadhar et a!.,

1982). The geographic range of the type

host of E. fraterculae sp. n. does not over-

lap that of other species of the genus Fra-

tercula, although it overlaps extensively

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



FIGURE 8. Histological section of kidney from an Atlantic puffin infected with E. fnatenculae sp. n.,
H&E stain. Oocysts developing within massively enlarged host cells and free in the dilated collecting duct

lumen. Large eosinophilic (black) granules evident in developing oocysts, x 775,
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that of other alcids, including the genera

Uria, Alca, Cepphus, and Alle. The host

and geographic range of E. fraterculae sp.

n. remains to be defined.

The prevalence of renal coccidiosis in

Atlantic puffins may be underestimated.

Histological techniques sample only a

small fraction of renal tissue, and flotation

techniques detect only oocysts. Thus, it is

likely that the prevalence of infection is

higher than that reported here. However,

the prevalence of infection was low com-

pared with that detected with similar

techniques in several species of waterfowl

(Gajadhar et a!., 1983a). The puffins in

this study were from a dense nesting co!-

ony estimated in 1973 to contain 148,000

pairs (Brown et a!., 1975). However, puf-

fins are hatched and reared alone in in-

dividual burrows and are in contact only

with their own parents until they fledge.

Thus, there is limited opportunity for

transmission of the parasite among indi-

viduals in the colony and nesthings are

probably infected by their own parents or

with oocysts derived from residents of the

burrow in previous years.

Eimeria fraterculae sp. n. is an unusual

coccidium in several respects. Most oocysts

appeared spherical, but by careful manip-

ulation they were shown to be subspheri-

cal, with the shortest diameter along the

axis of the inconspicuous micropyle. They

also have a very thick oocyst wall which

has a greenish hue in unstained prepara-

tions. Sporu!ation appeared to require a

period of warmth (20 C) followed by a

cold period (4 C). There are no reports of

other coccidia with similar sporulation re-

quirements. Eggs of the parasitic nema-

todes Nematodirus battus and N. fihicollis

of ruminants require an alternating se-

quence of warm and cold periods before

they will hatch, and this requirement ap-

pears to ensure that infective stages ap-

pear in the spring when conditions for in-

fection are optima! (Dunn, 1978). The

apparently similar need for alternating
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periods of warmth and cold in the spor-

ulation of E. fraterculae may help entrain

the organism to the strictly seasonal

breeding cycle of its type host. The tem-

perature requirements for sporulation of

this coccidium need confirmation and fur-

ther study, however; the long period of

storage before processing and sporulation

in the present study may have altered nor-

mal requirements.

The lesion associated with E. fratercu-

lae sp. n. infection was predominantly a

hypertrophic reaction of infected epithe-

hum and a local mononuclear cell re-

sponse. Similar lesions are seen in asso-

ciation with E. stiedae and E. hiepei

infections in the livers of rabbits and mink

(Grafner et a!., 1967; Pellerdy, 1974). In-

flammation in response to the infection was

generally mild. Tubule integrity appeared

to be maintained during infection, and it

seems likely that infection is usually fol-

lowed by restoration of function in affect-

ed nephrons.

It is unlikely that renal coccidiosis

caused significant renal dysfunction in any

of the birds found to be infected in this

study. Relatively small amounts of tissue

were affected in each case. However, the

organism caused severe focal lesions, and

thus has the potential to cause significant

renal disease. Renal coccidiosis is recog-

nized as a serious and potentially lethal

disease in some species of waterfowl

(Wobeser, 1974; Gajadhar et a!., 1983b).
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