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Infectivity of Cryptosporidium parvum oocysts is retained
upon intestinal passage through a migratory water-fowl
species (Canada goose, Branta canadensis)
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Summary Five Cryptosporidium-free Canada geese (Branta canadensis) were individually orally dosed
with 3.5 x 10° Cryptosporidium parvum oocysts infectious to neonatal BALB/c mice. After
intestinal passage, inoculum-derived oocysts extracted from goose faeces established severe
infection in 14 neonatal BALB/c mice (inoculum dose 2.5 X 10%/mouse). The
inoculum-derived oocysts were detected in goose faeces up to 9 days post-inoculation (Pl);
the number of intact oocysts and oocyst shells shed during the first 3 days Pl was
significantly higher than for the remaining 6 days PI (P<o.o1). Based on acid-fast stained
air-dried direct wet smears, 62% of the oocysts in goose faeces were intact (oocyst shells
constituted 38%) and conformed to morphological features of viable and infectious
inoculum oocysts. The fluorescence scores of the inoculated oocysts, obtained by use of the
MERIFLUOR test, were identical to those obtained for the faeces-recovered oocysts
(majority 3+ to 4+). The dynamics of oocyst shedding showed that overall, the birds
released a significantly higher number of intact cocysts than oocyst shells (P<o.o1).
Retention of the viability and infectivity of C. parvum oocysts following intestinal passage
through a migratory water-fowl species has serious epidemiological implications. Water-fowl
can serve as mechanical vectors for the water-borne oocysts and can contaminate surface
waters with C. parvum. As the concentration of Cryptosporidium oocysts in source waters
is attributable to water-shed management practices, water-shed protection programme
officials should consider water-fowl as a potential factor enhancing contamination of the
source water with Cryptosporidium.
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contributes to the mortality of immunocompromised

Introduction or immunosuppressed individuals (Goodgame et al.

Cryptosporidium parvum infects 79 mammalian 1993) and may severely debilitate immunocompetent
species (Fayer ef al. 1997) and is readily trans- people (O’Donoghue 1995). Transmissible via water,
missible to humans. The infection significantly the pathogen represents a global public health threat
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(Anonymous 1994), responsible for numerous rec-
reational and drinking water outbreaks (Lisle &
Rose 1995). Cryptosporidium infections constitute a
major cause of gastrointestinal illness in non-
outbreak settings (Moore et al. 1994).

Waterborne transmission is enhanced by the
oocyst’s small size (3.5-5.5 um), long-lasting infec-
tivity in the environment, resistance to standard
water disinfection procedures applied to control
other water-borne pathogens, and suboptimal treat-
ment of source water by water treatment facilities
(Lisle & Rose 1995). Cryptosporidium oocysts are
frequently present in surface waters (Hansen &
Ongerth 1991) and adverse weather conditions
(heavy rains, snow melts and floods) contribute to
water contamination by washing oocysts from the
land into surface waters, elevating turbidity, causing
sewage overflow and increasing urban and agricul-
tural run-off (Lisle & Rose 1995). Water-shed pro-
tection programmes include elimination of human
activity from the area of water catchment (Lisle &
Rose 1995). However, waters from protected water-
sheds have been as contaminated as those which are
unprotected or affected by industry (Rose et al.
1997), raising the concern that environmental
factors contributing to contamination are not fully
recognized (Lisle & Rose 1995).

Cryprosporidium infections have been reported
in free-ranging animals (Martin & Zeider 1992;
Elanbaum et al. 1993; Fayer et al. 1996), and wild-
life was postulated as a potential factor contributing
to water contamination (Hansen & Ongerth 1991).
Cryptosporidium parvum is non-infectious to lower
aquatic and semi-aquatic vertebrates, but those ani-
mals can act as mechanical vectors and disseminate
ingested oocysts (Graczyk et al. 1996a). Pastures and
grazing lands are recognized as significant sources of
viable C. parvum oocysts (Coleman et al. 1989;
Hiepe & Buchwalder 19971; Lisle & Rose 1995) and
during spring and fall migrations, thousands of
water-fowl use these areas for feeding and resting
(Fisher 1979). Passage of infectious C. parvum
oocysts through the gastrointestinal tract of a refrac-
tory avian host (Peking duck, Anas platyrbynchos)
does not alter their infectivity for mammalian hosts
(Graczyk et al. 1996b). Aquatic birds, which have
unlimited access to surface waters, can therefore act
as mechanical vectors by disseminating ingested
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oocysts. Although a free-ranging strain of Peking
ducks (Mallards, A. platyrbynchos) occurs in the
wild, it needs to be substantiated how the findings
characteristic for Peking ducks arc applicable for
typical and the most prevalent species of water-fowl
such as the Canada goose (Branta canadensis)
(Fisher 1979; Anonymous 1996).

The purpose of the present study was to determine
whether C. parvum oocysts will retain their infec-
tivity after intestinal passage through Canada geese.
This species was selected because of its abundance in
the wild (Anonymous 1996). It is the most represen-
tative species of Anatidae, constituting a major com-
ponent of water-fowl migration along the east coast
of the United States (Fisher 1979; Anonymous 1996).

Materials and methods

Cryptosporidium parvum (AUCP-1 strain) oocysts
were extracted from the faeces of experimentally
infected Holstein calves (Fayer & Ellis 1993), puri-
fied by caesium chloride (CsCl} gradient centrifuga-
tion {Kilani & Sekla 1987) and stored for z weeks at
4°C in potassium dichromate (K,Cr,O,_). The
oocysts were washed 5 times with phosphate buff-
ered saline (PBS) (pH 7.4) by centrifugation (750 g,
5 min) at 4°C to remove K,Cr,O_. Oocysts were
counted with the aid of a haemacytometer (Fayer &
Ellis 1993}, morphologically assessed by modified
acid-fast stain (AFS) of the air-dried direct wet smear
(DWS) (Ash & Orihel 1987), and infectivity was
tested by gastric intubation of 10 neonatal BALB/c
mice (Fayer et al. 1995).

Five 2-3-year-old Canada geese (Branta canaden-
sis) were obtained from the Wildlife Rehabilitation
and Education Center (Elkridge, Maryland, USA).
The birds were transferred to the Baltimore
Zoological Society (Baltimore, Maryland, USA) and
housed indoors in a room (15 m x 10 m) with a tap
water swimming poo! and pelleted food (Purina,
Purina Mills Inc., St Louis, Missouri, USA) ad
libitum. Using the Argyle Premature Infant Feeding
Set (Sherwood Medical, A Brunswick Company,

St Louis, Missouri, USA), each goose was gastrically
intubated with 1.5 ml of PBS containing 3.5 x 10° C.
parvum oocysts. Geese were released to the Wildlife
Rehabilitation and Education Center following
experimentation.
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Faeces was collected daily 3 days prior to inocula-
tion and for 16 days post-inoculation (PI). As the
geese were housed together, faecal specimens con-
tained stools of all 5 animals. Prior to inoculation,
faeces was examined for Cryptosporidium oocysts by
AFS DWS, Sheather’s sugar coverslip flotation
(SSCF) (Ash & Orihel 1987), and the MERIFLUOR
Cryptosporidium/Giardia (Meridian Diagnostic, Inc.,
Cincinnati, Ohio, USA) test kit for direct immuno-
fluorescence (Graczyk et al. 1995). Post-inoculation
faecal specimens were weighed and mixed homoge-
neously with 10% (w/v) of PBS (pH 7.4). Ten AFS
DWS were prepared. Each was examined for 10 min
by light microscopy, and the number of oocyst shells
and intact oocysts counted. The percentage of oocyst
shells to all recovered oocysts was computed on the
basis of the mean number obtained from ro counts
and adjusted for the 1/10 dilution. Of each faecal
specimen collecred 1, 2 and 3 days PI, 100 g was
subjected to SSCF. The SSCF-recovered material was
examined by AFS in the manner presented above
and by immunofluorescence microscopy using the
MERIFLUOR test. Examination of slides and scor-
ing of fluorescence followed the previous protocol
(Garcia et al. 1992). Faecal specimens positive for
oocysts by AFS DWS and MERIFLUOR test were
used for oocyst extraction (Graczyk & Cranfield
1996) and purification conducted at 4°C by CsCl
gradient centrifugation. The number of cocysts was
assessed by both haemacytometer (Fayer & Eilis
1993) and the MERIFLUOR test (Garcia et al.
1992).

A total of 3.6 x 10 C. parvum oocysts extracted
from geese faeces up to 3 days Pl were used for the
preparation of 14 vials with 2.5 X 10 oocysts per
vial in so ul of PBS. Infectivity of faeces-recovered
oocysts was determined by infectivity bioassay
(Fayer 1995). Determination of oocyst viability using
the 4',6'-diamidino-2-phenylindole (DAPI) and pro-
pidium iodide {PI}, or in vitro excystation, was not
performed because DAPI/PI and in vitro excystation
significantly overestimated the viability of oocysts
compared to the infectivity bioassay (Finch et al.
1993; Black et al. 1996). Fourteen 5-day-old suck-
ling BALB/c mice were individually inoculated by
gastric intubation with 2.5 x 10% oocysts. Five
5-day-old suckling BALB/c mice inoculated with
50 pul of PBS served as control. The mice were
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euthanized (Fayer er al. 1995) on day 4 Pl, and
sections of ileum, caecum and colon werc processed
and histologically examined for development of
Cryptosporidium intracellular stages (Fayer et al.
1995). The intensity of infection was scored as
previously described (Fayer 1995).

Statistical analysis was performed with Statistix
4.7 {Analytical Software, St Paul, Minnesota, USA).
The variables were examined by the Runs test to
determine conformity to a normal distribution (Sokal
& Rohlf 1981). The non-parametric Rank sum test
was used to assess the significance of differences
between variables. The G-heterogeneity test was
used to assess differences between fractions. Mean
values (x) were associated with standard deviation
(s.d.). Statistical significance was considered to be
P<o.o5.

Results

Faecal specimens collected from geese before inocu-
lation with C. parvum oocysts were negative for
Cryptosporidium oocysts by AFS DWS, SSCF, and
the MERIFLUOR test.

Faecal specimens collected daily ranged in weight
from 1100 to 1400 g (X=1219 £ 112 ).

Acid-fast stained C. parvum oocysts from original
inoculum, when examined by light microscopy, dis-
played a non-uniform, bright red coloration and a
densely packed cytoplasm containing characteristic
black granules. In contrast, oocyst shells (constitut-
ing approximately 15% of the oocysts overall) were
pale, uniformly pink to light red-stained and did not
contain black granules. The oocysts shed by the
geese revealed these two variations in acid-fast-
staining. Intact oocysts and oocyst shells conformed
to the morphological features observed for the origi-
nal inoculum oocysts. The oocyst shells constituted
38% of the oocysts released by the geese; 62% were
intact.

The inoculum-derived oocysts were detected in
goose faeces up to day 9 PI. The dynamics of shed-
ding of intact oocysts and oocyst shells detected by
the AFS DWS are presented in Figure 1. Counting of
intact oocysts and oocyst shells in AFS DWS showed
that (i), the number of intact oocysts and oocyst
shells shed during the first 3 days PI was significantly
higher than during the remaining 6 days Pl (Rank
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Figure | Temporal distribution of the mean number

( £5.d.) of Cryptosporidium parvum oocysts shed in the
faeces of 5 Canada geese (Branta canadensis) gastrically
intubated with 3.5 x 10° of C. parvum (AUCP-1 strain)
oocysts. a, Number of oocysts ([], intact cocysts; I, oocyst
shells) determined by ro-minute examination of 10
acid-fast-stained direct wet smears; and b, faecal oocyst
concentration determined by extraction of oocysts from
faeces, purification by caesium chloride gradient
centrifugation, and counted with [, haemacytometer and
by 72, immunodetection using the MERIFLUOR
Cryptosporidium/Giardia test kit for direct
immunofluorescence.

sum test i=3.12, P<o.01); (i} overall, the geese shed
a significantly higher number of intact oocysts than
oocyst shells (Rank sum test t=3.44, P<o.01); and
(i}, up to day 4 PI the number of intact oocysts was
significantly higher than the number of oocyst shells
(Rank sum test t=1.97, P<0.05).

Overall, oocyst shells constituted 38% of all
goose-released oocysts, and 37% for the first 3 days
Pl when the oocyst output was most intense. The
ratios of oocyst shells to all recovered oocysts were
40, 38, 35, 31, 45, 50, 42, 3T and 39% for the 9
consecutive Pl days, respectively. Sheather’s sugar
cover-slip flotation and AFS examination of faecal
specimens of days 1, 2 and 3 PI revealed both intact
oocysts and oocyst shells at the ratios of 40, 34 and
21%, respectively. The ratios did not differ signifi-
cantly compared to those of 46, 32 and 23% from
faecal DWS of days 1, 2 and 3 PI, respectively
{G-heterogeneity test; G=0.21, P>0.05). When the
SSCF-recovered material was examined by the
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MERIFLUOR test, no difference was observed in the
immunofluorescence of oocyst shells and intact
oocysts. The fluorescence scores for C. parvum
oocysts from the original inoculum were identical
(majority 3+ to 4+) to those of vocysts recovered
from goose faeces by SSCF.

The total number of oocysts recovered from goose
faeces was 4.21 x 10° as determined by haemacyto-
meter count and 4.37 X 10° by the MERIFLUOR
test, representing 24 and 25%, respectively of the
total of 1.8 X 107 oocysts administered as inoculum.
The majority of oocysts (70% of total recovered)
were released by geese during the first 3 days PL
Oocyst concentration significantly decreased on day
4 PI (Rank sum test; t=2.42, P<o.o1) and all subse-
quent days through day 9 PI (Figure 1).

The ileum, caecum, and colon sections of all 14
neonatal BALB/c mice inoculated with C. parvum
oocysts extracted from goose faeces contained large
numbers of developmental stages of Cryptosporid-
ium. The most severe infection was in the ileum,
where >67% of the epithelial cells harboured devel-
opmental stages of the pathogen. The average score
for the 14 mice was 65%. The control mice con-
tained no developmental stages of Cryptosporidium.

Discussion

As Canada geese were negtive for Cryptosporidium
oocysts prior to inoculation, and oocyst-positive for
9 consecutive days post-inoculation (Pl), we con-
clude that the oocysts in faecal specimens originated
from the inoculum. We further conclude that
because Cryptosporidium oocysts were not detected
by acid-fast-stain or MERIFLUOR test kit after
day 9 PI, and since no oocysts were extracted from
faeces collected after day 9 PI, it is unlikely that the
pathogen had established infection in the geese.
However, as demonstrated by the infectivity bioassay
(Fayer 1995), the viability and infectivity of the
inoculated C. parvum oocysts was retained after
passage through the goose intestine.

Canada geese are abundant in the wild and consti-
tute the majority of migratory water-fowl in the
USA (Fisher 1979). As reported by the US Fish and
Wildlife Service and Canadian Wildlife Service on
Waterfowl Status for 1996, 12 populations of
Canada geese migrate or reside within the United
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States (Anonymous 1996). As of January 1996, the
total number of birds, based on the estimate for each
of 12 populations, exceeded 5 million {Anonymous
1996). In most of the Canada goose populations, the
number of breeding pairs and non-breeding birds
has increased for the 3 past years (Anonymous
1996). They use pastures and cattle grazing lands for
feeding and resting during migration.

Considering the zoonotic transmission of C. par-
vum (Fayer et al. 1990), concentrations of domesti-
cated animals, particularly dairy farms and cattle
grazing lands, were identified as sources for viable
oocysts which may contaminate surface waters (Lisle
& Rose 1995). The importance of pastures in the
epidemiology of Cryptosporidium was recognized
after cider from fallen apples collected in a pasture
caused an epidemic of cryptosporidiosis (Millard
et al. 1994). The retention of infectivity of C. par-
vum oocysts following intestinal passage in the avian
host representing the most abundant water-fowl
species in the USA is epidemiologically important.
As most of the water-fowl’s daily activity involves
grazing on land and shallow waters with defaecation
into the water (Combs & Botzler 1991), Canada
geese may act as mechanical vectors disseminating
infectious oocysts in an aquatic environment. When
a single dose of oocysts was administered to ducks
(Graczyk et al. 1996b) and geese, the majority of
oocysts were shed 48 and 72 h PI, respectively.
Water-fowl which graze in pastures may ingest
oocysts and subsequently shed the pathogen.

Heterologous cross-transmissions of C. parvum to
avians in an attempt to establish infections were
unsuccessful (O’Donoghue 1995), although in one
experiment in 1 and 7-day-old chickens a weak,
short-lasting tracheal (but not intestinal) infection
could be established (Lindsay et al. 1987). In that
experiment (Lindsay et al. 1987}, the oocysts of
tracheal origin were found in chicken faeces,
providing evidence that C. parvum oocysts do not
excyst in the avian digestive tract. The experiment
on cross-transmission of C. parvim to Peking
ducks (Graczyk et al. 1996b} and the present study
confirmed this observation, as most of the viable
and infectious C. parvum oocysts (73 and 68%,
respectively) did not excyst during intestinal passage.

Although non-viable oocysts or viable but non-
infectious oocysts are of minimal public health
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concern, the risk of water-borne cryptosporidiosis
from infectious oocysts can be enormous (Lisle &
Rose 1995). The United States Environmental
Protection Agency recently issued a set of guidelines
known as the Information Collection Rule (ICR) for
monitoring influent water and finished drinking
water for Cryptosporidium by any water treatment
facility that serves more than 10 ooo persons {Coley
1995). Our study offers useful information for facili-
tating the interpretation of the positive detection of
oocysts at water treatment plants. First, if source
water became contaminated with oocysts shed by
water-fowl, because of their potential for movements
and migrations, the timing of oocyst detection may
not be conceived as related to or associated with
water-fowl. Secondly, if oocysts shed by aquatic
birds are detected at water treatment facilities by the
immunofluorescence antibody (IFA) method (ASTM
1993), even non-infectious water-borne oocysts (i.e.
oocyst shells) will produce a positive reaction.
Thirdly, C. parvum is the only one of 8 valid species
of Cryptosporidium (Fayer et al. 1997) which is
infectious to humans. However, the oocysts of

the remaining 7 medically unimportant species of
Crypiosporidium have produced positive IFA reac-
tions with commercially available test kits (Graczyk
et al. 1996¢). The oocysts recovered from water-
fowl-contaminated waters will produce IFA reac-
tions similar to C. parvum even if other species of
Cryptosporidium are present.

A certain consistency was observed in the patterns
of shedding by ducks of inoculum-derived oocysts
(Graczyk et al. 1996b) and geese. The birds released
the majority of oocysts within 2—3 days PL. In
addition, the difference between the proportion of
intact C. parvum oocysts to oocyst shells shed by
ducks (73 and 27% respectively) (Graczyk et al.
1996b), and geese (62 and 38%, respectively) was
not significant. Based on the results obtained for
Anas platyrbynchos (Graczyk et al. 1996b) and
Branta canadensis, we conclude that water-fowl,
particularly migratory ducks and geese which may
abundantly reside in water-shed areas, should be
considered as a factor facilitating contamination of
the water with Cryptosporidium oocysts. Qocyst
concentration in source waters is attributable to
water-shed management practices (Hansen &
Ongerth 1991). Thus, modifications of water-shed
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contro} activities regarding water-fowl may enhance
prevention or reduce contamination, and decrease
the number of cases associated with recreational
contact with surface water.
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