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ABSTRACT

White-tailed deer, Odocoileus virginianus, from central Pennsyl-
vania were examined for helminth parasites by regular autopsy pro-
cedures supplemented by a direct centrifugal flotation technique. The
two methods were compared and evaluated for suitability in diagnosis
and survey work. The reliability and repeatability of the flotation
method were studied.

Prevalence of most nematodes encountered was increased as a
direct result of supplementing autopsy routines with microscopic ex-
amination of fecal pellets by the DCF technique. The DCF technique
was especially advantageous when dealing with small cryptic forms
such as Ostertagia sp. and Capillaria sp.

INTRODUCTION

Many studies deal with para-
sites of white-tailed deer, Odo-
coileus virginianus (Karstad,
1964) and the subject has recently

been reviewed by Anderson (1962
a,h). Several of these studies con-
tain prevalence data obtained by
various survey techniques (Dik-
mans, 1939; Dinaburg, 1939; Ol-
sen and Fenstermacher, 1943;
Samuel and Beaudoin, 1965). Sur-
vey techniques employed in these
studies include autopsy routines,
examination of fecal pellets for
eggs or larvae, or a combination
of both. To date, however, there
has been no attempt to evaluate

the reliability of either technique

for use in deer studies.

As part of an ecological study
on deer parasitism a satisfactory
method of surveying a deer popu-
lation had to be devised and eva-
luated. The purpose of this study
is to examine the efficiency and
accuracy of two techniques for
detecting helminth infections in
the white-tailed deer Odocoileus

virginianus. This was accomplish-
ed by comparing the routine au-
topsy data with data from fecal
examination obtained by means of
a direct centrifugal flotation
(DCF), when both procedures
were performed on the same deer.
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METHODS AND PROCEDURES

CollectIon and Storage

Study specimens were collected from
deer killed by hunters in December
1963, 1964. Collection sites included
deer check stations at the Letterken.
ny Army Ordnance Depot, Franklin
County, Pennsylvania and the Penn-
sylvania State University Experi-
mental Forest, Huntlngdon County,
Pennsylvania.

Whenever possible the following
autopsy specimens from each of the
animals were examined: head, liver,
lungs, esophagus, stomach, mesen-
teries, small Intestine, large intes-
tine and caecum.

All autopsy specimens were return-
ed to the laboratory in suitably la-
belled plastic bags with exception of
heads, some lungs and livers which
were examined in the field. Fecal pel-
lets taken from the terminal end of
the colon were immediately fixed and
stored in 10% formalin to prevent
further egg development. Autopsy
specimens were stored in a standard
household freezer until used.

Autopsy Procedures

Examination of organs at autopsy
was effected in the following manner:
brains were exposed by means of a
mid-sagittal cut made with a hack
saw, which split the head into two
longitudinal halves. The brain was
removed, leaving the meninges at-
tached to the skull and exposing their
inner surface. Excess blood was re-
moved with water and the inner sur-
face of the meninges and outer sur-
face of the brain were examined .for
meningeal worms, which are easily
seen usually attached to the men-
inges, especially in the cerebral and
hypophysial areas. In freshly killed
animals the worms are quite active,
facilitating detection.

The liver was examined grossly by
scrutinizing the surface for discolora-
tion and other abnormal appearances
while bile ducts were slit open and
followed as far as possible. In addi-
tion, several slices of liver tissue were
made at random and studied visually.

Whenever possible, the respiratory
tree was removed intact. Excess blood
was washed from the surface, and the
trachea, bronchi and larger bron-
chioles were exposed and scraped.
Scrapings and washings were exa-
mined in a black-bottom pan.

The esophagus was opened, scraped
to remove the excess mucous, flushed
with water and scraped a second time
to uncover Gongylonema found em-
bedded in the wall. This parasite was
very conspicuous when the above pro-
cedures were followed.

The rumen, reticulum and omasurn
were emptied of their contents and
examined by stretching over a bright
light. The contents were discarded.
The abomasum was repeatedly flush-
ed, scraped and the com’tent� washed,
decanted and checked several times
in a black-bottom pan.

The small intestine, caecum and
large intestine w e r � separately
stripped and flushed. The flushings
were repeatedly washed and decanted
until clear and examined for worms.
Mesenteries were washed and si retch-
ed over a light for observation.

Nematodes were fixed in hot 10%
fom-nmalin, cleared and mounted in
polyvinyl alcohol (PVA) containing
lactic acid. This preparation was
found to give quick, excellent results
and was particularly effective in mak-
ing internal structures visible.

Flotation Procedure

A modified Lane direct centrifugal
flotation technique, described by Le-
vine et al. (1960), was employed with
modifications. Ten grams of feces in
pellet form were blotted, on tissue pa-
per and added to 90 ml of water. A
homogeneous suspension was obtain-
ed by placing the mixture in a small
monel Waring blendor for 7-15 se-
conds, comminution time, depending
on the hardness of the pellets. Pellets
were added after the blendor was
turned on to keep them from settling
below the cutting blades. An aliquot
was removed with either a disposable
10-cc stylex syringe whose bore had
been widened by removal of the tip,
or a bulbed wide-mouth pipette. The
aliquot was placed in a 12.ml centri-
fuge tube and centrifuged at 2200
rpm for about five minutes. The su-
pernatant was poured off and six ml
of sugar flotation solution (sp. gr.
1.270), prepared according to Levine
et al (op. cit.), was added to the
sediment and thoroughly mixed by
shaking. Additional sugar solution
was added to fill the tube to one-
fourth inch below the top and the sus-
pension remixed. The suspension was
centrifuged two minutes at hOG rpm.
A plug of debris formed at the sur-
face and was loosened from the tube
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1Found in larval stage; tentatively indentified
1766 on the basis of size and location.

as Taenia hydatigena Pallas

wall by ringing with a probe. Addi-
tional sugar solution was added, fol-
lowing centrifugation, until a posi-
tive meniscus was formed above the
lip of the tube. A 22-mm square cover-
slip was gently placed over the lip of
the tube. Removal of the coverslip
was made by grasping two adjacent
corners by the thumb and forefinger
and lifting briskly (Stoll, 1930). Re-
placing the sugar solution and repeat-
ing the procedure at two-minute in-
tervals permitted taking a second,
third and fourth coverslip sample. As
many as six replicate trials were run
on each deer and each trial included
four consecutive coverslips, so that up
to 24 coverslips were scanned for a
single deer.

The flotation coverslips were ex-
amined with a 2OX ocular and 3.5X
objective. The microscope was focused
on small air bubbles, enabling ex-
amination of the immediate undersur-
face of the coverslip. Each coverslip
was systematically scanned in its en-
tirety for eggs and larvae.

Parasite Identification

Pgrasites were identified by egg,
larva and adult chracteristics (Sam-
uel and Beaudoin, 1965; Shorb, 1939,
1940; Kates and Shorb, 1943; Olsen
and Fenstermacher, 1943).

RESULTS

The time required to complete
the laboratory portion of the au-
topsy routine, excluding examina-
tion of heads, averaged 66 minutes
pci’ animal. Average time requir-
ed for eoverslip examination was
7.5 minutes, for a total average
time expended of 30 minutes for
each fecal sample.

Of the various helminth species
found (Table 1), Ilaemonchus

c o it t o r t u s (Rudolphi, 1803)
(3/113; 2.7 per cent), Moniezia

expansa (Rudolphi, 1805) (2/120;

TABLE 1. Parasite species recovered with their location in tlte host and stage
of development of eggs and larvae in the feces

Parasite
Location of

adult in host
Stage of development of

immature forms in feces

Odocoileostrongylus meningeal and first stage larva
tenuis subdural spaces
(Dougherty, 1945) and sinuses

Gong ylonema pulchrum wall of the esophagus vermiform embryo
Molin, 1857

Ostertagia odocoilei
Dikmans, 1931

Ostertagia mossi wall and lumen of
Dikmans, 1931 the abomasum 8-64 cell

Haemonchus contortu.r
(Rudolphi, 1803)

Dictyocaulus viviparus bronchioles first stage larva
(Bloch, 1782)

Nematodirus filicollis small intestine
(Rudolphi, 1802) (duodenum) 8-16 cell

Capillaria sp. Small intestine 1-2 cell
Trichuris ovis large intestine

(Abildgaard, 1795) and caecum 1-2 cell
Oesophagostoinum large intestine

venulosurn and caecum 8-64 cell
(Rudolphi, 1809)

Moniezia expansa small intestine egg
(Rudolphi, 1805)

Setaria sp. abdominal cavity not present
Taenia sp.’

Eirneria spp.

liver and
mesenteries1
intestine

not present
oocysts
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NOTE 1. The complex consists of
Ostertagia odocoilei, 0. inossi, and
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proven difficult to separate on the
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FIGURE 1. Effect of the number of

replicate trials upon the reliability
of detecting neniatode infections in
deer using the direct centrifugal
flotation technique.
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1.7 per cent), Setaria sp. (1/120;
0.83 per cent) and Tuenia SI).

(1/37; 2.7 per cent) were consid-
ered as incidental. The flotation
technique used was primarily de-

vised to detect nematode eggs. It
proved ineffective for detecting in-
fections of M. expansa, which ��-ere
discovered at autopsy. In addition,
autopsy procedures al me uncov-

ered the presence of �etaria and

Tuenia spp.

Autopsies of 73 livers were iie-
gative and a single cysticereus,

probably Taenia liydati,qena (Pal-

las, 1766, was recovered from 37
mesenteries examined.

Results obtamed with multiple

trials run upon individual deer

are shown in Figure 1. At least
three trials ��-cre run upon 44 ani-
mals, while 4, 5 and 6 trials were

run upon 26, 21 and 14 deer ic-
speetively. Data obtained by cx-
a mining four eon seeutive eoversl ip

preiuirations from each trial are
shown in Figure 2. Thus, for

i\e lfl(! todirus fili(ollis (Rudolphi,
1802), all ii infections were found

on the first trial (Figure 1).

Ninet v-three per cent of the de-
tected infections had appeared by
the second cOverslip (Figure 2).

On the other hand, Ostertagia

sir. yielded four infections on the
third trial but only 56 of 84 de-
tected infections (67 per cent)
were discovered by the second

coverslip.

The repeatability of the flota-
tion technique and hence its use-
fulness is suggested by comparison
of the first trial on deer killed in
1963 with the 1964 prevalence
data when only one trial was made
on each deer (Table 2). In. no
cases were significant differences
in prevalence between years noted
(p>.OS).
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TABLE 2. Compari�son of flotation re-
siats from mece sexamined in 1963
and 1964 when one sample per deer
was accomplished

TABLE 3. Comparison of autopsy with
accomplished on the sanve deer.

Flotation Techniques when both were

Number of Deer

Examined
by

Positive Negative -

byBy both by autopsy By flotation
Parasite both me’ds. methods only only both me’ds.

Capillara up. 120 2 0 13 105
Dictyocaulus 114 1 5 0 108

viviparus
Gongylonema 72 6 41 1 24

p’ulcltrum
Nematodirus 120 7 3 1 109

filicollis
Odocoileostrongylus 53 8 32 3 10

tenuis
Oesophagostomum. 120 2 16 0 102

venulosum
Ostertagia odocoilei’ 113 30 58 3 22
Ostertagia mossi’
Haemonchus contortus’
Tr-ichuris ovis 120 1 3 0 116
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‘Species determination between Ostertagia odocoilei, 0. mossi and Haemonchus
contortus not reliable using the flotation technique.

Prevalence

Parasite
(expressed as %)

1963a 1964b ChI sq.

Odocoileostron-
gylus tenuis 7.35 12.9 1.52 e

Gongylonema
pulchrl4m 4.41 4.3 .002e

Ostertagia
od,ocoilei

Oste’rtagia mossi 30.9 24.7 .692e
Haem.onchus

contortus’
Nematod,irus

filwollis 7.35 3.26 1.54 e
Capillaria sp. 8.82 9.68 .04 e
Trichuris ovis 1.47 1.47 e
Eimeria spp. 13.2 d 12.9 .004e

aSixty�ight deer examined.
bNinety.three deer examined.

c5pecies determination not reliable
using the flotation technique.

dPrevalence for 1963 when up to six
10-gram samples were run was 19.1
per cent.

eNot statistically significant (p> .05).

in several instances deer were
positive for a parasite, using one
technique and negative, using the
other. For example, Odocoileos-
trongylus t e n u i s (Dougherty,
1945) larvae were recovered by
flotation from three deer but the
adults were not found on autopsy
(Table 3). Two Trichuris ovis

(Abildgaard, 1795) infections po-
sitive by autopsy and negative by
flotation contained single male
worms. Likewise, 11 of 16 deer
positive for Oesophagostomum yen-

n2osum (Rudolphi, 1809) by au-
topsy contained only a few males,
showing one disabvantage in using
flotation alone. Capillaries sp. was
detected by egg flotation in 13 deer
negative by autopsy. The flotation
technique used as a supplement to
autopsy routines increased the
diagnostic accuracy for all species
encountered with the exception of
Dictyocauliia viviparus (Bloch,
1782), Oesophagostomum venulo-
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sum (Rudolphi, 1809), and Tn-

churis ovis (Abildgaard, 1795).

DISCUSSION

The data show that supplement-
ing autopsy procedures with a flo-
tation technique increases the ac-
curacy of detecting nematode in-
fections in 0. virginianna although
either procedure is satisfactory
for the diagnosis of infection with
selected nematodes. If only one
procedure is to be used, autopsy
is the method of choice for all
worms except Capillaries sp. Au-
topsy is both an accurate and an
efficient method of uncovering
Gongylonema pulchrum Molin,
1857, Oesophagostomum yenulo-

sum (Rudolphi, 1809) and� Dic-
tyocaulus viviparus (Bloch, 1782)
(Table 3) which are large in size
and found in easily accessible por-
tions of the deer. In spite of the
ease of recovery, G. pulchrum has
been reported on only one pre-
vious occasion (Dikmans and
Lucker, 1935), from a single deer
in North Carolina. It is reasona-
ble to conclude from the present
study that G. pulchrum. is rela-
tively common in deer in Pennsyl-
vania and probably elsewhere but,
occurring in the wall of the eso-
phagus, it has been overlooked.

A recent report by Anderson
(1965) indicates that for some
age groups Odocoileostrongylus

tenuis (Dougherty, 1945) may be
overlooked at autopsy since ma-
ture worms occur in the spinal,
subdural and cranial venous si-

nuses where they are difficult to
find. Some of the undetected in-
fections with this worm were dis-
covered through flotation tech-
niques, decreasing the number of
false negatives reported in sur-
veys.

Thus, the prevalence of 0. tenuis

in this study was 75% based on
autopsy alone but became 81%
when both autopsy and flotation
procedures were used on the same
deer. Using autopsy procedures
a]one, Alibasoglu et at. (1961)
showed a similar prevalence (75 %)
for this parasite in deer from the
same area.

For the smaller nematodes in
the ahomasum and small intestine
a combination of both methods
should be used. Goldsby and Eve-
leth (1946) indicate the main dis-
advantage of postmortem studies
to be the failure of finding Oster-

tagia sp. and trichostrongyles
which either are too small to see
with the naked eye or are buried
in the mucous membranes. Ander-
son (1962b) adds that Trichuris
sp. is hard to locate in the host,
hence they probably occur more
frequently than reports would in-
dicate. Trichuris sp. has previous-
ly been reported from white-tailed
deer only twice (Cheatum, 1952;
Dinaburg, 1939). -

The prevalence of Capillaria sp.
is best determined by using the
flotation technique (Table 3)

since the worm is very inconspicu-

ous and standard autopsy proce-
dures often fail to detect light in-
festations (Cowan, 1946). This
probably accounts for the lack of
information on infections with
this nematode in deer. Capillania

has previously been reported only
once in deer from Florida by
Dinaburg (1939).

Ostertagia odocoilei Dikmans,

1931, Ostertagia mossi Dikmans,

1931 and Haemonchus contort us

(Rudolphi, 1803) data are hard to
interpret when based on flotation
studies alone since it is not possi-
ble to distinguish between the va-
rious species of Ostertagia, and
even difficult to reliably separate
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Ostentagia from Haemonchus in-
fections by egg characteristics
alone (Samuel and Beaudoin,
1965). H. contort us is rarely found
in the deer population we studied,
and 33 of 88 Ostertagia infections
uncovered were by the flotation
technique alone. This strongly in-
dicates the desirability of micro-
scopic fecal examination as a sup-
plement to routine autopsy.

Although the purpose of the flo-

tation technique is to increase the
accuracy in uncovering helminth

infections, it has application
where only deer feces are availa-
ble. In such cases microscopic
scanning of four coverslips from
one 10-gram sample would be suf-
ficient for detection of most in-
fections, oth?r than those of the
Ostertagia-Haemonchus complex
which require up to three trials
(12 coverslips) (Figure 1).

The scanning of four successive
eoverslips per 10-gram sample is

adequate for routine purposes
(Figure 2). Only in the case of
the Ostertagia-Haemoncltus com-
plex is a large number of infec-
tions discovered on the fourth coy-
erslip. It is quite possible that the
technique is more suited for de-
tecting one of these species over
the others, since the method de-
pends on the specific gravity of
the parasite egg or larva being
less than that of the flotation me-
dium. Thus, a slight difference in
the specific gravity of the eggs of
the three species in question would

give the step-like recovery observ-
ed in Figure 2.

The data on Eimeria spp. are

included (Table 2) to supplement
the �cant number of existing re-
ferences to infections with coccidia
in deer (Dahlberg and Guettinger
1956; Forbes, 1961) and to illu-
strate another application of the
DCF technique.

The major shortcomings of the
modified DCF technique are: (1)
reporting of f a 1 s e negatives

(Goldsby and Eveleth, 1946), al-
though this objection is nullified
when it is used to supplement au-
topsy procedures; (2) the tech-
niqpe does not detect the presence
of . male or immature female
worms, which is illustrated clear-

ly in Oesoplm agostomuns venulosum
infections (Table 3), likewise nul-
lified when used with autopsy;
and (3) egg and larval similari-
ties in size, shape and development
of some species make specific iden-

tification difficult even though de-
tection of infection is possible
(Samuel and Beaudoiri, 1965;
Shorh, 1939).

In using the modified DCF
technique certain precautions de-
cidedly increase its reliability. Of
these the following deserve men-
tion: (1) care in removing the
coverslip, the most delicate step in

the Technique (Turner, 1951)
(2) use of more than one cover-
slip for each sample (Stoll, 1930)
(Figure 2); (3) variation in dur-

ation of fecal comminution in the
Waring blendor based on fecal
consistency; and (4) variations in

time of the last centrifugation
based on the amount of fecal de-
bris which in turn affects recov-

ery of eggs.
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