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LETTER TO THE EDITOR.. ..

Hematozoa in Thin Blood Smears

We have read with interest several re-
cent papers published in the Journal of
Wildlife Diseases and elsewhere on avian
hematozoa in thin blood smears. We are
specifically concerned with the sampling
and quantification procedures used in some
of these studies, particularly in view of
earlier concerns raised by Godfrey et al.
(1987).

Workers have examined blood samples
collected from both live-trapped and shot
birds in several recent studies (Stacey et
al., 1990; Bennett et al., 1991a; Mahrt et
al., 1991; Telford et al., 1992; Garvin et
al., 1993; O’Dell and Robbins, 1994). We
could find no account as to whether these
two very different sampling procedures
were tested for possible inherent variation
in parasitemia prior to pooling and inter-
pretation of the data. Hopefully, this as-
pect was considered by the authors and
inadvertently omitted in their papers. Us-
ing a mixture of sampling methodologies
without regard to inherent variation re-
sulting from different techniques seems
precarious. First, it assumes that hemato-
zoans are distributed similarly in the blood
of both living and dead birds. Second, blood
often is sampled at a different location in
a live host than in a dead host. It does not
seem likely that blood obtained via the
brachial or tarsal veins in living birds (sam-
pling peripherally circulating blood) and
from the heart or deep core blood in dead
birds represents uniformity in sample col-
lection. We believe that such lack of sam-
pling standardization represents poor ex-
perimentaldesign. Data collected using dif-
ferent sampling methodologies should be
tested to determine if pooling of the data
is appropriate.

The use of hunter-shot birds (Castle and
Christensen, 1990; Stacey et al., 1990;
O’Dell and Robbins, 1994) sampled at
hunter check stations represents a poten-
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tial source of variation. Time periods be-
tween host death and blood collection can
be extremely variable between host indi-
viduals sampled in this manner. We have
seen birds presented to biologists at check
stations that ranged from those recently
killed (within 15 min) to those that had
been dead for at least 3 hr. Sampling blood
from these hosts assumes that parasite be-
havior is similar across the entire range of
time periods (between host death and sam-
ple collection) in which hosts are sampled.
Unfortunately, factors associated with he-
matozoan response to host death have not
been assessed adequately for this assump-
tion to be made unequivocally. We are
aware of only one study (West and Starr,
1940) that anecdotally reported how vary-
ing time periods between host death and
sample collection influenced detection of
Leucocytozoon smithi in domestic turkeys
(Meleagridis gallopavo). We believe that
until there are rigorous studies that can
resolve this issue, blood smears taken from
dead birds should be made within a stan-
dardized time period as soon as possible
after host death, and beyond which blood
samples are not collected.

Several workers have presented only
prevalence data in studies on hematozoa
(Stacey et al., 1990; Bennett et al., 1991a,
b; Mahrt et al., 1991; Telford et al., 1992;
Forbes et al., 1994; Taft et al., 1994). It is
uncertain as to what significance can be
attached to presence and absence data on
hematozoans from blood smears. Our view
is based on the following observations. First,
absence of hematozoans in blood smears
does not necessarily indicate that the host
is not infected. Host immune response and
host-parasite mechanisms associated with
prepatent, latent, and relapse periods are
important factors that influence the prev-
alence and density of hematozoans found
in circulating blood cells of the host. These



concepts are reviewed by Atkinson (1991)
and Greiner (1991). Thus, low hematozoan
density coupled with short examination
times of blood smears could result in sub-
stantial misclassifications, such as, false
negatives. Forrester et al. (1974) clearly
demonstrated how wild turkeys initially
classified negative for Plasmodium sp.,
based on blood smears, were positive when
subinoculation techniques were employed.
Second, ecological relationships between
hosts and their parasites cannot be assessed
adequately using only prevalence data.
Even when density data are available, it
is not always possible to determine periods
of peak transmission potential or the re-
lation of infection to disease. Certainly,
conclusions regarding these parameters
within host populations based on preva-
lence data alone are unfounded. Thus,
without intensity data, the ecological and
clinical significance of hematozoan infec-
tion remains obscure.

In reviewing those papers in which in-
tensity (number of parasites/number of
erythrocytes within infected hosts) was re-
ported, we found that intensity often was
calculated by direct counting of parasites
and estimating the numbers of erythro-
cytes examined, based on the number of
fields of view examined (Apanius and
Kirkpatrick, 1988; Castle et al., 1988; Allan
and Mahrt, 1989; Castle and Christensen,
1990). We believe that the estimated num-
ber of erythrocytes examined, derived from
extrapolations, is inappropriate for the fol-
lowing reasons. First, due to the extreme
variation of erythrocyte densities encoun-
tered on blood smears, estimated total
numbers of erythrocytes examined, based
on a subsample directly counted in several
randomly chosen fields of view, will not
provide reproducible results. Second, when
intensity data are derived from partially
quantified density data (actual number of
parasites counted/estimated number of
erythrocytes examined in each host indi-
vidual), an estimation error is generated
from the original estimated quantities
(density values of each individual host).
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Statistical analyses of data using deriva-
tives of actual and estimated quantities
seems tenuous. Thus, we question the use-
fulness of presenting partially quantified
intensity data that cannot be readily sub-
jected to statistical analyses.

We have shown that quantification of
Haemoproteus maccallumi (=H. colum-
bae n. comb.) in blood smears from mourn-
ing doves (Zenaida macroura) must be
made by directly counting a sufficient
number of erythrocytes to provide an ac-
curate estimate of the number of para-
sites/number of erythrocytes (Godfrey et
al., 1987). Application of this methodology
was used to evaluate intraerythrocytic he-
matozoan communities in hosts with high
(Godfrey et al., 1990) and low (Fedynich
et al., 1993) parasite densities. We realize
that direct counts of a sufficient number
of erythrocytes in some hosts can be te-
dious, due to low densities of parasites; it
often requires several hours to count 10,000
erythrocytes. However, direct counts of
both parasites and erythrocytes provide a
reproducible estimate of parasite intensity
that can be compared statistically using
various intrinsic and extrinsic factors. Thus,
until a better methodology is developed,
we suggest that researchers directly count
the number of erythrocytes when quan-
tifying intraerythrocytic hematozoans.

Unfortunately, little effort has been di-
rected toward developing quantification
procedures for hematozoans such as Leu-
cocytozoon spp. that may occur in both
erythrocytes and leucocytes. Based on some
data from wild turkeys, L. smithi density
may vary concordantly with erythrocyte
densities on blood smears (A. M. Fedynich,
unpubl.; O. E. Rhodes, Jr., pers. comm.).

We believe that in view of these ideas,
many researchers should upgrade and re-
vise their experimental design. It is im-
perative that papers examining hemato-
zoans clearly state how hosts were sam-
pled, test for sampling bias if differing col-
lection methods were used, include both
prevalence and intensity data for intraer-
ythrocytic hematozoans, and completely
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describe how prevalence and intensity data
were determined. Incorporation of these
suggestions will provide readers with a bet-
ter understanding of how the study was
conducted and provide more interpret-
able, meaningful, and reproducible re-
sults.

LITERATURE CITED

ALLAN, R. A,, AND J. L. MAHRT. 1989. Influence
of transmission period on primary and relapse
patterns of infection of Leucocytozoon spp. and
Haemoproteus mansoni. American Midland
Naturalist 121: 341-349.

APANIUS, V., AND C. E. KIRKPATRICK. 1988. Pre-
liminary report of Haemoproteus tinnunculi in-
fection in a breeding population of American
kestrels (Falco sparverius). Journal of Wildlife
Diseases 24: 150-158.

ATKINSON, C. T. 1991. Vectors, epizootiology, and
pathogenicity of avian species of Haemoproteus
(Haemosporina: Haemoproteidae). Bulletin of the
Society for Vector Ecology 16: 109-126.

BENNETT, G. F., M. GARVIN, AND J. M. BATES. 1991a.
Avian hematozoa from west-central Bolivia. The
Journal of Parasitology 77: 207-211.

, V. D. STOTTS, AND M. C. BATEMAN. 1991b.
Blood parasites of black ducks and other anatids
from Labrador and insular Newfoundland. Ca-
nadian Journal of Zoology 69: 1405-1407.

CASTLE, M. D., AND B. M. CHRISTENSEN. 1990. He-
matozoa of wild turkeys from the midwestern
United States: Translocation of wild turkeys and
its potential role in the introduction of Plasmo-
dium kempi. Journal of Wildlife Diseases 26:
180-185.

, , AND T. E. ROCKE. 1988. Hema-
tozoan parasites of Rio Grande wild turkeys from
southern Texas. Journal of Wildlife Diseases 24:
88-96.

FEDYNICH, A. M., D. B. PENCE, AND R. D. GODFREY,
Jr. 1993. Hemosporids (Apicomplexa, Hema-
tozoea, Hemosporida) of anatids from the
Southern High Plains of Texas. Journal of the
Helminthological Society of Washington 60: 35-
38.

FORBES, M., P. ]. WEATHERHEAD, AND G. F. BENNETT.
1994. Blood parasites of blue grouse: Variation
in prevalence and patterns of interspecific asso-
ciation. Oecologia 97: 520-525.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 29 Mar 2024
Terms of Use: https://bioone.org/terms-of-use

FORRESTER, D. J., L. T. HON, L. E. WILLIAMS, JR.,
AND D. H. AuSTIN. 1974. Blood protozoa of
wild turkeys in Florida. The Journal of Proto-
zoology 21: 494-497.

GARVIN, M. C,, J. V. REMSEN, JR., M. A. BISHOP, AND
G. F. BENNETT. 1993. Hematozoa from pas-
seriform birds in Louisiana. The Journal of Par-
asitology 79: 318-321.

GODFREY, R. D., Jr,, A. M. FEDYNICH, AND D. B.
PENCE. 1987. Quantification of hematozoa in
blood smears. Journal of Wildlife Diseases 23:
558-565.

, D. B. PENCE, AND A. M. FEDYNICH. 1990.
Effects of host and spatial factors on a haemo-
proteid community in mourning doves from
western Texas. Journal of Wildlife Diseases 26:
435-441.

GREINER, E. C. 1991. Leucocytozoonosis in water-
fowl and wild galliform birds. Bulletin of the
Society for Vector Ecology 16: 84-93.

MAHRT, J. L., F. C. ZWICKEL, AND T. G. TESSIER.
1991. Blood parasites of blue grouse (Dendra-
gapus obscurus) in western North America. Jour-
nal of Wildlife Diseases 27: 482-485.

O'DELL, J. P, AND L. W. ROBBINS. 1994. Hema-
tozoa of wood ducks (Aix sponsa) in Missouri.
Journal of Wildlife Diseases 30: 36-39.

STACEY, L. M,, C. E. COUVILLION, C. SIEFKER, AND
G. A. HursT. 1990. Occurrence and seasonal
transmission of hematozoa in wild turkeys. Jour-
nal of Wildlife Diseases 26: 442-446.

TAFT, S. J., R. N. ROSENFIELD, AND ]. BIELEFELDT.
1994. Avian hematozoa of adult and nestling
Cooper's hawks (Accipiter cooperii) in Wiscon-
sin. Journal of the Helminthological Society of
Washington 61: 146-148.

TELFORD, S. R,, JR., M. G. SPALDING, AND D. J. FOR-
RESTER. 1992. Hemoparasites of wading birds
(Ciconiiformes) in Florida. Canadian Journal of
Zoology 70: 1397-1408.

WEST, J. L., AND L. E. STARR. 1940. Further ob-
servations on a blood protozoan infection in tur-
keys. Veterinary Medicine 35: 649-653.

Received for publication 8 August 1994.

A. M. Fedynich,' D. B. Pence,' and R. D. Godfrey,
Jr.2 ' Department of Pathology, Texas Tech University
Health Sciences Center, 3601 4th Street, Lubbock, Texas
79430, USA.; 2U.S. Fish and Wildiife Service, McFaddin
National Wildlife Refuge, Box 609, Sabine Pass, Texas
77655, USA.





