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IMMUNODEFICIENCY ASSOCIATED WITH MULTIPLE
CONCURRENT INFECTIONS IN CAPTIVE PALLAS’ CATS
(OTOCOLOBUS MANUL)

Cornelia J. Ketz-Riley, D.V.M., Jerry W. Ritchey, D.V.M., Dipl. A.C.V.P., John P. Hoover,
D.V.M., Dipl. A.C.V.I.M., Calvin M. Johnson, D.V.M, Ph.D., and Michael T. Barrie, D.V.M.

Abstract: Five neonatal Pallas’ cats (Otocolobus manul) at the Oklahoma City Zoo died from toxoplasmosis with
concurrent herpesvirus infection. These multiple infections suggested underlying immunodeficiency, perhaps caused by
concurrent infection with feline immunodeficiency virus (FIV); so blood samples were collected for serology, serum
protein electrophoresis, lymphocyte proliferation assays, and cytokine analysis by reverse transcriptase–quantitative
competitive polymerase chain reaction (RT-qcPCR). Resulting data were compared with data from FIV-infected and
control domestic short-haired cats. In addition, peripheral blood mononuclear cell cultures were propagated to detect
FIV virus by both RT-qcPCR and detection of reverse transcriptase activity. Serum protein electrophoresis showed that
four of six Pallas’ cats had increased alpha2 globulins. At least two Pallas’ cats had decreased lymphoproliferation
responses to mitogen, and all three tested animals exhibited defective interleukin-12 gene expression. Although these
clinical and laboratory findings suggested an immunodeficiency syndrome, FIV infection could not be confirmed. On
the basis of repeated blood test results, it can be concluded that nutritional, metabolic, or other systemic problems
probably did not contribute to the disease syndrome. Further investigation of other possible causes of immunodeficiency,
including a possible genetic component, in this population is needed.
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INTRODUCTION

Sixteen rare Russian wild-caught Pallas’ cats
(Otocolobus manul) have been distributed to five
North American zoological parks since 1994 to es-
tablish captive-breeding populations. These cats
have bred successfully, but a neonatal mortality rate
of over 60 % has been observed, with acute Toxo-
plasma gondii infection being the main cause of
death.25

Two breeding pairs arrived at the Oklahoma City
Zoo. Individuals of one pair had immunoglobulin
(IgG) titer against T. gondii on arrival, and the other
two developed titers after they were reunited during
quarantine. Only IgG levels were measured. Both
pairs produced litters of four kittens, and all eight
kittens developed signs of acute toxoplasmosis on
the day after birth. Four kittens died within a few
days. They all showed macroscopic and histopath-
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ologic signs of encephalitits, interstitial pneumonia,
and systemic toxoplasmosis on necropsy, and im-
munohistochemical stains confirmed the presence
of T. gondii.

In 1999, the remaining eight cats developed signs
of upper respiratory infections that resisted treat-
ment. A pair of black-footed cats (Felis nigripes)
housed in the neighboring suite developed identical
signs 6–7 mo later. Conjunctival cultures and se-
rology revealed feline herpesvirus (FHV) infection.
One of the offspring of the original Pallas’ cats died
after encephalitis and seizures developed. Postmor-
tem findings were consistent with feline panleuko-
penia. This unusual occurrence of acute toxoplas-
mosis in the offspring of seropositive queens, per-
sistent active FHV infection, and panleukopenia
suggested that the cats were immunodeficient.

We attempted to characterize the humoral and
cellular immunity of the Oklahoma City Zoo Pal-
las’ cats and to identify any sources of immuno-
deficiency. We also evaluated the feasibility of us-
ing these tests to measure the immune responses of
other Pallas’ cats.

MATERIALS AND METHODS

Six of the Oklahoma City Zoo Pallas’ cats (O.
manul), including four adults and two juveniles,
were studied initially. All cats had IgG antibody
titers against T. gondii (.1:2048; tested at Cornell
Diagnostic Laboratory, Cornell University, Ithaca,
New York 14852, USA) and had persistent signs of
FHV infection. They were immobilized with med-
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etomidine (Domitor, Pfizer, Exton, Pennsylvania
19341, USA; 0.04 mg/kg, i.m.) combined with ke-
tamine (KetaFlo, Abbott Laboratories, North Chi-
cago, Illinois 60064, USA; 2.0–2.5 mg/kg, i.m.).
Butorphanol (Torbugesic, Fort Dodge Animal
Health, Fort Dodge, Iowa 50501, USA; 0.15 mg/
kg, i.m.) also was given when a lower dose of ke-
tamine was used. Blood was collected from the jug-
ular vein into tubes with ethylenediaminetetraacetic
acid as anticoagulant (Becton Dickinson Vacutainer
Systems, Franklin Lakes, New Jersey 07417, USA)
for complete blood count (CBC) and peripheral
blood mononuclear cell (PBMC) isolation and in
tubes without anticoagulant for serum collection to
evaluate biochemistry profiles, IgGs via serum
electrophoresis, and serology. The serum protein
electrophoresis profiles from these Pallas’ cats were
compared with reference values obtained from
healthy domestic cats seen at Boren Veterinary
Medical Teaching Hospital, Stillwater, Oklahoma
78048, USA. The cats were given atipamezole (An-
tisedan, Pfizer; 0.2 mg/kg i.m) to reverse the sed-
ative effects of medetomidine.

Measurements of IgG anti–T. gondii titers used
a kinetics-based, enzyme-linked immunoassay
(KELA, used by the Cornell Diagnostic Laborato-
ry). All the cats had IgG titers for T. gondii 2 yr
earlier, so IgM were not tested. Anti-feline immu-
nodeficiency virus (FIV) antibodies were measured
with the KELA and Western blot test. Feline leu-
kemia virus (FeLV) p27 antigen and feline infec-
tious peritonitis (FIP) corona virus antibody titers
were quantified with the enzyme-linked immuno-
sorbent assay (ELISA) and FHV antibody titers by
serum virus neutralization. The whole feline viral
panel was performed at the Cornell Diagnostic Lab-
oratory. Active shedding of FHV was confirmed by
virus isolation from conjunctival culture swabs. Vi-
rus isolation and serum IgG by serum protein elec-
trophoresis were performed at the Oklahoma Ani-
mal Disease Diagnostic Laboratory (Stillwater,
Oklahoma 78048, USA).

PBMCs were harvested using a Percoll gradient
technique as described for domestic cats.27 The iso-
lated PBMCs were distributed to duplicate cultures.
One set of cultures was used for lymphocyte pro-
liferation assays using mitogen (Concanavalin A;
10 g/ml) stimulation.5 The duplicate cultures were
used for quantitation of constitutive and induced
(Concanavalin A; 10 g/ml for 4 hr) cytokine gene
expression using a reverse transcriptase–quantita-
tive competitive polymerase chain reaction method
optimized for domestic cats.23 On the basis of a
previous report that correlates immunodeficiency in
FIV-infected domestic cats with altered interleukin-

10 (IL-10) and interleukin-12 (IL-12, p40 subunit)
gene expression,16 we limited the cytokine analysis
from the Pallas’ cats’ PBMCs to include quantita-
tion of IL-10 and IL-12 only. Additionally, the ri-
bonucleic acid (RNA) collected for cytokine anal-
ysis was screened for FIV p26 gag by reverse tran-
scriptase–polymerase chain reaction (RT-PCR).5

Lastly, PBMCs were cocultured with FCD4-E
cells 5,11 and supernatants assayed for Mg11-depen-
dent RT activity.12 Each culture was repeated in five
wells. Negative controls contained 2 3 105 FCD4-
E cells only, and positive controls contained 2 3
105 FCD4-E cells, with dilutions of a standard cell-
free supernatant previously generated and charac-
terized. A concentrated virus stock was used as a
positive control for the RT assay. Results were ex-
pressed as the median RT activity from the five
replicate wells. A sample was considered positive
if the median RT activity exceeded the lower quar-
tile of the positive control values.

Because none of the Oklahoma City Zoo Pallas’
cats were healthy, their data were compared with
data from normal domestic short-haired cats as well
as those infected with FIV. For the lymphoprolif-
eration assays, PBMCs were collected from do-
mestic cats in other studies. These included five
specific-pathogen–free domestic short-haired cats
and five specific-pathogen–free cats that had been
experimentally infected with FIV for other studies.
The FIV-infected cats were infected with the
NCSU1 strain of FIV.16 At the time of this com-
parison, the FIV-infected cats had been infected for
approximately 6 mo and were otherwise clinically
healthy. For cytokine measurements, one cat each
from the SPF control or FIV-infected group was
used.

RESULTS

The CBC and serum chemistry values were with-
in normal ranges for Pallas’ cats (O. manul).10 The
total protein for all Pallas’cats was within the ref-
erence range. Although alpha1, beta1, and beta2

globulin fractions were unremarkable, four of the
six Pallas’ cats’ alpha2 globulin levels were elevat-
ed (12.2 6 2.0 g/L; normal 7.1; range 4.7–92 g/L).
All the six Pallas’ cats were IgG positive but IgM
negative for T. gondii, seropositive for FHV, and
seronegative for FeLV, FIP, and FIV.

Quantification of cytokine gene expression (Ta-
ble 1) indicates that, as expected, the Pallas’ cats
and the two domestic cats (FIV infected and con-
trol) had little to no IL-10 or IL-12 gene expression
in their resting or constitutive PBMC samples.23

However, the Pallas’ cats responded to mitogen
ConA, with increased IL-10 messenger RNA ex-
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Table 1. Cytokine analysis of wild-caught Pallas’ cats (Otocolobus manul) and their captive-born offspring infected
with Toxoplasma gondii and feline herpesvirus. The data represent a ratio of the cytokine (interleukin [IL]-10, IL-12)
with the housekeeping gene (glyceraldehydes-3-phosphate-dehydrogenase, G3PDH), which allows comparisons be-
tween cytokines and animals.a

Identity of
individual(s)

Constitutive (resting)
cytokine:G3PDH ratio

IL-10 IL-12

ConA-stimulated
cytokine:G3PDH ratio

IL-10 IL-12

Pallas’ cat # 1
Pallas’ cat # 2
Pallas’ cat # 3
Pallas’ cat # 4
Pallas’ cat # 5
Pallas’ cat # 6
Domestic cats FIV1 controls (n 5 5)
Domestic cat FIV2 controls (n 5 5)

0a

0.025
0.014
0
0.007
0
0.050
0.003

0
0
0
0
0
0
0.1
0

ND
0.646
0.301
ND

0.605
ND

0.202
0.197

ND
0
0
ND

0.003
ND

0
0.197

a Values of 0 as inserted are below the sensitivity of the assay used. ND, no data available.

Figure 1. Lymphoproliferation assays from peripheral blood mononuclear cells (PBMCs) of wild-caught Pallas’
cats (Otocolobus manul) and their captive-born offspring infected with Toxoplasma gondii and feline herpesvirus. Mean
counts per minute with standard error of ConA (10 mg/ml)-induced cultures from Pallas’ cat PBMC samples and the
FIV-infected (FIV1) domestic cat (five cats) PBMC samples were compared with the domestic cat controls (five cats)
by the Kolmogorov–Smirnov comparison of two data sets. Counts per minute from nonstimulated (constitutive) cultures
were #230. *Assays are significantly different at P , 0.05.

pression, without a concomitant increase in IL-12
gene expression as previously reported, and as seen
in the healthy domestic cat.23

Figure 1 compares the results of the lymphocyte

proliferation assay of the six Pallas’ cats with as-
says of healthy FIV-negative and FIV-positive do-
mestic cats. Compared with the control domestic
cat, the adult Pallas’ cats 1 and 2 had significantly
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Figure 2. Mg-dependent reverse transcriptase activity of wild-caught Pallas’ cats (Otocolobus manul) and their
offspring infected with Toxoplasma gondii and feline herpesvirus.

lower proliferation response to ConA (P , 0.05;
Kolmogorov–Smirnov comparison of two data
sets). Pallas’ cat 4 had a significantly elevated (P
, 0.05) proliferation response compared with the
healthy domestic short-haired control cat. But com-
pared with Pallas’ cat 4, all other Pallas’ cats, with
the exception of cat 5, had significantly reduced
lymphoproliferation responses.

The coculture supernatants from Pallas’ cat
PBMC did not show any RT activity, and the cats
were negative for FIV p26 gag by RT-PCR (Fig.
2). Positive and negative control supernatants and
RNA samples behaved as expected.

DISCUSSION

In domestic cats, the presence of IgG antibodies
for T. gondii without measurable IgM antibodies
indicates that T. gondii exposure occurred approx-
imately 20 wk earlier.14,15 On the basis of this in-
formation and the fact that only IgG antibody levels
were measured during quarantine examination of
the Pallas’ cats, we know that only the positive in-
dividuals had been exposed to the parasite some-
time before their arrival at the Oklahoma City Zoo.
Two of the animals became IgG positive during ex-

amination, before release from quarantine. Without
IgM measurements, we can only assume that either
the positive Pallas’ cats were infected shortly be-
fore arrival at the zoo and infected the two initially
negative cats or that the two negative cats were
infected at the zoo via wild rodents through outdoor
contact.

With the exception of the alpha2 globulin eleva-
tions, serum protein analysis was unremarkable. Al-
though alpha2 globulins include several of the acute
phase inflammatory proteins (such as haptoglobu-
lin, serum amyloid A, and ceruloplasmin) that are
synthesized by the liver in response to inflamma-
tion, elevated levels are not cause specific. The el-
evations corroborate the clinical findings of inflam-
matory or infectious disease in these cats.

Immunodeficiency states may be inherited or ac-
quired. Heritable anomalies of the immune system,
undefined heritable resistance factors, and deficient
maternal immunity are possible genetic causes.
Concurrent illness, malnutrition, environmental fac-
tors such as high population density, poor sanita-
tion, and the interchange of animals between pop-
ulations, as well as FeLV and FIV infection, also
can cause immune deficiency in cats.1,18–22,28 Envi-
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ronmental factors and malnutrition most likely did
not affect the Oklahoma City Zoo Pallas’ cats.

Because both viral and Toxoplasma infections
were present, tests of cell-mediated immune func-
tion were selected. Although lymphoproliferation
assays are not the best indicators of effector T-cell
function, they are standard and classical and are
routinely used to evaluate overall T-cell reactivity
in many systems.

Pallas’ cats 1 and 2 had significantly reduced mi-
togen-induced lymphocyte proliferation compared
with the domestic control cats as do domestic cats
infected with either FeLV or FIV.4–6,14,20,22,24,26 Cat 1
had the most severe and chronic clinical signs of
FHV infection, whereas cat 4 appeared to be the
healthiest adult. If cat 4 represents the expected
lymphoproliferation of normal immunocompetent
Pallas’ cats, then all but Pallas’ cat 5 had signifi-
cantly decreased responses (P , 0.05; Fig. 1). Al-
ternatively, the highest resting (nonstimulated) lym-
phocyte proliferation rate in cat 4, 200–250 cpm
compared with levels that were ,150 cpm for the
others, may have been due to a current illness, with
mild upper respiratory infection in that cat. The
clinical signs of rhinitis and conjunctivitis in this
cat were attributed to persistent FHV infection.
However, Pallas’ cat 4 never showed any other clin-
ical signs.

Toxoplasmosis and FHV infections are normally
controlled by cellular immune responses. In accor-
dance with the Th1 (cell-mediated immunity) and
Th2 (humoral immunity) paradigm in immune re-
sponses, a successful cellular immune response de-
pends on timely IL-12 expression.9 In contrast, IL-
10 antagonized IL-12, reducing IL-12 synthesis and
inhibiting such IL-12–mediated functions as the es-
tablishment or maintenance of a cell-mediated im-
mune response.7,29,30 These IL-12 and IL-10 func-
tions have been reported in humans (Homo sapiens)
and nearly all laboratory and domesticated animals,
and Pallas’ cats are probably not an exception. In
this study, IL-12 and IL-10 functions from Pallas’
cat PBMC mimic those seen in the accompanying
FIV-infected domestic cat (Table 1). When stimu-
lated with Con A, the Pallas’ cats and the FIV-
infected cat responded with inducible IL-10 ex-
pression, with no detectable IL-12 expression. In
contrast, the healthy control cat responded, as ex-
pected, with elevations of IL-12 and IL-10 gene
expression. Although these data are intriguing, they
are limited by the small number of animals tested,
and definitive conclusions cannot be drawn as to
whether the Pallas’ cats in this study have ‘‘FIV-
like’’ cytokine gene expression patterns. Further-
more, there is no analogous in vitro data on mito-

gen-induced IL-10 and IL-12 gene expression from
PBMC- of FIV-infected cats. However, this does
not preclude the fact that in vitro IL-12 gene ex-
pression could not be induced by mitogen activa-
tion of the Pallas’ cat PBMC. This is in contrast to
readily inducible IL-12 expression exhibited by the
control cat in this study and that reported in other
healthy cats.23 In vivo studies with FIV-infected
cats indicate that susceptibility to opportunistic in-
fections is related to disparity between IL-10 and
IL-12 gene expression.3,9 Although FIV infection
was not confirmed in these Pallas’ cats (see Dis-
cussion below), these preliminary studies suggest
that the apparent clinical susceptibility to infections
exhibited by these Pallas’ cats could be related to
alterations in cytokine expression, particularly a
disparity between the expression of IL-10 and IL-
12.

The responses of Pallas’ cat PBMC to either
lymphocyte proliferation or cytokine analysis were
expected to be similar to those of the domestic
short-haired cat. Unfortunately, PBMC from clini-
cally and routinely healthy Pallas’ cats were not
available.

Toxoplasmosis, FHV, and other infectious agents
often coinfect FIV-positive domestic cats,1,8,12,13,15,16,17

and FIV can infect nondomestic felids,1,19,20 so the
possible role of FIV in these Pallas’ cats’ immu-
nodeficiency was studied. Infection with FIV was
not detected by serology, RT-PCR for FIV p26 gag,
and RT activity from supernatants collected from
Pallas’ cat PBMC along with feline FCD4-E cells.
Some of the FIV-infected domestic cats never pro-
duce detectable blood antibody levels,1,8 and RT ac-
tivity or virus cannot always be demonstrated in
cocultures because of efficient, anti-FIV CD81 ef-
fector function from the FIV-infected cats.2 There-
fore, although it is unlikely, these Pallas’ cats may
have had occult FIV infection.

CONCLUSIONS

These Pallas’ cats appeared to be immunodefi-
cient, probably with a defect in the generation or
maintenance of a cell-mediated immune response.
Although infection with FIV could not be demon-
strated or definitively ruled out, these Pallas’ cats
had a FIV-like clinical and immune function profile.

A control group of immunologically healthy Pal-
las’ cats could be studied using many of the tech-
niques that are used to characterize the immune
system in the domestic cat to establish reference
values for further immunologic studies.

All the Pallas’ cats in the United States may have
been caught in the same region in Russia, so they
may all be closely related. The genetic background



244 JOURNAL OF ZOO AND WILDLIFE MEDICINE

and lineage of immunodeficient and normal Pallas’
cats in North American and European zoos needs
to be carefully examined. If Pallas’ cats do not have
an inherited immunodeficiency, then they are prob-
ably very stress sensitive and prone to immunosup-
pression associated with capture, transportation,
translocation, captivity, breeding, parturition, and
lactation.

Acknowledgments: We thank Patricia Hawkins,
Stephanie Barday, Vonceil Harmon, Janet Wiard,
Wesley Allen, and Keith Adams from the
Oklahoma City Zoo and Misti Spatz and Denise
Dalton from Oklahoma State University.

LITERATURE CITED

1. Barr, M. C., C. W. Olsen, and F. W. Scott. 1995.
Feline viral diseases. In: Ettinger, S. J., and E. C. Feldman
(eds.). Textbook of Veterinary Internal Medicine, 4th ed.
W. B. Saunders Co., Philadelphia, Pennsylvania. Pp. 409–
438.

2. Bucci, J. G., R. V. English, H. L. Jordan, T. A. Chil-
ders, M. B. Tompkins, and W. A. Tompkins. 1998. Mu-
cosally transmitted feline immunodeficiency virus induces
a CD81 antiviral response that correlates with reduction
of cell-associated virus. J. Infect. Dis. 177: 18–25.

3. Dean, G. A., J. A. Bernales, and N. C. Pedersen.
1998. Effect of feline immunodeficiency virus on cytokine
response to Listeria monocytogenes in vivo. Vet. Immu-
nol. Immunopathol. 65: 125–138.

4. Endo, Y., S. Matsumura, T. Washizu, and T. Ishida.
1997. Alteration of T-cell subsets in the lymph nodes from
cats infected with feline immunodeficiency virus. J. Vet.
Med. Sci. 59: 739–746.

5. English, R. V., C. M. Johnson, D. H. Gebhard, and
M. B. Tompkins. 1993. In vivo lymphocyte tropism of
feline immunodeficiency virus. J. Virol. 67: 5175–5186.

6. English, R. V., P. Nelson, C. M. Johnson, M. Nasisse,
W. A. Tompkins, and M. B. Tompkins. 1994. Develop-
ment of clinical disease in cats experimentally infected
with feline immunodeficiency virus. J. Infect. Dis. 170:
543–552.

7. Gazzinelli, R. T., J. P. Oswald, S. L. James, and A.
Sher. 1992. IL-10 inhibits parasite killing and nitrogen ox-
ide production by IFN-g-activated macrophages. J. Im-
munol. 148: 1792–1796.

8. Hartmann, K. 1998. Feline immunodeficiency virus
infection: an overview. Vet. J. 155: 123–137.

9. Hoffmann-Fezer, G., W. Mortelbauer, K. Hartmann,
J. Mysliwietz, S. Thefeld, B. Beer, I. Thum, and W. Kraft.
1996. Comparison of T-Cell subpopulations in cats natu-
rally infected with feline leukemia virus or feline immu-
nodeficiency virus. Res. Vet. Sci. 61: 222–226.

10. International Species Information System. 1999.
Physiological Data Reference Values. CD Rom. Interna-
tional Species Information System. Apple Valley, Min-
nesota.

11. Jeng, C., R. V. English, T. Childers, M. B. Tomp-
kins, W. A. Tompkins. 1996. Evidence for CD81 antiviral

activity in cats infected with feline immunodeficiency vi-
rus. J. Virol. 70: 2474–2480.

12. Johnson, C., G. Papadi, and N. Benson. 1996. Ap-
optosis and CD41 lymphocyte depletion following feline
immunodeficiency virus infection. Vet. Pathol. 33: 195–
203.

13. Lappin, M. R. 1995. Opportunistic infections as-
sociated with retroviral infections in cats. Semin. Vet.
Med. Surg. (Small Anim.) 10: 244–250.

14. Lappin, M. R., D. J. Bush, and D. W. Reduker.
1994. Feline serum antibody responses to Toxoplasma
gondii and characterization of target antigens. J. Parasitol.
80: 73–80.

15. Lappin, M. R., A. Marks, C. E. Greene, B. J. Rose,
P. W. Gasper, C. C. Powell, and J. S. Reif. 1993. Effect
of feline immunodeficiency virus infection on Toxoplasma
gondii-specific humoral and cell-mediated immune re-
sponses of cats with serologic evidence of toxoplasmosis.
J. Vet. Intern. Med. 7: 95.

16. Levy, J. K., J. W. Ritchey, J. B. Rottman, M. B.
Davidson, Y. H. Liang, H. L. Jordan, W. A. Tompkins,
and M. B. Tompkins. 1998. Elevated interleukin-10-to-
interleukin-12 ratio in feline immunodeficiency virus-in-
fected cats predicts loss of type 1 immunity to Toxoplas-
ma gondii. J. Infect. Dis. 178: 503–511.

17. O’Neil, S. A., M. R. Lappin, J. S. Reif, A. Marks,
and C. E. Greene. 1991. Clinical and epidemiological as-
pects of feline immunodeficiency virus and Toxoplasma
gondii coinfections in cats. J. Am. Anim. Hosp. Assoc.
27: 211.

18. Oswald, I. P., T. A. Wynn, A. Sher, and S. L. James.
1992. Interleukin 10 inhibits macrophage microbicidal ac-
tivity by blocking the endogenous production of tumor
necrosis factor alpha required as a costimulatory factor for
interferon gamma-induced activation. Proc. Natl. Acad.
Sci. USA 89: 8676–8680.

19. Pederson, N. C. 1992. Feline immunodeficiency vi-
rus. In: Castro, A. E., and W. P. Heuschele (eds.). Veter-
inary Diagnostic Virology—A Practitioner’s Guide. Mos-
by-Year Book, Inc., St. Louis, Missouri. Pp. 181–183.

20. Plotnick, A. N., and R. S. Larsen. 1995. Feline len-
tivirus infection in nondomestic felids. Semin. Vet. Med.
Surg. (Small Anim.) 10: 251–255.

21. Reimann, H. P., M. E. Fowler, T. Schulz, A. Lock,
J. Thilsted, L. T. Pulley, R. V. Hendrickson, A. M. Heness,
C. E. Franti, and D. E. Behyner. 1974. Toxoplasmosis in
Pallas’ cats. J. Wildl. Dis. 10: 471–477.

22. Reimann, K. A., R. W. Bull, S. E. Crow, P. Coff-
man, and R. E. Raskin. 1986. Immunologic profiles of cats
with persistent, naturally acquired feline leukemia virus
infection. Am. J. Vet. Res. 47: 1935–1939.

23. Rottman, J. B., W. A. Tompkins, and M. B. Tomp-
kins. 1996. A reverse transcription-quantitative competi-
tive polymerase chain reaction (RT-qcPCR) technique to
measure cytokine gene expression in domestic mammals.
Vet. Pathol. 33: 242–248.

24. Shelton, G. H., and M. L. Linenberger. 1995. He-
matologic abnormalities associated with retroviral infec-
tions in the cat. Semin. Vet. Med. Surg. (Small Anim.)
10: 220–233.



245KETZ-RILEY ET AL.—IMMUNODEFICIENCY IN PALLAS’ CATS

25. Swanson, W. F. 1999. Toxoplasmosis and neonatal
mortality in Pallas’ cats: a survey of North American zoo-
logical institutions. Proc. Am. Assoc. Zoo Vet. 347–350.

26. Thomas, J. B., W. F. Robinson, B. J. Chadwick, I.
D. Robertson, and P. S. Jones. 1993. Leukogram and bio-
chemical abnormalities in naturally occurring feline im-
munodeficiency virus infection. J. Am. Anim. Hosp. As-
soc. 29: 272–278.

27. Tompkins, M. B., P. D. Nelson, R. V. English, and
C. Novotny. 1991. Early events in the immunopathogen-
esis of feline retrovirus infections. J. Am. Vet. Med. As-
soc. 199: 1311–1315.

28. Tompkins, M. B., G. K. Ogilvie, R. A. Franklin, K.

W. Kelley, and W. A. Tompkins. 1987. Induction of IL-2
and lymphokine activated killer cells in the cat. Vet. Im-
munol. Immunopathol. 16: 1–10.

29. Walker, C., P. J. Canfield, D. N. Love, and D. R.
McNeil. 1995. A longitudinal study of lymphocyte subsets
in a cohort of cats naturally-infected with feline immu-
nodeficiency virus. Aust. Vet. J. 73: 218–224.

30. Witt, C. J., T. R. Moench, A. M. Gittelsohn, B. D.
Bishop, and J. E. Childs. 1989. Epidemiologic observa-
tions on feline immunodeficiency virus and Toxoplasma
gondii coinfection in cats in Baltimore. Md. J. Am. Vet.
Med. Assoc. 194: 229–238.

Received for publication 24 December 2001


