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CLINICAL IMPLICATIONS OF INFECTION WITH A NOVEL

METASTRONGYLOID SPECIES IN THE RED PANDA (AILURUS

FULGENS)

Jakob L. Willesen, D.V.M., Ph.D., Frederik Meyland-Smith, D.V.M., Bo Wiinberg, D.V.M., Ph.D.,

Jesper Monrad, D.V.M., Ph.D., Dipl. E.V.P.C., and Mads F. Bertelsen, D.V.M., D.V.Sc., Dipl.

A.C.Z.M.

Abstract: In a recent survey, 30% of the European red panda (Ailurus fulgens) population was found to be

infected with a newly discovered metastrongyloid nematode. In a following prospective study, four naturally

infected captive-bred red pandas infected with this parasite were examined and compared with two uninfected

control animals. On clinical examination, no abnormalities were detected with respect to vital parameters and

cardiovascular system in all six examined animals. Similarly, few and nonspecific changes were recorded on serum

biochemistry. No changes on pulmonary pattern were noted on thoracic radiographs. Vertebral heart scores were

between 7.2 to 8.6, and no difference was noted between infected and control animals. Two animals had slightly

prolonged clotting time and reaction time on thromboelastography but not likely to be of clinical relevance. In

conclusion, infection with the newly identified metastrongyloid nematode in the red pandas seems to have little or

no clinical importance.
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INTRODUCTION

The red panda (Ailurus fulgens) is a herbivorous

carnivore16 originating from subtropical and tem-

perate forests of eastern Asia.6,17 The species has

been kept in European zoos since 1869,12 and the

current populations of 212 animals in 91 zoos are

all captive bred.8 Angiostrongylus vasorum is a

metastrongyloid parasite inhabiting the pulmo-

nary arteries and right side of the heart of

domestic canids throughout Europe and other

parts of the world.3 It infects canids and related

species such as fox (Vulpes vulpes), wolf (Canis

lupus), coyote (Canis latrans), jackal (Canis aureus),

European otter (Lutra lutra), ferret (Mustela

putorius), and badger (Meles meles)14 as well as in

red pandas kept in captivity.9,15 Clinical signs

originating from the respiratory tract such as

cough and exercise intolerance as a consequence

of verminous pneumonia are the clinical manifes-

tations most often related to A. vasorum infections

in dogs. Severe complications such as bleeding

disorders and even death may ensue. Due to the

morphologic similarities of this novel metastron-

gyloid first-stage (L1) larvae compared with the L1

larvae of A. vasorum, one focus of the present

study was on the cardio-respiratory system,

because a similar life cycle and therefore similar

clinical manifestations could be suspected in the

two parasites. Deaths etiologically attributed to

infections with A. vasorum have been reported in a

total of five cases in red pandas in European

zoos.9,11,15 One animal died with no premonitory

signs, but the remaining animals died after

treatment or were euthanized. Abnormal breath-

ing and weight loss were the clinical signs

observed in a male red panda in Bristol Zoo

Gardens in 2006.15 Lesions found on necropsy

were described as verminous pneumonia with

different degrees of mineralization and fibrosis.

In a recent study, 115 red pandas originating from

54 European zoos were coprologically examined

for excretion of metastrongyloid L1 nematode

larvae by using the Baermann method.1 In the

same study, 3 of 115 red pandas (2.6%) were

found to be infected with A. vasorum and 32 of 115

red pandas (27.8%) excreted metastrongyloid L1

of a previously undescribed morphologic type.1

None of the 32 animals diagnosed with this new

metastrongyloid nematode displayed obvious

clinical symptoms. Clinical and paraclinical ex-

aminations such as clinical chemistry or thoracic
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radiographs were not performed in any of these

cases, and exact knowledge of their clinical status

therefore was lacking. The life cycle of this novel

metastrongyloid nematode species and its migra-

tion route within the red panda have not been

described previously. The purpose of the present

study was to prospectively investigate the poten-

tial clinical and paraclinical impacts of the novel

metastrongyloid nematode infection in red pan-

das.

MATERIALS AND METHODS

Infected group

The infected group consisted of four red

pandas. All of these animals were housed in

Aalborg Zoo, Denmark. The first panda (P1) was

a sexually mature female, 4.5 yr of age, bred in

Italy, and imported to Aalborg Zoo 3 yr earlier.

The second panda (P2) was a sexually mature

male, 8.5 yr of age, bred in France, and imported

to Aalborg from Germany 5 yr earlier. The third

and fourth pandas (P3 and P4) were both female

cubs, 6 mo old, bred in Aalborg Zoo and offspring

of P1 and P2. All four red pandas were kept

together in the same enclosure and were diag-

nosed as being infected with the metastrongyloid

nematode by using a modified Baermann method

for coprologic examination and morphologic

identification.1 During sampling periods, the ani-

mals were separated. None of the animals dis-

played clinical signs such as coughing or exercise

intolerance before coprologic examinations. The

infected animals had not received any anthelmin-

tic treatment for the past 18 mo before sampling.

Control group

The control animals were housed in the Copen-

hagen Zoo, Denmark. The group consisted of one

6-yr-old male (C1) bred in the United Kingdom

and imported 3 yr earlier, and one 11-mo-old

female (C2) born in France and imported 5 mo

before the study. The group was selected as

controls based on consistently negative Baermann

tests, and routine prophylactic anthelmintic treat-

ment with milbemycin (Interceptort Flavor tabs,

Novartis Animal Health US, Inc., Greensboro,

North Carolina 27408, USA; 2.5 mg/animal p.o.,

q90d).

Examinations

For clinical examinations, the animals were

anesthetized using a combination of medetomi-

dine (Cepetor, CP-Pharma, D-31303 Burgdorf,

Germany; mean, 0.06 mg/kg i.m.), midazolam

(Dormicum, Roche A/S, 2650 Hvidovre, Den-

mark; mean, 0.3 mg/kg i.m.), and ketamine

(Ketaminol, Intervet International B.V., 5831

AN Boxmeer, Holland; mean, 4.2 mg/kg i.m.).

All the animals received oxygen by mask while

anesthetized. Some individuals (P1, P2, P4, and

C1) were supplemented with isoflurane (Isoba,

Schering-Plough Animal Health, 2750 Ballerup,

Denmark) by facemask to maintain anesthesia

during the procedures. A thorough clinical exam-

ination was performed, with emphasis on the

body condition of the animals; auscultation of the

heart and lungs; body temperature, and assess-

ment of buccal mucosal membranes; and skin and

eyes for evidence of bleeding abnormalities.

Thoracic radiographs in both left and right lateral

and ventrodorsal positioning were obtained dur-

ing maximal inspiration and subsequently evalu-

ated for pulmonary changes and evidence of an

enlarged heart by recording of vertebral heart size

(VHS).4 All assessments of radiographic changes

were performed by the same trained radiologist by

using a standardized examination protocol.

For blood samples, 10 ml of blood in total was

obtained by the jugular vein, and blood analysis

included hematologic, biochemical, and coagula-

tion parameters as well as thromboelastography

(TEG). Blood samples were collected into citrate,

plain, and EDTA-treated Vacuette containers

(Greiner Bio-One, 4550 Kremsmuenster, Aus-

tria). Serum biochemistry profiles were deter-

mined using an automated spectrophotometric

analyzer (ADVIA1650, Siemens AG, 80333 Mu-

nich, Germany). Hematological profiles were

determined using an automated hematologic

analyzer (ADVIA 120, Siemens AG), with subse-

quent morphologic evaluation.13 Coagulation

tests were performed on citrate-stabilized plasma

using an automated analyzer (ACL Top 500, ILS

Laboratories Scandinavia, DK-3450 Allerød,

Denmark) that measured activated partial throm-

boplastin time (APTT), plasma fibrinogen, and

prothrombin time (PT). Citrate-stabilized plasma

also was used for thromboelastography (Hemo-

stasis Analyzer 5000, Haemonetics Corporation,

Braintree, Massachusetts 02184, USA). TEG

analysis was conducted using recombinant human

tissue factor (TF).18 All analyzers were subjected

to daily internal quality control and quarterly

external quality control measures. Only test

results originating from accepted analytical runs

were included. TEG was performed on site, 30

min after sampling, whereas all other blood

analyses was performed the following day by the
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Central Laboratory, Department of Small Animal

Clinical Sciences, Faculty of Health and Medical

Sciences, University of Copenhagen, Denmark.

Due to the small number of animals in the study

groups, no statistical analysis was performed.

RESULTS

No abnormal findings were observed during the

clinical examination of any of the animals in either

group (Table 1). All pandas were in good body

condition and vital parameters (body tempera-

ture, heart rate, and respiration rate) were within

normal limits. Examination of mucosal mem-

branes, skin, and eyes revealed no sign of bleeding

abnormalities in any of the six animals investigat-

ed (Table 1).

Upon assessment of the thoracic radiographs,

no abnormalities in pulmonary patterns in any of

the animals on either lateral or ventrodorsal

images were detected. The VHS was measured

for each of the animals and varied between 7.2 and

8.6, with no apparent difference between the

infected and control animals (Table 2).

Hematologic parameters, including eosinophil,

neutrophil, and platelet counts, for all four

infected animals as well as the uninfected controls

were within reference ranges (Table 3).10 For the

biochemical profiles, the four infected animals

had slightly elevated amylase values, whereas the

controls were within reference values. No refer-

ence values exist for serum fructosamine in red

pandas, but a slightly lower values were detected

in the infected animals (288–319 lmol/L) com-

pared with the controls (399–427 lmol/L). All

other parameters were within normal limits in

both groups (Table 3).

The results of coagulation analyses revealed no

apparent difference between groups for APTT,

PT, and plasma fibrinogen, with no reference

values available (Table 4). Similarly, no difference

existed between the infected and the control

group in the TF-activated TEG parameters reac-

tion time (R), clotting time (K), angle (a), and

maximal clotting strength (MA). However, for

lysis at 30 min (LY30), two of the infected animals

(P2 and P3) had values of 46.8 and 27.5%
compared with a range from 6.0 to 8.2% in the

control group. For LY60, two of the infected

animals (P2 and P3) had values of 45.5–54.0%,

whereas the range in the control group was 10.1–

10.2% (Table 4).

DISCUSSION

The four pandas infected with the novel meta-

strongyloid nematode showed no clinical signs

compared with the two animals in the control

group based on a physical examination. Further-

more, very few and nonspecific changes were

recorded on the performed paraclinical examina-

tions. None of the infected animals showed any

clinical signs before investigation, and all were in

good body condition, with no detectable clinical

changes on physical examination. In previous red

pandas cases attributed to A. vasorum infection,

thoracic radiographs showed a diffuse bronchio-

interstitial pulmonary pattern throughout all

Table 1. General information and clinical examination results of four red pandas (P1–P4) infected with a newly
discovered metastrongyloid nematode and two healthy controls (C1 and C2).

P1 P2 P3 P4 C1 C2

Sex Female Male Female Female Male Female

Weight (kg) 5.8 6.0 3.8 4.1 7.2 4.5

Body condition Good Good Good Good Good Good

Age 4 yr 5 mo 8 yr, 5 mo 5 mo 5 mo 6 yr 11 mo

Temp. (8C) 38.8 37.4 38.0 38.8 38.0 37.9

Mucous membranes NAD NAD NAD NAD NAD NAD

Heart rate (bpm)a 96 116 104 108 120 96

Auscultation heart Normal Normal Normal Normal Normal Normal

Auscultation lungs Normal Normal Normal Normal Normal Normal

a Beats per minute.

Table 2. Cardiac parameters and vertebral heart
size of four red pandas (P1–P4) infected with a newly
discovered metastrongyloid nematode and two healthy
controls (C1 and C2) measured and calculated accord-
ing to Buchanan and Bunnell.4

P1 P2 P3 P4 C1 C2

La 4.1 4.9 4 4.3 4.1 4.0

Wb 4.5 3.5 3.2 3.8 3.2 3.5

VHSc 8.6 8.4 7.2 8.1 7.3 7.5

a Long axis dimensions.
b Short axis dimensions.
c VHS, vertebral heart size.
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lobes. Patchy alveolar filling and foci of mineral-

ization also were present. In dogs and foxes

experimentally infected with A. vasorum, radio-

graphic changes of bronchial and interstitial as

well as alveolar pulmonary patterns have been

described previously. Similar radiographic chang-

es have been described in naturally infected dogs.2

Here, no changes to the thoracic radiographs were

recorded in the infected animals or in the control

animals. A few reasons might explain this lack of

change on radiographs. It is possible that this

novel metastrongyloid is better adapted to the red

pandas as a host and therefore is less pathogenic

than A. vasorum to the host. The infected animals

may have had very low-grade infections, causing

changes too subtle to be detected by radiographs,

or perhaps the lungs are not involved in the life

cycle of this parasite to the same extent as in A.

vasorum infections. If this was to be a highly

pathogenic parasitic infection in the red panda,

some degree of change to the radiographs would

be expected in the four infected red pandas in this

study. That 27.8% of the red pandas in European

zoos were found infected with this novel nema-

tode without reports of clinically affected animals

may support the hypothesis that it is an infection

of little or no pathogenic impact on its host. The

recordings of VHS also showed no difference

between the infected animals and the controls.

This is in accordance with the normal thoracic

radiographs, because right-sided cardiac enlarge-

ment secondary to pulmonary parenchymal dis-

ease usually requires significant changes for this

to occur. Such extensive changes would have been

Table 3. Hematologic and serum chemistry parameters for four red pandas (P1–P4) infected with a newly
discovered metastrongyloid nematode and two healthy controls (C1 and C2).

Parameter P1 P2 P3 P4 C1 C2 Reference rangea

WBC (3109/L) 5.4 8.8 5.5 7.0 6.3 5.5 2.2–20.2

Bands (3109/L) 3.38 3.62 3.51 4.5 2.4 2.4 0.04–18.2

Lymphocytes (3109/L) 1.8 5.0 1.7 2.3 3.6 2.9 0.05–16.2

Monocytes (3109/L) 0.11 0.09 0.11 0.14 0.06 0.06 0–2.3

Eosinophils (3109/L) 0.11 0.09 0.16 0.07 0.18 0.09 0–2.3

Basophils (3109/L) 0 0 0 0 0.02 0.01 0–0.6

RBC Count (31012/L) 6.4 7.8 8.1 7.9 7.0 7.9 5.2–13.0

Hemoglobin (mmol/L) 5.4 7.0 7.0 7.0 6.0 7.0 4.3–10.3

Hematocrit (L/L) 0.27 0.34 0.35 0.33 0.29 0.34 0.25–0.6

Platelet (3109/L) 493 422 464 340 670 977 207–1,258

ALTb (U/L) 41 84 32 68 35 70 7–452

ALPc (U/L) 28 20 94 98 25 42 4–163

GGTd (U/L) 1 3 0 4 1 3 0–15

Glucose (mmol/L) 19.6 15.6 10.5 11.2 10.0 8.1 2.3–17.7

BUNe (mmol/L) 13.8 10.9 10.5 8.9 7.2 7.3 3.2–25.7

Creatinine (lmol/L) 91 64 47 51 70 61 35–168

Amylase (U/L) 766 795 697 907 497 509 0–644

Lipase (U/L) 38.2 50.2 28.2 26.4 47.2 26.0 5.8–184.9

Cholesterol (mmol/L) 3.5 4.0 4.4 5.0 4.9 6.1 0–9.4

Bilirubin (lmol/L) 0.1 0.2 0 0.2 0.5 0.7 0–19

Albumin (g/L) 25.8 33.8 34.3 35.5 28.8 34.7 22–49

Serum protein (g/L) 45.8 65.8 49.4 58.8 52.6 62.2 49–91

Fructosamine (lmol/L) 288 319 311 296 399 427 NAf

Bile acid (lmol/L) 3 1 2 2 7 2 NA

Calcium (mmol/L) 2.0 2.1 2.5 2.5 2.0 2.2 1.7–3.0

Magnesium (mmol/L) 1.2 1.1 1.1 1.1 1 1.1 0.7–1.3

Phosphate (mmol/L) 2.2 1.6 2.6 2.7 1.3 1.8 0.7–2.8

Sodium (mmol/L) 130.4 131.6 133.0 135.1 132.6 133.0 121–148

Potassium (mmol/L) 5.4 4.9 4.5 4.3 4.9 5.2 2.4–8.1

Globulin (g/L) 20 32 15.1 23.3 23.8 27.5 16–63

a U/L indicates units per liter. Reference ranges according to ISIS.10

b ALT, alanine aminotransferase, units per liter.
c ALP, alkaline phosphatase, units per liter.
d GGT, c-glutamyltransferase, units per liter.
e BUN, blood urea nitrogen.
f NA, not available.
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recorded on the radiographs. However, this study

does provide data to support normal VHS in red

pandas that to our knowledge has not been

reported previously.

Eosinophilia, thrombocytopenia, and neutro-

philia are inconsistent findings in dogs infected

with A. vasorum, depending on severity of the

infection.5,21 Here, all hematologic parameters

were within reference intervals, further support-

ing that this novel metastrongyloid nematode in

the red panda has little clinical importance. Serum

fructosamine was lower in the infected animals

(288–319 lmol/L) compared with the controls

(399–427 lmol/L). This is in concurrence with

reported canine A. vasorum cases.20,21 Hyperglob-

ulinemia has been reported quite frequently in

dogs infected with A. vasorum5 but was not seen in

this study. An increase in serum amylase was

recorded in the group of infected animals. Amy-

lase, however, is a very nonspecific biochemical

parameter. In this respect, it cannot be excluded

that these minor changes in serum biochemistry

are related to different housing conditions be-

cause the infected and control animals came from

different zoos. As a consequence, no conclusion

can be made regarding whether the slightly

elevated values recorded in the infected red

pandas can be attributed to the infection with

the novel metastrongyloid nematode.

Coagulopathies and clinical bleeding are com-

monly reported in canine A. vasorum cases.5,7,14

Here, no differences in measured APTT, PT, and

fibrinogen were detected between the two groups.

TEG is a diagnostic modality used to assess

global hemostatic function. TEG measures clot-

ting time, clotting kinetics, overall clot strength,

and fibrinolytic activity. Neither TEG nor tradi-

tional coagulation parameters have been de-

scribed in red pandas before this study;

therefore, no reference values exist for this

species. The assay was chosen because it has

shown broad cross-species applicability, despite

being activated with human TF.19 A few differ-

ences were detected between two of the infected

animals and the controls (Table 4). R and K

seemed to be slightly longer in the infected

animals versus the controls. The difference was

minor, and if it is clinically relevant, it may be

explained by a mild consumption of coagulation

factors in the infected animals. a and MAwere the

same for the two groups, indicating that there is

no difference in clot kinetics or total clot strength

in the healthy and diseased animals. MA corre-

lates well to clinical signs of bleeding; thus, the

results are as expected based on the clinical

picture. The only substantial difference in TEG

values was recorded in two of the infected animals

(P2 and P3) that had an increased fibrinolytic

activity with significantly higher lysis after 30 and

60 min (LY30 and LY60).

In summary, the clinical and paraclinical find-

ings in the four infected red pandas were largely

unremarkable, suggesting that infection with the

newly discovered metastrongyloid nematode in

the red pandas does not cause enough damage to

affect the overall health of the animals. This

conclusion is supported by 32 of 115 red pandas

found to be infected with the parasite without

apparent symptoms in a recent survey.1 A possible

explanation is that this represents a red panda-

specific parasite imported with the animals and

maintained within the zoo population rather than

a parasite acquired in Europe zoos. Both A.

vasorum and the novel parasite are diagnosed by

detection of L1 larvae excreted in feces by the

Baermann method. However, morphologic dis-

tinction between the L1 larvae of A. vasorum and

the novel nematode is challenging.1 In this

respect, diagnostic modalities such as polymerase

chain reaction might be of importance to make

the clear distinction between the two parasites.

This might aid in distinguishing between infection

with A. vasorum that is possibly lethal, and

infection with the novel metastrongyloid that

apparently causes little damage. Regarding poten-

tial treatment recommendations, it can be argued

to treat all infected animals, thereby eliminating

Table 4. Coagulation and thromboelastograph pa-
rameters of four red pandas (P1–P4) infected with a
newly discovered metastrongyloid nematode and two
healthy controls (C1 and C2). No reference range
available.

P1 P2 P3 P4 C1 C2

APTTa (sec) 15.0 14.8 15.6 14.8 15.4 15.0

Fibrinogen (mg/dL) 1.8 2.6 2.4 3.1 2.4 2.5

PTb (sec) 8.1 7.7 8.4 7.0 8.6 7.2

Rc (min) 5.7 5.2 5.1 4.9 3.2 4.2

Kd (min) 1.6 1.2 1.7 1.0 0.8 0.8

ae (8) 67.6 72.3 66.4 75.4 79.5 77.1

MAf (mm) 63.5 67.5 53.9 66.1 57.9 55.4

LY30g (%) 5.8 46.8 27.5 9.5 8.2 6.0

LY60h (%) 22.9 54.0 45.5 19.8 10.1 10.2

a APTT, activated partial thromboplastin time.
b PT, prothrombin time.
c R, reaction time.
d K, clot formation time.
e a, angle.
f MA, maximal amplitude.
g LY30, lysis after 30 min.
h LY60, lysis after 60 min.
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the risk of A. vasorum infections going untreated.

However, this only makes sense if a safe and

efficacious treatment against both parasites is

available, which currently is not the case for red

pandas. Another approach could be to only treat

animals diagnosed as infected if they proceed to

show clinical signs. Further research is needed to

show which recommendations would be the best

option.
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