Journal of Veterinary Internal Medicine

J Vet Intern Med 2016;30:1390-1395

Cerebrospinal Nematodiasis in 20 Camelids

F.R. Bertin and S.D. Taylor

Background: Information about the clinical and clinicopathologic aspects of cerebrospinal nematodiasis (CN) in camelids
is limited.

Hypothesis: Clinical and therapeutic variables will be identified as factors predictive of survival.

Animals: Client-owned camelids suspected of having CN admitted to Purdue University between 1995 and 2015.

Methods: A retrospective study was performed. A diagnosis of CN was based on cerebrospinal fluid (CSF) eosinophilic
pleocytosis or postmortem findings.

Results: Eleven alpacas and 9 llamas met the inclusion criteria. Seventy-five percent of the camelids were male (27% cas-
trated and 73% intact). Common clinical abnormalities included proprioceptive deficits (100% of animals), recumbency
(55%), tachypnea (55%), and ataxia (40%). Among the 85% of treated animals, 100% received PO fenbendazole, and 88%
received a nonsteroidal anti-inflammatory drug. The survival rate to discharge was 45%. Plasma fibrinogen concentration,
creatine kinase activity, and serum creatinine concentration were significantly higher in nonsurvivors. Blood eosinophil count,
platelet count, and total CO, were significantly lower in nonsurvivors. Factors associated with survival were species, sex,
absence of treatment with corticosteroids, and clinical improvement. There was no association between recumbency at admis-
sion and survival. A plasma fibrinogen concentration above >266 mg/dL was an excellent diagnostic test to predict survival
in the presence of neurological signs or CSF eosinophilia.

Conclusions: Although prognosis for CN in camelids is guarded, presence of recumbency at admission is not predictive of
nonsurvival. Male camelids and llamas appear more likely to die from CN. Corticosteroid treatment is contraindicated in
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animals diagnosed with CN.
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Cerebrospinal nematodiasis (CN) is a neurologic dis-
ease of camelids (alpacas and llamas) caused by
aberrant migration of the nematode Parelaphostrongylus
tenuis, also known as the “meningeal worm.”'™ The
definitive and intermediate hosts of P. tenuis are the
white-tailed deer (Odocoileus virginianus) and molluscs,
respectively. Camelids become infected by ingesting
infected molluscs. The third-stage larvae of P. tenuis
migrate from the gastrointestinal tract to the spinal
cord within 45-55 days.” Once in the spinal cord, the
larvae mature and ascend, causing destructive tracts
within the spinal cord. Migration of larvae occurs most
frequently in the white matter of the spinal cord, but
occasionally affects spinal cord gray matter and the
brain.®®

The geographical distribution of the disease relies on
the presence of both hosts in the same location.
Although the disease is mainly found in eastern North
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Abbreviations:

CBC complete blood count

CN cerebrospinal nematodiasis

CNS central nervous system

CSF cerebrospinal fluid

DEC diethylcarbamazine

DMSO dimethyl sulfoxide

FBZ fenbendazole

IVM ivermectin

NSAID nonsteroidal anti-inflammatory drug
SBA serum biochemical analysis
America,”'? it has been reported in areas of central

North America as well*'""!?

Clinical signs of CN typically reflect spinal cord
involvement and include a wide-based hind limb stance,
ataxia that often is worse in the hind limbs than in the
forelimbs, and recumbency in later stages.*'* Most
camelids with CN have normal mentation and appetite.
In atypical cases of parasite migration within brain tis-
sue, abnormal mentation, and cranial nerve dysfunction
may be observed. Cervical scoliosis also has been
reported in camelids with CN.® The onset of clinical
signs may be gradual, with animals presenting ataxic or
exhibiting a wide-based stance, or affected animals may
be found acutely recumbent. Although there is no
definitive antemortem test for CN, the majority of
affected camelids have eosinophilic pleocytosis of cere-
brospinal fluid (CSF).” Although the presence of eosi-
nophilic pleocytosis in camelids presenting with
neurologic signs does not definitively diagnose CN, the
paucity of other diseases that induce CSF eosinophil
production allow CSF analysis to presumptively diag-
nose CN in most cases. In a retrospective study, only
8% of camelids presenting with neurologic signs and
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CSF eosinophilic pleocytosis were not diagnosed with
CN (1 was diagnosed with Toxoplasma gondii and a
conclusive diagnosis was not made for the other came-
lid).> A CBC and serum biochemical analysis (SBA)
often are reported to be unremarkable, but the majority
of available reports are from experimental infection
with P. tenuis, describe a single case, or are anecdo-
tal.*> Definitive diagnosis of CN requires observation
of nematodes within the CNS at postmortem examina-
tion, but histologic findings of migratory tracts are
consistent with infection.

Currently, a standard treatment recommendation for
animals with CN is lacking. Rather, a combination of
medical treatments often is administered, and although
most treatment programs include anthelmintics and
anti-inflammatory drugs, recommendations vary among
clinicians. Medications reported to be administered to
affected camelids include fenbendazole (FBZ), iver-
mectin (IVM), diethylcarbamazine (DEC), nonsteroidal
anti-inflammatory drugs (NSAIDs) such as flunixin
meglumine ors meloxicam, corticosteroids such as dex-
amethasone, dimethyl sulfoxide (DMSO), vitamin E,
and thiamine.®'* Although it generally is accepted that
nonrecumbent animals with CN have a better prognosis
for survival if they are treated as compared to recum-
bent animals, this is currently unproven.

Limited information about the clinical and clinico-
pathological aspects of CN 1is available, including
factors that influence survival. Therefore, the objectives
of this retrospective study were to describe the signal-
ment, history, clinical signs, clinicopathologic results,
CSF cytology, treatment, and outcome in camelids
diagnosed with CN, and to identify variables associated
with survival.

Materials and Methods
Data Collection

Medical records from camelids presented to Purdue University
Veterinary Teaching Hospital over a 20-year period (June 1995—
June 2015) were reviewed. Inclusion criteria included complete
medical records, abnormal neurologic examination at the time of
presentation, and either CSF eosinophilic pleocytosis or post-
mortem findings consistent with CN. Data collected included
signalment, history, clinical signs, laboratory findings, CSF analy-
sis results, treatments, duration of hospitalization, and outcome.
When available, necropsy results were recorded. Survival was
defined as discharge from the hospital.

Data Analysis

Animals were grouped by outcome (discharged alive or not)
and compared. Statistical analysis was performed using the com-
mercially available software, PRISM.* Normality was assessed by
a Shapiro-Wilk test. Normally distributed data were reported as
mean (£SD) and compared using an unpaired r-test. Nonparamet-
ric data were reported as median and range (bracketed) and were
compared using a Mann-Whitney U-test. A receiver operating
characteristic (ROC) curve was plotted to analyze the prognostic
value of a given variable if a significant difference was found
between survivors and nonsurvivors. Categorical data were com-
pared using a Chi-square or a Fisher’s exact test depending on the

numbers expected, and odd ratios were calculated when relevant.
For all comparisons, a P-value <.05 was considered significant.

Results
Signalment and History

Twenty animals met the inclusion criteria. Species
included 11 alpacas (55%) and 9 llamas (45%). Alpaca
species was highly associated with survival (P < .0l)
and alpacas were 21 [1.8-251.4] times more likely to
survive than were llamas.

Camelid ages ranged from 8 months to 16 years with
a median of 4.5 years. Five (25%) were female and 15
(75%) were male. Among the males, 4 were castrated
(27%). There was no significant overrepresentation by
sex and the percentage of alpacas and llamas that were
male was similar at 8 cases (73%) and 7 cases (78%),
respectively. Female sex was highly associated with sur-
vival (P <.01) and females were 28 [1.3-620.4] times
more likely to survive than were males. The month of
presentation ranged from January to December with a
peak in winter months (January, February, and March;
8 cases, 40%).

Before presentation, animals had clinical signs from 1
to 120 days, with a median of 2 days. There was no
association between duration of clinical signs and out-
come. Common historical complaints included recum-
bency (11 cases, 55%), ataxia (8 cases, 40%) and
decreased mentation (4 cases, 20%). There was no
association between historical complaint and outcome.
Twelve animals (60%) had a history of treatment before
presentation. The most common treatments adminis-
tered before presentation were NSAIDs (7 cases, 58%),
fenbendazole (4 cases, 33%), ivermectin (4 cases, 33%)
and antibiotics (3 cases, 25%). There was no association
between history of treatment and outcome.

Clinical Findings

The most common clinical signs on presentation were
proprioception deficits (20 cases, 100%), recumbency
(11 cases, 55%), tachypnea (respiratory rate > 30
breaths/min; 11 cases, 55%), ataxia (8 cases, 40%), cra-
nial nerve deficits (5 cases, 25%), and cervical scoliosis
(4 cases, 20%). Among the animals presented with pro-
prioceptive deficits, 12 camelids (60%) had deficits in all
4 limbs and 8 (40%) had deficits in hind limbs only.
Among the ataxic camelids, ataxia was noted in all 4
limbs in 3 animals (38%) and in the hind limbs only in
5 animals (62%). Among the camelids with cranial
nerve deficits, the most common nerves affected were
cranial nerves II (2 cases, 40%), VII (2 cases, 40%),
and VIII (4 cases, 80%). Neither there was difference
between alpacas and llamas nor association between
clinical signs on presentation and outcome.

A CBC, plasma fibrinogen concentration and SBA
were available in 15 cases (75%). The most common
CBC abnormalities at admission were presence of band
neutrophils (4 cases, 27%, 430/uL [0.12-1.26]), lym-
phopenia (lymphocyte count <1000/uL; 4 cases, 27%,



1392 Bertin and Taylor

600/uL [310-700]), and decreased red blood cell count
(red blood count <I1.3 x 10%/uL; 4 cases, 27%,
10.4 x 10%/uL [9.5-11.2]). There were no differences in
CBC variables between species. The variables signifi-
cantly different between survivors and nonsurvivors are
presented in Table 1. Plasma fibrinogen concentration
was significantly higher in Illamas than in alpacas
(422 mg/dL  [268-535] versus 255 mg/dL [193-427],
P = .03). In our study, the ROC curve showed that a
plasma fibrinogen concentration >266 mg/dL (the algo-
rithm’s suggestion of optimal cutoff) was an excellent
diagnostic test to predict survival in the presence of
neurological signs or CSF eosinophilia with an area
under the ROC curve of 0.92, yielding to a sensitivity
of 100% (95% CI: 63-100) and a specificity of 83%
(95% CI: 36-100; Fig 1). Using a critical value of
321 mg/dL decreased the sensitivity to 63% (95% CI:
24-91) without changing the specificity.

The most common SBA abnormalities at admission
were increased aspartate aminotransferase (AST) activ-
ity (AST > 298 IU/L; 10 cases, 67%, 513 IU/L [343-
2201]), decreased albumin (albumin <3 g/dL; 9 cases,
60%, 2.7 £ 0.2 g/dL), increased gamma-glutamyl trans-
ferase (GGT) activity (GGT > 46 TU/L; 9 cases, 60%,
55 + 7 IU/L), hyperglycemia (glucose >151 mg/dL; 9
cases, 60%, 245 + 76 mg/dL), and increased creatine
kinase (CK) activity (CK > 750 TU/L; 7 cases, 47%,
1101 TU/L [802—17 865]). There were no differences in
SBA variables between species. The variables signifi-
cantly different between survivors and nonsurvivors at
admission are presented in Table 1.

Diagnostic Tests

In all cases, lumbosacral CSF analysis was performed
at admission. The most common CSF findings were
eosinophilic pleocytosis (>17% eosinophils; 19 cases,
95%, 62 + 25%), increased protein concentration (pro-
tein concentration >45 mg/dL; 18 cases, 90%, 79 mg/
dL [48-1153]), increased white blood cell count (>3/uL;
18 cases, 90%, 21/uL [9-560]) and increased red blood
cell count (>3/uL; 18 cases, 90%, 122/uL [4-5650]). The

Table 1. Complete blood count and serum biochemi-
cal profile data from camelids with clinical signs of cere-
brospinal nematodiasis. Camelids were characterized as
survivors or mnonsurvivors. Data are presented as
mean + SD or median [range].*® Only clinicopathologic
variables that were significantly different (P < .05) are
presented.

Survivors Nonsurvivors P-value
Fibrinogen 253 + 81 mg/dL 396 + 112 mg/dL .02
Eosinophils  920/uL [140-4540] 280/uL [0-810] .03
Platelets 632.7 £ 321.0 £ .01
70.5 x 10%/uL 29.7 x 10%/uL
Creatine 240 [67-802] IU/L 2203 [98-17 865] .02
kinase 1U/L
Creatinine 1.3 md/dL [1.1-1.9] 2.2 mg/dL [1.3-3.5] .02
Total CO, 30 mmol/L 26.5 mmol/L .02
[28.5-36] [26-31]
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Fig 1. Receiver operating characteristic (ROC) curve for plasma
fibrinogen concentration to predict survival in camelids suspected
to have cerebrospinal nematodiasis. ROC analysis was performed
based on 14 camelids (6 survivors and 8 nonsurvivors). Area under
the curve (AUC) for plasma fibrinogen concentration is 0.92 with
P <.01.

mean percentage of CSF eosinophils was 58 + 28%.
White blood cell count in the CSF was significantly
higher in alpacas than in llamas (143 cells/uL [1-559]
versus 10 [2-195]; P = .03). There was no association
between CSF findings and outcome.

Treatment

Treatment was administered to 17 animals (85%). The
most common treatments were fenbendazole (50 mg/kg
PO for 5 days; 17 cases, 100%), an NSAID (flunixin
meglumine at 0.5-1.1 mg/kg IV or IM, q 24 hour or a
12 hour, or meloxicam at 0.5 mg/kg PO q 24 hour; 15
cases, 88%), a corticosteroid (dexamethasone, 0.05—
0.1 mg/kg IV or IM; 6 cases, 35%) and DMSO (IV; 5
cases, 29%). Other treatments included vitamin E, iver-
mectin, antibiotics, and thiamine (4 cases each, 24%).
One camelid was placed in a sling and 1 camelid was
floated in a flotation tank (6% each), both of which
failed to survive. Administration of a corticosteroid was
highly associated with failure to survive (P < .01) and
animals that received a corticosteroid were 49 [2-1208]
times less likely to survive. Treatment with DMSO was
not associated with increased survival (P = 1).

Clinical improvement assessed by the attending clini-
cian during hospitalization was highly associated with
survival (P < .01) but 2 animals that showed clinical
improvement failed to survive whereas 1 animal that
did not show clinical improvement survived. Overall,
animals that showed signs of improvement during
hospitalization were 36 [2.7-476.6] times more likely to
survive.

Outcome

Nine camelids (45%) survived to discharge: 1 animal
(11%) was discharged with no neurological signs, 7
(78%) were discharged with ataxia but not requiring
assistance to stand, and 1 (11%) was discharged with
ataxia and required assistance to stand. The median



Cerebrospinal Nematodiasis in Camelids 1393

duration of hospitalization was 5 days [0-17]. There
was no association between hospitalization duration
and outcome.

Eleven camelids (55%) did not survive to discharge, 7
of which had postmortem examinations performed. All
postmortem examinations were consistent with larval
migrans. In some cases, cylindrical nematode larvae
were identified within spinal cord or cerebral malacic
linear tracts, whereas others had hemorrhage or
hemosiderosis within the CNS. Three of the 4 animals
with cervical scoliosis were examined postmortem; gross
lesions were not detected in the cervical spinal cord in
these animals, but white matter degeneration was
observed microscopically in all 3 of them.

Discussion

The presence of recumbency at admission did not
influence the likelihood of survival. A review of neuro-
logic diseases in camelids states that recumbent camelids
diagnosed with CN typically have a poorer prognosis,
but our findings were inconsistent with this observa-
tion.'* Although a larger sample size might have identi-
fied a higher mortality rate in recumbent animals, our
results suggest that the decision to treat should not be
based on the presence or absence of recumbency. The
best predictors of a positive outcome were lower plasma
fibrinogen concentration, absence of corticosteroid treat-
ment, and clinical improvement during hospitalization.
Although CN has a guarded prognosis, alpacas, and
females are more likely to survive than llamas and males.

Acquired cervical scoliosis has been described as an
unusual manifestation of P. fenuis infection in camelids,
but was present on admission in 20% of camelids in
our study.®'* Cervical scoliosis has been described in a
llama that was experimentally infected with P. tenuis,"®
and in an alpaca diagnosed with P. tenuis on post-
mortem examination.® In both cases, lateral curvature
of the cervical spinal column was observed on gross
examination, and microscopic examination disclosed
degenerative changes in the white matter of the cervical
spinal cord, including Wallerian degeneration with
inflammatory cell infiltrates and fibrosis.*'> These find-
ings are consistent with necropsy results from the 3
camelids with scoliosis that did not survive in this
study. Dorsal gray column myelitis in the cervical spinal
cord was described in 6 horses with acquired cervical
scoliosis, 1 of which was diagnosed with aberrant
parasite migration based on postmortem examination.'®
The proposed mechanism of cervical scoliosis is lateral
deviation of the spinal column due to weakened cervical
muscles on the convex (affected) side.®

Cranial nerve deficits were found in 25% of our
sample population. The most common deficits involved
cranial nerves II, VII, and VIII. In a previous study,
only 8% of the population presented with cranial nerve
deficits, and the affected nerve(s) was not identified.’
Eighty percent of the camelids in our present study that
presented with cranial nerve deficits failed to survive.
Postmortem lesions, however, were not identified in
cranial nerve nuclei.

Plasma fibrinogen concentration was found to be use-
ful in predicting survival in camelids diagnosed with
CN. Although increased plasma fibrinogen concentra-
tion is nonspecific and can occur with various inflam-
matory diseases, a concentration > 266 mg/dL was
found to be highly sensitive and specific in predicting
nonsurvival in animals clinically diagnosed with CN.
Although quite low, the critical concentration (provided
by the algorithm) only shows that, in our study, all sur-
vivors had plasma fibrinogen concentrations <266 mg/
dL, not that all animals with a plasma fibrinogen con-
centration >266 mg/dL failed to survive. Thus, plasma
fibrinogen concentration should be measured in animals
suspected of having CN and interpreted carefully. Inter-
estingly, llamas presented with higher plasma fibrinogen
concentrations than did alpacas. The reason for this dif-
ference could be the lower survival rate of llamas com-
pared to alpacas. Unfortunately, because of the low
number of surviving llamas, no adjustment could be
made to identify the confounding effect.

A critical herd management question is whether to
recommend routine prophylactic treatment with IVM to
decrease the infection rate of P. tenuis. Without know-
ing how many animals received the treatment and did
not develop the disease, we can only state that 4 ani-
mals presenting with CN in our study were routinely
treated with IVM (and had been treated within 1 month
of presentation); 2 of these animals survived and 2 died.
These limited data raise the question of whether routine
administration of IVM should be recommended, consid-
ering the increased anthelmintic resistance of gastroin-
testinal parasites.'””'® A case—control study would be
required to address this question.

Camelids in our study that were treated with a corti-
costeroid were less likely to survive. The use of corti-
costeroids to treat neurologic diseases is controversial.
In human medicine, several studies have failed to show
a beneficial or a deleterious effect of corticosteroids in
patients with infectious or traumatic meningitis, or
both,'* suggesting the presence of confounding fac-
tors. For example, the use of corticosteroids is recom-
mended for treatment of Haemophilus influenza
meningitis in children, but evidence for beneficial or
deleterious effects in adults for tuberculous meningitis is
lacking." Tt is possible that, in our study, corticos-
teroids were administered to animals that were clinically
deteriorating, because corticosteroids often are adminis-
tered as a last resort. Of the 6 animals that received
corticosteroids in the hospital, 4 presented with a clini-
cal sign associated with the brain (decreased mentation
or cranial nerve dysfunction), and 4 presented with
recumbency. These signs might have prompted the
attending clinician to administer corticosteroids. Alter-
natively, corticosteroids might have had a deleterious
metabolic effect on the presumably stressed animals,
leading to nonsurvival. Therefore, our study is support-
ive but not conclusive that adjunctive corticosteroid
treatment is deleterious in camelids with CN, and a lar-
ger sample size is required to draw definitive conclu-
sions regarding corticosteroid administration in sick
camelids.
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Intact males were more commonly affected in this
study and were more likely to die from CN than were
females. Sexually intact, mature males of many mam-
malian species generally are more susceptible to infection
with parasites, particularly nematodes, and carry higher
parasite burdens compared to females.>'>> Testosterone
has been implicated as a cause for this phenomenon.
One study found that parasite load with the nematode
Nippostrongylus brasiliensis in rats was higher in intact
males compared to females, a difference that disappeared
after castration.” Similar results have been reported in
rodents experimentally infected with several different
parasites.”* %" There is evidence that testosterone directly
affects parasite growth and development,****?* and that
testosterone indirectly affects parasite establishment in
the host by influencing the immune system.’**! In
general, testosterone has been shown to decrease
components of the humoral and adaptive immune
responses, and up-regulate a Th2 immune response, all
of which might contribute to susceptibility to parasite
infection.™®3* In contrast, estrogen is associated
with enhancement of a Thl immune response, which
contributes to resistance to parasite infection.*> >’

Despite a similar incidence of CN between alpacas
and llamas, the mortality rate was significantly higher
in llamas. This result remained unchanged despite statis-
tical adjustment for body weight and sex, suggesting a
true species difference. Experimental intragastric infec-
tion of 6 adult llamas with only 5 third-stage P. tenuis
larvae resulted in fatal infection in 4 llamas, suggesting
that llamas are highly susceptible to infection.” In
another study investigating Eimeria macusaniensis infec-
tion in llamas and alpacas, llamas were more likely to
die or be found dead than alpacas.®® These studies sug-
gest that llamas might be more susceptible to deleteri-
ous effects of parasites but studies directly comparing
llama and alpaca susceptibility to P. tenuis infection are
lacking. Another possible explanation for the poorer
outcome in llamas compared to alpacas could be related
to shifts in demographics and monetary valuation of
camelids over the 20-year study period. The increasing
popularity of alpacas over the study time period may
have influenced demographics and case representation,
and might have led to decreased monetary valuation of
llamas. The effects of changing animal demographics on
the study population were not evaluated because of the
small sample size and retrospective nature of the study.

In conclusion, no specific clinical finding was associ-
ated with survival. Although the prognosis is guarded,
presentation of a recumbent animal should not preclude
treatment. In addition, plasma fibrinogen concentration
should be measured in animals suspected of having CN.
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