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Introduction 
 
Parelaphostrongylus tenuis, also known as meningeal worm, brain worm, and deer worm, is 
hosted by whitetail deer with snails and slugs serving as intermediate hosts (Anderson, 1963). 
Sheep, goats, and llamas are a non-specific hosts. Infection in sheep and goats from consuming 
forage contaminated by stage 3 larvae in fecal material of snails and slugs can result in severe 
neurological symptoms caused by migration of the nematodes to the central nervous system 
(Anderson, 1992; Nagy, 2004). The incidence and infection rates of flocks and herds exposed to 
P. tenuis comes mainly from individual animal case reports. Here we use the Cornell sheep flock 
data base to provide the only known long-term information about the incidence, age at 
infection, and recovery for ewes treated for P. tenuis from a single flock. 
 
Materials and Methods 
 
The data are based upon records for Dorset, Finnsheep x Dorset, and ¼ East Friesian x ¾ Dorset 
ewes in the Department of Animal Science flock at Cornell University from 1998 through 2014, 
when the flock was mostly dispersed by the College of Agriculture and Life Sciences. 
Comprehensive data including birth, health, sale, and death records were kept in a customized 
Microsoft Access data based designed for that purpose. The flock was located in Cortland 
County in central New York where 3,564 deer were taken by hungers in 2014; total New York 
deer taken in 2014 were 238,672. Thus, there is a high potential for sheep in New York and 
other northeastern states to be infected with P. tenuis. 
 
The Cornell flock was managed on the STAR accelerated lambing system with five yearly 30-d 
lambing seasons and the opportunity for each ewe to lamb 5 times in 3 years (Lewis et al., 
1996). While an average of 1/3 of the flock was in the barn lambing and lactating at any one 
time, winter grazing was practiced (Magee, 2002) and most of the flock was grazed except 
during late winter and early spring. The first records of infection by P. tenuis   were recorded in 
2002. The number of ewes each year that could be potentially infected was calculated as those 
that were born before 27 May of each year. Additionally, if ewes were born prior to that year, 
they had to have been in flock for at least 217 days and died or been sold after 1 January of that 
year. Additionally, if ewes were born in that year, to be potentially infected they had to have 
died after 8 August or have been sold after 31 December of that year. Total ewes in the flock 
during years 2002 through 2014 (a much smaller number than the sum of ewes potentially 
infected each year) that could have been infected was calculated with similar restrictions. 
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Infected ewes were identified based upon whether they had one or more health records with 
symptoms recorded as P. tenuis. Symptoms included dragging of a hind foot or weakness or 
paralysis of the hind legs or a constant itch on one part of the skin, without the following 
symptoms (which are signs of other neurological diseases): 
 
1. Severe mental depression 
2. Inability to eat or drink 
3. Blindness or failure to blink when a hand is waved in front of each eye 
4. Dropped jaw or drooling or tongue hanging out of the mouth 
5. Rapid up and down or sideways movement of an eyeball 
6. Circling in one direction 
 
A video of a ewe with typical symptoms can be downloaded at: 
https://vod.video.cornell.edu/media/Video+of+ewe+with+P+tenuis+%28courtesy+of+Dr.+Jenni
fer+Pearson%29/1_ok5ob8w5.  
  
Ewes with clinical symptoms were treated for 5 days with 25 mg oral fenbendazole/kg body 
weight per and with intramuscular injections of dexamethasone (0.2 mg/kg for first 3 days and 
0.1 mg/kg for last 2 days). Ewes in the last month of pregnancy were treated orally with flunixin 
meglumine (1.1 mg/kg body weight). Ivermectin was injected in some ewes subcutaneously at 
0.5 mg/kg body weight but seemed to be unrelated to recovery. Ewes were designated as not 
recovered if they died or were sold within two months of infection. Dates of first symptoms 
were categorized into meteorological seasons. The effects of year and of season on number of 
infections were analyzed separately by chi-square. The effects of year, season, recovery (yes or 
no), and the season by recover interaction were analyzed by analysis of variance. 
 
Results and Discussion 
 
Over the 13-year period 48 ewes (22 Dorset, 22 Finnsheep x Dorset, 4 ¼ East Friesian x ¾ 
Dorset) were detected to be infected with P. tenuis   from a total of 3,660 ewes; a 1.3% 
infection rate (Table 1). The number of ewes with potential to be infected ranged from 138 in 
2014 to 1314 in 2007. Some years included high numbers of potential replacements for 
experimental reasons. The highest infection rate in any one year was 1.3% in 2013. The 
proportion of ewes that recovered was not statistically different from 50%, but ewes that 
recovered were 1.8 per year of age while those that did not recover were 3.1 ± 0.49 years of 
age (P = 0.05). 
 
Season had a dramatic effect (P < 0.001) on the number of infections detected (Table 2). 
Consistent with the likelihood of previously grazing contaminated forage, few infections were 
detected in winter or spring (Table 2). Ewes first detected in summer were less than a year old, 
indicating that they were in their first grazing season. Alpacas were shown to develop 

https://vod.video.cornell.edu/media/Video+of+ewe+with+P+tenuis+%28courtesy+of+Dr.+Jennifer+Pearson%29/1_ok5ob8w5
https://vod.video.cornell.edu/media/Video+of+ewe+with+P+tenuis+%28courtesy+of+Dr.+Jennifer+Pearson%29/1_ok5ob8w5
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immunological resistance to P. tenuis   (Purdy et al., 2012) so ewes grazing contaminated 
pasture for the first time may be particularly susceptible. 
 
Table 1. Incidence of P. tenuis   in the Cornell flock. 

  Infections detected  Infections recovered 
Year Potential infections Number Percentage  Number Percentage 
2002 1023 2 0.2%  2 100.0% 
2003 824 1 0.1%  0 0.0% 
2004 881 0 0.0%    
2005 976 0 0.0%    
2006 1064 0 0.0%    
2007 1314 13 1.0%  8 61.5% 
2008 1227 0 0.0%    
2009 926 4 0.4%  1 25.0% 
2010 813 8 1.0%  5 62.5% 
2011 743 10 1.3%  7 70.0% 
2012 733 4 0.5%  1 25.0% 
2013 675 1 0.1%  1 100.0% 
2014 438 5 1.1%  3 60.0% 
All 3,660 48 1.3%  28 58.3% 

 
 
Table 2. Effect of season on numbers and ages of infection. 

Season 
Beginning 

date 

Number of 
infections 
detected 

Age infection 
detected, 

years 
Autumn 1 September 24 2.3 
Winter 1 December 6 2.4 
Spring 1 March 2 4.3 
Summer 1 June 16 0.8 

SEa   1.03 
P-value  < 0.001b 0.012c 

aHighest of subset SE. 
bDetermined by chi-square. 
cDetermined by analysis of variance with effects of year of 
detection, season, and recovery (yes, no) and the season x 
recovery interaction in the model. 

 
A visual perspective of the effect of month (calculated as day of year divided by 30) and year on 
age of infection detection is shown in Figure 1. Three of the 6 winter detections were in 
December, 2 were in the first part of January, and 1 was in mid-February, indicating infections 
that occurred in autumn. The time from infection to detection of symptoms in one 
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experimental ewe in 2013 (not included in the data set for this report) was 53 days. The two 
spring detections were in 23 March 2011 (6 yo ewe) and 25 March 2014 (1 yo ewe), suggesting 
late January infections. However, the average January temperature was -7.9C in 2011 and -8.6C 
in 2014 (NOAA, 2016), making it seem unlikely that live larvae would have been available for 
consumption at that time. Consistent with the life cycle of P. tenuis, most ewes were detected 
in summer or early autumn. Dates of detection ranged from 7 July to 29 August for summer and 
from 1 September to 28 November for autumn. Thus infection can happen as early as 15 May 
and as late as 31 January.  
 
 

 
Figure 1. Relationship of age of ewes at the time of detection of infection with P. tenuis   
to year and month of detection. 

 

Summary 
 
Fewer than 1% of ewes grazed in areas with high populations of whitetail deer in the 
northeastern USA can be expected to exhibit symptoms of P. tenuis   infection in a given year. 
Most infections will be detected between mid-July and mid-December. An effective treatment 
will save about half of those detected with symptoms.  
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