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 Introduction: Dr. Hugh Hildebrandt  

 Fur Commission USA and CMBA Ranch Service 

Joint Mink Research Committee Adviser 

In this issue of the research newsletter we have a variety of research 
and clinical case articles.  The first article is related to housing and wel-
fare as we continue to expand our information on husbandry. The next 
few articles are case reports, some of which were contributed by Rob-
ert Molenarr from the Netherlands. I thank Robert for his contribution 
and it is a reminder of how interconnected our industry is from around 
the world. I have gotten to know Robert and many other pathologists, 
veterinarians and researchers from around the world. Robert and I dis-
cussed how the fur ban in the Netherlands will affect more than just the 
ranchers it will affect research and information from persons outside 

the ranch that contribute to the wellbeing of our animals.  

There are also articles involving Aleutian Disease, most notably the 
wildlife and skunk information. Skunks, it has been known for a number 
of years they could test positive by antibody test to AD but we could 
not find the virus through testing for known mink virus strains. Some of 
the new information coming out of this research helps explain why we 

were seeing this phenomenon. 

The final articles are related to AD testing. Some are evaluations of 

tests as they were being developed and others are information on po-

tentially new test methods like MALDI-TOF. The testing environment is 

rapidly changing and with anything ease of use and cost of test need to 

match the economic situation.  

Overview of the cage size project 

Dr. María Díez León & Professor Georgia Mason 

University of Guelph, Canada 

The cage size project aims to determine the effects of cage 

height and floor area on the well-being of farmed American 

mink. This project aims to rectify the lack of research in the 

area, particularly in North America that was revealed by the 
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scientific review of the Canadian Codes of Practice for Farmed Mink. Conducting scien-

tific research into cage size effects on the welfare of North American mink is important for 

at least three reasons: i) on average, North American mink tend to be smaller than Scandi-

navian mink (Scandinavia being where former research was conducted); ii) cage design is 

different here, with the nest box sometimes not being place outside the cage but instead 

sitting within it (thus lowering internal ceiling height); and iii) North American mink are 

exposed to hotter summers and also winter fur growth may be promoted with melatonin 

implants, potentially affecting minks' thermoregulatory abilities. 

 Our cage size project comprised 4 separate experiments that aimed to investigate 

the relevance of cage height (Experiments 1& 2) and floor area (Experiments 3 & 4) on the 

welfare of mink. These experiments were conducted at the Michigan State University Ex-

perimental Fur Farm and primarily use animal behavioural choices as a welfare indicator, 

as these have been validated to be sensitive measures of what animals find best for them-

selves.  

 Experiments 1 & 2 tested the idea that taller cages are better because mink need to 

stand on their hind legs. We investigated which of 4 heights (10, 15, 18 & 21 in) Black mink 

prefer to eat from throughout their growing period (July-November; Experiment 1); and 

which of 4 ceiling heights (5, 10, 15 & 20 in) promote or deter the use of a large enriched 

compartment by adult mink (Experiment 2). Results from Experiment 1 showed that mink 

actually prefer the lower heights to feed from, and regardless of age: not only young kits, 

but even fully grown males and females all preferred to feed from low heights, suggesting 

that mink always prefer to feed under heights that allow them to use more natural feeding 

postures. Results from Experiment 2 show that overall, the height of an enriched cage 

does not influence the time mink choose to spend there, although there are individual and 

sex differences in motivation to stand upright, with some males preferring cage heights 

that allow them to do so, and some females preferring lower, covered areas of their cages.  

 Experiments 3 & 4 compared floor areas stipulated in the new Canadian Code with 

the larger ones enforced in Europe. For single adult females, one of our study groups 

(Experiment 4), Canadian floor areas are less than 57% those used in Europe. For pair-

housed males, our other group (Experiment 3), they are only c. 85% the size, but for mela-

tonin-implanted mink growing winter fur on hot summer days (+30°C), floor areas that 

prevent a pair of males lying without touching may impede minks’ attempts to cool down. 

Both experiments again use measures of preference as very sensitive indicators, but, to 

distinguish mere ‘wants’ from actual ‘needs’, we also compared behavioural and physio-

logical signs of stress (e.g. in Experiment 3: water intake, frequency of panting, tempera-

ture of body areas used to dissipate heat; in Experiment 4: levels of cortisol, weight of im-

mune organs) in mink differentially raised long-term with each floor area. Preliminary re-

sults from Experiment 4 show that females in Canadian versus European floor areas do not 

seem physiologically stressed (N.B. results from stress-hormone metabolites and bone 

development are pending), although females in Canadian cages tended to be more fear-

ful. When given a choice, females allocated their overall time equally between Canadian 

and European cages, but their active time was preferentially allocated to the larger floor 



 
 
 

Page 3 

SPRING 2017 

areas, while the reverse was true for their inactive time. Our results are consistent with fe-

males preferring larger floor areas for active behaviours; yet their choice to rest more often 

in Canadian floor areas suggests that relative seclusion and ability to monitor their environ-

ment (respectively more likely in Canadian and European cages because of how they were 

laid out in the research room) may have also played a role in females' preferences. Results 

from Experiment 3 are not available yet (analyses are on-going).  

 Overall, the results from the cage size project will give North American farmers 

evidence-based guidelines for improving cage design and enhance the welfare of the c. 8 

million mink raised in North America each year. 

Eimeria vison on Dutch mink farms 

R.J. Molenaara, I. Jornaa 

a GD Animal Health, Arnsbergstraat 7, Deventer, The Netherlands 

 

Introduction: Clinical coccidiosis is rarely if ever reported on Dutch mink farms. In other 

species low-grade non-lethal infections with coccidia are known to have a large impact on 

production[1], and in minks these infections have previously been implicated as a cause or 

contributing factor to overall poor performance and intestinal problems in June and July, 

called ‘June blues’. To determine if, despite the absence of clinical outbreaks, coccidia are 

common in Dutch minks, and which species are involved, a small screening of six farms was 

organized. 

 

Materials and methods 

Sampling in the first week of June 2015 6 mink farms (A-F), each 20 fecal samples: 34/120 di-

arrhea, 86/120 normal feces Additional samples end of June 

Farm A (6 of healthy pups) 

Farm C (3 of healthy pups and 3 of pups in sick bay) 

 

For each sample the number of oocysts per gram (OPG) of feces was determined using a 

modified McMaster method utilizing solutions of zinc sulfate (ZnSO4). Additionally a pooled 

sample was created for each farm. Oocysts from each pool were sporulated according to a 

modified version of the method from Ryley et al[2]. Length and width of sporulated oocysts 

were measured using Cellsense software (Olympus, Japan) in accordance with Long’s meth-

od[3]. 
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Results oocyst detection 

61% of the 120 samples contained oocysts (Table 1). Incidence of coccidia in diarrheic sam-

ples was not significantly different from normal samples. 

 

Table 1. Average number of oocysts (Av. OPG) as well as oocyst incidence from the 

first 120 samples, listed by farm and subdivided into diarrhea and normal samples 

 

 

 
 

 

 

 

 

 

 

 

 

11 of the 12 additional samples contained oocysts (Table 2). The average OPG was signifi-

cantly higher than the OPGs in the first 120 samples. 

Table 2. Average number of oocysts (Av. OPG) as well as oocyst incidence in 12 pup 

feces samples from farms A and C 

 

 

 

 

 

 

Results oocyst identification: Intact sporulated oocysts were only found in pooled samples 

from farms A, C and D. Length, width and length/width-ratio was determined for 37 of these 

oocysts. Average length was 23.6 µm and average width was 15.3 µm, which is comparable to 

values reported by Hindsbo and McTaggart for Eimeria vison[4]  (Figure 1 and 2). 

 

 

 

Farm Diarrheic samples Normal samples Total 

Av. OPG Positive/total Av. OPG Positive/total Av. OPG Positive/total 

A 396 4/5 (80%) 660 10/15 (67%) 594 14/20 (70%) 

B 165 6/8 (75%) 220 7/12 (58%) 198 13/20 (65%) 

C 693 8/10 (80%) 561 10/10 (100 %) 627 18/20 (90%) 

D - 0/0 2,0051 12/20 (60%) 2,0051 12/20 (60%) 

E 66 1/5 (20%) 154 7/15 (47%) 132 8/20 (40%) 

F 55 2/6 (33%) 130 6/14 (43%) 107 8/20 (40%) 

 

Farm Sick bay Healthy population Total 

Av. OPG Positive/total Av. OPG Positive/total Av. OPG Positive/total 

A - 0/0 18,343 6/6 (100%) 18,343 6/6 (100%) 

C 1,540 2/3 (67%) 8,030 3/3 (100%) 4,785 5/6 (83%) 
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Figure 1. Frequency of length of sporulated oocysts (µm), compared with da-

ta from Hindsbo and McTaggart 

Oocyst length (u m) 

oocysts from farms A, C and D  E. vison according to Hindsbo (1995)  

17             19                           21                  23                                 25                       27               29  

1 1,2 1,4 1,6 1,8 2 2,2 

Oocyst  length/width-ratio 

oocysts from farms A, C and D  E.     vison according to Hindsbo (1995) 
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Figure 2. Frequency of length/width ratio of sporulated oocysts compared with 

data from Hindsbo and McTaggart 
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Morphology: Addittional morphologic 

characteristics of these oocysts were also 

consistent with descriptions of E. vison[5]  

(see figure 3). No other Eimeria or Iso-

spora species were recognized.  

 

Figure 3. Sporulated oocysts. Oc = oo-

cyst, Sc = sporocyst, Sz = sporozoite 

Conclusions: Coccidia were found in samples from each farm, but generally at low 

levels. Fecal samples from pups where almost all positive and often contained well 

above 10,000 OPG. 

The high prevalence on farms and the high OPG in pup feces indicate coccidiosis  is a 

possible health problem for Dutch mink pups in June and July, and a potential complicat-

ing factor in other intestinal diseases. 

References 

[1] Daugschies and Najdrowski, 2005; Gauly et al., 2004; Voeten et al., 1988 [2]  Ryley et al., 1976 

[3]  Long et al., 1976  [4]  Hindsbo, 1995; McTaggart, 1960  [5]  Levine, 1948; McTaggart, 1960 

Whole genome sequencing of Aleutian disease  

virus from skunks in British Columbia 

Project summary by Dr. Andrew Lang, Memorial University of Newfoundland 

Aleutian disease virus (ADV) is a parvovirus that causes a chronic and debilitating infection 

in mink and related animals. The virus causes a wasting syndrome that affects multiple or-

gans. No cure or vaccination exist, the virus can transmit very efficiently between animals, 

and it is highly stable in the environment. For these reasons, ADV is a great concern for the 

mink industry and represents a threat to wild animal populations. Furthermore, ADV-like vi-

ruses have recently been found in other carnivores, such as foxes and raccoon dogs, and it 

is likely that the host range of these viruses is wider than currently realized. 

 

While investigating diseases in urban skunks (from the Vancouver area of British Columbia, 

Canada), animal health professionals identified ADV-like viruses in animals with symptoms 
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compatible with ADV infection. We further characterized these viruses and discovered that 

they are different from the mink ADV and belong to a related, but novel viral species (named 

SKAV). Furthermore, we found that at least three different variants of this virus exist and that 

it also circulates in skunks from distant parts of North America (Ontario and California). Most 

importantly, we have identified cases of SKAV infection in mink, indicating that this virus can 

infect animals other than skunks and that it might pose a threat for the mink industry. This 

emphasizes the need for maintenance of proper biosecurity on farms. 

 

Our study showed that previously unknown parvoviruses are circulating in terrestrial carni-

vores and highlights that further efforts for virus discovery and characterization are essential 

to identify additional circulating viruses. 

H1N1 Influenza in Wisconsin Mink 

Chris Watson (1), Kathy Toohey-Kurth (1), Hugh Hildebrandt (2), John Easley (3), Christopher Booth (3), Mary Lea Killian 

(4), Jan Shivers (5), Phil Bochsler (1), Kathleen Deering (1), Doug Lyman (1), Raman Muthuswamy (1), Melissa Behr(1) 

1) Wisconsin Veterinary Diagnostic Laboratory (WVDL), University of Wisconsin-Madison 

2) Medford Vet Clinic S.C., Medford, WI 

3) Dairy Doctors Vet Services S.C., Plymouth, WI 

4) National Veterinary Services Laboratories, Ames, IA 

5) Veterinary Diagnostic Laboratory, University of Minnesota, St Paul, MN 

In spring 2016, an outbreak of respiratory disease in Wisconsin mink kits less than 1 month of 

age was observed in 4 mink operations in Northern Wisconsin.  High mortality (20%) of 

young kits resulted in several submissions to WVDL.  Six kits, 1-3 days of age were submitted 

on 05/10/2016, and divided into two groups.  Interstitial pneumonia was noted histologically 

in both groups with fluid, fibrin and neutrophils in alveoli.  Tracheal swabs from both groups 

were positive by polymerase chain reaction (PCR) for Influenza A; liver and lung samples 

from both groups were culture-positive for Salmonella Dublin.  A second submission of four 4

-week-old mink was received at WVDL on 05/24/2016.  They had died acutely or after a brief 

illness with tachypnea, and despite treatment with fluids, meloxicam and Baytril®.  Grossly, 

lungs were diffusely dark red or red-brown, or had multifocal to coalescing, opaque, irregu-

lar, blotchy dark red foci interspersed with salmon pink pulmonary parenchyma.  Histologi-

cally, widespread interstitial pneumonia was noted, characterized by fibrin, fluid, necrotic 

debris and PMNs in alveoli.  Also, 25-50% of epithelia lining nasal passages were necrotic or 

ulcerated, with edema or lymphocytic-plasmacytic inflammation of the submucosa.  Mink 

were negative for Aleutian Disease by PCR and positive for influenza A by 

PCR. Immunohistochemistry for Influenza A demonstrated nuclear staining in bronchial epi-

thelium as well as in bronchial submucosal glands. Next generation sequence analysis of 

several isolates was done at the National Veterinary Services Laboratories (NVSL), and 

showed that they were all pandemic H1N1. 
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Cutaneous diphtheria-like disease with Corynebacterium  

ulcerans in mink and its presence on nasal mucosa of 

healthy mink 
R. J. Molenaara  aGD Animal Health, Arnsbergstraat 7, Deventer, The Netherlands 

Abstract: Three dead mink were submitted from a farm suffering of increased mortality after 

vaccination. They had severe necropurulent inflammation at the injection site. Large numbers 

of Corynebacterium ulcerans were cultured from two of the wounds, while Clostridium perfringens 

was cultured from one of these two, as well as from the wound of the third mink. To determine 

whether C. ulcerans is commonly present in mink, nasal swabs were collected from clinically 

healthy mink at three farms during the pelting period. C. ulcerans was found in 28/62, 29/56 

and 6/60 swabs. Five isolates per farm as well as the isolates from the wounds were investigat-

ed for presence of the tox gene by PCR and production of toxin by ELEK test. Their identifica-

tion was confirmed by MALDI-TOF MS, 16S partial sequence analysis and biochemical profiling. 

The tox gene was found in the isolates from the wounds and in 0/5, 4/5 and 5/5 isolates from 

the farms. Toxin production was only detected in the isolates from the wounds. This is the first 

report of cutaneous diphtheria-like disease with toxigenic ulcerans in mink. Screening results 

suggest C. ulcerans is a common inhabitant of the nasal mucosa of healthy mink. 

Field case 

Clinical: Increased mortality following intramuscular (IM) vaccination in February. 

Post-mortem: Partly subcutaneous and partly IM necropurulent to necrohemorrhagic nodule 

of 2.5x2x2 cm at the vaccination site in each of three submitted mink (Figure 1). Histological 

analysis: Necropurulent dermatitis, cellulitis and myositis with numerous intralesional pleio-

mophic bacilli, 1-2 µm in diameter, gram-positive using modified Brown and Brenn gram-stain. 

Bacteriology, aerobic and anaerobic: Abundant Corynebacterium ulcerans (mink 

one),abundant C. ulcerans and mild growth of Clostridium perfringens (mink two) and mild 

growth of Cl. perfringens mixed with Cl. sordellii (mink three). Typing of colonies was done us-

ing biochemistry as well as MALDITOF-MS. 

Toxin production: The C. ul-

cerans isolates were positive 

for tox gene carriage (PCR by 

RIVM) and for toxin production 

(Elek test by RIVM). 

 

Figure 1. Necropurulent reac-

tion (arrow) at injection site 

from which abundant C. ulcer-

ans was isolated 
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Figure 2. Modified Brown and 

Brenn gram-stain of the necro-

purulent area in Figure 1 

shows numerous gram-positive 

bacilli (scale bar = 10µm) 

Farm C. ulcerans Tox gene PCR Toxin production 

A 28/62 0/5 - 

B 29/56 4/5 0/4 

C 6/60 5/5 0/5 

Table 1. Isolation of Corynebacterium ulcerans from nasal swabs, detection of the tox gene using PCR in five iso-

lates per farm and results of the Elek test for toxin production in the tox gene PCR positive isolates. 

Screening 

Sampling: 

 Three Dutch mink farms (A-C) with no clinical disease. 

 Nasal swabs: 62 from farm A, 56 from farm B, 60 from farm C. 

 Collected during pelting season, within one hour after euthanasia. 

 Directly transported at below 8°C to laboratory for testing. 

 

Culture, identification and toxin production: 

 Plated on blood agar and incubated overnight at 37°C. 

 Each distinct colony was typed using MALDITOF-MS. 

 Five random C. ulcerans isolates per farm sent to RIVM: 

 Additionally typed using 16S partial sequence analysis and extensive biochemical 

profiling. 
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 Tested for presence of the tox gene using PCR. 

 Elek test on all tox gene positive isolates. 

Results: 

The results of C. ulcerans isolation, PCR and Elek testing, are listed in Table 1. Other Coryne-

bacterium spp. isolated from the nasal swabs included C. amycolatum (34), C. freneyi (5), C. 

pseudotuberculosis (3), C. xerosis (3), C. ammoniagensis (3), C. confusum (2) and C. casei (1). 

Conclusions 

• C. ulcerans, often carrying the tox gene, appears to be a common inhabitant of nasal 

mucosa in mink. 

• Post-vaccination wound infections with toxigenic C. ulcerans in mink are clinically, 

grossly, histologically and bacteriologically identical to cutaneous diphtheria-like dis-

ease in other species. 

• Zoonotic potential of toxigenic C. ulcerans should be considered when handling mink. 

Genetic analysis of the Aleutian mink disease virus 

in free-ranging mink in Nova Scotia 

Hossain Farid, Department of Animal Science and Aquaculture, Facuty of Agricuture, Dalhousie University, Truro, Nova Scotia, 

B2N 5E3, , ah.farid@dal.ca. Acknowledgements: Technical assistance of Priyanka Rupasinghe and Irin Arju is greatly appreci-

ated. Financial support for this project was received from Research Acceleration Program of the Nova Scotia Department of 

Agriculture (Growing Forward 2) and the Joint Mink Research Committee (Project RA14-0039). 

The need for this study: Testing of mink by counter-immunoelectrophoresis (CIEP) and re-

moval of infected animals has been the cornerstone of the fight against the Aleutian mink dis-

ease virus (AD virus) in Nova Scotia and other mink producing regions of the world for many 

years. This strategy has, however, shown limited success in some regions with a high con-

centration of mink farms, such as western Nova Scotia, where the test- and-removal strategy 

was followed since the mid-1970s. Its failure may be attributed to several factors, including 

the presence of wild animals, particularly free-ranging mink, which are reservoirs of the AD 

virus. We previously reported that more than 90% of free- ranging mink in Nova Scotia car-

ried the AD virus. The term ‘free-ranging’ rather than ‘wild’ mink is used in this report, as 

some of the animals caught in the wild could have been escapees from mink farms. 

In order to determine whether free-ranging mink are the source of viruses on a farm, the vi-

ruses must be sequenced and the sequences compared with a database of all viruses known 

to exist in a region. The first step was thus establishing a DNA sequence database of the AD 

virus isolates in free-ranging mink. 

A few facts about the AD virus need to be mentioned to better understand the results of this 

study. First, the length of the AD virus genome is 4801 nucleotides (a unit of DNA). A large 

mailto:ah.farid@dal.ca
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proportion of the virus genome is involved in making viral proteins (the coding region). Two 

of the proteins make up the outer shell of the virus (structural proteins) and three proteins are 

involved in the virus replication and life cycle activities (non-structural). Second, the AD virus 

genome is prone to quite a high mutation rate, and thus changes over time. Third, when an 

animal is infected with more than one type of the virus, which is a common occurrence in na-

ture, these viruses in the animal exchange their genetic materials, which is called genetic re-

combination. This event gives rise to variable evolutionary histories throughout the genomes 

of viruses and makes it difficult to find true relationships among viral isolates by DNA analy-

sis and thus pinpointing the source of infection of mink farms. Genetic recombination could 

also cause the proliferation of strains of the virus with different degrees of pathogenicity. 

In order to identify the source of contamination of mink on a farm, or to study the relationship 

among different AD virus isolates, only small sections of the virus, between 300 to 600 nucle-

otides, have been commonly sequenced and compared with each other by researchers. Such 

small sections are used to keep the cost of sequencing low. The region which is sequenced 

most often is the one which shows a high degree of variability (hypervariable region). It is 

not known whether a small fragment of the AD virus genome, particularly the hypervariable 

region, is representative of the entire viral genome and can be used for viral classification. It 

is important to find the location and size of a viral genome fragment which best represents 

the entire genome, which can be used for accurate classification of viruses. Such a region, 

although crucial in AD virus classification, has not been identified before. 

Objectives: The primary objective of this study was to sequence almost the entire length of 

AD virus isolates found in free-ranging mink in Nova Scotia, and to create a database of these 

sequences which could then be used to identify the source of AD virus on farms. Another goal 

of this work was to find a section of the viral genome which accurately represents the entire 

genome and can serve as a low cost, rapid and accurate reference for identifying AD isolates 

on different farms. 

Materials and methods: A 4410 nucleotide long segment of the AD virus, from nucleotides 

206 to 4616, which covered 91.9% of the viral genome and encompassed the entire coding 

regions, was sequenced in 25 free-ranging mink. To increase the accuracy of each sequence, 

each virus genome was sequenced in both directions. The mink which were used in this 

study had been trapped between 2008 and 2011 in seven counties in Nova Scotia, including 

Colchester (4), Cumberland (7), Halifax (2), Kings (2), Lunenburg (5), Pictou (1) and Yar-

mouth (4). The only six AD virus strains whose entire coding region was publicly available on 

the internet (Genbank), were included in the analyses for comparison with the local isolates. 

Results: This was the largest study ever conducted in the world to analyze genetic diversity, 

evolutionary relationships and genetic recombination of the entire coding sequence of the 

AD virus isolates circulating in free-ranging mink. The significant findings are listed below: 

* All of the 25 mink, except one, were infected with more than one type of the AD virus. 

Infection with more than one virus type could be the result of mutation accumulation over 

time or of cross-contamination with viruses carried by other mink. 

* There was a high degree of genetic variability among the isolates, ranging between 

0.6% to 10.4% differences in nucleotide composition. 
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* The three non-structural genes were almost twice as variable as the structural genes, and 

the same pattern was observed for the amino acid composition of the structural and non-

structural proteins. 

* The 25 local isolates and the six published sequences fell into four distinct groups, of 

which one group included the published sequences and 15 local isolates, and the other 

seven fell into three groups which had not been previously identified. A region of the non-

structural protein which played a significant role in grouping AD viruses was identified 

and guidelines for classification were developed. 

* A total of nine regions with high degrees of variability (hypervariable regions) were 

identified in the non-structural proteins, of which six had not been previously identified. 

Two hypervariable regions were identified in the structural protein, of which one was not 

previously recorded. 

* It has been previously suggested that five amino acids in the structural proteins deter-

mined the pathogenicity of AD virus strains. All five amino acids in the 25 local isolates 

were different from those in the non-pathogenic ADV-G strain, whereas 12 local isolates 

had similar amino acids to the highly pathogenic Utah-1 strain. These findings may suggest 

that some of the local isolates could be pathogenic. 

* A total of 18 significant recombination events were detected in the local and the six pub-

lished sequences. It was hypothesized that both mutation and genetic recombination play 

important roles in the evolution of the AD virus. 

* Six analyses were performed to find the regions of the AD virus genome which could be 

used to accurately classify a virus, which is important for pinpointing the source of infec-

tion of a mink farm. These analyses were based on structural proteins, non-structural pro-

teins and a combination of the two groups of proteins. Original sequences as well as se-

quences after the removal of the recombinant segments were tested. It was shown that the 

most accurate method of virus genome classification was based on using the entire coding 

region after the removal of the recombination segments of the genome. 

* It was shown that virus classification based on the non-structural genes and proteins of 

the AD virus was more accurate than using the structural genes, because of the higher de-

gree of variability of the former. The non-structural genes of the virus should be used for 

classification of a newly sequenced virus 

* The small region of the non-structural proteins (300 amino acids) was identified which 

accurately represented the entire viral genome. This region, which has not been previous-

ly identified, can be compared to the existing sequence databases for tracing virus move-

ment in the environment, among farms and between ranched and wild mink. This region is 

very useful for identifying the source of contamination of a farm with a low cost. 

——————————————— 

This project was the subject of M.Sc. thesis of Faezeh Kharazyan entitled ”Genetic diversity, 

molecular evolution and classification of the viruses in the genus Amdoparvovirus circulating 

in free-ranging mink in Nova Scotia and detection of novel species”. The thesis can be ac-

cessed at http://hdl.handle.net/10222/72604 (224 pages). 



Page 13 

SPRING 2017 

FINAL REPORT: Comparison of MALDI-TOF and 

ELISA for identification of breeding animals in AD 

resistance breeding program -Clinical trial. 

Submitted by: Arnost Cepka, D.V.M., Ph.D. On behalf of: Peter Peters, President (Prince 

Edward Island Fur Breeders) 

Scope of the Project: This report is aimed at critically addressing the issue of "Breeding for 

Aleutian disease resistance", and the complex evaluation of testis with the recommendation 

to the Research Committee of the US and Canadian Mink Breeders Association. The evalua-

tion involved the review of both the principles of the tests, and the "evidence based" conclu-

sions. The results and conclusions included in this report are fully documented in in the fol-

lowing peer reviewed publication [Cepico, A., 20161], as are the details and the relevant ref-

erences. For ease of understanding and historical context, the PowerPoint presentation from 

the IFASA 2016 Congress is also attached (Cepica_Plenary_Aleutian Disease2).  

The results of this trial represent the first critical analysis of the theoretical considerations 

and of the experimental evidence with respect to the potential of MALDl-TOF (albumin/lgG), 

AMDV-Ab ELISA, Iodine test, and UV spectrometry in selection of breeding animals for 

"Breeding for AD resistance programs". The full published research paper, as well as the 

PowerPoint of the oral presentation at the IFASA Helsinki Congress, is attached for conven-

ient access to the details that are beyond the scope of this executive summary. The publica-

tion has undergone peer review through the review board of the 2016 IFASA reviewers, and 

the oral presentation was subjected to discussion of the IFASA plenary session on Aleutian 

Disease: 

 

Executive Summary: The analysis of the publications on the characteristics of the Aleutian 

disease associated principal clinical pathology feature, hypergammaglobulinemia, and on 

the principles of the tests considered as candidates for "breeding for AD resistance, led to 

the following conclusions: 

1. Lowered AIbumin/lgG ratio (<8), as established by MALDl-TOF, represents an individ-

ualized quantifiable in vivo clinical pathological marker of the disease, and is current-

ly is the only test with this capability.  The application of the test for selection of breeding 

animals on farms led to restoration of productivity (# of kittens per bred female, # of kit-

tens raised to pelting age) to pre-AD outbreak levels in two to three production years.  

2. Tests that are based on establishing levels of semi-quantitative and quantitative 

measurement of specific AMDV-antibody (e.g., various AMDV-Ab ELISA formats /solid 

phase, lateral flow, etc., are unsuitable for the application in breeding for AD re-

sistance. 

The primary reasons are:  
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a) The specific antiviral antibody constitute only a minor component of AD hyper-lg, while au-

toimmune specificities are a significant major component of AD associated hyper-lg, and 

b) The specific antiviral antibody was not in correlation with the onset and severity severity of 

the disease.  

This claim is not only supported by all of the published evidence on AD, but important-

ly, also by the absence of any evidence regarding the possible correlation of specific an-

tiviral antibody with onset and severity of animal or human viral disease. The sensitivi-

ty and specificity of AMDV-Ab ELISA was 77.5% and 72%, respectively. When the test val-

ues of AMDV-Ab ELISA from 1850 animals (comprising several farms in the trial), were corre-

lated with Albumin/ lgG (MALDl-TOF) values, there was no significant meaningful correla-

tion (r=-0.385, p <0.05). 

3. Iodine test and the UV spectrometry. Unlike AMDV-Ab ELISA which reflects only the anti-

viral antibody, these tests do reflect total protein levels, which include both the antiviral and 

the autoimmune hyper-lg constituents. However, the results of the correlation analyses of test 

results indicated the sensitivity and specificity of the Iodine test, In comparison to Albu-

min/lgG were 91.4% and 90.6% respectively. Additionally, it is clear from the field results 

of farmers who practiced Iodine testing for years, that application of this test did not exert sus-

tainable positive impact on the fitness of subsequent generations. In other words, the progeny 

of the iodine testing did not lead to a higher proportion of “AD resistant” Phenotype 

among progeny, and the proportion of Iodine tested animals did not improve with gener-

ations. In addition, we observed poor test to test reproducibility of the results even when 

performed by the same person. This further weakens the power of the test to quantify the de-

gree of pathology. 

4. With respect to UV spectroscopy (280nm), there was a slightly better sensitivity and speci-

ficity compared to the Iodine test (95.2% and 91%, respectively), and the correlation to MALDl

-TOF was also slightly better (r=0.903 p <0.05). The advantages of this test are a) low cost of 

instrumentation and b) potential to be adoptable as in-house field test. Currently, there is no 

data available, however, with respect to the potential of this test to improve the sustained gen-

erational fitness of the progeny. 

———————————————— 

1 Cepica, A., 2016. Canadian experience with MALDl-TOF profiling of plasma proteins in selection for breeding for Aleutian 

disease resistance, and comparison to iodine precipitation and AMDV-Ab ELISA; IFASA Proceedings, Helsinki, Finland, Au-

gust 23-26, 2016, Scientifur Vol. 4; 3/4, p.107-118.  

2 PowerPoint file -Cepica_Plenary_Aleutian disease, IFASA 2016 Congress. 

Selection for tolerance to Aleutian mink disease 

virus infection reduces severity of disease 

symptoms 
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Hossain Farid, Department of Animal Science and Aquaculture, Faculty of Agriculture, Dalhousie Univer-

sity, Truro, Nova Scotia, B2N 5E3, Canada, ah.farid@dal.ca 

Introduction: It is well known that some mink can tolerate the Aleutian mink disease virus 

(AD virus), showing low serum gamma globulin and displaying only mild or no clinical 

symptoms of the disease. The presence of apparently tolerant animals, which is not rare 

among non-Aleutian mink, encouraged many mink farmers in Nova Scotia, and other 

places, to start selecting their herds for tolerance. The effect of selection for tolerance on 

the severity of AD lesions on various organs has not been previously documented. The 

objective of this field survey was to assess the effect of selection for tolerance on the 

severity of the AD lesions found in black mink in Nova Scotia. 

Experimental procedure: A total of 28 AD-virus infected farms in Nova Scotia participat-

ed in this survey, of which 25 have been following the test-and-kill strategy for several 

years and three farms were selecting their mink for tolerance for almost 20 years. Selec-

tion for tolerance was based on animal health, reproductive success and iodine agglutina-

tion tests (IAT), except for one farm, which did not use IAT. Between 74% and 91% of mink 

on the tolerant farms were sero-positive when tested by Counter-immunoelectrophoresis 

(CIEP). 

Carcasses of 680 CIEP-positive mink from these 28 farms and of 132 CIEP- negative 

mink from 14 of the same farms were collected during the pelting season (November 

to February) in 2003 to 2010, inclusive. No CIEP-negative mink were sampled from 

tolerant farms because the number of such animals on these farms was very small. Ani-

mals were pelted on farm or at the Co-op Pelting Plant in Weymouth, Nova Scotia, and car-

casses were examined at the Pathology Laboratory, Veterinary Services, Nova Scotia De-

partment of Agriculture in Truro, by an experienced veterinary pathologist (Dr. L.E. 

Ferns). The spleen, brain, lungs, liver, kidneys, mesenteric lymph nodes and heart were 

examined for size, color, inflammation and necrosis that could be associated with AD, and 

samples of brain, lungs, liver, kidneys and heart were subjected to histopathological ex-

amination under a microscope by the pathologist. 

Results: Major findings in the three groups of mink (tolerant CIEP-positive, CIEP-positive 

and CIEP-negative) are listed below: 

 

 In the CIEP-positive group, the severity of microscopic AD lesions on the five or-

gans varied considerably, ranging from no lesions to very severe lesions. Severity of 

lesions would be influenced by the animal’s genetics, the strain of the virus and the 

time elapsed between establishment of infection and sampling. 

 Most of the CIEP-negative mink, which were sampled from the same sheds as the CIEP-

positive mink, did not show any lesions on any of the organs (33.3%) or showed 

minor lesions (62.9%), possibly caused by agents other than the AD virus. 

 Similarly, a large number of the tolerant CIEP-positive mink had no lesions on any of 

their organs (31.9%), which was comparable with the number of CIEP-negative ani-

mailto:ah.farid@dal.ca
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mals with no lesions (33.3%), whereas the number of CIEP-positive mink with no lesions 

was only 10.5%. 

 On the contrary, the number of animals with severe and very severe lesions in the CIEP-

positive group (44.7%) was 29.8 times greater than in the CIEP-negative (1.5%) group 

and 5.7 times greater than in the tolerant CIEP-positive group (7.8%). Statistical analysis 

showed that maximum severity of the lesions was comparable between the infected tol-

erant mink (CIEP-positive) and the non-infected (CIEP-negative) animals. 

 It was concluded that selection for tolerance significantly reduced the maximum sever-

ity of lesions in CIEP-positive mink, making them comparable with CIEP-negative ani-

mals which were mostly uninfected. The results suggest that tolerant animals remained 

healthy despite harboring the virus and producing antibodies. 

 It may be concluded that visual evaluation of animal health, on a regular basis, is a prac-

tical method for estimating the severity of AD lesions in live animals and establishing 

tolerant herds. Selection for tolerance is particularly recommended in heavily infected 

regions where continued use of the test-and-removal strategy has shown limited success. 

 In this study, there was evidence that selection for tolerance primarily acted on the kid-

neys, which were notably healthier upon inspection than in the CIEP-positive, non-

selected animals. 

For more information, please read the following freely accessible published paper:  Farid, 

A.H. and L.E. Ferns. 2017. Reduced severity of histopathological lesions in mink selected for 

tolerance to Aleutian mink disease virus infection. Research in Veterinary Science, Vol 

111:127-134 http://dx.doi.org/10.1016/j.rvsc.2017.02.009 

The accuracy of CIEP in detecting mink infected 

with Aleutian mink disease virus under long-term 

eradication programs 

Hossain Farid, Department of Animal Science and Aquaculture, Faculty of Agricul-

ture, Dalhousie University, Truro, Nova Scotia, B2N 5E3, Canada, ah.farid@dal.ca 

Testing mink for antibodies against the AD virus by counter-immunoelectrophoresis 

(CIEP) or, recently, by enzyme-linked immunosorbent assays (ELISA) and elimination of 

seropositive animals has been the standard approach for controlling the AD virus across 

the globe. This strategy, in combination with disinfection practices and implementation of 

biosecurity measures, has been followed in Nova Scotia since the mid-1970s, but has not 

been effective in permanent viral eradication from many farms. Several factors con-

tribute to the failure of the test-and-kill strategy, including the presence of animals 

which carry the virus but CIEP test result is negative (false negative CIEP). It is possible 

mailto:ah.farid@dal.ca
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that continued application of the test-and-kill strategy, over many years, would increase 

the proportion of infected animals carrying the virus but having low levels of antibodies, 

which cannot be detected by CIEP. The objective of this study was to estimate the ac-

curacy of CIEP for detecting infection in mink herds that have been practicing the test-and-

kill strategy for a long time. 

Experimental procedure 

Most mink farmers in Nova Scotia have been testing their potential replacements by CIEP at 

least once before pelting season and eliminated CIEP-positive animals. Owners of 28 in-

fected farms in Nova Scotia agreed to participate in this study. Carcasses of 680 CIEP- posi-

tive mink from these 28 farms and of 132 CIEP-negative mink from 14 of the same farms 

were collected during the pelting season (November to February) in 2003 to 2010, inclu-

sive. Animals were pelted 7 to 16 days after they were sampled for CIEP and a sample 

of the spleen from each carcass was harvested. DNA was extracted from the spleen sam-

ples and at least three PCR tests were performed on each sample to test for the presence 

of the AD virus. Results of PCR tests were classified as positive, inconclusive or negative. 

Results and discussion: 

 A high number of CIEP positive (96.6%) animals carried the virus (PCR positive or incon-

clusive), suggesting that a positive CIEP test is an accurate measure of an animal’s ex-

posure to the virus. 

 The small number of animals which were CIEP positive but PCR negative could be the 

result of low viral load in those samples, false positive CIEP or errors in the PCR tests. 

 Only 65.4% of CIEP negative animals were also PCR negative (did not carry the virus). 

On the farms, these mink were in the same building as, and often in an adjacent cage 

to, CIEP positive mink but they were not infected, suggesting a slow rate of horizontal 

AD virus transmission via the airborne and/or direct contact routes. 

 The rather large number of CIEP negative mink which were PCR positive (16.5%) or in-

conclusive (18.1%) has great implications for virus eradication programs using the test-

and-kill strategy. It is postulated that CIEP failed to detect the infection in these mink for 

several reasons: One could be that the use of test-and-cull strategy for almost 40 years 

in Nova Scotia, has possibly resulted in an unintended selection for low antibody 

producers not detectable by CIEP. The time lag between sampling for CIEP and PCR, 

which ranged between 7 and 16 days, the fact that the AD virus can be detected by PCR 

sooner than antibodies against the virus by CIEP, and genetic differences among ani-

mals for the pattern of antibody production and viral replication could be other rea-

sons. 

 It was concluded that, in the field, CIEP is a better test than PCR for detecting infec-

tion. Although PCR is too expensive for routine herd screening, performing both tests 

is recommended in special cases, such as when introducing new mink to an AD virus-

free farm. Performing PCR on CIEP negative mink only can be used to reduce the cost. 

 There were some disagreements among the results of multiple PCR tests on the same 
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sample, suggesting that a single PCR test may not be sufficient for accurately detecting 

AD virus in mink cadavers. 

For more information, please read the following freely accessible published paper: Farid, 

A.H. and L.E. Ferns. 2017. Reduced severity of histopathological lesions in mink selected 

for tolerance to Aleutian mink disease virus infection. Research in Veterinary Science, Vol 

111:127-134  http://dx.doi.org/10.1016/j.rvsc.2017.02.009 

A Comparison between ELISA and CIEP for Measur-

ing Antibody Titres against 

Aleutian Mink Disease Virus 

Farid AH1* and Segervall J2 
1Department of Plant and Animal Sciences, Dalhousie University  

Faculty of Agriculture, Truro,Nova Scotia, Canada 
2Profur, PälsKraft. Kungsgårdsvägen Vaasa, Finland 

*Corresponding Author: Farid AH, Department of Plant and Animal Sciences, 

Dalhousie University Faculty of Agriculture, Truro, Nova Scotia, B2N 5E3, Canada, 

Tel: 0019028936727; E-mail: ah.farid@dal.ca 

Abstract 

Introduction: Enzyme-linked immunosorbent assay (ELISA) is used for the identification of 

mink with low antibody titre against the Aleutian mink disease virus (AMDV) who can toler-

ate the infection. There is no published information on the merit of ELISA for measuring anti-

body titre. An ELISA was compared with the counter immunoelectrophoresis (CIEP) for quan-

tifying antibodies against AMDV. 

 

Materials and methods: In experiment 1 (EX1), 41 black mink were inoculated with various 

amounts of a local strain of AMDV and were euthanized on day 218 post-inoculation (pi). In 

experiment 2 (EX2), 262 black mink were inoculated with a single doses of the same virus 

and euthanized 16 to 71 weeks pi. Antibodies to AMDV were quantified by CIEP using 10 two

-fold serial dilutions of plasma, and serum samples were tested by the ELISA. Total serum 

proteins, albumin and globulins were measured in EX1. 

 

Results and discussion: All mink were tested positive for AMDV infection by PCR in both 

experiments. There were moderate concordances between CIEP and ELISA results 

(Spearman’s correlation of 0.77 and 0.71 in EX1and EX2, respectively). Each ELISA class 

spanned a wide range of antibody titres in both experiments. Antibody titres of lower than 32 

were not associated with serum proteins while greater titers were positively associated with 

total serum proteins and globulins (P<0.01) and negatively associated with albumin and al-

bumin:globulin ratio(P<0.01). Regressions of serum protein measurements on ELISA classes 

were linear and in the same directions as, although weaker than, those on CIEP. 

http://dx.doi.org/10.1016/j.rvsc.2017.02.009
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NOTE:  All complete articles will be available at www.FurResearch.org, a free  mink 

research library hosted by Fur Commission USA 

 

Conclusion: Although ELISA was not able to accurately measure anti-AMDV antibody titre, 

in the absence of any other practical method, it is a useful tool for ranking mink for anti-

AMDV antibody titres. 

Accuracy of enzyme-linked immunosorbent assays 

for quantification of antibodies against Aleutian 

mink disease virus 

A.H. Farid∗, P.P. Rupasinghe 
Department of Plant and Animal Sciences, Dalhousie University  

Faculty of Agriculture, Truro, Nova Scotia, B2N 5E3, Canada 

A b s t r a c t 

There is a growing interest among mink ranchers to select their stock for tolerance to the 

Aleutian mink disease virus (AMDV). Enzyme-linked immunosorbent assays (ELISA) are 

used to identify mink which have low anti-AMDV antibody titres and are expected to toler-

ate the AMDV infection. The objective of this study was to calculate the accuracy of three 

ELISA systems which were performed on blood or serum of AMDV-inoculated American 

mink (Neovison vison) at five laboratories in Canada, USA, Finland, the Netherlands and 

Denmark. The accuracy was determined by comparing the ELISA results with antibody ti-

tres measured by the counter-immunoelectrophoresis (CIEP) using 10 two-fold serial dilu-

tions of the plasma. Antibody titres of 880 black mink which were inoculated with a spleen 

homogenate from a naturally infected mink were measured between 16 and 176 weeks post

-inoculation. Each ELISA result from every laboratory covered a wide range of antibody ti-

tres and the Spearman’s rank correlation coefficients between CIEP and ELISA results from 

different laboratories varied between 0.41 and 0.83, indicating a low to moderate accuracy 

of ELISA systems for ranking mink by antibody titre. The recombinant VP2-based ELISA 

used in the Netherlands and Finland ranked the mink by antibody titres more accurately 

than did the AMDV-G-based ELISA platforms developed in Denmark and the USA, suggest-

ing that the source of antigen was one of the factors affecting the accuracy of ELISA results. 

It was concluded that the ELISA systems, particularly those based on AMDV-G antigen, re-

quire further refinement to improve their accuracy for ranking mink by antibody titre. 

 

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC 

BY license (http://creativecommons.org/licenses/by/4.0/). 


