
S1 Text 1 

Because the SNAP 4Dx Test was designed for domestic dogs, we conducted a validation study 2 

for gray wolves to determine if the SNAP 4Dx Test can be used to assess disease 3 

exposure/infection in gray wolves (Canis lupus). We identified 36 wolf sera samples previously 4 

tested for at least one of the four pathogens in this study. An additional 11 wolves were 5 

heartworm positive at necropsy. We compared wolf serum SNAP 4Dx Test results to previous 6 

results obtained with different diagnostic tests for at least one of the four diseases. B. burgdorferi 7 

and A. phagocytophilum were previously analyzed by Marshfield Medical Center Laboratory in 8 

Wisconsin utilizing an indirect immunofluorescent antibody (IFA) assay. For D. immitis, 9 

samples were analyzed by Marshfield Medical Center Laboratory using a commercial ELISA 10 

(DiroCHEK), or by the Wisconsin Veterinary Diagnostic Laboratory (WVDL) – Madison or an 11 

unknown laboratory (records lost) using an ELISA for detection of D. immitis uterine antigen. 12 

We also used wolves diagnosed with heartworm at necropsy (based on observation and 13 

identification of worms). We compared the SNAP 4Dx Test results to the previous laboratory 14 

results and to necropsy results for D. immitis. For each pathogen we calculated the percentage of 15 

concordance (both positive and negative results) between the SNAP 4Dx Test and previous 16 

laboratory or necropsy results. We used a binomial test to evaluate agreement where a significant 17 

P-value indicates disagreement. If the binomial test was not significant we assessed the level of 18 

agreement utilizing a Kappa statistic (<0.2 indicates slight, 0.2 to 0.4 fair, 0.4 to 0.6 moderate, 19 

0.6 to 0.8 substantial, >0.8 almost perfect agreement) [4].  20 

 21 



Unfortunately, none of the sera samples was previously tested for antibodies against E. canis. 22 

We found B. burgdorferi had the highest concordance (94.1% n=17) with almost perfect 23 

agreement between both diagnostic tests (P=1; Kappa=0.77; SE of Kappa= 0.22) (Positive-24 

Positive= 14, Negative-Negative= 2, Negative-Positive=1, Positive-Negative=0; SNAP 4Dx Test 25 

results second). There was weak agreement for anaplasmosis (P=0.031, Kappa=0.16; SE for 26 

Kappa= 0.15) (Positive-Positive= 10, Negative-Negative= 1, Negative-Positive=0, Positive-27 

Negative=6; SNAP 4Dx Test results second) with concordance of 64.7% for 17 samples. Finally, 28 

for heartworm infection there was 92% concordance (n=24, P=0.75); however, there were few 29 

positive heartworm serology tests and agreement was poor (Kappa=-0.06; SE for Kappa= 0.04) 30 

(Positive-Positive= 0, Negative-Negative= 22, Negative-Positive=2, Positive-Negative=1; SNAP 31 

4Dx Test results second). Of the 11 heartworm positive wolves at necropsy, only 2 (18.2%) 32 

tested positive with the SNAP 4Dx Test. 33 

 34 

The near perfect agreement with prior laboratory results for Lyme disease indicates that the 35 

SNAP 4Dx
 
Test performs well for detecting antibodies against B. burgdorferi in wolf 36 

blood/serum. However, agreement was lower for anaplasmosis (64.7% concordance) suggesting 37 

the SNAP 4Dx
 
Test has lower sensitivity in wolves than previously described for dogs [3]. 38 

Concurrence for heartworm results may be misleading due to the small number of positive 39 

samples for both tests. In addition, < 20% of the wolves with heartworms observed during 40 

necropsy were positive on the SNAP 4Dx Test, indicating the test has lower sensitivity than 41 

previously determined in dogs with low worm burdens [1]. These results suggest that the SNAP 42 

4Dx Test might underestimate true prevalence of exposure to A. phagocytophilum and infection 43 

with D. immitis in wolves. Alternatively, sensitivity may be lost during longer storage times that 44 



elapsed between SNAP 4Dx
 
Testing of wolf samples and previously conducted evaluations [2] 45 

and we believe these topics deserve further research consideration.   46 
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