
Sweet et al. Parasites Vectors          (2021) 14:173  
https://doi.org/10.1186/s13071-021-04678-6

RESEARCH

A 3-year retrospective analysis of canine 
intestinal parasites: fecal testing positivity 
by age, U.S. geographical region and reason 
for veterinary visit
Sarah Sweet, Evan Hegarty, Donald J. McCrann, Michael Coyne* , Dave Kincaid and Donald Szlosek 

Abstract 

Background: Canine life stage is a key factor in parasite prevalence as clinical signs associated with parasitism are 
more common in pups. In adult dogs, health status and geographical region may also play a role in parasite preva-
lence. The purpose of this study was to evaluate fecal test results using zinc sulfate flotation by centrifugation com-
bined with fecal antigen testing for hookworms (Ancylostoma spp. Uncinaria stenocephala), ascarids (Toxocara canis, 
Toxascaris spp., Baylisascaris spp.) and whipworms (Trichuris vulpis) sorted by age, geographical region and veterinary 
visit type.

Methods: A retrospective sample of intestinal parasite panels submitted to IDEXX Laboratories from 1,626,104 indi-
vidual dogs were selected from the continental USA from 1 January 2017 to 31 December 2019. These data contain 
results from fecal exams performed using zinc sulfate flotation by centrifugation paired with coproantigen immuno-
assay results for hookworms, ascarids, whipworms and Giardia (Fecal Dx® with Giardia coproantigen immunoassay 
plate). For paired testing, if either the coproantigen assay or flotation test was positive, the sample was considered to 
be positive. Data were summarized by age category, U.S. Census Bureau geographical region (Northeast, South, Mid-
west, West) and veterinary visit type. Visit types were subdivided into Wellness Visits and Other Clinical Visits in which a 
fecal sample was submitted.

Results: In dogs presenting for either Wellness Visits or Other Clinical Visits in which Giardia testing was included, 
Giardia had the highest positivity (combined results for microscopy and coproantigen: 12.2 and 10.8%, respectively), 
followed by hookworms (combined microscopy and coproantigen: 4.1 and 4.2%, respectively), ascarids (combined 
microscopy and coproantigen: 2.5 and 1.7%, respectively) and whipworms (combined microscopy and coproantigen: 
1.1 and 1.4%, respectively). When all test results were pooled together, pups aged 2–6 months were observed to have 
the highest proportion of positive results by either microscopy or coproantigen immunoassay regardless of clinical 
visit type. Parasite positivity varied by geographical region. Regardless of visit type, age or geographical region, the 
coproantigen method was observed to find a higher proportion of positive test results than microscopy in Giardia, 
ascarids, hookworms and whipworms.

Conclusions: The Fecal Dx® coproantigen immunoassay combined with the zinc sulfate flotation by centrifugation 
method uncovers a higher number of positive hookworm, ascarid and whipworm infections than zinc sulfate flota-
tion alone in both pups and adult dogs across all geographical regions of the USA regardless of visit type.
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Background
Accurate estimation of parasite prevalence is essential 
for veterinarians to understand the risk of infection. A 
recently published study highlighted the prevalence of 
common intestinal parasites even in well-cared dogs [1]. 
For the protection of people and pets, fecal exams are rec-
ommended as part of the annual or semi-annual canine 
wellness visit. The Companion Animal Parasite Council 
(CAPC) recommends that pups receive fecal testing two 
to four times during their first year of life, as canine life 
stage has been shown to be a key factor in parasite preva-
lence [2]. Clinical signs associated with certain parasites 
(e.g. Cystoisospora, Ancylostoma, ascarids, Giardia) have 
been observed to be more common in pups [3, 4]. Fecal 
testing should also be conducted on any dog presenting 
with clinical signs consistent with intestinal parasitism, 
including dogs with intermittent or persistent diarrhea 
(CAPC guidelines) [2].

Historically, the prevalence of canine intestinal para-
sites across the USA has been estimated using fecal flo-
tation and sedimentation methods [5–9]. While fecal 
flotation is still the most common method for the detec-
tion of intestinal parasites, microplate enzyme-linked 
immunosorbent assays (ELISA) for parasite-specific anti-
gen in feces (coproantigen assay) have been shown to 
increase the ability to detect infections and identify cases 
in which egg observations may be spurious as a result of 
coprophagy [10]. In addition, the CAPC states that fecal 
tests for specific coproantigens combined with flotation 
have been shown to optimize results when few to no eggs 
are recovered or with single sex or immature worm infec-
tions [2].

The combined use of flotation with coproantigen 
immunoassay should provide a more representative 
image of the total positive tests by life stage and region 
in the USA. The aims of this study are: (i) to report the 
proportion of fecal samples testing positive for intesti-
nal parasites stratified by life stage, geographical region 
and veterinary visit type; and (2) to describe differences 
in positivity between these two diagnostic methods (zinc 
sulfate centrifugation and coproantigen immunoassay).

Methods
Test results ordered by veterinary practices in the USA 
were collected from samples submitted to a national 
commercial reference laboratory using proprietary 
software (IDEXX Laboratories, Inc. Westbrook, ME, 
USA) from 1 January 2017 to 31 December 2019. Sam-
ples from dogs, aged 2 months to 25 years, tested for 
hookworms (Ancylostoma spp., Uncinaria stenoceph-
ala), ascarids (Toxocara spp., Toxascaris spp., Bay-
lisascaris spp.) and whipworms (Trichuris vulpis) with 
the zinc sulfate flotation by centrifugation method and 

coproantigen immunoassay on the same visit were used 
as study material. Complete paired testing of flotation 
and coproantigen was not required for Giardia spp. A 
single centrifugation for 5  min at 500 g was performed 
using zinc sulfate flotation solution (specific gravity: 
1.24), then read at 100× and 400× magnification follow-
ing standard methods [11]. Coproantigen immunoassays 
(Fecal Dx® immunoassay plate; IDEXX Laboratories, 
Inc.) utilize unique capture and detection antibodies 
developed against recombinantly expressed proteins of 
ascarids (Toxocara spp., Toxascaris spp., Baylisascaris 
spp.), hookworms (Ancylostoma spp., Uncinaria spp.) 
and whipworms (Trichuris vulpis) [11–13]. The coproan-
tigen immunoassay has > 98% specificity for these three 
parasites. Test results for the presence of Cystoisospora 
spp., Eimeria spp. and tapeworms (cestodes) (Dipylidium 
spp., Moniezia spp., Anoplocephala spp., Spirometra spp., 
Taenia spp., Mesocestoides spp., Diphyllobothrium spp., 
Echinococcus spp., Hymenolepis spp., Paranoplocephala 
spp., Cittotaenia spp.) were only available via zinc sulfate 
centrifugal flotation.

For inclusion in the study, the age of the dog and geo-
graphical location of the clinic that provided the sample 
were required. For dogs with multiple samples within the 
dataset, only the first sample for an individual dog and 
samples that had a second test 180 days following the first 
were included in the analysis. Only samples from clinical 
visits were included; samples from visits that were classi-
fied as retail, grooming or boarding were excluded. Clini-
cal visits were subdivided into Wellness Visits and Other 
Clinical Visits. Wellness Visits were visits to the veteri-
narian for the purpose of annual exams, vaccinations or 
routine check-ups. Other Clinical Visits were defined as 
a newly identified clinical condition, monitoring of an 
existing clinical condition or for procedures such as sur-
gery or dental prophylaxis.

All data analyses were conducted using R version 3.5.3. 
Data analysis was done with the tidyverse and multi-
ple helper function within the following packages: data.
table, magrittr, here, Hmisc, ggplot2, gridExtra, ggpubr, 
extrafont [14–20]. Summary statistics were reported 
as the percentage of positive results of all test results. 
Confidence intervals were calculated using the binomial 
exact method. For regional analysis of parasite positiv-
ity, U.S. Census Bureau regions (Northeast, South, Mid-
west and West) were used, as these align with major 
geographical and demographical differences that could 
theoretically influence parasite prevalence. Age was seg-
mented into seven life stage categories (≥ 2–6  months, 
≥ 7–12  months, > 1–2  years, ≥ 3–5  years, ≥ 6–8  years, 
≥ 9–13  years and ≥ 14  years). Statistical comparisons 
between methods were analyzed using the two-sided 
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Pearson’s  Chi-squared 2-sample test for equality of pro-
portions with continuity correction.

Results
The total study population included in the analysis con-
sisted of 1,903,852 fecal tests from canines; Giardia 
coproantigen testing was not a criterion for inclusion. Of 
these 1,903,852 canine fecal tests: (i) 1,626,104 were for 
individual dogs, with 64.9% (n = 1,236,448) coming from 
Wellness Visits and 35.1% (n = 667,404) coming from 
Other Clinical Visits; (ii) 50.1% (n = 953,660) included a 
Giardia coproantigen test, involving 832,446 individual 
dogs, of which 57.8% (n = 481,137) were from Wellness 
Visits and 42.2% (n = 351,309) were from Other Clinical 
Visits. A complete analysis of pooled wellness and other 
clinical visits samples can be found in the Electronic 
Supplementary Material (Additional file  1: Table  S1; 
Additional file  2: Table  S2; Additonal file 3: Figure S1; 
Additional file  4: Table  S3; Additional file  5: Table  S4; 
Additional file  6: Table  S5; Additional file  7: Figure S2; 
Additional file 8: Figure S3; Additional file 9: Table S6).

In results from dogs presenting for a Wellness Visit 
in which Giardia testing was included, Giardia had the 
highest positivity (combined microscopy and coproan-
tigen: 12.2%), followed by hookworms (combined 
microscopy and coproantigen: 4.1%), ascarids (com-
bined microscopy and coproantigen: 2.5%), Eimeria spp. 
(microscopy: 1.8%), Cystoisospora (microscopy: 1.6%), 
whipworms (combined microscopy and antigen: 1.1%) 
and tapeworms (microscopy: 0.2%), (Table 1). In results 
from dogs presenting for Other Clinical Visits in which 
Giardia testing was included, Giardia also had the high-
est positivity (combined microscopy and coproantigen: 
10.8%), followed by hookworms (combined microscopy 
and coproantigen: 4.2%), ascarids (combined micros-
copy and coproantigen: 1.7%), Eimeria spp. (microscopy: 

1.4%), Cystoisospora (microscopy: 1.4%), whipworms 
(combined microscopy and coproantigen: 1.4%) and 
tapeworms (microscopy: 0.3%, Table 1). A higher propor-
tion of positive test results was observed when coproan-
tigen and centrifugation results were combined than 
with either centrifugation or coproantigen assay alone 
(Table  1). Age-group differences by clinical exam type 
were observed. Pups aged 2–6-months comprised 18.5% 
(n = 228,453) of the Wellness Visits population and only 
8.9% (n = 59,114) of the Other Clinical Visits population 
(Additional file  1: Table  S1). In samples from both the 
Wellness Visits and Other Clinical Visits, the coproan-
tigen method found a higher proportion of positive test 
results than microscopy for Giardia, ascarids, hook-
worms and whipworms (Table 1).

When pooled together, pups in the age category 
2–6-months were observed to have the highest propor-
tion of positive test results by either the centrifugation 
method or coproantigen assay regardless of veterinary 
visit type (Fig.  1; all comparisons Pearson Chi-square P 
value < 0.001). Regardless of visit classification, samples 
from 2- to 6-month-old pups were found to have the 
highest proportion of positive test results by both the 
centrifugation and coproantigen compared to samples 
from other age categories for Giardia, Cystoisospora and 
ascarids (Figs.  2, 3; all comparisons Pearson Chi-square 
P value < 0.001). Samples from 7- to 12-month-old pups 
were found to have the highest proportion of positive 
test results for hookworms and whipworms by both cen-
trifugation and coproantigen (Figs. 2, 3). In healthy adult 
dogs aged > 2 years, Eimeria spp. was the most common 
organism identified by centrifugation (Additional file  2: 
Table S2). Regardless of age or veterinary visit type, the 
coproantigen assay was observed find a higher propor-
tion of positive test results than microscopy for Giardia, 

Table 1 Proportion of dogs with a positive test result for an intestinal parasite by the centrifugation method or coproantigen assay 
during Wellness Visits or Other Clinical Visits

Values are presented as the percentage test positivity, with the 95% confidence interval (CI) in parenthesis
a Combined values represent positive results by either the coproantigen immunoassay or the centrifugation method

Parasite Wellness Visit Other Clinical Visits

Centrifugation (95% CI) Coproantigen 
immunoassay 
(95% CI)

Combineda (95% CI) Centrifugation (95% CI) Coproantigen 
immunoassay 
(95% CI)

Combineda (95% CI)

Giardia 4.1% (4.0–4.1) 12% (12.0–12.1) 12.2% (12.1–12.2) 3.5% (3.4–3.6) 10.6% (10.5–10.7) 10.8% (10.7–10.9)

Hookworm 2.2% (2.2–2.2) 3.5% (3.5–3.6) 4.1% (4.1–4.1) 2.3% (2.3–2.3) 3.6% (3.6–3.7) 4.2% (4.1–4.2)

Ascarid 1.9% (1.9–1.9) 2.1% (2.1–2.1) 2.5% (2.5–2.5) 1.3% (1.2–1.3) 1.4% (1.4–1.4) 1.7% (1.7–1.7)

Eimeria 1.8% (1.8–1.9) 1.4% (1.4–1.5)

Cystoisospora 1.6% (1.66–1.6) 1.4% (1.4–1.4)

Whipworm 0.6% (0.6–0.7) 0.8% (0.8–0.9) 1.1% (1.1–1.1) 0.9% (0.9–0.9) 1.1% (1.1–1.1) 1.4% (1.3–1.4)

Tapeworm 0.2% (0.2–0.2) 0.3% (0.3–0.3)
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ascarids, hookworms and whipworms (Figs. 2, 3; all com-
parisons Pearson Chi-square P value < 0.001).

When all fecal test results were combined (including 
ascarids, Giardia spp., hookworms and whipworms), 
the proportion of positive results varied by geographi-
cal region (according to U.S. Census Bureau regions), 
regardless of veterinary visit type. Giardia spp. and Cys-
toisospora spp. infections were the highest in samples 
from the West (Table  2). Ascarid infections were high-
est in samples from the Midwest (Table  3). Whipworm 
infections were the highest in samples from the Midwest 
and the South (Tables 2, 3). Hookworm infections were 
the highest in the South (Table 2). Tapeworm infections 
were highest in the Midwest and the West (Tables 2, 3). 
When examined by age category and region, samples 
from younger dogs tended to have higher rates of posi-
tivity for hookworms, ascarids and Giardia spp. in every 
region, with a higher number of positive results found by 
the coproantigen assay (Fig.  4; Additional file  3: Figure 
S1). Regardless of geographical region, the copraantigen 
assay was observed to find a higher proportion of positive 
test results than microscopy for Giardia, ascarids, hook-
worms and whipworms (Fig. 4; all comparisons Pearson 
Chi-square P value < 0.001).  

Discussion
Overall, and regardless of the test method used, the high-
est proportion of positivity in the canine fecal samples 
was found for Giardia and hookworm parasites. Exami-
nation of the age distribution revealed a strong tendency 
for a higher proportion of intestinal parasite-positive 
samples in pups. However, the risk of intestinal parasite 

infections is not limited to pups; year-round, lifelong 
testing and prevention is recommended for dogs of all 
ages. Coproantigen testing consistently identified more 
animals as positive for hookworms, ascarids, whipworms 
and Giardia than centrifugation.

Previous studies have shown regional differences in 
intestinal parasite infection in the USA [1, 5, 6, 9]. In 
agreement with these earlier reports [1, 5], our analysis 
showed that canine fecal samples from the West had the 
highest Giardia-positive rate. Giardia-positive results are 
often seen in dogs presenting to clinics with diarrhea or 
vomiting and may be expected in shelter dogs and dogs 
from breeding facilities or kennels [2]. However, recent 
data support similar Giardia-positive findings in client-
owned dogs that frequent dog parks, suggesting that 
subclinical infections may contribute to environmental 
contamination [1]. In our study, Cystoisospora infection 
was highest in samples from the West, followed by the 
Northeast, and was lowest in samples from the South; in 
comparison, Little et al. found the highest Cystoisospora 
infection in the West and Midwest [5], and Blagburn et al. 
found the highest in the South [9]. While our findings are 
in partial agreement with those reported by Little at al. 
[5], they do differ from those of Blagburn et al. [9], with 
one possible explanation being the difference in canine 
population: the Blagburn et al. study focused on shelters 
across the USA and our focus was on samples collected 
from pet dogs. Compared to both of these earlier studies, 
we observed a much smaller proportion of positive sam-
ples for Cystoisospora. In our study, hookworm infection 
was highest in the South, as was observed in previous 
studies [1, 5, 9]. As also reported by Little et al. [5] and 

Fig. 1 Proportion of dogs with a positive test result for any intestinal parasite by either the centrifugation method or coproantigen assay by 
age category for Wellness Visits (light gray) or Other Clinical Visits (dark gray). Parasites included: Giardia, hookworm, ascarid, whipworm, Eimeria, 
Cystoisospora and tapeworm
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Stafford et  al. [1], we observed that the highest propor-
tion of ascarid-positive samples were from the Midwest 
[5]. An earlier study reported that the highest propor-
tion of samples positive for whipworm were from the 
Midwest, South and Northeast [3]. Our findings are in 
agreement with previous studies that found whipworm 
infection was identified less in the West [1, 5, 9]. The ten-
dency for pups to have a higher number of tests positive 
for hookworms, ascarids, whipworms and Giardia is pre-
sent in every region, as is the tendency for more positive 
results with antigen tests. This age-dependent relation-
ship has been shown previously by Little et al. [5].

Coproantigen testing was observed to have consist-
ently shown a higher proportion of parasite-positive 

fecal samples compared to centrifugation, regardless of 
parasite, region or age. Both age-dependent and region-
dependent trends in the proportion of parasite-positive 
samples were observed by each method, with decreasing 
positivity rates with increasing age of dogs. This simi-
larity in trends of test-positivity suggests that both test 
methods are representative of the underlying prevalence 
in these populations. While the coproantigen immuno-
assay was observed to have a higher proportion of posi-
tive test results than the centrifugation method, the true 
prevalence is not known and cannot be determined from 
this study.

Fig. 2 Proportion of dogs classified as Wellness Visit with positive test results for intestinal parasite by the centrifugation method and coproantigen 
assay by age category. Combined refers to positive results by either the coproantigen immunoassay or the centrifugation method
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Fig. 3 Proportion of dogs classified as Other Clinical Visits with positive test results for intestinal parasite by the centrifugation method and 
coproantigen method by age category. Combined refers to positive results by either the coproantigen immunoassay or the centrifugation method

Table 2 Proportion of positive test results across all parasites according to the South and West U.S. Census Bureau regions

Values are presented as the percentage test positivity, with the 95% CI in parenthesis
a Combined represents positive by either coproantigen or centrifugation

Parasite South West

Coproantigen 
immunoassay 
(95% CI)

Centrifugation (95% CI) Combineda (95% CI) Coproantigen 
immunoassay 
(95% CI)

Centrifugation (95% CI) Combineda (95% CI)

Giardia 2.7% (2.6–2.7) 8.8% (8.7–8.9) 9.0% (8.8–9.1) 5.6% (5.5–5.7) 13.3% (13.2–13.5) 13.5% (13.3–13.6)

Hookworm 3.6% (3.6–3.6) 5.6% (5.5–5.6) 6.4% (6.3–6.5) 0.7% (0.6–0.7) 1.0% (1.0–1.1) 1.2% (1.2–1.3)

Ascarid 1.2% (1.2–1.3) 1.4% (1.3–1.4) 1.7% (1.7–1.7) 1.8% (1.7–1.8) 2.0% (2.0–2.1) 2.3% (2.2–2.4)

Emeria 1.3% (1.3–1.3) – – 1.0% (1.0–1.1) – –

Cystoisospora 1.0% (1.0–1.0) – – 2.7% (2.6–2.8) – –

Whipworm 0.9% (0.9–1.0) 1.0% (1.0–1.0) 1.4% (1.3–1.4) 0.3% (0.3–0.3) 0.4% (0.4–0.4) 0.5% (0.5–0.5)

Tapeworm 0.2% (0.2–0.2) – – 0.3% (0.3–0.3) – –
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The authors of previous studies have also concluded 
that positive antigen results have a high level of specific-
ity. Elsemore et al. tested 100 species-pathogen-free dog 
fecal samples using the Fecal  Dx® immunoassay plate for 
hookworms, ascarids and whipworms and found a high 
specificity, with all 100 samples testing negative for all 

three parasites [21]. High antigen specificity contributes 
to improved accuracy in cases where spurious eggs due 
to coprophagy might have otherwise resulted in an incor-
rect diagnosis if identified by flotation alone. Eimeria 
spp. are pseudoparasites that are not infective to dogs 
and their presence in canine fecal samples may be a result 

Table 3 Proportion of positive test results across all parasites according to the Midwest and Northeast U.S. Census Bureau regions

Values are presented as the percentage test positivity, with the 95% CI in parenthesis
a Combined represents positive by either coproantigen or centrifugation

Parasite Midwest Northeast

Centrifugation (95% CI) Coproantigen 
immunoassay 
(95% CI)

Combineda (95% CI) Centrifugation (95% CI) Coproantigen 
immunoassay 
(95% CI)

Combineda (95% CI)

Giardia 3.7% (3.6–3.8) 12.1% (11.9–12.3) 12.3% (12.1–12.4) 3.4% (3.3–3.4) 11.5% (11.4–11.6) 11.6% (11.5–11.7)

Hookworm 1.9% (1.8–1.9) 3.1% (3.0–3.1) 3.6% (3.6–3.7) 2.0% (1.9–2.0) 3.2% (3.2–3.3) 3.8% (3.7–3.8)

Ascarid 2.0% (1.9–2.0) 2.2% (2.2–2.3) 2.7% (2.6–2.7) 1.8% (1.7–1.8) 1.9% (1.9–2.0) 2.3% (2.3–2.4)

Emeria 1.9% (1.9–1.9) – – 2.2% (2.1–2.2) – –

Cystoisospora 1.4% (1.3–1.4) – – 1.6% (1.6–1.6) – –

Whipworm 0.8% (0.8–0.9) 1.1% (1.1–1.1) 1.4% (1.4–1.4) 0.7% (0.7–0.7) 0.9% (0.9–1.0) 1.2% (1.1–1.2)

Tapeworm 0.3% (0.3–0.3) – – 0.3% (0.3–0.3) – –

Fig. 4 Proportion of test results positive for ascarids, Giardia, hookworms or whipworms by the centrifugation method and coproantigen assay 
according to U.S. Census Bureau regions and age category. Combined refers to positive results by either the coproantigen immunoassay or the 
centrifugation method
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of coprophagic behavior. The presence of Eimeria spp., 
Toxocara cati or large strongyles in a fecal sample may be 
misinterpreted, and thus lead to unnecessary treatment. 
In addition, Adolph and colleagues found that utilization 
of the Fecal Dx® immunoassay in conjunction with zinc 
sulfate centrifugation increased the sensitivity for the 
detection of intestinal parasites when using necropsy as 
the gold standard in a cohort of 97 dogs [22].

There are several potential limitations to the study. 
Although this study examined samples from a large geo-
graphical population, some areas were still under-rep-
resented (< 0.1% of the testing data), including Montana 
(n = 576), Wyoming (n = 698), Mississippi (n = 895), South 
Dakota (n = 1003) and North Dakota (n = 1204). In addi-
tion, this population consisted of reference laboratory 
data from a single commercial provider and thus does 
not represent the prevalence of the true population, but 
rather the proportion of positive test results from a single 
reference laboratory provider. Patient history, deworm-
ing medication, physical examination findings or other 
diagnostic tests were not collected. Samples from shelters 
are known to have a much higher prevalence of intestinal 
parasites [9] and were not excluded from this study. Dogs 
that had a second test 180 days past their first submission 
were included in this study, and positive results were con-
sidered to be new infections. Thus, if dogs with a second 
submission had a higher chance of having a positive result 
compared to dogs that did not have a second submission, 
the positivity rates could be biased. Although coinfections 
made up < 0.1% of positive samples they were not excluded 
from the overall proportion of positive samples, possibly 
having a small impact on the results.

Conclusion
This study found that the percentage of samples which 
tested positive using the traditional fecal flotation by 
centrifugation method combined with coproantigen 
immunoassay testing was higher than the percentage of 
samples which tested positive using traditional flotation 
by centrifugation alone, regardless of age, visit type or 
geographic region. As a result, combining coproantigen 
immunoassay testing with the flotation by centrifugation 
for identification of intestinal parasitism in dogs may lead 
to a higher percentage of positive results, suggesting that 
parasite prevalence in dogs in the USA may be higher 
than previous studies have indicated.
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CAPC: Companion Animal Parasite Council.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13071- 021- 04678-6.

  
Additional file 1: Table S1. Proportion of dogs tested using flotation by 
centrifugation and coproantigen during a Wellness or Other Clinical Visits 
by age category. 

Additional file 2: Table S2. Proportion of dogs with a positive test result 
for an intestinal parasite by centrifugation or coproantigen and binary age 
group (puppy < 2 years old, adults ≥ 2 years old). 

Additional file 3: Figure S1.Proportion with a positive test results for 
flotation by centrifugation and coproantigen by region broken down by 
U.S. Census Bureau region, parasite and age category. Parasites included: 
Giardia, hookworm, ascarid, whipworm, Eimeria, Cystoisospora and 
tapeworm. 

Additional file 4: Table S3.Proportion of dogs with a positive test result 
for an intestinal parasite by the centrifugation method or coproantigen 
immunoassay. 

Additional file 5: Table S4. Combined co-infection rate by either the 
centrifugation method or coproantigen immunoassay. 

Additional file 6: Table S5.Number of positive test results by parasite and 
method. 

Additional file 7: Figure S2.Proportion of dogs with a positive test result 
for any intestinal parasite by either the centrifugation method or coproan-
tigen immunoassay by age category. 

Additional file 8: Figure S3. Proportion of dogs with positive test results 
for intestinal parasites by the centrifugation method and coproantigen 
immunoassay by age category. 

Additional file 9: Table S6. Proportion of dogs with positive test results 
for intestinal parasites by the centrifugation method and coproantigen 
immunoassay by age category.

Acknowledgements
Not applicable.

Authors’ contributions
SS and DS wrote the original draft and reviewed and edited the manuscript. 
DS, DM and EH preformed the analysis. DK acquired data from the database. 
MC, DM and DK reviewed and edited the manuscript. All authors read and 
approved the final manuscript.

Funding
The work presented in this study was funded by IDEXX Laboratories, Inc. West-
brook, ME, United States (https:// www. idexx. com/ en/ about- idexx/).

 Availability of data and materials
All data generated or analyzed during this study are included in this published 
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
All fecal samples were obtained from each case and submitted to a com-
mercial reference laboratory by a practicing veterinarian during the normal 
diagnostic workup and monitoring of the patients in his or her care. All 
samples were obtained with the consent of the pet owner. To ensure privacy, 
additional demographic information on the pet owner or on the veterinarian 
who submitted the sample was not collected.

Consent for publication
Not applicable.

Competing interests
As employees of IDEXX Laboratories, Inc., the authors have an affiliation to the 
commercial funders of this research.

Received: 16 October 2020   Accepted: 9 March 2021

https://doi.org/10.1186/s13071-021-04678-6
https://doi.org/10.1186/s13071-021-04678-6
https://www.idexx.com/en/about-idexx/


Page 9 of 9Sweet et al. Parasites Vectors          (2021) 14:173  

References
 1. Stafford K, Kollasch TM, Duncan KT, Horr S, Goddu T, Heinz-Loomer C, 

et al. Detection of gastrointestinal parasitism at recreational canine sites 
in the USA: the DOGPARCS study. Parasites Vectors. 2020;13:275.

 2. Companion Animal Parasite Council. CAPC guidelines. https:// capcv et. 
org/ guide lines/. Accessed 15 Jun 2020.

 3. Mohamed AS, Glickman LT, Camp JW, Lund E, Moore GE. Prevalence and 
risk factors for Giardia spp. infection in a large national sample of pet 
dogs visiting veterinary hospitals in the United States (2003–2009). Vet 
Parasitol. 2013;195:35–41.

 4. Companion Animal Parasite Council. Coccidia https:// capcv et. org/ guide 
lines/ cocci dia/. Accessed 15 Jun 2020.

 5. Little SE, Johnson EM, Lewis D, Jaklitsch RP, Payton ME, Blagburn BL, et al. 
Prevalence of intestinal parasites in pet dogs in the United States. Vet 
Parasitol. 2009;166:144–52.

 6. Kirkpatrick CE. Epizootiology of endoparasitic infections in pet dogs 
and cats presented to a veterinary teaching hospital. Vet Parasitol. 
1988;30:113–24.

 7. Nolan TJ, Smith G. Time series analysis of the prevalence of endoparasitic 
infections in cats and dogs presented to a veterinary teaching hospital. 
Vet Parasitol. 1995;59:87–96.

 8. Lightner L, Christensen BM, Beran GW. Epidemiologic findings on canine 
and feline intestinal nematode infections from records of the Iowa State 
University veterinary clinic. J Am Vet Med Assoc. 1978;172:564–7.

 9. Blagburn BL, Lindsay DS, Vaughan JL, Rippey NS, Wright JC, Lynn RC, et al. 
Prevalence of canine parasites based on fecal floatation. Comp Cont Ed 
Pract Vet. 1996;18:483–509.

 10. Geng J, Elsemore DA, Oudin N, Ketzis JK. Diagnosis of feline whipworm 
infection using a coproantigen ELISA and the prevalence in feral cats in 
southern Florida. Vet Parasitol Reg Stud Rep. 2018;14:181–6.

 11. Elsemore DA, Geng J, Cote J, Hanna R, Lucio-Forster A, Bowman DD. 
Enzyme-linked immunosorbent assays for coproantigen detection of 
Ancylostoma caninum and Toxocara canis in dogs and Toxocara cati in 
cats. J Vet Diagn Invest. 2017;29:645–53.

 12. Elsemore DA, Geng J, Flynn L, Cruthers L, Lucio-Forster A, Bowman DD. 
Enzyme-linked immunosorbent assay for coproantigen detection of 
Trichuris vulpis in dogs. J Vet Diagn Invest. 2014;26:404–11.

 13. Rishniw M, Liotta J, Bellosa M, Bowman D, Simpson KW. Comparison of 4 
Giardia diagnostic tests in diagnosis of naturally acquired canine chronic 
subclinical giardiasis. J Vet Intern Med. 2010;24:293–7.

 14. Chang W. Extrafont: Tools for using fonts. 2014. https:// CRAN.R- proje ct. 
org/ packa ge= extra font. Accessed 15 Jul 2020

 15. Harrell FEH Jr, Dupont C, et al. Hmisc: Harrell Miscellaneous. 2019. https:// 
CRAN.R- proje ct. org/ packa ge= Hmisc. Accessed 8 Jul 2019.

 16. Wickham SMB, Magrittr H. A forward-pipe operator for R. 2014. https:// 
CRAN.R- proje ct. org/ packa ge= magri ttr. Accessed 8 Jul 2019.

 17. Wickham H, RStudio. tidyverse: easily install and load the “Tidyverse”. 
2017. https:// CRAN.R- proje ct. org/ packa ge= tidyv erse. Accessed 8 Jul 
2019.

 18. Auguie B, Antonov A. gridExtra: miscellaneous functions for “Grid” graph-
ics. 2017. https:// CRAN.R- proje ct. org/ packa ge= gridE xtra. Accessed 8 Jul 
2019.

 19. Kassambara A. ggpubr: “ggplot2” based publication ready plots. https:// 
CRAN.R- proje ct. org/ packa ge= ggpubr. Accessed 15 Jul 2019.

 20. Müller K. Here: a simpler way to find your files. 2017. https:// CRAN.R- proje 
ct. org/ packa ge= here. Accessed 8 Jul 2019.

 21. Geng J, Hanna R, Elsemore D. Demonstration of the specificity of the 
Fecal Dx (hookworm, ascarid, and whipworm antigen) assays. 2017. 
American Association of Veterinary Parasitologists, 62nd Annual Meeting, 
22–25 July 2017, Indianapolis. https:// www. aavp. org/ docum ents/ 2017/ 
08/ aavp- 2017- annual- meeti ng- proce edings. pdf/. Accessed 15 June 2020.

 22. Adolph C, Barnett S, Beall M, Drake J, Elsemore D, Thomas J, et al. Diag-
nostic strategies to reveal covert infections with intestinal helminths in 
dogs. Vet Parasitol. 2017;247:108–12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://capcvet.org/guidelines/
https://capcvet.org/guidelines/
https://capcvet.org/guidelines/coccidia/
https://capcvet.org/guidelines/coccidia/
https://CRAN.R-project.org/package=extrafont
https://CRAN.R-project.org/package=extrafont
https://CRAN.R-project.org/package=Hmisc
https://CRAN.R-project.org/package=Hmisc
https://CRAN.R-project.org/package=magrittr
https://CRAN.R-project.org/package=magrittr
https://CRAN.R-project.org/package=tidyverse
https://CRAN.R-project.org/package=gridExtra
https://CRAN.R-project.org/package=ggpubr
https://CRAN.R-project.org/package=ggpubr
https://CRAN.R-project.org/package=here
https://CRAN.R-project.org/package=here
https://www.aavp.org/documents/2017/08/aavp-2017-annual-meeting-proceedings.pdf/
https://www.aavp.org/documents/2017/08/aavp-2017-annual-meeting-proceedings.pdf/

	A 3-year retrospective analysis of canine intestinal parasites: fecal testing positivity by age, U.S. geographical region and reason for veterinary visit
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References




