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Abstract

Humans and dogs commonly share the same domestic environment. Europe, and Italy spe-

cifically, have a substantial and growing dog population. Potentially zoonotic parasites may

be harbored even by dogs receiving regular veterinary care. Thus, transmission of zoonotic

or potentially zoonotic parasites to owners and their families should not be underestimated.

Frequently, endoparasite infections occur as a subclinical infection and clinicopathological

alterations have been documented including anemia, hypoalbuminemia, and eosinophilia.

The aim of this large retrospective secondary data study was to analyze coprological endo-

parasite results and putative risk factors obtained from owned dogs, through a 9-year-period

(2011–2019). Possible associations between diagnosed endoparasites and sex, age, sea-

sonality, and year of examination were evaluated. Additionally, parasitological diagnoses

were combined to complete blood count parameters and biochemical profiles, when avail-

able, to check for any possible hematological alteration from parasitism. A total of 1,972

dogs were evaluated for endoparasites using common fecal diagnostic tests over a 9-year

period. The overall proportion of endoparasite-positive animals was 10%. The most com-

mon endoparasites detected were Cystoisospora spp. (3%), Toxocara canis (2.8%), Giardia

duodenalis (1.6%), and Trichuris vulpis (1.2%). Of these parasites detected, Toxocara

poses the greatest zoonotic risk, while Giardia species are considered to have a low poten-

tial to be zoonotic. There was no significant diagnostic trend across the years through the

study period. Dogs were more frequently diagnosed endoparasite-positive when young and

during cold seasons compared to the baselines of mature dogs and warm seasons. The

clinicopathological profiles indicated that parasitized dogs had mild hematological alter-

ations. The frequency of detected potentially zoonotic endoparasites in this study highlights
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that the risk should not be underestimated. Parasitic infection was found to be mostly depen-

dent on age and season. Having this information may help clinicians to develop anthelmintic

protocols to reduce the risk of transmission.

Introduction

Dogs live in close contact with owners and often share the same environment and even daily

conditions of the human lifestyle. Europe has a substantial and growing dog population; the

number of dogs is estimated to be around 90 million [1]. As reported by a reliable on-line por-

tal, the current owned-dog population in Italy is approximately 8.3 million and a human popu-

lation of around 60.5 million or 14 dogs per 100 people [2]. It is hypothesized that 5.9 million

Italian households (27.1%) own dogs which may harbor a variety of potentially zoonotic para-

sites, even those experiencing routine veterinary care, such as Toxocara canis, Giardia duode-
nalis, and Ancylostoma spp. [3–5]. Usually, owners consider their dogs as a member of the

family [6], having contact and interactions that may produce beneficial physical and social

effects on people, but may also directly increase the transmission risk of those zoonotic agents

[7]. Working dogs are more commonly diagnosed positive for endoparasites [8] compared to

companion animals [3], and the owners may be indirectly infected through contaminated

food or water rather than intimate contact [9]. Therefore, veterinarians play a crucial role in

zoonotic risk assessment and communication, acting as a main public health professional.

Frequency and prevalence of endoparasites in dogs may change based on season and para-

site species, and from region to region within a country [3]. To the best of our knowledge, few

published papers have explored seasonal patterns of endoparasitism in dogs in Italy [10],

although Morelli et al. had six years of data in their analyses [11].

The most frequently diagnosed dogs’ endoparasites occur as subclinical infection or gener-

ally without any specific alterations. Thus, according to ESCCAP (European Scientific Counsel

Companion Animal Parasites) guidelines [12], fecal examination should be routinely per-

formed by veterinary clinicians based on the local epidemiological circumstances. Fecal flota-

tion and Baermann technique are probably the most common laboratory procedures

performed in veterinary practice. Relatively inexpensive and non-invasive, fecal examination

can reveal the presence of parasites in several body systems [13]. Expertise is required to differ-

entiate the parasite species from the many pseudoparasites (such as yeasts, plant remnants,

pollens, and debris) that may be mistaken for true parasites. Although it is conceivable that in

the near future, fecal flotation slides will be scanned using automated image systems with inte-

grated diagnostic algorithms [14], until then, coprological examination should be carried out

carefully and thoroughly by trained veterinary parasitologists or technicians.

The occurrence of clinical signs due to the presence of endoparasites is not common and is

influenced by a variety of factors, such as parasite species involved, intensity of infection, host

age, nutritional condition, and immunity [15]. Clinicopathological alterations associated with

endoparasite infections have been documented and include anemia, hypoalbuminemia, and

eosinophilia [16]. However, few studies consider large populations of naturally infected dogs

in association with clinicopathological alterations [17].

The study aims to investigate the frequency of endoparasites, and to analyze putative demo-

graphic and temporal risk factor data that were available from owned dogs brought to the Vet-

erinary Teaching Hospital (VTH), Department of Veterinary Medical Sciences (DIMEVET),

University of Bologna (Unibo), Italy. As an additional objective, parasitological diagnoses
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were further combined with complete blood count (CBC) parameters and biochemical pro-

files, when available to check for any possible hematological alteration from parasitism.

Outcomes originated from this study should be an aid for clinician colleagues to better edu-

cate their clients about endoparasite occurrence and to use good preventive programs.

Materials and methods

Study population and fecal examination

The study population represents the total of the privately owned dogs brought in to the Veteri-

nary Teaching Hospital (VTH), Department of Veterinary Medical Sciences (DIMEVET),

University of Bologna (Unibo), who had a fecal sample submitted for parasitological examina-

tion, from January 1, 2011 to July 31, 2019. The study population refers to: 1) animals under

routine care where the sample was part of a preventive health management plan; or 2) animals

exhibiting clinical signs suggestive of parasitism.

For all fecal samples, endoparasite eggs, cysts, and oocysts, were concentrated from fecal

specimens by using the Di Felice and Ferretti [18] solution (sodium nitrate and sugar; specific

gravity = 1.3) as flotation media in a standardized centrifugal flotation method [19]. Additional

methods were employed, including: the Baermann technique for suspected lungworm cases,

based on reported clinical signs of coughing and/or dyspnea, to detect the presence of first-

stage larvae (L1); and for Giardia duodenalis trophozoites by direct smears with Lugol’s iodine

staining and cysts by a double sedimentation, based on reported clinical signs of diarrhea [20].

All the parasite elements were identified through existing keys [13, 21, 22].

Data management and statistical analysis

Data on the dogs were extracted from the management software Fenice1 used by the VTH,

representing all the dog fecal samples which passed through the Transmissible Diseases and

Public Health Service of the DIMEVET for parasitological examination during the study

period. Available data in the database included dog sex, age, and geographic origin (based on

home address), date of sample submission, diagnostic technique employed (described above),

and test results. Additionally, complete blood count (CBC) and serum chemistry parameters,

dated no more than ten days from the date of fecal examination, were included when

requested by the clinician, either due to some health concern or routine testing as part of a pre-

ventive health management plan. It was not available in the database whether the fecal sample

was submitted due to clinical signs of parasitism or not.

The date of testing was used to create season of testing, according to 3-month categories fol-

lowing the astronomical calendar: winter was from December 21st to March 20th; spring was

from March 21st to June 20th; summer was from June 21st to September 20th; and autumn

was from September 21st to December 20th. The variable “age” was divided into two catego-

ries:� 1-yr-old and> 1-yr-old. Since the main part of the samples were from the Bologna

province, the variable “geographic origin” was dichotomized as Bologna province or other

provinces within Italy.

Overall, three datasets were used for the analysis. One comprehensive of the total number

of dogs submitted to the VTH with a performed fecal parasitological exam in the study period,

and two others, as subsets of the first one, including only dogs that had, respectively, a CBC or

biochemical profile dated no more than ten days from the fecal examination. The potential

effect of testing endoparasite-positive on specific CBC and biochemical parameters was inves-

tigated, such as serum total proteins, serum albumin, serum globulin, albumin-to-globulin

ratio, C-reactive protein (CRP), and serum cobalamin.
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The Shapiro-Wilk test was utilized to assess the distribution of continuous variables. Year,

sex, age, geographic origin, and seasonality were examined, as putative risk factors for being

diagnosed positive for at least one endoparasite and for the commonly isolated endoparasites,

using Pearson’s χ2 test of independence. When low numbers of parasitized dogs (<5) of a par-

ticular genus/species, the Fisher’s exact test was utilized. Student’s t-test and Kruskal-Wallis

non-parametric test were used to compare continuous variable results by parasitism status, for

variables that were normally and non-normally distributed, respectively (e.g., blood parame-

ters). Multivariable logistic regression analysis was also performed, using combined test results

(endoparasite presence/absence) as the outcome variable. Backward stepwise regression was

employed for the model building, and model fitness was assessed by means of the Hosmer-

Lemeshow goodness-of-fit test. Testing for interaction and confounding of model variables

was done [23]. Odds ratios (OR) and their 95% confidence intervals (CIs) were reported. Stata

Statistical Software (Release 15, College Station, TX: StataCorp LLC) was utilized for the

descriptive statistical analysis and the model building, analyses, and evaluations. Results were

considered significant when P�0.05.

Results

A total of 1,972 fecal samples from privately owned dogs were processed to detect endopara-

sites. Based on the clinicians’ requests, a subset of the fecal samples, specifically 138 and 689,

were additionally checked for lungworms by Baermann technique, and for Giardia trophozo-

ites by direct smears with Lugol’s iodine staining and cysts by a double sedimentation, respec-

tively. Sample submission information is summarized in Table 1.

On average, the frequency of samples submitted was 219.1 per year (SD = 107.1), with a

range from 63 to 339. There were slightly more males than females, with most males left intact,

whereas nearly half of females were spayed. Slightly more samples were submitted in the spring

than the other months.

Table 2 shows the frequency for each endoparasite genus found in the dog population. The

most common endoparasites detected were Cystoisospora spp., Toxocara canis, Giardia

Table 1. Descriptive statistics of predictors, by category, for 1,972 dogs tested for endoparasites at the Depart-

ment of Veterinary Medical Sciences (Unibo) from 2011 to 2019.

Predictors Categories # of animals (%)

Age � 1-yr 443 (22.5)

> 1-yr 1,529 (77.5)

Total 1,972

Sex Male 890 (45.1)

Female 526 (26.1)

Castrated male 148 (7.5)

Sterilized female 408 (20.7)

Total 1,972

Geographical origin Bologna (province) 1,452 (73.6)

Other 520 (26.4)

Total 1,972

Season Winter 480 (24.3)

Spring 589 (29.9)

Summer 414 (21.0)

Autumn 489 (24.8)

Total 1,972

https://doi.org/10.1371/journal.pone.0293330.t001
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duodenalis, and Trichuris vulpis, with 3%, 2.8%, 1.6%, and 1.2% frequency, respectively. The

majority (89.7%) of the positive dogs had single infections, 8.8% had double infections, 1.0%

had triple infections, and one dog harbored four different endoparasite genera (T. canis, T. vul-
pis, Crenosoma vulpis, and Ancylostoma spp.).

Table 3 shows the frequency of animals tested positive by year. The proportion of animals

found to be infected (eggs, cysts, oocysts, L1, and trophozoites) with at least one endoparasite

genus was 10%. No significant difference was identified in overall positivity rates across the

years (P = 0.704), and for lungworms (P = 0.160) or gastrointestinal parasites (P = 0.605)

specifically.

Table 4 shows the comparison between predictors by categories and dogs tested positive

and negative for endoparasites. By comparing sex no difference in positive diagnoses was

detected between male and female dogs, at 9.3% and 10.8%, respectively (P = 0.279). Sex was

not a significant predictive factor for endoparasites even for the three most common endopar-

asite taxa detected, Cystoisospora spp. (P = 0.296), T. canis (P = 0.219), and G. duodenalis
(P = 0.170).

As for age classes, 26% of� 1-yr-old dogs was diagnosed positive for fecal endoparasites

while dogs older than 1-yr-old showed a proportion of positive diagnoses of only 5.4%

(P<0.001). The chance of testing positive in our dog population was 6 times higher in� 1-yr-

Table 2. Frequency of endoparasites detected in 1,972 dogs diagnosed at the Department of Veterinary Medical Sciences (Unibo), during 2011–2019.

Parasites # of positive samples Frequency % 95% CIs

Nematoda Toxocara canis 56 2.8 2.1–3.7

Trichuris vulpis 23 1.2 0.7–1.7

Ancylostomatidae 20 1.0 0.6–1.6

Eucoleus sp. 13 0.7 0.3–1.1

Toxascaris leonina 5 0.25 0.0–0.6

Angiostrongylus vasorum 3 0.2 0.0–0.4

Strongyloides sp. 2 0.1 0.0–0.4

Crenosoma vulpis 1 0.05 0.0–0.3

Filaroides sp. 1 0.05 0.0–0.3

Protozoa Cystoisospora spp. 59 3.0 2.3–3.8

Giardia duodenalis 32 1.6 1.1–2.3

Cestoda Taenidae eggs 2 0.1 0.0–0.4

Dypilidium caninum 2 0.1 0.0–0.4

https://doi.org/10.1371/journal.pone.0293330.t002

Table 3. Frequency of tested and test-positive dogs for endoparasites, by year, diagnosed at the Department of Veterinary Medical Sciences (Unibo).

Year # of tested animals # of dogs tested positives Frequency % 95% CIs

2011 63 5 7.9 2.6–17.5

2012 69 12 17.4 9.3–28.4

2013 154 15 9.7 5.5–15.5

2014 194 19 9.8 6.0–14.9

2015 280 29 10.3 7.0–14.5

2016 325 31 9.5 6.6–13.3

2017 322 28 8.7 5.9–12.3

2018 339 34 10.0 7.0–13.7

2019 226 25 11.1 7.3–15.9

Total 1,972 198 10.0 8.7–15.5

https://doi.org/10.1371/journal.pone.0293330.t003
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old dogs than>1-yr-old ones (OR = 0.164; P<0.001). By measuring the effect of the age,

expressed as a continuous variable (by month) on the three main genera, for each increased

month of age, the probability to have a dog positive to Cystoisospora spp. decreased by 5%

(OR = 0.95; P<0.001), 1.7% for T. canis (OR = 0.984; P<0.001), and finally 6% less probability

for each month increased for G. duodenalis (OR = 0.94; P<0.001).

The proportion of dogs diagnosed positive for at least one endoparasite genus, by geo-

graphic origin, differed significantly (P<0.001), as dogs from Bologna province showed a fre-

quency of 10.9% compared to other dogs with 7.7%.

Looking to the effect of the seasons of testing positive for endoparasites, 14.8% of coprologi-

cal exams performed in winter resulted in positive tests, 11.7% in autumn, 8.0% in spring, and

5.6% during summer (P<0.001). The chance of being test-positive during winter was nearly 2

times higher than in spring (OR = 0.502; P = 0.001), and 3 times higher compared to summer

(OR = 0.340; P<0.001), but not statistically different than autumn. As for the main endopara-

site genera detected, determination of Pearson’s χ2 test showed a seasonal pattern only for G.

duodenalis, most frequently diagnosed in winter compared with other seasons (P = 0.001). G.

duodenalis presented 7 times higher probability to be diagnosed in winter compared to sum-

mer (OR = 0.141; P = 0.009) and 5 times higher compared to spring (OR = 0.198; P = 0.004).

Conversely, no difference was found in probability to have positive dogs between winter and

autumn (P = 0.219).

Based on our 1,972 dog observations with data for the final multivariable logistic regression

model (controlling for confounding—Table 5), dogs less than or equal to 1-yr-old was a risk

factor for the diagnosis of parasitic infections by a factor of 6.1 times compared to dogs older

than 1-yr-old. Cold seasons increased the odds of being diagnosed endoparasite-positive by a

factor of 2.03 compared to the warm seasons.

The second dataset included 1,104 dogs with a fecal examination and a CBC completed no

more than 10 days prior to the fecal examination. On average, the number of dogs that met

these inclusion criteria were 122.7 per year (SD = 60.2), with a range from 36 to 197. Slightly

fewer dogs had both a fecal examination and serum biochemistry conducted (n = 987 –the

third dataset). Descriptive statistics and reference values for these blood and serum parameters

for all dogs with blood results are shown in Table 6.

Table 7 summarizes CBC values obtained, by parasitological status. Values, on average,

were significantly lower in parasitized dogs compared to those tested negative for MCHC, and

Table 4. Pearson’s chi-square results for factors associated with endoparasite presence in 1,972 dogs diagnosed at the Department of Veterinary Medical Sciences

(Unibo) from 2011 to 2019.

Predictors Categories # of dogs tested positive (%) 95% CIs P-values

Age � 1-yr 115 (26.0) 21.9–30.3 <0.001

> 1-yr 83 (5.4) 4.3–6.7

Sex Male 97 (9.3) 7.6–11.3 0.279*
Female 101 (10.8) 8.9–13.0

Geographical origin Bologna (province) 158 (10.9) 9.3–12.6 <0.001

Other 40 (7.7) 5.6–10.3

Season Winter 71 (14.8) 11.7–18.2 <0.001

Spring 47 (8.0) 5.9–10.4

Summer 23 (5.6) 3.6–8.2

Autumn 57 (11.7) 8.9–14.8

* No statistical significance; male included bother intact and castrated, while female included both intact and sterilized, in an effort to reduce degrees of freedom to

enhance statistical significance.

https://doi.org/10.1371/journal.pone.0293330.t004
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significantly higher for basophils, lymphocytes, and monocytes. No differences were observed

among positive and negative groups regarding total leucocytes, eosinophils, neutrophils and

mean corpuscular volume (MCV) values. Additionally, Table 7 summarizes serum values

obtained, by parasitological status. The albumin-to-globulin ratio, CRP, and cobalamin B12

levels were not different between positive and negative tested dog populations.

Table 8 summarizes CBC and serum values of the age-dependent parameters analyzed in

dogs aged� 1-yr and> 1-yr. We used 12 months as the cutoff because it made more biological

sense (i.e., when dichotomizing at 6 months, the parasitized dogs over 6 months had lower

Table 5. Predictors of the final multivariable logistic regression model of factors associated with endoparasite

presence in 1,972 dogs diagnosed at the Department of Veterinary Medical Sciences (Unibo) from 2011–2019.

Predictors Odds Ratio 95%CI P-value

Age

> 1-yr baseline baseline -

� 1-yr 6.106 4.482–8.317 <0.001

Season

Warm season baseline baseline -

Cold season 2.027 1.474–2.786 <0.001

* Variable season dichotomized: Warm season = spring+summer; Cold season = autumn+winter, in an effort to

reduce degrees of freedom to enhance statistical significance

https://doi.org/10.1371/journal.pone.0293330.t005

Table 6. Descriptive statistics of investigated clinicopathological parameters most frequently affected by endoparasite presence within the literature, regardless of

endoparasite status.

Parameters Minimum Maximum Mean or (Median) SD or (IQR) Reference Values

2nd dataset with endoparasite data and CBC parameters in 1,104 dogs

Hematocrit (%) 13.9 68.5 45.0 8.1 37–55

Hemoglobin (g/dL) 4.2 24.5 15.2 2.9 12–18

RBCs (x106/μL) 2.2 10.4 6.6 1.1 5.5–8.5

MCV (fL) 47.3 103.4 68.2 4.0 60–77

MCHC (g/dL) 25.2 57.0 33.8 1.7 32–38

Eosinophils (/μL)a 2 6601 (357) (149–627) 0–750

Leucocytes (/μL) 250 59060 12415.3 6312.6 6000–17000

Neutrophils (/μL)a 19 52800 (7119) (5328–10218) 3000–12000

Basophils (/μL) a 3 1068 (53) (33–86) 0–180

Lymphocytes (/μL) 45 11316 2336.1 1187.3 1000–4800

Monocytes (/μL) 43 5768 766.2 616.9 100–1400

3rd dataset with endoparasite data and serum parameters in 987 dogs

Total Proteins (g/dL) 2.31 10.28 6.14 1.00 5.6–7.3

Albumin (g/dL) 0.95 4.50 2.95 0.58 2.75–3.85

Globulin (g/dL) 1.13 7.86 3.19 0.74 2.53–3.73

A/G Ratio 0.26 2.12 0.95 0.23 0.75–1.35

CRP (mg/dL) 0.01 35.81 3.61 5.85 0–0.85

Cobalamin (ng/L) 150 1000 473.23 275.23 250–730

a Non-parametric variable.

CBC, complete blood count; RBCs, red blood cells; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; A/G, albumin/globulin

ratio; CRP, C-reactive protein.

https://doi.org/10.1371/journal.pone.0293330.t006
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parameters which does not make sense) and 12 months was used elsewhere [3]. Hematocrit,

hemoglobin, RBCs, total protein, and albumin values revealed a significant difference in mean

values in endoparasite positive (lower) versus negative (higher) dogs� 1 year old.

Discussion

This long-term large retrospective study describes the frequency of endoparasites, diagnosed

through fecal exam, in owned dogs submitted to the VTH (DIMEVET-Unibo) during a nine-

year period of diagnostic activity, exploring potential risk factors and seasonal patterns, and

Table 7. Complete Blood Count parameters in the 1,104 eligible dogs and serum biochemical parameters in 987 eligible dogs, by positive and negative endoparasite

groups, and relative P-values of Student’s t-tests (unless otherwise indicated).

Parameters (CBC) Mean (Median) value in parasite positive group Mean (Median) value in parasite negative group P-values

MCV (fL) 67.8 68.3 0.227*
MCHC (g/dL) 33.3 33.8 0.005

Eosinophils (/μL) (298) (364) 0.117*a

Neutrophils (/μL) (8591) (8668) 0.890*a

Basophils (/μL) (64) (53) 0.025a

Lymphocytes (/μL) 2729.7 2295.6 0.004

Monocytes (/μL) 885.4 753.0 0.040

Leucocytes (/μL) 13145.24 12340.22 0.218*
Parameters (biochemistry) Mean value in parasite- positive group Mean value in parasite-negative group

A/G Ratio 0.938 0.957 0.472*
CRP (mg/Dl) 3.7 3.6 0.665*
Cobalamin (ng/L) 460.2 474.5 0.858*

*No statistical significance
a Kruskal-Wallis’ test P-value

MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; A/G, albumin/globulin ratio; CRP, C-reactive pro.

https://doi.org/10.1371/journal.pone.0293330.t007

Table 8. Age-dependent parameters by positive and negative endoparasite groups stratified by age [3], and relative P-values of Student’s t-tests.

Parameters (CBC) Age Mean value in parasite positive group Mean value in parasite negative group P-values

Hematocrit (%) � 1-yr 37.1 41.2 <0.001

> 1-yr 44.7 46.0 0.23*
Hemoglobin (g/dL) � 1-yr 12.2 13.7 <0.001

> 1-yr 15.1 15.6 0.161*
RBCs (x106/μL) � 1-yr 5.59 6.17 <0.001

> 1-yr 6.52 6.73 0.199*
Parameters (biochemistry) Age Mean value in parasite positive group Mean value in parasite negative group

Total Protein (g/Dl) � 1-yr 5.09 5.64 0.001

> 1-yr 6.09 6.28 0.198*
Albumin (g/Dl) � 1-yr 2.48 2.87 <0.001

> 1-yr 2.88 2.99 0.208*

* No statistical significance.

CBC dataset: 50 (27.5%) out of 182 dogs aged�1-yr tested positive and 53 (5.75%) out of 922 > 1-yr.

Serum dataset: 39 (24.5%) out of 159 dogs aged�1-yr tested positive and 48 (5.8%) out 828 > 1-yr tested positive.

All parameters are reported as the mean.

RBCs, Red Blood Cells.

https://doi.org/10.1371/journal.pone.0293330.t008
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combining fecal parasite results with hematological parameters whose alterations are some-

times attributed to the presence of endoparasites.

The number of visits to veterinary clinics per year shows a gradually positive trend, which

may be due to both the increasing number of pet dogs in Italy in the last decade and greater

perception of the benefit of regular pet care [1].

Although our study population does reflect a well-cared proportion of owned dogs, endo-

parasites are still present, with 10% of positive dogs infected with at least one parasite species.

The frequency of infection is 3-fold lower than reported by Scaramozzino et al. [24], in a study

which also included shelter dogs. This difference in frequency likely reflects the lack of regular

veterinary care and deworming programs afforded to shelter dogs [25]. This care gap is even

more prominent in stray dogs where a parasite prevalence of 69% was found in examined stray

dogs in Central Italy [26].

In the current study, two of the most frequently detected endoparasites are zoonotic or

potentially zoonotic, T. canis and G. duodenalis, respectively. This is consistent with other

studies conducted on well-cared-for, owned dogs [3, 27–29]. T. canis is estimated to infect tens

of millions of people annually [30]. This frequent infection is not surprising given that over

100 million dogs worldwide are estimated to be infected with T. canis, and that they shed bil-

lions of eggs into the environment annually [31]. Also, G. duodenalis infects a wide range of

hosts, including humans, domestic, and wild mammals [32]. The potential dog-to-human

transmission of Giardia has been well studied. To date, only two (A and B) of the eight major

genetic assemblages have been isolated from humans and animals; with humans being more

commonly infected with the Assemblage A subtype II, whereas dogs are predominantly

infected with subtype AI [33]. Subtype AII has been found in dog samples from several coun-

tries [34–38]. For this reason, when considering the zoonotic potential of Giardia assemblages,

we should remain cautious until studies consistently incorporate more sensitive subtyping

tools [39]. The epidemiology and the risk associated with Giardia infection for humans are

challenging to evaluate, as sophisticated tools and high human-expertise are required. Further-

more, most studies report results originating from DNA detection in fecal samples only, with-

out complementary microscopic evidence of cysts or trophozoites. Therefore, without

supporting evidence, it is difficult to confirm that these hosts were infected and not simply pas-

saging cysts, or even ingested DNA, within their feces [40].

The helminth parasites of the respiratory tract are sporadically or even rarely detected

roundworms in dogs [41]. The most common species detected include Eucoleus spp., Angios-
trongylus vasorum (the French heartworm), and Crenosoma vulpis (the Fox lungworm). No

significant increase in the number of dogs detected positive for these parasites occurred

through the study period, but in the last two years of observation, the frequency was over

1–2%. These parasites may have a life-threatening potential effect in dogs sharing a high degree

of environmental overlap with foxes [42], the main reservoir, but also in dogs living in urban

and suburban areas as they are considered re-emerging parasites in pets. Additionally, unsuc-

cessful attempts to treat dogs with different anthelmintic drugs for Eucoleus spp. are sporadi-

cally reported [43, 44], posing a real threat of infection in dogs.

The current study indicates that the annual endoparasite frequency has remained constant.

Few studies take into account changing yearly patterns in parasite prevalence. Barutzki and

Shaper [45], speculate over minor variation through the 7-year study period in Germany with-

out statistical differences, even if their overall proportion of positive animals were higher than

the current study. On the contrary, an 18-year retrospective study in Canada demonstrated a

decreasing odds of positivity of around 4% for each additional year within the database [3].

Finally, “a subtle fluctuation in prevalence for roundworms over a 7-year period” was noted in
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a US study [46], describing an increasing prevalence for Ancylostoma spp., and a slightly

decreasing prevalence for Trichuris vulpis.
Age of susceptibility is an important predictor for endoparasites [47]. In the current study,

the chance of being positive for at least one parasite was 6 times higher in dogs less than or

equal to 1-yr-old versus dogs over 1-yr-old. Numerous studies have documented a similar like-

lihood for this age group [3, 28, 48]. The wide difference in decreasing percentage probabilities

month-by-month for T. canis compared to G. duodenalis and Cystoisospora spp. maybe due to

the longer patent period for the roundworm compared to protozoa. Indeed, patency of> 90

days has been reported by Fahrion et al. [49]; a patent period of this length may imply an aver-

age life span of T. canis worms of 4 months [50].

Gender is an often-explored predictor in epidemiological studies on endoparasite distribu-

tion; however, its predictive meaning on the parasites’ presence in dogs is likely null. In the

current study, no statistical significance was calculated when sex was considered as a dichoto-

mous variable (male, female) (P = 0.279), instead the sexually intact dogs were significantly

more parasitized compared to neutered dogs (P<0.001). This association suggests that age can

be a confounding factor on sexual status since the median ages of intact patients was signifi-

cantly lower compared to neutered patients in the study.

Differences in the endoparasite-positive proportion among dogs from Bologna province

(10.9%) compared to dogs from outside the region (7.7%) is probably because the DIME-

VET-VTH acts as a referral clinic. Dogs are typically referred as patients for specialist services

and coprological exams are not always requested or are directly performed by private veteri-

nary clinics.

In the current study, a seasonal pattern in endoparasite frequency was noted, as submitted

samples significantly harbored parasites more frequently during winter and autumn

(P<0.001) than the other two seasons. Specifically, the odds that dogs harbored fecal parasites

were 2- and 3-time higher in winter than in spring and summer, respectively. This seasonal

association may reflect an increased likelihood of exposure during summer when dogs are free

to spend more time outside [3], or it could be related to evolutionary canid reproduction cycles

and parasite/host co-evolution [46]. Many helminths are transmitted transovarially or trans-

mammary (e.g Toxocara and Ancylostoma respectively) [51]. Therefore, with two heat cycles

per year and an increase in frequency of pups being born in the early spring and late autumn,

more pups are likely to be detected with parasites in winter.

Among the three most commonly detected endoparasites, only G. duodenalis showed a sig-

nificant seasonality (P<0.001), being diagnosed 7- and 5-time more frequently in winter and

spring as compared to summer. This seasonality pattern for G. duodenalis has previously been

reported in Italy by Bianciardi et al. [10]. A reasonable explanation for the increased diagnoses

of G. duodenalis during winter is that environmental conditions (relative humidity and lower

temperature) favor the parasites survival and transmission compared to the drier summer sea-

son at our latitude [52, 53].

The multivariable logistic regression shows that when the variable “age” is added to the

model with “geographical origin” and “sex”, these variables become non-significant showing

that they are not really risk factors because they are confounded by “age”. Thus, our study

shows that age is the main predictor for the diagnoses of intestinal parasites in dogs, and the

cold seasons also increase the chance for dogs of being diagnosed parasite-positive in Italy,

even among dogs of similar age.

Several studies have reported variation in blood count parameters, primarily associated

with specific endoparasites, such as Ancylostoma spp. and Angiostrongylus vasorum [54, 55]. In

the present study, although the positive dog population seems to affect mainly red blood cell

parameters (hematocrit, hemoglobin, MCHC and RBCs), the values were within reference
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interval values, which is opposite to other studies [17, 56, 57]. However, these nonspecific

signs are not always manifested, even when considering Ancylostoma spp. a blood-sucking

nematode [55]. Despite the pivotal role of eosinophils [58], basophils [59, 60] and neutrophils

[17] in the immune response to parasite infection, our results showed no significant change in

either parameter. This difference in results could also be explained by low parasite burdens

that were unable to generate a strong immune response. Unfortunately, information on the

clinical status, history of previous exposure and quantitative parasitological results were

unavailable in the dataset.

The overall serum protein profile in the endoparasite-positive dog group appears slightly

lower than the parasite-negative dog group. Under conditions of moderate parasite infection,

plasma proteins may undergo little change. The clinical signs, laboratory findings, and severity

of the disease are likely related to the intensity of the parasite infection (i.e., the greater the par-

asite load in the small intestine, the more severe the hypoalbuminemia produced). The endo-

parasite burden within the infected dog population may not have been sufficiently high to

justify an evident increased CRP nor decreased cobalamin level. Further research is needed to

quantitatively assess how the burden of infection may affect these serum parameters. Given

the subtle differences between infected and uninfected dogs and the low degree of specificity

of these changes for endoparasitic infection, clinicopathologic parameters cannot replace regu-

lar fecal screening.

The current results were retrospectively analyzed and since they originated from diagnostic

laboratories could contain selection biases, and limitations, as they reflect the situation for a

well-cared dog population that was not randomly selected. However, the study period

(9-years) offers an overview about the temporal frequency of which endoparasites are diag-

nosed in dogs. Despite the selection biases, the results of the risk factor analyses may still reflect

relationships found in a randomly selected population, as well as the effect of parasites on

blood parameters. Furthermore, the samples submitted to the VTH included both clinically

normal animals and those exhibiting clinical signs of disease, as clinicians sometimes (based

on their clinical judgement, not consistently) requested diagnostics for Giardia and lung-

worms based on clinical signs of diarrhea or coughing, respectively; therefore, the frequency

related to these parasites could have also been under-estimated.

Another limitation of the study is the imperfect sensitivities of the tests utilized by the labo-

ratory, especially the testing for Giardia where an optical microscope and Lugol’s iodine stain-

ing solution were used, which could lead to under-estimates of the frequency of infection.

Despite this information bias, we strongly encourage veterinarians to collect and mix multiple

stool samples per dog before diagnostics are performed in order to increase sensitivity. Unfor-

tunately, we were not able to recover such information for fecal flotation, but for the Baermann

technique, the laboratory requires the submission of three-day consecutive samples prior to

conducting the test. Future research should consider the impact of parasite burden on host

clinicopathological outcomes. Finally, having datasets with information regarding the health

status of dogs would have been useful in interpreting the blood parameters but that was not

possible for our study.

Conclusion

This study provides an impression of the parasitic infection status in fecal samples from well-

cared dogs brought to a veterinary college during a nine-year period. Although retrospective

long-term longitudinal studies may lack statistical robustness, they provide insight on the

changes in infectious disease over time, thereby offering private veterinarians and public

health officials relevant knowledge to manage and mitigate transmissible diseases. The study
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found a constant and fairly high frequency of endoparasite infection in well-cared-for dogs.

Two of the three most common endoparasites diagnosed are zoonotic or potentially zoonotic,

and this illustrates the crucial role of veterinarians in educating owners about the associated

zoonotic risk. From the study, parasitic infection is dependent on age and season, and knowing

these risk factors may help clinicians to program specific anthelmintic protocols to reduce the

risk of transmission. Overall, blood and serum protein parameters only showed moderate evi-

dence of endoparasite infection.

Author Contributions

Conceptualization: Benedetto Morandi, Maria Chiara Sabetti, Marco Pietra.

Data curation: Benedetto Morandi, John A. VanLeeuwen, Spencer J. Greenwood.

Formal analysis: Benedetto Morandi, John A. VanLeeuwen.

Investigation: Benedetto Morandi.

Methodology: Benedetto Morandi, Gionata Orlandi.

Software: John A. VanLeeuwen.

Supervision: Giovanni Poglayen, Roberta Galuppi.

Writing – original draft: Benedetto Morandi, Maria Chiara Sabetti, Maira Napoleoni, Ilaria

Pascucci, Marco Pietra.

Writing – review & editing: Benedetto Morandi, John A. VanLeeuwen, Spencer J.

Greenwood.

References
1. Caravelli A, Scaramozzino P, Iacoponi F, Condoleo R, Della Marta U. Size, demography, ownership

profiles, and identification rate of the owned dog population in central Italy. PLoS ONE. 2020; 15:

e0240551. https://doi.org/10.1371/journal.pone.0240551 PMID: 33057370

2. Statista Research Department. Available on-line at: https://www.statista.com/statistics/515521/dog-

population-europe-italy/ (accessed on November 29th, 2022)

3. Morandi B, Greenwood SJ, Conboy GA, Galuppi R, Poglayen G, VanLeeuwen JA. Endoparasites in

dogs and cats diagnosed at the Veterinary Teaching Hospital (VTH) of the University of Prince Edward

Island between 2000 and 2017. A large-scale retrospective study. Prev Vet Med. 2020; 175: 104878.

https://doi.org/10.1016/j.prevetmed.2019.104878 PMID: 31896503

4. Macpherson CNL. The epidemiology and public health importance of toxocariasis: a zoonosis of global

importance. Int. J. Parasitol. 2013; 43: 999–1008. https://doi.org/10.1016/j.ijpara.2013.07.004 PMID:

23954435

5. Diakou A, Di Cesare A, Morelli S, Colombo M, Halos L, Simonato G. Endoparasites and vector-borne

pathogens in dogs from Greek islands: pathogen distribution and zoonotic implications. PLoS Negl Trop

Dis. 2019; 13: e0007003. https://doi.org/10.1371/journal.pntd.0007003 PMID: 31067231

6. Pirrone F, Pierantoni L, Mazzola SM, Vigo D, Albertini M. Owner and animal factors predict the inci-

dence of, and owner reaction toward, problematic behaviors in companion dogs. J Vet Behav. 2015;

10: 295–301. https://doi.org/10.1016/j.jveb.2015.03.004

7. Joosten P, Van Cleven A, Sarrazin S, Paepe D, De Sutter A, Dewulf J. Dogs and their owners have fre-

quent and intensive contact. Int. J. Environ Res. 2020; 17: 4300. https://doi.org/10.3390/

ijerph17124300 PMID: 32560155

8. Morandi B, Mazzone A, Gori F, Alvarez Rojas CA, Galuppi R, Deplazes P, et al. New insights into the

peculiar world of the shepherd-dog parasites: an overview from Maremma (Tuscany, Italy). Front Vet

Sci. 2020; 7: 564164. https://doi.org/10.3389/fvets.2020.564164 PMID: 33088834

9. Carmona C, Perdomo R, Carbo A, Alvarez C, Monti J, Grauert R, et al. Risk factors associated with

human cystic echinococcosis in Florida, Uruguay: results of a mass screening study using ultrasound

and serology. Am J Trop Med Hyg. 1998; 58: 599–605. https://doi.org/10.4269/ajtmh.1998.58.599

PMID: 9598448

PLOS ONE Endoparasites of dogs combined with clinicopathological results

PLOS ONE | https://doi.org/10.1371/journal.pone.0293330 October 20, 2023 12 / 15

https://doi.org/10.1371/journal.pone.0240551
http://www.ncbi.nlm.nih.gov/pubmed/33057370
https://www.statista.com/statistics/515521/dog-population-europe-italy/
https://www.statista.com/statistics/515521/dog-population-europe-italy/
https://doi.org/10.1016/j.prevetmed.2019.104878
http://www.ncbi.nlm.nih.gov/pubmed/31896503
https://doi.org/10.1016/j.ijpara.2013.07.004
http://www.ncbi.nlm.nih.gov/pubmed/23954435
https://doi.org/10.1371/journal.pntd.0007003
http://www.ncbi.nlm.nih.gov/pubmed/31067231
https://doi.org/10.1016/j.jveb.2015.03.004
https://doi.org/10.3390/ijerph17124300
https://doi.org/10.3390/ijerph17124300
http://www.ncbi.nlm.nih.gov/pubmed/32560155
https://doi.org/10.3389/fvets.2020.564164
http://www.ncbi.nlm.nih.gov/pubmed/33088834
https://doi.org/10.4269/ajtmh.1998.58.599
http://www.ncbi.nlm.nih.gov/pubmed/9598448
https://doi.org/10.1371/journal.pone.0293330


10. Bianciardi P, Papini R, Giuliani G, Cardini G. Prevalence of Giardia antigen in stool samples from dogs

and cats. Rev. Med. Vet. 2004; 155: 417–421.

11. Morelli S, Colombo M, Traversa D, Iorio R, Paoletti B, Bartolini R, et al. Zoonotic intestinal helminthes

diagnosed in a 6-year period (2015–2020) in privately owned dogs of sub-urban and urban areas of

Italy. Vet Parasitol Reg Stud Reports. 2022; 29: 100689. https://doi.org/10.1016/j.vprsr.2022.100689

PMID: 35256130

12. ESCCAP guidelines, Malvern Hills Science Park Malvern, Worcestershire, WR14 3SZ United Kingdom

2021. Available on-line at: https://www.esccap.org/guidelines/ (accessed on Dec 7th, 2022)

13. Zajac AM, Conboy G.A. Fecal examination for the diagnosis of parasitism. Zajac A.M., Conboy G.A.

(Eds.), Veterinary Clinical Parasitology ( 8th eds.), John Wiley & Sons, Inc. 2012; pp. 3–164

14. Nagamori Y, Sedlak RH, DeRosa A, Pullins A, Cree T, Loense M, et al. Further evaluation and valida-

tion of the VETSCAN IMAGYST: in-clinic feline and canine fecal parasite detection system integrated

with a deep learning algorithm. Parasit Vect. 2021; 14: 89. https://doi.org/10.1186/s13071-021-04591-y

PMID: 33514412

15. Thompson RCA, Palmer CS, O’Handley R. The public health and clinical significance of Giardia and

Cryptosporidium in domestic animals. Vet J. 2008; 177: 18–25. https://doi.org/10.1016/j.tvjl.2007.09.

022 PMID: 18032076

16. Ettinger SJ, Hall EJ, Day MJ. Diseases of the small and large intestine. In: Textbook of Veterinary Inter-

nal Medicine. St. Louis, MO: Elsevier, 2017; pp. 1516–1592.

17. Kubas EA, Fischer JR, Hales EN. Endoparasitism of Golden Retrievers: prevalence, risk factors, and

associated clinicopathologic changes. PLoS ONE. 2022; 17: e0263517. https://doi.org/10.1371/

journal.pone.0263517 PMID: 35180232

18. Di Felice G, Ferretti G. Osservazioni sul peso specifico delle uova di alcuni elminti parassiti in relazione

ai metodi di arricchimento. Nuovi Ann Ig Microbiol. 1962; 13: 414–421.

19. Ministry of Agriculture, Fisheries and Food. Manual of veterinary parasitological laboratory techniques

(Reference Book; 418), 3rd ed. London: Her Majesty’s Stationery Office (HMSO). 1986; 160 p.

20. Euzeby J. La coprologie chez les carnivores. Diagnostic expérimental des helminthoses animales. Tra-

vaux pratiques d’helminthologie vétérinaire, Livre. 1981; 1: 195–214.

21. Sloss M, Kemp R, Zajac A. Veterinary Clinical Parasitology ( 6th ed.), Iowa State University Press,

1994; Ames.

22. Genchi M, Traldi G, Genchi C. Manuale di parassitologia veterinaria. 2010; CEA

23. Dohoo I, Martin W, Stryhn H. Model-building strategies, In: Dohoo I, Martin W, Stryhn H. ( 2nd Eds.),

Veterinary Epidemiologic Research. VER Inc. Charlottetown, PEI-Canada, 2009; pp. 365–394.

24. Scaramozzino P, Carvelli A, Iacoponi F, De Liberato C. Endoparasites in household and shelter dogs

from Central Italy. Int J Vet Sci Med. 2018; 6: 45–47. https://doi.org/10.1016/j.ijvsm.2018.04.003 PMID:

30255077

25. Raza A, Rand J, Qamar AG, Jabbar A, Kopp S. Gastrointestinal parasites in shelter dogs: occurrence,

pathology, treatment and risk to shelter workers. Animals. 2018; 8: 108. https://doi.org/10.3390/

ani8070108 PMID: 30004469

26. De Liberato C, Berrilli F, Odorizi L, Scarcella R, Barni M, Amoruso C, et al. Parasites in stray dogs from

Italy: prevalence, risk factors and management concerns. Acta Parasitol. 2018; 63: 27–32. https://doi.

org/10.1515/ap-2018-0003 PMID: 29351076

27. Zanzani SA, Di Cerbo AR, Gazzonis AL, Genchi M, Rinaldi L, Musella V, Canine fecal contamination in

a metropolitan area (Milan, north-western Italy): prevalence of intestinal parasites and evaluation of

health risks. ScientificWorldJournal. 2014; 132361. https://doi.org/10.1155/2014/132361 PMID:

25478583

28. Tamponi C, Varcasia A, Pinna S, Melis E, Melosu V, Zidda A, et al. Endoparasites detected in faecal

samples from dogs and cats referred for routine clinical visit in Sardinia, Italy. Vet Parasitol Reg Stud

Reports. 2017; 10: 13–17. https://doi.org/10.1016/j.vprsr.2017.07.001 PMID: 31014584

29. La Torre F, Di Cesare A, Simonato G, Cassini R, Traversa D, Frangipane di Regalbono A. Prevalence

of zoonotic helminths in Italian house dogs. J Infect Dev Ctries. 2018; 12: 666–672. https://doi.org/10.

3855/jidc.9865 PMID: 31958330

30. Ma G, Holland CV, Wang T, Hofmann A, Fan CK, Maizels RM, et al. Human toxocariasis. Lancet Infect.

Dis. 2018; 18: e14–e24. https://doi.org/10.1016/S1473-3099(17)30331-6 PMID: 28781085

31. Rostami A, Riahi SM, Hofmann A, Ma G, Wang T, Behniafar H, et al. Global prevalence of Toxocara

infection in dogs. Adv Parasitol. 2020; 109: 561–583. https://doi.org/10.1016/bs.apar.2020.01.017

PMID: 32381218

PLOS ONE Endoparasites of dogs combined with clinicopathological results

PLOS ONE | https://doi.org/10.1371/journal.pone.0293330 October 20, 2023 13 / 15

https://doi.org/10.1016/j.vprsr.2022.100689
http://www.ncbi.nlm.nih.gov/pubmed/35256130
https://www.esccap.org/guidelines/
https://doi.org/10.1186/s13071-021-04591-y
http://www.ncbi.nlm.nih.gov/pubmed/33514412
https://doi.org/10.1016/j.tvjl.2007.09.022
https://doi.org/10.1016/j.tvjl.2007.09.022
http://www.ncbi.nlm.nih.gov/pubmed/18032076
https://doi.org/10.1371/journal.pone.0263517
https://doi.org/10.1371/journal.pone.0263517
http://www.ncbi.nlm.nih.gov/pubmed/35180232
https://doi.org/10.1016/j.ijvsm.2018.04.003
http://www.ncbi.nlm.nih.gov/pubmed/30255077
https://doi.org/10.3390/ani8070108
https://doi.org/10.3390/ani8070108
http://www.ncbi.nlm.nih.gov/pubmed/30004469
https://doi.org/10.1515/ap-2018-0003
https://doi.org/10.1515/ap-2018-0003
http://www.ncbi.nlm.nih.gov/pubmed/29351076
https://doi.org/10.1155/2014/132361
http://www.ncbi.nlm.nih.gov/pubmed/25478583
https://doi.org/10.1016/j.vprsr.2017.07.001
http://www.ncbi.nlm.nih.gov/pubmed/31014584
https://doi.org/10.3855/jidc.9865
https://doi.org/10.3855/jidc.9865
http://www.ncbi.nlm.nih.gov/pubmed/31958330
https://doi.org/10.1016/S1473-3099%2817%2930331-6
http://www.ncbi.nlm.nih.gov/pubmed/28781085
https://doi.org/10.1016/bs.apar.2020.01.017
http://www.ncbi.nlm.nih.gov/pubmed/32381218
https://doi.org/10.1371/journal.pone.0293330


32. Monis PT, Cacciò SM, Thompson RCA. Variation in Giardia: towards a taxonomic revision of the genus.

Trends Parasitol. 2009; 26: 93–100. https://doi.org/10.1016/j.pt.2008.11.006 PMID: 19135417

33. Ryan U, Cacciò SM. Zoonotic potential of Giardia. Int J Parasitol. 2013; 43: 943–56. https://doi.org/10.

1016/j.ijpara.2013.06.001 PMID: 23856595

34. Ponce-Macotela M, Martı́nez-Gordillo MN, Bermúdez-Cruz RM, Salazar-Schettino PM, Ortega-Pierres

G, Ey PL. Unusual prevalence of the Giardia intestinalis A-II subtype amongst isolates from humans

and domestic animals in Mexico. Int J Parasitol. 2002; 32:1201–1202. https://doi.org/10.1016/s0020-

7519(02)00086-3 PMID: 12117503

35. Traub RJ, Monis PT, Robertson I, Irwin P, Mencke N, Thompson RC. Epidemiological and molecular

evidence supports the zoonotic transmission of Giardia among humans and dogs living in the same

community. Parasitology. 2004; 128: 253–262. https://doi.org/10.1017/s0031182003004505 PMID:

15080083

36. Claerebout E, Casaert S, Dalemans AC, De Wilde N, Levecke B, Vercruysse J, et al. Giardia and other

intestinal parasites in different dog populations in Northern Belgium. Vet Parasitol. 2009; 161:41–6.

https://doi.org/10.1016/j.vetpar.2008.11.024 PMID: 19155136

37. Xu H, Jin Y, Wu W, Li P, Wang L, Li N, et al. Genotypes of Cryptosporidium spp., Enterocytozoon bien-

eusi and Giardia duodenalis in dogs and cats in Shanghai, China. Parasit Vectors. 2016; 9:121. https://

doi.org/10.1186/s13071-016-1409-5 PMID: 26932267

38. Godı́nez-Galaz EM, Veyna-Salazar NP, Olvera-Ramı́rez AM, Milián-Suazo F, Perea-Razo CA, Bernal-

Reynaga R, et al. Prevalence and zoonotic potential of Giardia intestinalis in dogs of the Central Region

of Mexico. Animals. 2019; 9:325. https://doi.org/10.3390/ani9060325 PMID: 31174344

39. Zajaczkowski P, Lee R, Fletcher-Lartey SM, Alexander K, Mahimbo A, Stark D, et al. The controversies

surrounding Giardia intestinalis assemblages A and B. Curr Res Parasitol Vector Borne Dis. 2021; 1:

100055. https://doi.org/10.1016/j.crpvbd.2021.100055 PMID: 35284870
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