Latvijas Biozinatnu un tehnologiju universitate
Latvia University of Life Sciences and Technologies

Veterinarmedicinas fakulate
Faculty of Veterinary Medicine

Maira Mateusa

PREVALENCE, GENETIC DIVERSITY,
ENVIRONMENTAL SHEDDING AND ASSOCIATED
FACTORS OF GIARDIA DUODENALIS IN CATTLE (BOS
TAURUS) AND CANIDS (CANIDAE) IN LATVIA

GIARDIA DUODENALIS IZPLATIBA, GENETISKA
DAUDZVEIDIBA, VIDES PIESARNOJUMS UN TO
IETEKMEJOSIE FAKTORI GOVIM (BOS TAURUS) UN
SUNU DZIMTAS (CANIDAE) DZIVNIEKIEM LATVIJA

SUMMARY

of the doctoral thesis for the Doctoral degree of Science (Ph.D.) in
Veterinary Sciences

Promocijas darba KOPSAVILKUMS

zinatnes doktora grada (Ph.D.) iegli$anai
VeterinarmedicInas zinatné

Jelgava
2026



The doctoral thesis was elaborated at the Institute of Food and
Environmental Hygiene of the Faculty of Veterinary Medicine, Latvia University
of Life Sciences and Technologies, and at the Institute of Food Safety, Animal
Health and Environment “BIOR”, the Department of Microbiology and
Pathology, Parasitology and Microbial Genomic groups.

Doctoral thesis scientific supervisors:

Dr. med. vet. Margarita Terentjeva — Associate professor at the Latvia
University of Life Sciences and Technologies. Senior researcher at the Institute
of Food Safety, Animal Health and Environment “BIOR”.

Dr. biol. Gunita Deksne — Associate professor at the University of Latvia.

Official reviewers:

1. Dr. med. vet. Liga Koval¢uka — Professor at the Latvia University of Life
Sciences and Technologies.

2. Dr. med. vet. Alvydas Malakauskas — Professor at the Lithuanian University
of Health Sciences.

3. Olga Valcina, Ph.D. — Director at the Institute of Food Safety, Animal Health
and Environment “BIOR”.

The doctoral thesis was developed with the support of the Latvian
Council of Sciences project No. 1zp-2021/1-0055 “Transmission of foodborne
parasitic pathogens from animals to humans: TRANSPAR?”.

-' ssss L .-|-_ g
oYz Hif qunisg: FLPP
@AN S PAR -11?1 LIETISKO PETIUMU

PROJEKTI

The defence of the doctoral thesis will be held at the open meeting of the
LBTU Doctoral Council for Veterinary Medicine at 10:00 on February 6%, 2026
at the Faculty of Veterinary Medicine, 8 Helmana Street, Jelgava, auditorium No
A300.

The doctoral thesis is available at the Fundamental Library of Latvia
University of Life Sciences and Technologies, 2 Liela Street, Jelgava and on the
website http://llufb.llu.lv/en

You are welcome to send your comments to the secretary of Doctoral
Council — lecturer, Mg.med.vet. Anna Kriklite, 8 Helmana Street, Jelgava, LV-
3004, Latvia, e-mail: anna.kruklite@Ibtu.lv. It is advised to send your comments
in scanned form and signed.



Promocijas darbs tika izstradats Latvijas Biozinatpu un tehnologiju
universitates, Veterinarmedicinas fakultates, Partikas un vides higi€nas instittta
un Partikas droSibas, dzivnieku veselibas un vides zinatniska institiita “BIOR”,
Mikrobiologijas un patologijas laboratorijas, Parazitologijas un Mikroorganismu
genoma izpétes grupas.

Promocijas darba zinatniskie vaditaji:

Dr. med. vet. Margarita Terentjeva — Latvijas Biozinatnu un tehnologiju
universitates asociéta profesore. Partikas drosibas, dzivnieku veselibas un vides
zinatniska institlita “BIOR” vadosa pétniece.

Dr. biol. Gunita Deksne — Latvijas Universitates asociéta profesore.

Oficialie recenzenti:

1. Dr. med. vet. Liga Kovaléuka — Latvijas Biozinatnu un tehnologiju
universitates profesore.

2. Dr. med. vet. Alvydas Malakauskas — Lietuvas Veselibas zinatnu
universitates profesors.

3. Olga Valcina, Ph.D. — Partikas drosibas, dzivhieku veselibas un vides
zinatniska institfita “BIOR” direktore

Promocijas darbs izstradats ar Latvijas Zinatnu padomes projekta Nr.
1zp-2021/1-0055 ,,Partikas parazitaro patogénu parnese no dzivniekiem uz
cilvéku: TRANSPAR?” atbalstu.

O N pm: FLPP
TRANSPAR, st mom

PROJEKTI

Promocijas darba aizstavesana notiks LBTU Veterinarmedicinas zinatnes
Promocijas padomes atklata sédé 2026. gada 6. februari Veterinarmedicinas
fakultaté (Kr.Helmana iela 8, Jelgava) A300 auditorija plkst.10:00.

Ar promocijas darbu var iepazities LBTU Fundamentalaja biblioteka,
Liela iela 2, Jelgava un http://Ibtufb.lbtu.lv

Atsauksmes siitit Promocijas padomes sekretarei vieslektorei Mg.med.vet.
Annai  Kriklitei — Helmana iela 8, Jelgava, LV-3004, e-pasts:
anna.kruklite@lbtu.lv. Atsauksmes vElams siitlt ieskan&ta veida ar parakstu.



http://lbtufb.lbtu.lv/

TABLE OF CONTENTS/ SATURA RADITAJS

INTRODUCTION ottt 5
MATERIALS AND METHODS.......ccco it 11
Study design for the detection of Giardia duodenalis in cattle, domestic dogs,
aNd Wild CaNIAS ..o 11
Microscopical analysis of fecal SAMPIES .........cccocevevivriiiivcie e, 15
Giardia duodenalis molecular identification ..........ccccccvvevviiienninienennnen, 17
QUESEIONNAITES ...ttt ettt st enea 20
Data analysisS oo 20
RESULTS AND DISCUSSION ......ocoiiiiiiiiieisie et 23
Prevalence, cyst load, genetic diversity, animal-level and herd-level factors
potentially associated with Giardia duodenalis in cattle in Latvia............. 23

Prevalence, cyst load, genetic diversity, animal-level and housing factors
potentially associated with Giardia duodenalis in domestic dogs in Latvia32
Prevalence, cyst load, genetic diversity, and animal-level factors potentially
associated with Giardia duodenalis in red foxes and raccoon dogs in Latvia

......................................................................................... 37

Environmental contamination potential of Giardia duodenalis from cattle and
canids in Latvia with emphasis on the zoonotic assemblage A................... 40
CONCLUSIONS e 46
PRACTICAL RECOMMENDATIONS.......cceiiiirieiitneese et 47
IEVADS 48
MATERIALI UN METODES .......ceiiiiiiieieieeeeeeee et 54
Pétijuma shéma Giardia duodenalis izplatibas noteik$anai govim, majas
suniem un savvalas sunu dzimtas dZIvnieKiem ...........cccocevvenienieieeieninene 54
Mikroskopiska fekaliju izmeKI8Sana ............ccevvereiieeiiniiiiisie e 58
Giardia duodenalis molekulara identifikacija..........coovererieienencicninennn, 59
ANKetas 62
Datu anallZe ..ooeeieeiece e 63
REZULTATI UN DISKUSITA ..ottt 66
Giardia duodenalis izplatiba, cistu izdalisanas intensitate, gen&tiska
daudzveidiba, un to izplatibu ietekmgjoSie faktori govim Latvija .............. 66

Giardia duodenalis izplatiba, cistu izdaliSanas intensitate, gen&tiska
daudzveidiba, un to izplatibu ietekmgjoSos faktori majas suniem Latvija .. 75
Giardia duodenalis izplatiba, cistu izdaliSanas intensitate, gen&tiska
daudzveidiba, un to izplatibu ietekméjoSie faktori rudajam lapsam un

JENOtSUNICM LatVI]a...ouviiiiiiiiiiie ettt 79
Govju un sunu dzimtas dzivnieku loma vides piesarnojuma ar Giardia
duodenalis ar zoonotisko A apakStipu ........ccceevrereinineiiiseee, 83
SECINAJUMI oottt 89

PRAKTISKI TETEIKUMI ..ot 90



INTRODUCTION

Giardia duodenalis (syn. G. lamblia, G. intestinalis) is a food and water-
borne protozoan parasite that can cause giardiasis in susceptible animal species
and humans (Dixon, 2021). G. duodenalis can infect a wide range of hosts,
including cattle, canids — dogs, foxes, raccoon dogs, and humans, which may
become asymptomatic carriers of G. duodenalis (Dixon, 2021). Assemblages A
and B are zoonotic and had caused several Giardia-associated outbreaks in
humans (Dixon, 2021). In individuals with underlying health conditions the
protozoan may cause clinical infection which manifestations vary from mild to
severe or acute to chronic diarrhea, resulting in fluid, electrolyte, or nutrient
malabsorption (O’Handley et al., 2003; Geurden et al., 2010; Dixon, 2021). Even
though no long-term studies have been done on impact of giardiasis on calves
and dogs, the infection causes severe weight loss and reduction in weight in
lambs (Aloisio et al., 2011; Sweeny et al., 2011; Smit et al., 2023). Since 2004,
G. duodenalis has been included in the Neglected Disease initiative of the World
Health Organization (WHO) and is currently ranked as the 6™ and 8™ the most
important foodborne parasite in Europe and Eastern Europe, respectively
(Savioli et al., 2006; Bouwknegt et al., 2018). G. duodenalis cysts are small (7-
10 um) with thick walls that make them highly robust in the environment and
enhance the survival of the pathogen under harsh environmental conditions. The
infectious dose can be as low as 10 cysts to cause clinical signs and this parasite
is well adapted to be transferred via food, feed, and especially water (Dixon,
2021).

Within the One Health concept, G. duodenalis is an important human and
animal pathogen (Geurden et al., 2010). G. duodenalis prevalence in cattle in
Europe reached 31.1%, with the highest prevalence observed in calves
(Taghipour et al., 2022). G. duodenalis usually affects one-month-old calves, and
out of eight G. duodenalis assemblages, three were found in cattle — assemblage
E, which is cattle-specific, and zoonotic assemblages A and B (Dixon, 2021).
One infected cattle can excrete from 10° to 106 cysts with one gram of feces, and
due to asymptomatic or chronic nature of infection, infected animals are hard to
identify and isolate to prevent further spread of the pathogen (Fayer et al., 2000;
Dixon et al., 2021). Additionally, cattle could be potential reservoirs for the
zoonotic G. duodenalis assemblages A and B (Coklin et al., 2007; Bartley et al.,
2018; Zahedi et al., 2020). Chronic giardiasis in cattle can last up to several
months and together with the release of large amounts of feces (up to 30 kg)
ensures prolonged environmental contamination (Aland et al., 2002). If untreated
cattle manure containing zoonotic G. duodenalis assemblages is used in field and
garden fertilization, it can contaminate not only crops but also the surface and
underground water sources (Martinez et al., 2009). There have been concerns on
a role of domestic and wild canids in the spread of G. duodenalis with domestic
dogs and red foxes being expected to serve as potential source of G. duodenalis
for humans (Traub et al., 2004; Onac et al., 2015; Adell-Aledén et al., 2018;
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Moghaddasi et al., 2024). However, scarce information is available about G.
duodenalis assemblages in wild raccoon dogs, with dog-specific assemblage D
being reported in farmed raccoon dogs in Poland (Solarczyk et al., 2016).

Dogs are among the most popular pets and may become an infection source
for owners (Sun et al., 2023). In dogs, G. duodenalis is one of the most detected
parasites, especially in animals from shelters and kennels, with the worldwide
prevalence of 15.2% (n = 4,309,451) (Claerebout et al., 2009; Ferreira et al.,
2011; Bouzid et al., 2015). Giardiasis in dogs, similar to cattle, is often
asymptomatic, but in puppies, mild to severe intermittent diarrhea can be
observed (Feng & Xiao, 2011). Red foxes and raccoon dogs are often seen in
various environments — forests, countryside, cities, and suburban territories
without direct contact with humans. However, their broad environmental habitat
creates a risk of contamination of larger areas with zoonotic G. duodenalis
assemblages (Debenham et al., 2017).

In humans, G. duodenalis causes acute or chronic diarrhea accompanied by
bloating, nausea, and abdominal pain and can lead to lower cognitive functions,
allergies, vitamin and mineral deficiencies (Akkaub & Buret, 2020). The
pathogen has been associated with pancreatic cancer (Furukawa et al., 2011,
Akkaub & Buret, 2020). Additional long-term effects such as failure to thrive
and stunted growth have been observed in children when infected in the first
years of their lives (Bergman et al., 2005; Botero-Garces et al., 2009).

Cattle farming has been listed as one of the main sources for the
environmental contamination with zoonotic pathogens, mostly due to usage of
untreated manure for crop fertilization (Koyun et al., 2023). This subsequently
can increase the risk of water and food contamination, therefore increasing the
probability of pathogen-associated outbreaks (Koyun et al., 2023). Using
untreated manure for field fertilization has resulted in increased food and water
contamination with the zoonotic protozoa due to run-offs and the sale of
contaminated food directly from the fields (Lewerin et al., 2020). The rise of
miniature or petting zoos and open farms could increase contact of humans, pets
and wildlife with potentially infected cattle and other livestock (Dunn et al.,
2015; Conrad et al., 2017). Also recreational water systems and open water
sources may promote further spread of the pathogen (Brunn et al., 2018).

To the best of our knowledge, no studies about G. duodenalis in cattle and
cattle herds, domestic dogs, red foxes, and raccoon dogs have been published in
Latvia. Data about factors that affect the prevalence of Giardia in cattle, domestic
dogs, and wild canids, their genetic diversity and zoonotic potential are largely
missing. Since there is a lack of studies to tackle the environmental transmission
of G. duodenalis, especially within One Health approach, to prevent foodborne
and waterborne transmission of the pathogen, research on the epidemiology of
G. duodenalis is needed.



The following theses were put forward:

1. G. duodenalis prevalence, cyst load, and assemblage distribution differs
among cattle, domestic dogs, red foxes, and raccoon dogs in Latvia;

2. animal-level factors, including age and sex, as well as management, and
housing practices, influence risk of G. duodenalis infection in cattle,
domestic dogs, red foxes, and raccoon dogs in Latvia;

3. zoonotic G. duodenalis assemblages are present in cattle, domestic dogs, red
foxes and raccoon dogs in Latvia;

4. cattle contribute the largest G. duodenalis cyst load to the environmental
contamination;

Problem analysis:

There is a lack of knowledge regarding G. duodenalis prevalence, cyst load,
and genetic diversity of G. duodenalis, particularly the zoonotic assemblages A
and B in cattle, domestic dogs, red foxes, and raccoon dogs in Latvia. Limited
information is available on animal-level and management and housing factors
affecting G. duodenalis prevalence in these animals. Understanding of factors
affecting the prevalence of the pathogen is crucial for assessing the risk of
environmental contamination and potential zoonotic transmission, especially
within the One Health framework. Filling knowledge gaps could further
determine factors such as whether a zoonotic outbreak in humans in Latvia may
occur and whether the source could be of animal origin.

The aim of the doctoral thesis was to analyze the prevalence, cyst load, and
genetic diversity of G. duodenalis in cattle (Bos taurus), domestic dogs (Canis
familiaris), red foxes (Vulpes vulpes), and raccoon dogs (Nyctereutes
procyonoides) in Latvia, to identify factors associated with the increased
prevalence of G. duodenalis in studied animal species and to assess their
potential contribution to environmental contamination.

Tasks of the doctoral thesis:

1. toanalyze the prevalence, cyst load, genetic diversity, animal-level and herd-
level factors potentially associated with G. duodenalis in cattle;

2. to detect the prevalence, cyst load, genetic diversity, and animal-level and
housing factors potentially associated with G. duodenalis in domestic dogs;

3. to establish the prevalence, cyst load, genetic diversity, and animal-level
factors potentially associated with G. duodenalis in red foxes and raccoon
dogs;

4. to assess and compare the cyst-shedding intensity of cattle and canids, to
determine their contributions to environmental contamination with G.
duodenalis zoonotic assemblage A.



Scientific novelty of the doctoral thesis:

1. the first study in Latvia on the prevalence of G. duodenalis, cyst load, genetic
diversity in cattle, domestic dogs, red foxes and raccoon dogs in Latvia,
revealing G. duodenalis assemblages C, D and E and the zoonotic assemblage
A

2. identified factors associated with the prevalence of G. duodenalis in cattle,
domestic dogs, red foxes and raccoon dogs in Latvia, providing veterinarians
and experts in the field with insight into how to limit the spread of this
parasite;

3. provides insight into the potential dissemination of zoonotic G. duodenalis
assemblage A in the environment within the One Health approach.

Authors’ personal contributions:

1. collection of feces from cattle;

2. communication with the herd owners and dog owners to collect fecal samples
and conduct questionnaires;

3. feces preparation using immunofluorescence staining technique for G.
duodenalis cyst detection and microscopy;

4. molecular analyses, including genomic G. duodenalis DNA isolation,
Polymeraze Chain Reaction (PCR), and Restriction Length Fragment
Polymorphism Analysis (RFLP), were done personally in most cases;

5. descriptive statistics and risk and protective factor analysis using generalized
linear mixed and generalized linear models to identify risk and protective
factors associated with the prevalence of G. duodenalis in animal species
were done personally in most cases.

Approbation of scientific work:
List of original publications in journals that are indexed in SCOPUS and

Web of Science databases and are included in the thesis:
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Autumn, 2020.

Mateusa, M., Seleznova, M., Terentjeva, M., & Deksne, G. (2023).
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MATERIALS AND METHODS

Study design for the detection of Giardia duodenalis in cattle,
domestic dogs, and wild canids

Study design for the detection of Giardia duodenalis in cattle in Latvia.

From March 2019 to March 2020, cattle herds were visited to collect fecal
samples for the detection of G. duodenalis and to gather information about herd
management practices. A total of 973 individual cattle were sampled from four
regions: Kurzeme (n = 283), Latgale (n = 91), Vidzeme (n = 244), and Zemgale
(n = 355). A total of 853 female and 120 male cattle were examined. In total,
samples were obtained from 32 herds, with the highest number of herds from
Zemgale (n = 12), followed by Kurzeme (n = 9), Vidzeme (n = 9), and Latgale
(n=3) (Figure 1).

Latitude

: 25
Longitude

Figure 1. Distribution of sampled cattle herds in Latvia (blue dots)

Furthermore, fecal samples were collected from 13 cattle breeds with the
majority of samples collected from Holstein Friesian (HM) (n = 699), followed
by Holstein Red and White (HS) (n = 122); Latvian brown (LB) (n = 71),
Limousin (LI) (n = 35), Danish Red (DS) (n = 19); mixed breed (XX) (n = 14)
and 13 samples collected from six other breeds with number of collected samples
varying from 1-4.

For each month when cattle were sampled, data on the mean temperature,
precipitation, and air humidity were acquired from Latvian Environment,
Geology and Meteorology Center (LEGMC, www.klimats.meteo.Iv).

The required sample size for the study was determined based on Latvia's
cattle population size of 395,320 (Agricultural Data Centre Republic of Latvia,
accessed on January 1%, 2020).

To calculate the minimal number of cattle needed for sampling, a 95%
confidence interval, assuming a 50% infection rate within the population was
used. At the end, a minimum of 384 cattle needed to be sampled. Even though
the sampling approach was designed to be proportionally stratified across
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Latvian counties, only herds from which owners responded positively to the
study were sampled and were not excluded from the study. Therefore,
convenience sampling (haphazard or accidental sampling) was used (Etikan et
al., 2015).

Potential herd owners or overseeing veterinarians were contacted for the
sampling via telephone. A herd was visited once during the study period. The
primary inclusion criteria were cattle herds with different management systems,
such as organic, conventional, and untethered and tethered management types.
Furthermore, the study aimed to represent a spectrum of herd sizes,
encompassing large industrial operations to smaller family-owned cattle herds.
If possible, fecal samples were gathered from both sexes and various cattle
breeds. The exclusion criteria were if the owners did not agree to the study, or
the agreement process for study was not finalized.

Up to 45 fecal samples were collected from each herd, distributed across the
three age groups. The categorization of cattle age groups was established by
considering the distinct management practices associated with different age
brackets and the biology of G. duodenalis, without considering the physiological
age of the cattle.

The categorization of age was done as follows:

e (0-3 months;

e 4-24 months;

e 24 months and above.

Calves up to 3 months of age experience a more pronounced clinical impact
from Giardia and excrete a higher amount of Giardia cysts that could
contaminate the environment (O’Handley et al., 2001; Trout et al., 2005; Mark-
Carew et al., 2010). Additionally, calves in this age bracket often receive milk as
an additional food source, reflecting their unique dietary needs and infection
vulnerability (Rosenberger et al., 2017). Cattle between 4-24 months old are
typically maintained on standard cattle feed and are grouped based on their
similar dietary requirements and management practices (Curtis et al., 2018).
Cattle older than 24 months, being involved in calving and giving birth to new
calves, are more likely to transmit infections to neonatal calves during birth or
soon after due to the rise of excreted Giardia cysts around the perinatal period
(Ralston et al., 2003; Mark-Carew et al., 2010).

The sampled cattle in each age group were chosen by convenience (Etikan et
al., 2015). For example, the cattle were sampled, when they were about to
defecate or had just freshly defecated, and the feces had no visual changes before
collection (such as contamination with litter or hoof prints). If it was possible,
when sampling the cattle from the 0-3-month-old group, random sampling
technique was used to collect feces from calves with and without diarrhea. In
herds where the predetermined sample quota could not be obtained from a
particular age group, all available animals within that specific age group were
sampled to ensure comprehensive coverage within each category.
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Fecal samples were collected with a clean latex glove and put in a single-use
plastic container; the latex glove was changed after every sample collection. Only
the top part of freshly defecated feces was collected to minimize feces cross-
contamination with other pathogens. An anonymous identification number was
assigned for each cattle.

For each animal, a questionnaire was completed by the sample collector
together with herd owner or veterinarian, recording the cattle’s identification
number, sex, breed, fecal consistency, and whether the cattle had been brought
to the herd (Appendix 1). All sensitive data were made anonymous by assigning
an individual laboratory number for each herd. Afterward, samples were putin a
cooling box with cold elements, which ensured 4 °C until transported to the
Institute “BIOR”, Parasitology laboratory, on the same day of collection, where
they were stored for up to two weeks at 4 °C until further testing.

Study design for the detection of Giardia duodenalis in domestic dogs in
Latvia.

The samples of feces from domestic dogs were collected from April 2020 to
May 2022. In total, 373 dogs were tested for G. duodenalis, including 183 female
and 190 male dogs. Of these, 328 were privately owned and 45 were shelter dogs.
Fecal samples were collected from 64 dog breeds, which were categorized as
“breed” dogs (218) and no-breed dogs (155). Regionally, samples were collected
from Latgale (22), Kurzeme (57), Zemgale (88), and Vidzeme (206) (Figure 2).

Latitude

ave 25
Longitude

Year @ 2020 @ 2022

Figure 2. Distribution of sampled domestic dogs in Latvia (green and orange squares)

For each month when domestic dogs were sampled, data on mean
temperature, precipitation, and air humidity were acquired from LEGMC
(www.klimats.meteo.lv).

The required number of domestic dogs for this study was calculated based on
a 95% confidence interval and assuming a 40% infection rate within the domestic
dog population (Bouzid et al., 2015). Data from the Agricultural Data Centre
Republic of Latvia was retrieved to calculate the necessary sample size for
domestic dogs, which in 2020 was 132,750. The minimal necessary sample size
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was calculated to be 323 (Agricultural Data Centre Republic of Latvia, accessed
on January 1%, 2020). A haphazard sampling technique was used to collect the
samples — advertisements on social media, such as Facebook, and news outlets,
such as BezTabu, www.sm.lv, and the Institute “BIOR” homepage
(www.bior.lv), were posted to reach a wider target audience. Individual
invitations to participate in the study were also sent to veterinary clinics and dog
shelters.

Descriptions of the study in Latvian with a detailed explanation of the feces
collection process were provided to the owners, veterinarians, and dog shelter
experts in both study periods. Participants were instructed to collect feces for
three days straight, put them in a clean, waterproof container, and keep the
collected samples at 4 °C until transported to the Institute “BIOR”, Parasitology
group, until further testing, which was done within one week after the samples
were delivered to the laboratory.

Age of the dogs was categorized in age groups by Harvey (2021):

e < 2yearsold: puppies;

e 2to 7 yearsold: adults;

e 810 11 years old: seniors;
e > 12 years old: geriatric.

At the laboratory, an individual identification number was added to provide
anonymity. Fecal consistency was noted (liquid, soft, formed), and the samples
were stored at 4 °C for two weeks until further testing.

Study design for the detection of Giardia duodenalis in red foxes and raccoon
dogs in Latvia.

From February 2020 to January 2023, a total of 219 red fox and 78 raccoon
dogs carcasses were collected by hunters. Red foxes and raccoon dogs were shot
by hunters according to the Rabies vaccination and prevention program
organized by the Food and Veterinary Service of Latvia (Zemkopibas ministrija
& Partikas un veterinarais dienests, 2021).

Among red fox samples, 182 were from Latgale, 27 from Vidzeme, 5 from
Zemgale, and four from Kurzeme, and tested for G. duodenalis (Figure 3).

Latitude

P e
Longitude

Figure 3. Distribution of the hunted red foxes (red triangles)
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The red foxes were collected from 23 hunting parishes from eight forestry
districts of Latvia — Austrumlatgale, Dienvidlatgale, Centralvidzeme,
Ziemelaustrumu, Ziemelvidzeme, Zemgale, S€lija, Ziemelkurzeme.

Out of a total of 78 raccoon dogs were collected and examined for G.
duodenalis, 69 were from Latgale, 7 from Vidzeme, and 2 from Zemgale (Figure
4).

Latitude

ave o
Longitude

Figure 4. Distribution of the hunted raccoon dogs (green triangles)

The raccoon dogs were collected from 13 hunting parishes of six forestry
districts of Latvia — Austrumlatgale, Dienvidlatgale, Centralvidzeme,
Ziemelaustrumu, Ziemelvidzeme, S€lijas.

For each month when red foxes and raccoon dogs were sampled, data on the
mean temperature, precipitation, and air humidity were acquired from LEGMC
(www.klimats.meteo.lv).

After shooting the animal, the hunter determined the age of the animal (if
possible) and sent the carcass to the Institute “BIOR”. In the Institute “BIOR”,
Pathology group. The intestinal tract was removed and put in a waterproof
container and stored in the freezer (-30 °C) for up to a month. Afterwards, the
intestinal tract was defrosted and feces were collected from the rectum, put in a
waterproof container, labelled with an identification number, and stored at 4 °C
for up to a week until further testing.

For red foxes and raccoon dogs, age was categorized into defined age ranges.
Red foxes were grouped in five age categories: 1-1.5 years, 2-2.5 years, 3-3.5
years, 4, and 5 years, but raccoon dogs in four groups — 1-1.5 years, 2-2.5 years,
3-3.5 years, and 4.5 years old.

Microscopical analysis of fecal samples
Fecal samples preparation.

To process the samples, a saturated sodium chloride (NaCl) method was used
(Kuczynska & Shelton, 1999; Maddox-Hyttel et al., 2006).
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To prepare the sample, one gram of the individual feces was weighed into a
clean, single-use 15 ml centrifuge tube (SARSTEDT, Numbrecht, Germany).
The sample purification and sedimentation process was as follows:

1. Four milliliters of distilled water was added to the fecal sample and mixed
thoroughly for 30 seconds, or until the sample was thoroughly mixed/ using
a vortex (Vortex V-1 plus, Biosan, Latvia). Then a 4 ml of saturated NaCl
with a density of 1.18 was added and mixed thoroughly for 30 seconds, the
15 ml tube was centrifuged using Hermle Z446K (HERMLE Labortechnik
GmbH, Germany) for one minute at 1540 x times gravity (g).

2. After, 8 ml of the supernatant was poured into a clean, single-use 50 ml
centrifuge tube (SARSTEDT, Nimbrecht, Germany), to which distilled
water was added until the 45 ml mark, and centrifuged for 10 minutes at 1540
X g.

3. The top layer was discarded in one go till the 15 ml mark, the sediment was
vortexed until it was fully dissolved (approximately 30 seconds), and the
distilled water was added till the 45 ml mark, and centrifuged again for 10
minutes at 1540 x g. This step was repeated twice. The top layer was
discarded until the 5 ml mark. The final top layer was removed with a 100-
1000 pl single-channel micropipette (Transferpette® S, Brand, Germany)
and a clean pipette tip until the 2 ml mark. Sediment were carefully mixed
with the tip.

4. The sediment was transferred to a sterile 2 ml Eppendorf-type tube, and the
tube was stored at 4 °C until further testing for up to one month.

Giardia duodenalis cyst staining with the immunofluorescence technique
and microscopy.

Giardia cysts were detected with the immunofluorescence technique using
A100FLR-20X AquaGlo™ G/C Direct Reagent kit (Waterborne, INC, New
Orleans, USA) according to the manufacturer's instructions.

The positive control was examined first for every batch. All brightly green-
stained cysts with typical morphology and size were counted in all wells.

G. duodenalis cysts are typically oval and 7.0-10.0 um in size. The
immunofluorescence staining kit that was used also detects Cryptosporidium
spp. oocysts. To measure the cysts or differentiate between the larger C.
andersoni oocysts and Giardia cysts, the Nis-Elements AR 4.00.00 program was
used. Compared to Giardia cysts, C. andersoni oocysts are 7.4 + 5.5 pum in size,
but Giardia cysts are 7-10 um in diameter (Lindsay et al., 2000; Adam, 2001).
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Giardia duodenalis molecular identification

Giardia duodenalis DNA extraction from positive samples from positive
cattle, domestic dogs, red foxes, and raccoon dogs.

All microscopically positive samples were subjected to the molecular
identification of G. duodenalis. In total, 145 IFM-positive fecal samples (82
cattle, 40 dogs, 23 red foxes, and raccoon dogs) were analyzed.

Genomic DNA was extracted from the 2 ml purified samples using the
DNeasy® PowerSoil® Pro Kit (QIAGEN, Hilden, Germany), according to the
manufacturer’s instructions (Qiagen, 2023).

PCR amplification for Giardia duodenalis detection.

The identification of G. duodenalis was conducted using two consecutive
nested PCR amplifications according to a method described by the European
Reference Laboratory of Parasites by targeting the beta-giardin (bg) gene
(EURLP, MI-09-rev-2). The manufacturer's instructions for the Taqg PCR Master
Mix kit (QIAGEN, Hilden, Germany) were followed. Giardia genomic DNA and
nuclease-free water were used for quality control as positive and negative
controls, respectively. Oligonucleotide sequences used are summarized in Table
1 (Lalle et al., 2005; EURLP, MI-09-rev-2).

Table 1. Oligonucleotide mixture names with their representative codes
and sequences used for the identification of Giardia duodenalis (Lalle et al.,

2005)
OI|_gonucIeot|de Code Oligonucleotide sequence
mixture name
SetA BGFor71 5’-CCCGACGACCTCACCCGCAGTCG-3’
SetA BGRev794 5’-GCCGCCCTGGATCTTCGAGACGA-3’
SetB BGinfFor 5’-GAACGAACGAGATCGAGGTCCG-3’
SetB BGintRev 5’-CTCGACGAGCTTCGTGTT-3’

A total of 10 pl of the DNA was processed for the initial PCR amplification.
The necessary amplification mix was prepared for a single sample (Table 2).

Table 2. Master mix for the initial PCR amplification for Giardia genus

detection
Reagent Volume (ul)
ddH20 (QIAGEN, Hilden, Germany) 315
10x PCR buffer (QIAGEN, Hilden, Germany) 5
Tag DNA polymerase (QIAGEN, Hilden, Germany) 0.5
dNTP mix (QIAGEN, Hilden, Germany) 2
SetA (BGFor71; BGRev794) 1
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Amplification was done in ProFlex PCR system (Thermo Fisher Scientific,
USA) with the necessary amplification cycles (Table 3).

Table 3. PCR conditions for Giardia genus detection

PCR conditions Time Temperature, °C
Pre-denaturation 3 minutes 94
e . 30 seconds 94
Amplification d
(35 cycles) 30 seconds 55
60 seconds 72
Final extension 10 minutes 72

After the amplification, tubes were centrifuged for five seconds and kept at 4
°C until the further nested PCR step.

Nested PCR for Giardia duodenalis detection.
For nested PCR, a new amplification mix with SetB oligonucleotide mix was
prepared for each sample (Table 4).

Table 4. PCR master mix for nested amplification of Giardia duodenalis

Reagent Volume (ul)
ddH20 (QIAGEN, Hilden, Germany) 36.5
10x PCR buffer (QIAGEN, Hilden, Germany) 5
Tag DNA polymerase (QIAGEN, Hilden, Germany) 0.5
dNTP mix (QIAGEN, Hilden, Germany) 2
SetB (BGinfFor; BGintRev) 1

For G. duodenalis detection, ProFlex PCR system was used (Thermo Fisher
Scientific, USA). The PCR conditions are shown in Table 5.

Table 5. PCR conditions for Giardia duodenalis detection

PCR conditions Time Temperature, °C
Pre-denaturation 3 minutes 94
30 seconds 94
Amplification (35 cycles) 30 seconds 53
60 seconds 72
Final extension 7 minutes 72

At the end of the nested PCR reaction, tubes were centrifuged for five seconds
and vortexed. Amplifications of 511 base pairs (bp) were visualized with
capillary gel electrophoresis (QlAxel Advances, QIAGEN, Hilden, Germany).
Nested PCR products with 511 bp were subjected to Restriction Length Fragment
Polymorphism (RLFP) analysis.
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Restriction Length Fragment Polymorphism analysis for detection of
Giardia duodenalis assemblages.

For RLFP, restriction endonuclease Haelll (New England Biolabs, USA) was
used to recognize the 511 bp PCR products and detect G. duodenalis
assemblages. The oligonucleotide sequences that are recognized by the Haelll
are 5°...GCYCC...3’ and 3°...CC4GG...5. For RFLP, a mix with restriction
endonuclease was prepared (Table 6), to which 10 ul DNA obtained by nested
PCR was added. A total of 81 nested-PCR-positive samples (62 cattle, 16 dog, 2
red fox and 1 raccoon dog) were subjected to the RLFP analysis.

Table 6. Enzymatic digestion mix for Restriction Length Fragment

Reagent Volume, pl
ddH20 7
10x rCutSmart™ Buffer (New England Biolabs, USA) 2
Haelll (New England Biolabs, USA) 1

After the enzymes were added to the DNA and processed in in PCR cycler
(ProFlex PCR system, Thermo Fisher Scientific, USA) for 3 hours at 37 °C.
Afterward, the obtained PCR-digested fragments were run on capillary
electrophoresis (QIAxel Advances, QIAGEN, Hilden, Germany) to visualize the
results of the 511 bp digestion to determine the G. duodenalis assemblage (Table
7).

Table 7. Giardia duodenalis assemblages based on the size (in base pairs) of
the beta-giardin fragments after Haelll endonuclease digestion (Lalle et al.,
2005)

Assemblage Digestion Fragments (bp)
A 201, 150, 110, 50
150, 117, 110, 84, 26, 24
194, 150, 102, 50, 15
200, 194, 117
186, 150, 110, 26, 24, 15
186, 150, 110, 50, 15
194, 165, 102, 50

QMM OO |®
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Questionnaires

Questionnaire about management information at cattle herds.

An questionnaire was designed to acquire information about cattle herds,
herd management practices, calf management, and the surrounding herd area. A
written consent was obtained from owners, herd managers, and responsible
veterinarians to collect fecal samples and the associated data.

Interviews were conducted in Latvian, in person, on the day of the sampling,
by interviewing either the herd owner, herd manager, or responsible veterinarian.
The questionnaire was either filled with the help of the researcher, or the physical
questionnaire was given to the managing person on-site to fill out, while the
sample collection was done afterward. After completing the questionnaire, an
individual identification number was assigned for each interviewed herd to
ensure anonymity.

The questionnaire was organized into five main sections: General herd
information: details about the herd (herd size, location, management type); Calf
management: information on calving location, separation from the dam,
colostrum intake, calf grouping, and calf diarrhea occurrences; Walking areas
and pastures: walking area, and pasture seasons; Feed and herd management:
pasture manure management, equipment cleaning, deworming, rodent control,
personnel hygiene, and biosecurity; Herd surroundings: the presence of wild and
domestic animals and distances from nearby farms and water bodies.

Questionnaire about management information on domestic dogs and
wild canids.

Questionnaire on housing condition of domestic dogs were filled by the
animal owners. The questionnaire was organized in six main sections:
General information (age, breed, sex, living habitat); Daily activities and their
frequency (walks in the city, forest, meadow, park); Information about diarrhea;
Information about deworming (medication used, frequency); Feed (raw,
commercial, game meat, home-cooked); Contact with other animals (including
livestock).

Questionnaire on animal age and area was filled by hunters and submitted
with the red fox and raccoon dog carcasses. Age was determined by the hunters
based on the animals' dental wear.

Data analysis

Descriptive statistics.

The data were analyzed using OpenEpi (Dean et al., 2015) and RStudio with
R version 4.4.2. (https://www.r-project.org/). The Mid-p Exact method in
OpenEpi was used to calculate 95% confidence intervals (CI) for the prevalence
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and proportions of G. duodenalis positive animals, assuming binomial
distribution. To calculate statistical significance, the two-tailed Fisher’s exact
test was applied and p < 0.05 was considered statistically significant.

For the study population, means and median were calculated for the age of
the animals, as well as for the number of sampled cattle per herd.

An animal was classified as infected with G. duodenalis if at least one cyst
was detected in the analyzed samples. For cattle, a herd was considered positive
if at least one cattle shed G. duodenalis cysts.

Prevalence (1.) was calculated as follows:

(£)+ 100 = x 1)
where A — positive samples;

B — total number of analyzed samples;
X — prevalence, %.

The total cysts per gram (2.) were calculated according to Maddox-Hyttel et
al., (2016) as follows:

C*200=x (2)

where C — total count of cysts in 10 pl;
x = CPG.

The means and medians of CPG were calculated for age groups, herd sizes,
and sexes for cattle. For domestic dogs, means and medians were calculated for
the CPG for age groups, breeds, and sex. For red foxes and raccoon dogs the
CPG were analyzed for ages.

Chi-square test (¥?) was used to test for associations between categorical
variables such as age groups, sexes, herd sizes, breeds, and G. duodenalis
infection status. Differences in CPG between groups were analyzed using the
Kruskal-Wallis H test, as CPG values were non-normally distributed. Normality
of CPG in each group was assessed using the Shapiro-Wilk test with p < 0.05
indicating deviation from normal distribution. If Kruskal-Wallis H test indicated
significant differences between compared groups, pairwise comparison was done
using the Wilcoxon ran-sum test or Dunn’s test with Bonferroni correction, to
adjust for multiple testing. Pearson’s correlation coefficient was calculated to
assess the relationship between environmental factors and G. duodenalis
prevalence.

For cattle, herds were categorized into four size groups (<150, 151-250, 251
500, and >500) after the data collection to allow a meaningful statistical
comparison while maintaining a balanced distribution of herds across the groups.
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Mapping of sampled animals and Giardia duodenalis prevalence, with
the proximity from surface waters.

For the geographic distribution of sampled and positive animal visualization,
R and Rstudio version 4.2.2. (https://www.r-project.org/) with “sf”, “ggplot2”
and “rnaturalearth” packages were used. For each sampled animal, geographic
coordinates (latitude and longitude) were available. Separate maps were
generated for each species group to display positive and negative animals and G.
duodenalis assemblage distribution.

To map out the assemblage A-positive animal proximity to waterbodies
(<500m, 500-1000m, and 1000-1500m), cartographic outputs were produced
using the Latvia TM projected coordinate reference system (EPSG:3059)
(Latvian Geospatial Information Agency, 2022). Surface water features (rivers,
lakes, ponds) were obtained from the Humanitarian OpenStreetMap Team
(HOTOSM) dataset for Latvia (HOTOSM, 2023).

Risk and protective factor analysis in cattle, domestic dogs, red foxes,
and raccoon dogs.

For cattle, potential risk and protective factors associated with G. duodenalis,
were analyzed using generalized linear mixed models (GLMMs), fitted using
maximum likelihood (Laplace approximation) using R and RStudio version
4.2.2. (https://www.r-project.org/). The “lme4” package (Bates et al., 2014) was
used to fit the models by applying the “glmer” function with a binomial family,
including herd identification numbers (FarmID) as a random variable to account
for the clustering within the herds. All factors were assessed at the herd level,
except for cattle age, sex, breed, and presence of diarrhea (present/not present),
which were assessed individually. Age was expected to be an important effect-
modifying factor, therefore was included in all models. Only cattle younger than
1500 days were included in the GLMM analysis, as the number of Giardia-
positive cases among older cattle was too low, and models including them failed
to converge or yielded unstable estimates. In addition to the GLMMs, a GLM
with a binomial family was used to assess regional differences in G. duodenalis
prevalence in cattle, including age as an effect-modifying factor.

To analyze factors associated with G. duodenalis in domestic dogs, red foxes,
and raccoon dogs, generalized linear modeling (GLM) was performed using a
binomial family. Forward and backward stepwise selection was applied, based
on the lowest Akaike information criterion (AIC) values.

For both animal groups, variables that showed significance (0.05 < p < 0.1)
in the initial models were retained for the final GLMM and GLM analysis. The
final models were optimized through stepwise variable elimination, ensuring that
this process did not increase the Akaike information criterion (AIC). The
multicollinearity was checked using the “vif” function from the “car” package
and included factors that appeared significant in the single-factor analyses and
also made biological sense. Model fit was evaluated using Tjur’s coefficient of
discrimination (Tjur’s R?), calculated with the “performance” package.
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Calculation of adjusted Giardia duodenalis cyst shedding rates in cattle
and canids.

To estimate the potential environmental contamination from each animal
species with G. duodenalis, adjusted daily cyst-shedding values were calculated.
This was done by multiplying the median CPG by the average fecal mass per
defecation (in grams) and the average number of defecations per day. Median
CPG values were used from G. duodenalis-positive animals to reduce the
influence of extreme outliers and better reflect central tendency of cyst excretion.
The average weight of feces and defecation frequency for each species is shown
in Table 8.

Table 8. Average fecal mass per defecation and average defecations per day
in cattle, domestic dogs and red foxes

Average fecal Average
Animal species weight (g) per defecations Reference
defecation per day
Cattle 1900 14 Aland et al., 2002
Domestic dogs 150 2 Wright et al., 2009
Red foxes 120 6.4 Ferreras et al., 2019

Because no specific data was available for raccoon dogs, it was assumed to
be the same as red foxes, due to ecological similarities. The fecal output and
defecation frequency were assumed to be consistent across age groups and breeds
within each species to emphasize the overall environmental contamination rather
than individual-level variation.

RESULTS AND DISCUSSION

Prevalence, cyst load, genetic diversity, animal-level and herd-
level factors potentially associated with Giardia duodenalis in
cattle in Latvia

The overall G. duodenalis prevalence in cattle was 8.4% (95% CI: 6.8-10.3).
which was lower than previously reported in Europe, where the prevalence was
up to 31.1% (Taghipour et al., 2022). In studies with application of
immunofluorescence method for detection of G. duodenalis cysts, the higher
overall prevalence rates in cattle were observed. For example, in Denmark, G.
duodenalis prevalence was 43.6% (n = 1150), and in Greece — 41.3% (n = 254)
(Maddox-Hyttel et al., 2006; Ligda et al., 2020). Studies utilizing other G.
duodenalis diagnostic methods, such as enzyme-linked immunosorbent assay,
retrieved varying prevalences between 32.2% (n = 503) in Italy, to 54.9% (n =
556) in the United Kingdom (Geurden et al., 2012). Immunofluorescence
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microscopy is considered one of the best methods for detection of G. duodenalis
cysts in feces and other biological materials as it shares both high sensitivity and
specificity (Gotfred-Rasmussen et al., 2016; Aziz et al., 2024).

G. duodenalis prevalence in herds reached 84.4% (27/32; 95% CI: 67.8-93.6)
with the 100% prevalence observed in herds with 251-500 and above 501 cattle
per herd (7/7; 95% CI: 59.6-100.0; 8/8; 62.8-100.0), followed by 90.0% (9/10;
95% CI: 53.1-100.0) in herds with less than 150 cattle and the lowest prevalence
of 42.9% (3/7; 95% CI: 15.7-75.0) was observed in herds with 151-250 cattle.
Similarly, high herd-level prevalences have been reported in Spain (96.6%; n =
60), Germany (100.0%; n = 31), and the United Kingdom (100.0%; n = 31)
(Castro-Hermida et al., 2007; Geurden et al., 2012). In our study, no significant
differences (p > 0.05) were observed between herd size, G. duodenalis
prevalence and cyst load. Similar results were also observed in dairy and beef
calves and adult cattle, where no differences were observed between herd sizes
(Uehlinger et al., 2011).

The highest G. duodenalis prevalence was observed in the 0—3-month-old
cattle group (16.4%; 53/324; 95% ClI: 12.7-20.8), followed by the 4-24-month-
old (6.8%; 19/281; 95% CI: 4.3-10.4) and above 24-month-old cattle (2.3%;
10/368; 95% CI. 1.4-5.0). The highest mean cysts per gram (CPG) and the
highest proportion of diarrhea in the Giardia-positive cattle were also observed
in the 0-3-month-old cattle group (8109 CPG), compared to 4-24 (1284 CPG)
and above 24-month-old (1780 CPG). A significant association was observed
between age groups and Giardia prevalence 2 = 43.2, p < 0.05. No significant
association was observed between cattle age groups and shed G. duodenalis CPG
(p > 0.05). The highest Giardia CPG shedding frequency with the broadest CPG
range was also observed in cattle under three months old (Figure 5). The amount
of G. duodenalis cysts varied significantly across cattle age groups (p = 0.0005
with the largest differences observed between calves under 3 months old and the
other two groups: 4-24 months and >24 months old (Figure 5).
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Age groups
Figure 5. Comparison of Giardia duodenalis cyst load across age groups. Pairwise

Wilcoxon test applied. Black, horizontal line within each box represents the median
cysts per gram (CPG) per group

Cysts Per Gram (log10 scale
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Between sexes, male cattle had 1.4 times higher G. duodenalis prevalence,
compared to female cattle. In male cattle, higher proportion of diarrhea in G.
duodenalis-positive cattle, higher median and mean CPG was observed,
compared to female cattle with (Table 9).

Table 9. Prevalence of Giardia duodenalis and cyst load in male and female

cattle
Total Prevalence Positive cattle Mean Median
Sex cattle (95% CIY* with diarrhea CPG™ CPG
analyzed 0 (95% CI) (Min-Max)

8.0° 145 52790

Female 853 (6.3-9.9) 8.1-243) | (200-56,600) |
117 18.4 8071

Male 120 (6.7-11.8) 9.7-31.6) | (200-62,600) | 2290

*Cl: confidence interval; **CPG: cysts per gram; *differences between G. duodenalis prevalence
between cattle sexes were not significant (p > 0.05); °differences in G. duodenalis shedding between
cattle sexes were not significant (p > 0.05).

No statistical association was observed between the G. duodenalis prevalence
and sex (2= 1.4, p = 2.3), or cyst shedding intensity (p = 0.07) (Table 9).
When further dividing cattle age groups according to their sexes, the
highest G. duodenalis prevalence was observed in 0—-3-month-old male cattle,
compared to female cattle in the same age group (Table 10) and in the 4-24-
month-old cattle group. The highest mean CPG was observed in the 0—-3-month-
old male cattle, compared to the female cattle in the same age group, but in the
4-24-month-old cattle group, female cattle had higher mean CPG, than male
cattle (Table 10).

Table 10. Prevalence of Giardia duodenalis in male and female cattle,
diarrhea in cyst-shedding cattle, and cyst load in different cattle age

groups

Sex Female Male

Positive
Age analyzed/ : CPG™ y ; CPG
with - Prevalenc | diarrhe .
group | Prevalence . (Min— (Min—
(95% CI)* diarrhea Max) e a Max)

(95% ClI) (95% ClI) (95%

Cl)
. C c
e N A e B
s (13.7-23.5) | (6.3-23.4) 56,600) (7.5-20.2) 31.6) 62,600)
nigﬁﬁh 264/7.3° 23.1 (12%%% 12/8.3° 0.0 (2'887
s (4.3-10.6) | (7.5-50.9) 9600) (0.0-37.5) 400)
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Sex Female Male
Positive
Age analyzed/ h CPG™ y . CPG
with - Prevalenc | diarrhe .
group | Prevalence diarrh (Min— (Min—
(95% c1)* | drarmea |y ¢ a Max)
(95% CI) (95% CI) | (95%
Cl)
>24 1780
month 874%(7)) 0.0 (200- 0/0.0 0.0 NA™™
S e 15,800)

*Cl: confidence interval; CPG: cysts per gram; ***NA: not available; ®no statistical differences were
observed between G. duodenalis prevalence in the 0-3-month-old cattle and sexes (p > 0.05); °no
statistical differences were observed between G. duodenalis prevalence in the 4-24-month-old cattle
and sexes (p > 0.05); °no statistical significance was observed between CPG and sex in the 0-3-
month-old cattle (p > 0.05).

Although the highest prevalence and the mean cysts load was observed in
male cattle from the 0-3-month-old group, no statistical significances were
observed (p = 0.2). Similar to the 0—-3-month-old group, there was no significant
difference in the prevalence of the pathogen in the 4-24-month-old group for
both sexes (p = 0.6) (Table 10).

Sex predisposition in cattle regarding G. duodenalis has been studied before
with contradictory results. Some studies show no differences in prevalence
between male and female cattle (Oh et al., 2021; Onder et al., 2020). In the study
done by Oh et al. (2021), comparing G. duodenalis prevalence between calves
under 12 weeks of age, no significant differences were observed between male
(5.7%; 23/402), and female (5.6%; 21/373) calves. Similar results were observed
by Onder et al. (2020), where no significant differences were identified between
male (30.2%; 90/298) and female (30.3%; 46/152) young calves and adult cattle.
Nevertheless, significant differences were observed in three different studies. In
one study, across all ages, male cattle had the significantly higher (35.3%;
36/102) prevalence compared to female cattle (25.6%; 108/422) (p > 0.05) (Heng
et al., 2022). In other studies, differences between sexes were observed in cattle
aged from 10 to 150 days, where all examined female cattle were negative
(Baazizi et al., 2025), but in another, the G. duodenalis prevalence in male cattle
was 20% (p < 0.05) (Heng et al., 2022). A potentially stronger immune response
to pathogens in pre-pubertal female calves (Carroll et al., 2015) might influence
their reaction to G. duodenalis infection.

The monthly prevalence of G. duodenalis in cattle was from 0% in August to
13.1% in March 13.1%. A strong negative association was observed between
average monthly temperature and G. duodenalis prevalence (Pearson’s r = -0.9,
p = 0.004). No significant association was found between monthly precipitation
(r=-0.2, p=0.7) or humidity (r = 0.6, p = 0.16). This could be due to reduced
environmental survivability in warmer months and is in alignment with previous
research, which suggests that G. duodenalis cyst survivability is reduced in
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warmer months due to cyst exposure to the sun's UV-rays and increased
temperature (Alum et al., 2013; Masina et al., 2019; Wang et al., 2023).
However, it is important to acknowledge that the differences in G. duodenalis
prevalence could be due to the variable sample size collected each month.
Nevertheless, the observed trend in seasonality shows insight into the potential
influence of environmental conditions on G. duodenalis prevalence in cattle.

Altogether, three G. duodenalis assemblages were identified. G. duodenalis
assemblage E was found in 20 herds (74.1%, 95% CI: 55.1-87.1), a mix of G.
duodenalis assemblages A and E in 4 herds (14.8%, 95% CI: 5.3-33.1), but G.
duodenalis assemblage A in 3 herds (12.0%, 95% CI: 3.3-30.8). The distribution
of the G. duodenalis assemblages is shown in Figure 6.
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Figure 6. Giardia duodenalis assemblage distribution across cattle herds in Latvia

In previous reports from several countries, the mixed infection of G.
duodenalis assemblage A and E in herds was more common in France, Germany,
Italy, and the UK (Geurden et a., 2012). The prevalence of mixed G. duodenalis
assemblages A and E varied from 21.0% (3/14) in Italy to 44.0% (4/9) in the UK
(Geurden et al., 2012). Additionally, in our study, across all age groups and herd
sizes, G. duodenalis assemblage E was the predominant, which has been widely
distributed across Europe (Hamnes et al., 2006; Langkjer et al., 2007; Geurden
etal., 2012). G. duodenalis assemblage E is cattle-specific and can be present in
cattle of all ages but more frequently in adult cattle (Castro-Hermida et al., 2011;
Minetti et al., 2013). G. duodenalis assemblage E contributes to lower immunity
in cattle, therefore prolongs the chronic course of the disease (Dreesen et al.,
2012). Even though G. duodenalis assemblage E is considered cattle-specific, it
was isolated from humans, mostly in rural areas (Abdel-Moein & Saeed, 2016;
Fantinatti et al., 2016; Zahedi et al., 2017; Garcia et al., 2021). In Brazil, G.
duodenalis assemblage E was found in three preschool children from a slum
(Fantinatti et al., 2016). In Australia, six people were positive for G. duodenalis
assemblage E, and all isolates were identical to a sheep-derived G. duodenalis
assemblage E (Zahedi et al., 2017). In Egypt, G. duodenalis assemblage E was
identified in 25 children feces after close contact with assemblage E-positive
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cattle (Abdel-Moein & Saeed, 2016). These children were with or without
gastrointestinal manifestations (Abdel-Moein & Saeed, 2016).

The zoonotic G. duodenalis assemblage A was detected in seven cattle
(11.3%, 95% CI: 5.3-21.8), but assemblage E was detected in 55 cattle (88.7%,
95% CI: 78.2-94.). Assemblage A was identified in five cattle from the 4-24-
month-old age group, and in two cattle from the >24-month age group, while
assemblage E was prevalent across all age groups. Cattle from the 4-24-month-
old age group, which were positive for assemblage A, shed the highest median
number of cysts (8000 CPG), compared to the cattle older than 24 months (600
CPG). Calves under three months old infected with G. duodenalis assemblage E
excreted the highest number of cysts (2400 CPG) compared to the other two age
groups (300 CPG and 240 CPG, respectively). The zoonotic G. duodenalis
assemblage A was detected mainly in cattle older than four months. Other studies
reported that G. duodenalis was frequently observed in younger cattle (Trout et
al., 2005; Trout et al., 2006; Geurden et al., 2012). In Scotland, Spain, and the
UK, G. duodenalis assemblage A has been found in cattle of all ages (Castro-
Hermida et al., 2009; Minetti et al., 2014; Bartley et al., 2019). There have been
no associations between diarrhea or any other clinical signs and G. duodenalis
assemblage A in cattle (Castro-Hermida et al., 2009; Minetti et al., 2014; Bartley
et al., 2019). Similarly to G. duodenalis assemblage E, scarce reports on G.
duodenalis assemblage A in humans infected from cattle were published. In New
Zealand, human and cattle shared the same G. duodenalis assemblage A (Garcia
et al., 2021). Because of G. duodenalis assemblage A has been more frequently
studied in cattle in Europe, infected animals could be a potential source of human
infections (Geurden et al., 2008; Geurden et al., 2012; Minetti et al., 2014;
Bartley et al., 2019; Dixon et al., 2011). In the present study, DNA amplification
was successful in 75.6% (62/82) of the positive cattle fecal samples, which could
be due to the low number of G. duodenalis cysts in the positive samples. Low
DNA concentration may be attributable to the low numbers of G. duodenalis
cysts, as well as the presence of inhibitors, such as lipids or bile salts that could
influence the performance of the RFLP (Schrader et al., 2012). Nevertheless, this
study shows that both G. duodenalis assemblages A and E are frequently
observed in cattle in Latvia.

Potential individual and herd-level factors associated with G. duodenalis
were analyzed by bivariable generalized linear mixed modeling, including age in
days (“Age”) as a fixed effect and herd identification number (“HerdID”) as a
random effects variable. In the initial single-factor models, seven variables were
significantly associated (OR < 1; p < 0.05) with reduced odds of G. duodenalis
infection: Age (OR 0.1; p <0.01); Pasture season begins: May (OR 0.4; p = 0.08);
No pasture (OR 0.3; p = 0.03); Manure kep in open space (OR 0.6; p = 0.04);
Rodent control: poison (OR 0.7; p = 0.02); Change of shoes for visitors (OR 0.6;
p = 0.05); Pet animals: Cat (OR 0.6; p =0.03).

Age exhibited a protective effect against G. duodenalis in cattle with
significantly reduced odds of infection in older cattle (p < 0.05). This result has
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been observed before, where a 22 to 150 times higher risk of shedding G.
duodenalis cysts was observed in calves between 9-18 days and above 18 days
old (Gow & Waldner, 2006). Maddox-Hytell et al. (2006) reported that G.
duodenalis cyst excretion increased with calf age within the first month of life.
Calves as young as four days old can excrete G. duodenalis, but calves from the
ages of five to ten weeks old were more likely to shed G. duodenalis cysts
intermittently (O’Handley et al., 1997; O’Handley et al., 1999; Ralston et al.,
2022). Generally, calves were more prone to clinical manifestations of giardiasis
with intermittent diarrhea and weight loss as the main clinical signs (O’Handley
etal., 1999; Geurden et al., 2010). As discussed before, it has been assumed that
the adaptive immunity during giardiasis is incomplete in calves; therefore,
reinfections occur (Dreesen et al., 2012). In experimentally infected calves, G.
duodenalis cysts were shed for up to 100 days with a slow introduction of cellular
and humoral response, which explains the chronic progress of the disease (Grit
et al., 2014). Decrease in G. duodenalis prevalence and in the cyst load in our
study alongside with the cattle age emphasizes the heightened vulnerability of
young calves to G. duodenalis infection.

Two seemingly contradictory protective factors appeared in the GLMM
models — pasture season beginning in May and no pastures at all. Both appeared
to reduce the odds of giardiasis, suggesting that timing and management of the
surrounding pasture may be crucial. One possible explanation could be wet soil
and lower nutritional quality of the pastures during the early spring months,
which can lead to a compromised immune system due to a decrease in vitamin
B12, folic acid, and iron intake, as well as a higher chance of contact with other
endoparasites (Wade et al., 2000; Lejune et al., 2010; McCarthy et al., 2022).
Delaying pasture access to May might allow for drier environmental conditions
and reduced contact with mud and stagnant water, which can lead to lower
environmental cyst load (Wade et al., 2000). When cattle are only kept indoors,
feeding is often constant and provides balanced nutrition, therefore increasing
immunity, but with higher density, chances of direct transmission of G.
duodenalis as well as accumulation of other pathogens in the herd facilities
increases (Wade et al., 2000; Dixon, 2021). Both management systems can be
protective under specific conditions, and the observed effects could reflect a
balance between environmental exposure and nutritional or hygiene-related
effects.

Keeping manure in an open pit or in piles minimized the effect of G.
duodenalis in cattle in our study. Keeping manure in a pile or open pit which
allows run-offs near the herd premises has no biological explanation as it should
not decrease the disease prevalence at the visited herds. As G. duodenalis cysts
are robust in environments, appropriate preventive measurements need to be
considered when managing manure (Millner et al., 2014; Vermeulen et al., 2017).
Open-type manure piles often self-heat in the central core, but the sides of the
piles cannot produce internal heat to reduce pathogen viability; therefore, it is
important to manage proper manure treatment plans (Millner et al., 2014). The
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heat in the core needs to reach at least 60 °C to destroy most pathogens, including
cysts (Spencer & Guan, 2004). If lagoons are used for manure storage, it reduces
the risk of manure and slurry run-offs, contact with mechanical vectors as well
as food and water-borne outbreaks risks for humans (Nicholson et al., 2004;
Millner et al., 2014). All the visited herds used manure for field fertilization, even
if manure was not held in a lagoon, which could further increase the risk of
environmental pollution with G. duodenalis. During rainfall events, surface run-
off may transfer cysts from contaminated soils, open manure pits, or manure-
spread fields into nearby surface water bodies (Alhusen et al., 2011; Rochelle-
Newall et al., 2019). During cool and wet periods, the G. duodenalis cyst
concentrations in surface waters can increase threefold compared to dry
conditions, and water contamination during rainfalls has been linked to higher
human giardiasis cases (Alhusen et al., 2011; Rochelle-Newall et al., 2019).
Therefore, careful attention should be paid to how and where manure is applied
to reduce the environmental contamination in and around the cattle herds.

Rodent control using poison appeared as a protective factor against G.
duodenalis. All seven G. duodenalis assemblages have been reported in rodents,
with G. duodenalis assemblage A sub-assemblages Al and All reported from
4.9% (3/61) to 87% (53/61) (Li et al., 2023). It seems that rodent control is an
important factor that could prevent the spread of G. duodenalis in the herds,
especially the zoonotic G. duodenalis assemblages (Daniels & Hutchings, 2001;
Lietal., 2023). Also, cats as pets seemed to reduce the potential of G. duodenalis
in the cattle herds, which could be used in a rodent control. This finding only
emphasizes that rodent control needs to be a part of an effective herd
management strategy to potentially reduce the transmission of pathogens.
Nonrestricted access of pets to the herd also poses a biosecurity risk because they
can transfer pathogens, including G. duodenalis, from the environment directly
to the cattle or contaminate their feed or water (Wells et al., 2002; Sarrazin et al.,
2014).

Finally, providing a change of clothes, especially shoes appeared to reduce
the G. duodenalis infection in cattle herds in Latvia. Change of clothes is an
important way to limit the introduction of new pathogens into the herd
(Noremark et al., 2016). G. duodenalis cysts are small, of 7-10 um in diameter;
therefore, it is important to implement proper biosecurity protocols to stop the
introduction of new pathogens from other herds, especially with shoes (Adam,
2001; Rashid et al., 2016). A study done in Italy showed that shared personnel
between herds, such as veterinarians and technicians, can increase the spread of
diseases exponentially; but if proper cleaning protocols are in place, such as a
change of shoes, the probability of disease transmission had significantly
decreased (Rossi et al., 2017). A change of shoes for visiting veterinarians and
other third-party visitors is necessary to reduce the introduction of G. duodenalis
and minimize the transmission risk to other herds.

In addition to the protective factors, six variables were associated with
increased odds ((OR) > 1; p < 0.05) with G. duodenalis infection in cattle: Can
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animal leave herd: Yes (OR 1.8; p =0.04); Calf isolation with diarrhea: Yes (OR
1.7; p = 0.03); Walking area: Yes (OR 1.7; p = 0.02); Drinking water in pasture:
Yes (OR 1.9, p = 0.03); Cattle can access surface water in the pasture: Yes (OR
1.6; p = 0.09); Manure treatment: lagoon (OR 2.7; p = 0.07).

Walking areas (paddock) around the farm and outdoor movement (between
premises) seemed to increase the risk of G. duodenalis. While reducing animal
density at the farm facilities together with environmental factors, such as
exposure to sun rays, can lower the infectivity of G. duodenalis cysts, walking
areas are rarely, if ever, cleaned or changed. Therefore, the environmental cyst
load could be higher at walking paddocks compared with in-farm facilities,
which are cleaned more frequently (Boyer & Kuczynska, 2010; Wang et al.,
2023).

The isolation of calves with diarrhea as a risk factor was more likely to be
due to calves already being infected with a G. duodenalis or other pathogens or
non-infectious diarrhea. In this case, the observed association likely reflected the
timing of the clinical signs rather than a causal effect of isolation, therefore was
removed from further analysis. However, it is worth to note that diarrhea is one
of the major causes of young calves death, and effective management protocols
to isolate these animals is necessary (Cho & Yoon, 2014). While G. duodenalis
rarely causes acute diarrhea, there are many other pathogens, which cause severe
gastrointestinal diseases in calves, such as E. coli, Salmonella spp., Clostridium
spp., Eimeria spp., Cryptosporidium spp., rotavirus, bovine coronavirus, and
bovine viral diarrhea virus (Cho & Yoon, 2014). Additionally, poor overall
calves management and inadequate colostrum feeding can cause non-infectious
diarrhea (Al Mawly et al., 2015).

Two similar risk factors increased the odds of risk of infection for cattle —
available drinking water in the pasture provided by the owner and access to
surface water in the pasture. Those findings are important since water is one of
the primary infection routes for G. duodenalis. Although it is important to
provide clean drinking water in the pastures, the water containers may not be
cleaned often enough or thoroughly and facilitate persistence of G. duodenalis
cysts and other pathogens (Lewerin et al., 2019). In future studies, if drinking
water is provided to the grazing cattle, it should be noted whether the water
containers are cleaned and whether it is possible for cattle to contaminate these
containers with feces.

Regarding open water sources in the pastures, this factor is in line with the
protective factor — no access to pastures, suggesting that environmental exposure
could play a central role in G. duodenalis transmission in cattle. Surface waters,
such as ponds, ditches, streams, lakes, or rivers, can be contaminated by direct
defecation in the water source and fecal run-off from the pastures (Castro-
Hermida et al., 2009). High levels of G. duodenalis cysts have been found in a
river near cattle herds, with cyst concentration varying from two to 400 cysts per
liter of water (Castro-Hermida et al., 2009). Another study shows that within 500
m of cattle housing, low levels of G. duodenalis cysts were observed in the
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nearest surface water (Budu-Amoako et al., 2012). Several large outbreaks have
been reported in humans due to swimming in rivers or streams, but none of them
were linked to contamination due to cattle feces (Adams et al., 2016).
Nevertheless, G. duodenalis cysts can survive in water for a long time, especially
in cool conditions, and if high turbidity or organic matter is present in a flowing
water source, it can physically shield G. duodenalis cysts from UV radiation
(Wang et al., 2023). No model data is available for Giardia, but for
Cryptosporidium, which also is a waterborne parasite and commonly observed
in cattle in Latvia, the settling velocity is 0.1 m per day, that ensures slow settling
and combined with river flow, the pathogen may not reach the bottom of the river
as a sediment (Vermeulen et al., 2019).

Prevalence, cyst load, genetic diversity, animal-level and
housing factors potentially associated with Giardia duodenalis
in domestic dogs in Latvia

Overall, G. duodenalis prevalence in domestic dogs was 10.7% (95% CI: 7.9—
14.3), with the highest prevalence of 13.0% observed in Latgale (3/23; 95% CI:
4.5-32.1), followed by 12.1% in Vidzeme (25/206; 95% CI: 8.4-17.3), 8.8% in
Kurzeme (5/57; 95% CI: 3.8-18.9), and 8.0% in Zemgale (7/87; 95% CI: 4.0-
15.7). No statistical significance was observed between the prevalence of G.
duodenalis in regions (p = 0.7). Previous studies across Europe show that the
mean G. duodenalis prevalence in dogs was higher, varying from 28.5% (80/281)
in Belgium to 14.6% (38/260) in the UK (Epe et al., 2010). A more recent study
done in dogs in Spain shows G. duodenalis prevalence of 48.6% (n = 252) (Mateo
etal., 2023). While not significant (p > 0.05), some regional differences between
G. duodenalis prevalences were observed in Latvia. A reflection of
environmental factors, such as the density of surface waterbodies, moisture
retention in soil and general precipitation levels could increase the survival and
transmission of Giardia cysts (Hadi et al., 2016). In contrast with our study, the
regional differences in the prevalence of G. duodenalis were reported in dogs in
Norway. Dogs from Eastern Norway revealed a higher prevalence, possibly
because of the density of the dogs or possible climate differences between the
regions (Hamnes et al., 2007).

The highest G. duodenalis prevalence was observed in the puppy age group,
followed by senior dogs, and adult dogs, and the lowest prevalence was observed
in the geriatric dog group, where only one dog tested positive for G. duodenalis
(Table 11).
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Table 11. The overall prevalence and cyst load of Giardia duodenalis in

domestic dogs of different ages

Age group Positive Total no. of dogs Prevalence,*%
dogs tested (95% CI)
Puppies 12 65 18.5% (10.7-29.7)
Adults 18 193 9.3(5.9-14.3)
Seniors 9 96 9.4 (4.8-17.1)
Geriatric 1 19 5.3 (0.1-26.5)
Total 40 373 10.7 (8.0-14.3)

*Cl: confidence interval; ®no statistical differences were observed between G. duodenalis prevalence
and age group (p > 0.05).

There was no significant difference between the age groups and the G.
duodenalis prevalence (3> =5.2; p = 0.2; Table 11), age groups and shed CPG (p
= 0.1). Similar findings were observed in a study done in dogs under one year
old, where the prevalence of G. duodenalis was higher in 12-month-old dogs
than in the 3-month-old dog group without significant differences (Hamnes et
al., 2007). Other studies showed a similar pattern of younger dogs being infected
without statistical significance (Lopez-Arias et al., 2019; Remesar et al., 2022).
This could be due to more naive immune systems of younger dogs and it may
not protect properly against pathogens, waning of maternal antibodies and gut
microbiota development (Chastant & Mila, 2019).

Between sexes, male dogs had higher prevalence (14.7%; 28/190; 95% CI:
10.3-20.5) and excreted higher number of G. duodenalis cysts (56,400 CPG)
compared to female dogs (6.6%; 12/183; 95% CI: 3.7-11.2; 27,250 CPG). There
was statistical significance in G. duodenalis prevalence between male and female
dogs (x> =5.7, p = 0.01), but not between the shed CPG and sex (x> = 0.6; p =
0.5). Differences in the prevalence of the pathogen between sexes have been
reported previously. In a study by Fontanarrosa et al. (2006), male dogs were
more infected than female dogs, but no statistical differences were noted. This
was also in line with the study of Epe et al. (2010), which included dogs from
seven European countries. In a longitudinal study with dogs under one year old,
females shared a higher G. duodenalis prevalence (22.1%; n = 147) than male
dogs (19.7%; n = 142) (Hamnes et al., 2007). This could be due to the
exploitative nature or increased levels of androgynous hormones in males, which
could decrease immunity (Klein, 2000).

In shelter dogs, G. duodenalis prevalence was 6.7% (3/45; 95%Cl: 2.3-17.9),
while in owner dogs — 11.3% (37/328; 95%Cl: 8.1-15.2); however, differences
were not significant (p = 0.4). This could be partially explained by the smaller
sample size collected from shelter dogs. Similar findings in shelter dogs have
been previously explained in dogs from breeding kennels, where continuous
exposure of Giardia cysts occurs (Adell-Aledén et al., 2018). Nevertheless, it is
more commonly reported that shelter dogs share higher G. duodenalis prevalence
than owner dogs due to lack of proper cleaning and sanitation, a higher stress

33



environment, high animal density, and high turnover rates (Epe et al., 2010;
Mircean et al., 2012; Turner et al., 2012; Gil et al., 2017). While shelter dog data
offer valuable insights on G. duodenalis prevalence, their inclusion could
influence the parasite prevalence estimates as they might not fully represent the
broader homeless dog population in Latvia.

Out of the 40 microscopically positive domestic dog samples, DNA
amplification was successful from 16 samples 40.0% (95% CI: 26.3-55.4). G.
duodenalis assemblage D was isolated the most (50.0%, 95% CI: 28.0-72.0),
followed by assemblage C, 37.5% (95% CI: 18.4-61.5), and assemblage A, 12.5
% (95% CI: 2.2-37.3). Dog-specific G. duodenalis assemblage C was observed
in three male and three female dogs, with age varying from three months old to
five years old, the mean of 3.4 years old. Assemblage D was observed in five
female and three male dogs with age ranging from 3 months old to 3 years old
(the mean of 3.4). G. duodenalis assemblages C and D were also the most
observed assemblages in dogs in Europe. In Romania, G. duodenalis
assemblages D and C were found in 70.0% (42/60) and 16.7% (10/60) of
examined dogs, respectively (Adriana et al., 2016). In the same study in
Romania, one dog was positive for mixed infection with G. duodenalis
assemblages C and D, while another dog was shedding G. duodenalis assemblage
E, which is cattle-specific (Adriana et al., 2016). In Poland, G. duodenalis
assemblages C and D were also more prevalent in domestic dogs, but one dog
was positive for the zoonotic G. duodenalis assemblage B (Piekarska et al.,
2016). In a different study done in Poland, G. duodenalis assemblage A was
detected in 1.7% (n = 350) of the examined dogs (Zygner et al., 2006).

The potentially zoonotic assemblages A were observed in two female dogs.
One was a nine-month-old puppy, but the other was a five-year-old adult dog. G.
duodenalis assemblage A has been reported in dogs in Poland, Germany,
Belgium, the UK, Sweden, The Netherlands and Spain (Mravcova et al., 2019).
Similarly to cattle, there are ongoing discussions about whether humans can get
infected by dogs with the zoonotic G. duodenalis A and B assemblages. Some
studies have reported associations between human giardiasis and Giardia-
positive dogs which lived in the same households or had close interaction (Traub
et al., 2004; Traub et al., 2009). Although observations of cross-infection
between dogs and humans are rare, the presence of this assemblage can still pose
a risk for human infection. The locations of the G. duodenalis assemblages in
Latvia are visualized in Figure 7.
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Figure 7. Giardia duodenalis assemblage distribution in domestic dogs in Latvia

Single-factor logistic regression analysis was performed first to assess the
potential association between individual factors and Giardia duodenalis
infection in domestic dogs. Age as a continuous variable did not show as
statistically significant variable (p = 0.15), therefore age as a group was assessed
in the initial logistic regression model. In total, four initial single-factor logistic
regression models showed significance at p < 0.1, which were further considered
for the multivariable analysis: Sex: Male (OR 2.5; p = 0.01); Age group: Puppy
(OR 2.2; p = 0.05); Activity outside city: with leash: Yes (OR 0.4; p = 0.008);
Cryptosporidium spp.: Positive (OR 9.9; p < 0.001).

One protective factor was identified — activity outside the city with a leash (p
< 0.05), while other types of activity, including activity in the city with a leash
and activity in nature with or without a leash, were not significant (p > 0.05).
Using a leash outside urban areas can minimize the roaming of the dog, which
further minimizes the contact with G. duodenalis-infected feces. Dogs on a leash
are less frequently sniffing the ground that could minimize the contact with
contaminated material or water as well it reduces the contact time with other dogs
(Westgarth et al., 2010). Another study found that off-leash activities were
positively associated with increased parasitism in dogs (Smith et al., 2014b).
Additionally, in our study, the high prevalence of G. duodenalis was observed in
red foxes (27.3%; 60/219) and raccoon dogs (30.8%; 24/78), and these species
often are observed near urban and non-urban areas. It is important to educate the
dog owners about the importance of using a leash while taking the dog for a walk,
as G. duodenalis can be shed in large quantities by other infected animals (Dixon
etal., 2021).

G. duodenalis prevalence was significantly higher in male had than in female
dogs (p < 0.05). Male dogs shed higher number of G. duodenalis cysts, compared
to females. In study by Tysnes et al., 2014 higher odds of infection with G.
duodenalis were intact and neutered male dogs (OR 5.1; p < 0.05), especially in
intact dogs, which could be explained by either differences in hormone
distribution or differences in the dog’s behavior. French et al. (2023) confirmed
higher odds of giardiasis in intact dogs above 12 months old rather than in
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younger, neutered dogs (p < 0.05). Contrary results were observed in study by
Mircean et al. (2012), where no differences in increased risk of infection were
observed between sexes (p > 0.05), while Smith et al. (2014b) described higher
risk in female dogs (p < 0.05). Considering these contradictory findings on the
differences in the prevalence of G. duodenalis between sexes, it could be possible
that additional questioning about the neuter status should be considered to truly
understand whether the sex of the animal alone has an increased risk.

Age appeared as a risk factor associated with increased G. duodenalis
prevalence in present study. Younger dogs were more likely to be infected with
G. duodenalis, compared to older dogs (p < 0.05). This has also been observed
in a study done in the UK, where younger dogs also had an increased infection
risk (p < 0.05) (Upjohn et al., 2010). In Italy, dogs under five years old were
more likely to be infected with G. duodenalis (Papini et al., 2005). In a large-
scale study, including over two million dogs, age groups of under five months
old and from five months to two years old, had an increased risk of infection
(Mohamed et al., 2013). Although it is still not clear whether there is a zoonotic
route between dogs and humans, G. duodenalis is still one of the most common
parasites in dogs, which cause chronic, intermittent diarrhea, and needs specific
and long-term treatment (Traub et al., 2004; Traub et al., 2009; Epe et al., 2010;
Tysnes et al., 2014). Due to the course of giardiasis in dogs, long-term shedding
of G. duodenalis cysts is also possible, and animals contaminate the environment
and disseminate the disease among other canid species (Tysnes et al., 2014).

Co-infection with Cryptosporidium spp. was another other risk factor that
significantly increased odds of infection with G. duodenalis in domestic dogs in
this study. The high prevalence of both parasites in dogs has been reported
(Hamnes et al., 2007; Smith et al., 2014b). Cryptosporidium spp. is a protozoan
parasite that also tends to affect younger animals and can cause diarrhea
(Thompson et al., 2005). A frequent identification of both parasites
simultaneously shows the need to test dogs for both parasites — G. duodenalis
and Cryprosporidium spp., especially if chronic, intermittent diarrhea is present
(Overgaauw et al., 2009; Matos et al., 2015). From One Health perspective, dogs
can be infected with not only the zoonotic Cryptosporidium parvum, which has
caused multiple outbreaks in humans, but also with dog-specific C. canis and
cattle-specific C. andersoni (Rosanowski et al., 2018). Sharing of zoonotic G.
duodenalis assemblage A and B by dogs indicates that they could pose a risk of
zoonatic transmission not only to humans but also to the environment and other
animals (Simonato et al., 2017; Caccio0 et al., 2018; Rosanowski et al., 2018).
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Prevalence, cyst load, genetic diversity, and animal-level
factors potentially associated with Giardia duodenalis in red
foxes and raccoon dogs in Latvia

Overall, G. duodenalis prevalence in red foxes was 27.4% (60/219; 95% ClI:
21.9-33.7) with the mean CPG of 3133 (min 300; max 47,600; median 700
CPG). The highest prevalence was observed in Latgale (52/183; 28.4%, 95% CI:
22.4-35.3), followed by Vidzeme (7/27; 25.9%, 95% CI: 13.4-44.7), Zemgale
(1/5; 20.2%, 95% CI: 3.6-62.4), and no G. duodenalis-positive red foxes were
observed in Kurzeme (0/4). In our study, most of the red foxes were examined
from the eastern part of Latvia, which is relatively sparsely populated therefore
may serve as an indicator for the presence of pathogens in wildlife. Red foxes
were hunted as part of the Rabies vaccination program at the eastern EU border.
Only a few studies have been done on the G. duodenalis prevalence in red foxes
in Europe, where prevalences varied from 44.0% (n = 104) in Sweden to 4.8%
(n =269) in Norway, 4.5% (n = 66) in Croatia, and 2.8% (n = 273) in Romania
(Hamnes et al., 2007; Beck et al., 2011; Onac et al., 2015; Debenham et al.,
2017).

Regarding age, the lowest G. duodenalis prevalence was observed in the 1—
1.5-year-old red foxes (Table 12).

Table 12. Giardia duodenalis prevalence according to the red foxes ages

groups
Age group, Positive ex;—r?]ﬁarzle d Prevalence, % Mean CPG™
years red foxes (95% CI)* (Min—Max)
red foxes
1-15 8 47 17.2% (8.6-30.4) 875° (200-2600)
2-2.5 26 85 30.6 (21.8-41.1) 5408 (200-47,600)
3-3.5 10 30 33.3(19.18-51.3) 920 (200-2800)
4 2 5 40.0 (11.68-77.1) | 6400 (800—12,000)
5 1 2 50.0 (9.48-90.5) 2800
NR™ 13 50 26.0 (15.88-39.7) 1200 (200-5400)

*ClI: confidence interval; **CPG: cysts per gram; ***NR: not recorded; ®no statistical difference was
observed between G. duodenalis prevalence and age groups (p > 0.05); "no statistical difference was
observed between shed CPG and age groups (p > 0.05).

Even though there were differences in the prevalence between age groups in
red foxes, they were not significant (x> = 4.5, p = 0.5). No significant differences
were observed between age groups and CPG (p = 0.07) (Table 12). The
prevalence of G. duodenalis increased with the rise in foxes' age with the lowest
prevalence observed in the 1-1.5-year-old age group compared to older animals.
This is unusual as G. duodenalis has been previously reported in Norway and
Italy in juvenile red foxes (Hamnes et al., 2007; Papini & Verin, 2019). The age
of the red foxes in this study was determined by the hunters. Therefore, age might
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be underestimated or overestimated. Although G. duodenalis does affect younger
animals more, if the animal is under chronic stress or affected by an
accompanying disease, such as mange mites, this may result in compromised
immune system with chronic course of infection and long-term shedding of cysts
(Soulsbury et al., 2007; Thompson et al., 2008).

In raccoon dogs, the overall G. duodenalis prevalence was 30.8% (24/78,
95% ClI: 21.6-41.7) with the average CPG of 14,008 (min 200; max 224,000;
median 1200 CPG). G. duodenalis-positive raccoon dogs were found in two out
of the three regions with highest prevalence in Latgale (23/69; 33.3%, 95% ClI:
23.4-45.1), followed by Vidzeme (1/7; 14.3%, 95% CI: 2.6-51.3). Fewer studies
have been done on the estimations of the prevalence of this parasite in raccoon
dogs, compared to red foxes. The prevalence of G. duodenalis in farmed raccoon
dogs from Poland was 11% (n = 18) (Solarczyk et al., 2016). Meanwhile, in
another study done in Poland, G. duodenalis was not found in wild raccoon dogs
(Osten-Sacken et al., 2017). In studies outside Europe, the prevalence of G.
duodenalis in raccoon dogs was from 1.7% (4/233) to 7.2% (22/305) (Zhang et
al., 2016; Liu et al., 2025).

Age in years was recorded for 55 raccoon dogs out of 78, and the average age
was 2 years (min 1; max 4.5), but no age was recorded for 23 animals. From the
raccoon dogs with recorded age, the highest prevalence was observed in the 1-
1.5-year-old raccoon dogs, which also shed the highest number of CPG, but the
overall highest prevalence and excreted CPG was from the raccoon dogs with
unknown age (Table 13).

Table 13. Giardia duodenalis prevalence, age in years in examined raccoon
dogs in Latvia

Age Positive Tot_al o

group raccoon examined Prevalence,*% Mea_m CPG
' raccoon (95% CI) (Min-Max)

years dogs dogs

1-15 7 15 46.7° (24.88-69.9) 6171° (600-25,200
2-2.5 6 33 18.2 (8.28-34.8) 2733 (400-10,000)
3-35 1 6 16.7 (1.18-58.2) 600

45 0 1 0.0 NA™
NR™ 10 23 43.5 (25.68-63.2) 27,600 (200-224,000)

*ClI: confidence interval; **CPG: cysts per gram; ***NR: not recorded; ****NA.: not available; *no
statistical significance was observed between age groups and G. duodenalis prevalence (p > 0.05);
Pno statistical significance was observed between age groups and CPG (p > 0.05).

Despite differences in the G. duodenalis prevalence between raccoon dogs
age groups, no significant differences were observed (p = 0.1), no significant
differences were also observed between age groups and shed CPG (p > 0.05)
(Table 13). This finding was in agreement that younger animals are prone to
giardiasis infection (Boucard et al., 2021). Although there is a lack of studies on
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the prevalence of G. duodenalis in raccoon dogs in Europe, this study provides
an insight into the potential situation of the wild canids in Latvia.

Out of the 23 microscopically positive red fox and raccoon dog samples,
DNA from three animals were successfully amplificated (11.5%, 95% ClI: 3.2—
29.8). G. duodenalis assemblage D was detected in one, two-year-old red fox,
which shed 37,000 cysts per gram of feces, and in one raccoon dog with 224,000
CPG. Age of the positive raccoon dog was not known. G. duodenalis assemblage
C was shed by one, two-year-old fox, which shed 47,600 CPG (Figure 8).
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Figure 8. Giardia duodenalis assemblage distribution in red foxes and raccoon dogs

In several studies in Europe, zoonotic G. duodenalis assemblages A and B
have been reported in Europe in red foxes. In Romania, two red foxes were
positive for G. duodenalis assemblage A and B (Ocan et al., 2015). In Norway,
five foxes were positive for G. duodenalis assemblage A with the G. duodenalis
Al genotype detected in two foxes. Out of those foxes, one was positive for G.
duodenalis assemblage A genotype which was previously recovered from a roe
deer (Hamnes et al., 2007). Additionally, G. duodenalis assemblage B was
further genotyped as BIII, which has been reported in a human sample in Norway
(Hamnes et al., 2007). In Sweden, G. duodenalis assemblage B was detected in
four foxes (Debenham et al., 2017). These studies from other European countries
show that red foxes can carry zoonotic assemblages. Although the zoonotic G.
duodenalis assemblage A or B were not observed in this study, their zoonotic
transmission cannot be excluded in Latvia.

There is a lack of studies on G. duodenalis assemblages in raccoon dogs in
Europe and east Asia. One study from Romania reports G. duodenalis
assemblage D from one raccoon dog (Adriana et al., 2016). In farmed raccoon
dogs in Poland, two animals were positive for G. duodenalis assemblage D
(Solarczyk et al., 2016). Outside of Europe, G. duodenalis assemblages C and D
were reported from China (Zhang et al., 2016; Liu et al., 2025). Because there is
a lack of studies done on raccoon dogs and reports about zoonotic assemblages
found in these animals, we cannot determine whether these animals pose a
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zoonotic risk. Nevertheless, they carry canine-specific assemblages, so they
could be a reservoir for infection in domestic dogs.

In the final logistic regression model for factors affecting G. duodenalis in
red foxes in Latvia, foxes infected with Cryptosporidium spp. had significantly
higher odds of shedding G. duodenalis cysts (OR 111.1; p < 0.001). Co-infection
with Cryptosporidium was associated with age (OR 2.3; p = 0.007). G.
duodenalis infection was frequrnt in older red foxes; but no significant
association was observed between age groups (p > 0.05). While G. duodenalis
has been previously reported in association with age in red foxes across Europe,
there is a lack of studies using linear models to identify and qualify risk factors
for G. duodenalis infection (Hamnes et al., 2007; Beck et al., 2011; Onac et al.,
2015; Debenham et al., 2017; Papini & Verin, 2019). Nonetheless, this finding
is supported by the increased G. duodenalis prevalence and the increased number
of G. duodenalis cysts shed by older red foxes.

G. duodenalis co-infection with Cryptosporidium spp. was also observed in
red foxes in this study. Cryptosporidium spp. prevalence in red foxes has been
reported to be from 2.2% (6/269) to 3.2% (4/123) in Norway and Bosnia
Herzegovina, but no co-infections with G. duodenalis were detected (Hamnes et
al., 2007; Hodzi¢ et al., 2014). In contrast, we found a strong association between
the two parasites, with co-infection significantly more likely to occur in younger
foxes (p < 0.05).

In raccoon dogs, similarly to red foxes, same variables were added to the
initial univariable analyses. Hunting county, parish or forestry district did not
show any statistical significance (p > 0.05). Age showed a trend (p = 0.05) with
younger raccoon dogs more likely to test positive. Also, the presence of
Cryptosporidium spp. was strongly associated with G. duodenalis (OR 16.0; p <
0.001). These similarities were also observed in domestic dogs. In domestic dogs,
giardiasis is more chronic, and cysts can be intermittently shed for several
months (Hamnes et al., 2007), but there is a lack of studies on G. duodenalis in
raccoon dogs, including association with age or clinical manifestation.

Environmental contamination potential of Giardia duodenalis
from cattle and canids in Latvia with emphasis on the zoonotic
assemblage A

To evaluate the environmental contamination potential of G. duodenalis in
Latvia, the prevalence and the cyst load were assessed across all four animal
species: cattle, domestic dogs, red foxes and raccoon dogs.

Raccoon dogs showed 3.7 times higher G. duodenalis prevalence compared
to cattle and 2.9-times higher prevalence compared to domestic dogs. Red foxes,
had a 3.3- and 2.9-times higher G. duodenalis prevalence, compared to cattle and
domestic dogs, respectively. Animal species was a significant factor that affected
the prevalence (x> = 83.8; p < 0.0001). This result may reflect ecological,
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behavioral, and management-related differences between wild, domestic and
productive animals. Unlike dogs and productive animals, endoparasitic diseases
are not controlled in wild canids, allowing them to persist in wild animals
(Laurenson et al., 2005). Both wild canids are also scavengers, which could
increase exposure to contaminated sources (such as feces) and help sustain the
G. duodenalis transmission cycle without being clinically affected (O’Bryan et
al., 2018). Additionally, both red foxes and raccoon dogs tend to roam, and all
herd owners reported seeing wild carnivores near their herds. Zoonotic G.
duodenalis assemblage A and B have been reported in cattle and wild canids so
they could introduce these pathogens into cattle herds (Hamnes et al., 2007; Ocan
et al., 2015; Debenham et al., 2017). The lack of monitoring of G. duodenalis in
wildlife and their contact with both natural water sources and forest products,
like mushrooms and berries, which are commonly foraged in Latvia, make these
animals high-risk G. duodenalis shedders (Geldreich, 1996; Grivins, 2021).

The G. duodenalis cyst load also significantly differed among the animal
species (p < 0.001). Initially, domestic dogs excreted significantly higher cyst
load (p < 0.05) than cattle and wild canids, but after adjusting the cyst load to the
produced average weight of feces per animal species, cattle shed significantly
higher (p < 0.05) G. duodenalis cysts compared to the three canid species. After
adjusting the CPG values for the average fecal/scat mass (grams per defecation)
and the number of defecations per day, the potential adjusted daily cyst shedding
per infected animal was calculated using the median CPG values to refine the
environmental contamination potential (Table 14).

Table 14. Median Giardia duodenalis cyst excretion rates per defecation
event and per day, adjusted for fecal output and defecation frequency in
positive cattle, domestic dogs, red foxes, and raccoon dogs in Latvia

Median Average Adjusted
*c weight of Average -
. CPG"in - Cysts per daily cyst-
Species o feces per defecations - :
positive - defecation shedding
; defecation per day

animals @ per day
Cattle 600 19002 148 1,140,000 | 15,960,000!
D%’g;zt'c 3100 1500 2b 465,000 930,000
Red foxes 700 120°¢ 6.4¢ 84,000 537,600
RZCOC;SO” 1200 120¢ 6.4¢ 144000 | 921,600

*CPG: cysts per gram; 2Aland et al., 2002; "Wright et al., 2009; Ferreras et al., 2019.
dAssumed to be the same as foxes, as no data is available, Istatistical significance was
observed between adjusted G. duodenalis cyst shedding in cattle and other species (p <
0.05); 2statistical significance was observed between adjusted G. duodenalis cyst shedding
between dogs and red foxes (p < 0.05).
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A total of nine animals spread G. duodenalis assemblage A cysts in the
environment. The majority of G. duodenalis assemblage A-positive cases were
found in cattle (77.8%, 95% Cl: 45.3-94.1), while 22.2% (95% CI: 6.3-54.7) of
the dogs shed G. duodenalis assemblage A. In domestic dogs, the highest cyst
count was excreted by the youngest animal, but in cattle, the highest cyst count
was shed by older cattle. Infected animals were distributed across all regions and
various housing systems, including biological and industrial farms, including
three (42.7%, 95% ClI: 15.7-75.0) herds with access to the pastures (Table 15).

42



Table 15. Characteristics of Restricted Fragment Length Polimorfism confirmed Giardia duodenalis assemblage A

positive animals

access to free water in pastures

Region Residence A”'”f‘a' Age, Owners_hlp/ Housing and environment CPG”
species months herd size
Kurzeme City Dog 24 Private Apartment, activity in the city without a 33.400
owner leash
Vidzeme City Dog 36 Private Private house, activity in public parks, 68,200
owner forests, meadows, with a leash
Vidzeme Countryside Cattle 4 >501 Industrial farming, access to pastures, no 600
access to free water in pastures
Vidzeme Countryside Cattle 51 >501 Industrial farming, no access to pastures 200
Zemgale Countryside Cattle 4 251-500 Industrial farming, no access to pastures 9600
Zemgale Countryside Cattle 87 >501 Industrial farming, no access to pastures 15,800
Latgale Countryside Cattle 5 >501 Industrial farming, access to pastures, lake in 400
the pastures
Latgale Countryside Cattle 4 >501 Industrial farming, access to pastures, no 200
access to free water in pastures
Kurzeme Countryside Cattle 6 251-500 Biological farming, access to pastures, no 2600

*CPG: cysts per gram
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To assess proximity to surface water sources, distances from G. duodenalis
assemblage A-positive animals to the nearest river, pond or lake were calculated.
Eight out of the nine G. duodenalis assemblage A- positive animals (six cattle,
two dogs) were located within 1500 m of a surface waterbody, including three
within 500 m (Figure 9).

58.0°N s

24°E L[)Hg|[ud@25 E
Distance to surface waterbodies @ <500m 500-1000m @ 1000-1500m @ >1500m
Species @ cattle A dog
Figure 9. Locations of Giardia duodenalis assemblage A-positive cattle and domestic
dogs in relation to surface waterbodies

Although the coordinates for domestic dogs were approximate, one dogs
location was close to a named pond (Valhovas dikis), while three cattle herds
were within 2 km of major rivers — Bérze, Térvete, and Engure.

From the cattle questionnaires, nine out of 32 (28.1%, 95% CI: 15.4-45.5) of
herd owners reported open waterbodies in the pasture (such as river, ponds, lakes,
ditches). Out of those, two farms reported lakes (33.3%, 95% ClI: 9.2-70.4), and
two other farms — rivers (33.3%, 95% Cl: 9.2-70.4) available at the pastures. Out
of these nine herds, six herd owners reported that the cattle could directly access
the surface waterbodies in the pastures (66.7%, 95% CI: 35.1-88.3). In one farm,
where one cow was positive for G. duodenalis assemblage A, the owner reported
that the cattle in pastures could access the lake (16.7%, 95% CI: 1.1-58.2).
Additionally, seven out of the nine farm owners (77.8%, 95% CI: 42.3-94.7),
who reported the presence of surface waterbodies in the pastures, admitted that
these waterbodies connected with another surface water via a river or a ditch.

All cattle herd owners used manure for field fertilization (100%), and eight
of the herds stored manure in a pile next to the facilities (25.0%, 95% CI: 13.0-
42.3), 16 stored manures in open pits (50.0%, 95% CI: 33.6-66.4), and eight
stored in lagoons (25.0%, 95% CI: 13.0-42.3). Out of the 32 herds, 10 herd
owners reported that they do not process manure or slurry before the use for field
fertilization (31.2%, 95% CI: 17.8-48.7), with two herds using fermentation
(20%, 95% CI: 4.6-52.1), and eight using lagoons (80%, 95% CI: 47.9-95.4).
Regarding G. duodenalis assemblage A-positive cattle herds, in three out of the
seven herds manure was used for field fertilization (42.9%, 95% CI: 15.7-75.0),
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and in five out of the seven herds, manure was stored in open pits next to the
farm facilities (71.4%, 95% CI: 35.2-92.4).

G. duodenalis assemblage A was detected in cattle and domestic dogs, which
had access to surface water sources, highlighting a potential zoonotic risk and
water contamination in Latvia. Of the seven cattle herds in Latvia, where G.
duodenalis assemblage A was detected, one herd was located 570 meters from
the river Bérze and another 785 meters from the river Teérvete. Neither of the
cattle from these herds had pastures, but the owners of the farms used manure to
fertilize the fields. This may lead to the transmission of feces containing zoonotic
G. duodenalis to both surface and underground water sources, hence the whole
ecosystem may be affected (Oliver et al., 2005). Rainfall has been associated
with increased transfer of Giardia due to increased run-off from the fields and
the farm facilities if manure or slurry are not properly taken care of (Oliver et al.,
2005). Giardia cysts do not attach to natural soil particles, and, in cases of
overflow, they can travel independently (Dai & Boll, 2003). To minimize water
contamination, it is important to decrease the slurry run-offs from the facilities,
properly decontaminate the manure to minimize the viability of G. duodenalis
cysts before field fertilization, and, if possible, remove direct access to surface
water sources in the pastures (Oliver et al., 2005). These findings highlight that
agriculture and productive animals, particularly cattle farming, can serve as a
significant source of environmental contamination of G. duodenalis,
emphasizing the need for integrated control measures within the One Health
approach.

There is evidence that human giardiasis cases are underreported and
underdiagnosed in Latvia (Deksne et al., 2022). During a 20-year period, a total
of 1020 cases have been officially reported (average 34 per year) to the Centre
of Disease Prevention and Control of Latvia, with most cases being reported in
children of one to six-year-old (Deksne et al., 2022). Furthermore, data from the
clinical diagnostic laboratory showed that G. duodenalis prevalence was 2.2% (n
= 18,367) for Giardia antigen, however, in a prospective study, where 584
patients were analyzed, G. duodenalis prevalence was 7.2% (n = 42/584)
applying the immunofluorescence method (Deksne et al., 2022). These G.
duodenalis findings in humans, especially in the prospective study, highlight that
this parasite is present in the human population in Latvia, which reinforces the
importance of monitoring animal and environmental sources of Giardia and
supports the need for integrated prevention strategies under the One Health
framework. To fully understand the environmental contamination risks posed by
the zoonotic G. duodenalis assemblage A in Latvia, further research is needed
on its prevalence in surface water bodies, wastewaters and the effectiveness of
wastewater treatment plants in removing Giardia cysts from drinking water
meant for human use.

45



CONCLUSIONS

1. The prevalence of G. duodenalis in individual cattle (8.4%) was low in
Latvia. Significantly higher G. duodenalis prevalence was observed in 0-3-
month-old calves (16.4%, p < 0.05) and in male cattle (11.7%), which also
excreted the highest cyst load (8017 CPG).

2. Only cattle-specific G. duodenalis assemblage E was detected in 74.1% of
the herds, with 55 cattle were positive (88.7%), while only the zoonotic G.
duodenalis assemblage A was detected in three herds (12.0%) with seven
(11.3%) cattle being positive, highlighting the need for molecular
surveillance to mitigate the zoonotic risks.

3. Key protective factors against G. duodenalis in cattle were age (OR 0.4, p <
0.01), pasture and manure management, implementation of biosecurity
protocols (OR 0.7; p < 0.05) and change of shoes for visitors (OR 0.6; p =
0.05), while the risk factor was cattle able to leave the farm (OR 2.2; p <
0.05), underlining the role of management factors in the spread of G.
duodenalis at cattle farms.

4. G. duodenalis prevalence in domestic dogs was 10.7% with the highest
prevalence observed in puppies (18.5%), and male dogs were exposed to a
higher risk of infection compared to female dogs (p = 0.01).

5. Three G. duodenalis assemblages were detected in dogs: canine-specific
assemblages C and D, and the zoonotic assemblage A indicating potential
zoonotic risk to humans.

6. In dogs, co-infection with Cryptosporidium spp. was associated with an
increased risk of infection with G. duodenalis (OR 10.0, p <0.01); in contrast,
on-leash activities outside the city areas were protective (OR 0.4, p = 0.008).

7. Prevalence of G. duodenalis in red foxes (27.4%) and raccoon dogs (30.8%)
was higher than in cattle (8.4%) and domestic dogs (10.7%), however, these
animals shed lower cyst loads in the environment (3133 CPG and 14,008
CPG, respectively), suggesting that wild canids may act as frequent G.
duodenalis carriers.

8. Canine-specific G. duodenalis assemblages C and D were detected in wild
canids, demostrating their role as reservoirs of dog-adapted assemblages.

9. In wild canids, co-infection with Cryptosporidium spp. increased the
likelihood of G. duodenalis infection for red foxes (OR 111.1, p <0.001) and
raccoon dogs (OR 16.0, p < 0.001), suggesting that red foxes and raccoon
dogs are important, multiple zoonotic parasite reservoirs with their relevance
within One Health concept.

10. Although wild canids shared the highest G. duodenalis prevalence, cattle
shed significantly more cysts (15,960,000 CPG-adjusted), increasing the
environmental contamination load. The proximity of G. duodenalis
assemblage A-shedding animals to surface water bodies underscores the
potential for environmental contamination and waterborne transmission.
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PRACTICAL RECOMMENDATIONS

1. Strengthen farm-level biosecurity: Because G. duodenalis cysts have direct
life cycle, are small in size (7-10 um), robust in the environment and are
highly prevalent in Latvian cattle herds, it is important for herd owners to
implement strict biosecurity protocols. All personnel and veterinarians
entering the herd should use personal protective equipment (such as single-
use gloves) and boots provided by the herd owner, to minimize introducing
cysts in Giardia-free herds. Individual calf pens need to be thoroughly
cleaned, disinfected and dry before introducing new, naive calves, to prevent
age-related transmission.

2. Promote personnel, food, and water hygiene: Due to the high numbers of G.
duodenalis cysts shed by all included animals, especially cattle, hygiene
practices around fresh produce should be prioritized. Berries, fruits,
vegetables and leafy greens grown near cattle herds, are fertilized with
manure, or grow in fields that are easily accessible to canids, should be
washed thoroughly using clean water, under pressure to help remove the
cysts. As G. duodenalis is a waterborne parasite, swimming in recreational
waters near cattle herds or grazing pastures, especially after heavy rainfalls,
when run-off contamination risk is high, should be avoided due to potential
waterborne transmission. Additionally, thorough public hygiene education
campaigns focusing on proper produce washing and informational signs
about possible G. duodenalis contamination near recreational swimming
waters should be considered.

3. Increase zoonotic surveillance and awareness: Because zoonotic G.
duodenalis assemblage A was found in cattle and domestic dogs, it should be
important to diagnose and monitor the presence of G. duodenalis in both
species, especially in cases of human diarrhea outbreaks. The detection of co-
infection with Cryptosporidium spp. in canids underlines the need for broader
diagnostic screening in veterinary and public health settings. Currently, G.
duodenalis is not under any official environmental or veterinary surveillance
in Latvia.

4. Implement and promote the “One Health” framework: Because G. duodenalis
is highly resistant to environmental conditions, minimizing the risk of
contaminating the environment, especially water and food sources, is
important. Educational campaigns to companies and agricultural workers, on
proper manure management should be prioritized to minimize cyst viability
before manure is used for field fertilization. Minimizing manure and slurry
run-offs from the cattle facilities is also important, especially near open water
sources. Providing clean drinking water in the pastures rather than using
surface water sources is strongly recommended, to minimize transmission
risk in both cattle and humans.
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IEVADS

Giardia duodenalis (sinonimi G. lamblia, G. intestinalis) ir ar partiku un
ideni parn€sajams viensiinaS parazits, kas var izraisit ziardiazi uznemigam
dzivnieku sugam un cilvékiem (Dixon, 2021). G. duodenalis var invadét plasu
saimnieku spektru, tostarp govis, sunu dzimtas dzivniekus — sunus, lapsas,
jenotsunus un cilvékus, kuri var klat par G. duodenalis asimptomatiskiem
né&satajiem. G. duodenalis A un B apakstipi ir zoonotiski un ir izraisijusi vairakus
ar Giardia saistitus uzliesmojumus cilvékiem (Dixon, 2021). Cilvékiem ar
pamatslimibam vien$unis var izraisit klinisku invaziju, kuras simptomi var biit
no viegliem lidz smagiem, bet kopuma slimiba raksturojas ar akiitu Iidz hronisku
caureju, kas izraisa Skidruma, elektrolitu vai uzturvielu malabsorbciju
(O’Handley et al., 2003; Geurden et al., 2010; Dixon, 2021). Lai gan nav veikti
ilgtermina pétijumi par ziardiazes ietekmi uz teliem un suniem, invazija izraisa
svara zudumu jeriem (Aloisio et al., 2011; Sweeny et al., 2011; Smit et al., 2023).
Kop$ 2004. gada G. duodenalis ir icklauts Pasaules Veselibas organizacijas
(PVO) iniciativa par novarta atstatam slimibam un paslaik ir ierindots sestaja un
astotaja vieta starp svarigakajiem ar partiku parnésatiem parazitiem, attiecigi
Eiropa un Austrumeiropa (Savioli et al., 2006; Bouwknegt et al., 2018). G.
duodenalis cistas ir mazas (7—10 um) ar biezam sieninam, kas padara tas loti
izturigas arvidé un uzlabo patogéna izdzivosanu nelabvéligos vides apstaklos.
Invazijas deva var biit mazak neka 10 cistas, lai izraisttu kliniskus simptomus,
un $is parazits ir labi pielagots parn€sasanai ar partiku, baribu un, ipasi Gdeni
(Dixon, 2021).

Saskana ar Vienas Veselibas koncepciju G. duodenalis ir nozimigs cilvéku
un dzivnieku patogéns (Geurden et al., 2010). G. duodenalis izplatiba govim
Eiropa sasniedza 31,1 %, un vislielaka izplatiba noverota teliem (Taghipour et
al., 2022). G. duodenalis parasti skar telus 1idz viena méne$a vecumam, un no
astoniem G. duodenalis apakstipiem tris ir konstatétas govim — apakstips E, kas
ir specifisks govim, un zoonotiskiec A un B apakstipi (Dixon, 2021). Viena
invadéta govs ar vienu gramu izkarnijumiem var izdalit no 10° lidz 108 cistu, un,
invazijas asimptomiska vai hroniska rakstura dél, invad&tos dzivniekus ir griiti
identificét un izolét, lai noverstu patogena talaku izplatisanos (Fayer et al., 2000;
Dixon et al., 2021). Turklat govis var biit potenciali rezervuari zoonotiska G.
duodenalis A un B apakstipiem (Coklin et al., 2007; Bartley et al., 2018; Zahedi
et al., 2020). Hroniska Ziardiaze govim var ilgt I1dz pat vairakiem méneSiem, un
kopa ar lielu izkarntjumu daudzumu (Iidz 30 kg diena) nodrosina ilgstosu kiits
vai apkartgjas vides piesarnojumu (Aland et al., 2002). Ja neapstradats govju
meéslojums, Kas satur zoonotiskos G. duodenalis apakstipus, tiek izmantots lauku
un darzu mésloSanai, tas var piesarnot ne tikai kultiiraugus, bet ar1 virszemes un
pazemes tdens avotus (Martinez et al., 2009). Joprojam norit diskusijas par
majdzivnieku un savvalas sunu dzimtas dzivnieku lomu G. duodenalis izplatiba,
jo majdzivnieku suni un rudas lapsas var bit potenciali G. duodenalis rezervuari
cilvékiem (Traub et al., 2004; Onac et al., 2015; Adell-Aledén et al., 2018;
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Moghaddasi et al., 2024). Tomér par G. duodenalis apakstipu sastopamibu
jenotsuniem ir pieejama loti maz informacijas, visbiezak tieck min&tS suniem
raksturigais D apakstips, kas ir konstatéts nebrivé turStiem jenotsuniem
(Solarczyk et al., 2016).

Suni ir vieni no popularakajiem majdzivniekiem un var klat par invazijas
avotu saviem pasniekiem (Sun et al., 2023). Suniem G. duodenalis ir viens no
visbiezak sastopamajiem parazitiem, Ipasi dzivniekiem no patversmém un sunu
audz€tavam, ar izplatibu 15,2 % (n =4 309 451) visa pasaulé (Claerebout et al.,
2009; Ferreira et al., 2011; Bouzid et al., 2015). Ziardiaze suniem, l1dzigi ka
govim, biezi ir asimptomatiska, bet kuc€niem var noverot vieglu Iidz smagu,
intermitgjosu caureju (Feng &amp; Xiao, 2011). Rudas lapsas un jenotsuni biezi
noveroti dazadas videés — mezos, laukos, pilsétas un piepilsétu teritorijas, kur nav
tieSa kontakta ar cilvékiem. Tomgr to plasais dzivesvietas regions rada risku, ka
lielakas teritorijas var tikt piesarnotas ar zoonotiskiem G. duodenalis
apakstipiem (Debenham et al., 2017).

Cilvekiem G. duodenalis izraisa akiitu vai hronisku caureju, ka ari
meteorismu, sliktu diiSu un sapes veédera, un var izraisit kognitivo funkciju
pasliktinasanos, alergijas, vitaminu un mineralvielu deficitu. Konstatéta ari
parazita saistiba ar aizkunga dziedzera vézi (Furukawa et al., 2011; Akkaub &
Buret, 2020). Papildu ilgtermina sekas, piem@ram, attistibas trauc€jumi un
augSanas traucgjumi, ir noverotas berniem, kuri invadgjusies pirmajos dzives
gados (Bergman et al., 2005; Botero-Garcés et al., 2009).

Govju audzesana ir mingta ka viens no galvenajiem zoonotisko patogénu
izplatibas avotiem, galvenokart tapéc, ka kultiraugu meéslosanai izmanto
neapstradatus kiitsméslus. Tas savukart var radit idens un partikas piesarnojuma
risku, tadgjadi palielinot ar parazitu saistitu slimibu uzliesmojumu varbitibu
(Koyun et al., 2023). Neapstradatu kiitsméslu izmanto$ana paaugstina patogéna
parnésanas risku, Tpasi ja piesarnota partika tiek pardota tiesi no lauka (Lewerin
et al., 2020). Miniatiro vai majdzivnieku zoologisko darzu un atvérto
saimniecibu skaita pieaugums var palielinat cilveku, majdzivnieku un savvalas
dzivnieku saskarsmi ar potenciali invadétam govim un citiem majdzivniekiem
(Dunn et al., 2015; Conrad et al., 2017). ArT atklatie Gidens avoti var veicinat
patoggéna talaku izplatibu (Brunn et al., 2018).

Lidz §im, Latvija nav publicéti p&tijumi par G. duodenalis izplatibu govim,
majas suniem, rudajam lapsam un jenotsuniem. Triikst datu par faktoriem, kas
ieteckm& Giardia izplatibu govim, majas suniem un savvalas sunu dzimtas
dzivniekiem, to genétisko daudzveidibu un zoonotisko potencialu. P&tijumi par
G. duodenalis izplatibu arkartéja vide, jo ipasi Vienas veselibas pieejas
konteksta, nepiecieSami lai noverstu patogéna parnesi ar partiku un tdeni, ka ar
lai raditu jaunas zina$anas par G. duodenalis epidemiologiju.
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Tika izvirzitas $adas tézes:

1. G. duodenalis izplatiba, izdalita cistu intensitate, un G. duodenalis apakstipu
sastopamiba atSkiras starp govim, suniem, rudajam lapsam un jenotsuniem
Latvija.

2. Individualie dzivnieku faktori, taja skaita vecums un dzimums, ka ari
individualie faktori un tur€Sanas prakses ietekmé G. duodenalis sastopamibu
govim, suniem, rudajam lapsam un jenotsuniem Latvija.

3. Zoonotiskie G. duodenalis apakstipi ir sastopami govim, suniem, rudajam
lapsam un jenotsuniem Latvija.

4. Govis rada vislielako vides piesarnojumu ar G. duodenalis cistam.

Problémas analize:

Trukst informacijas par G. duodenalis izplatibu, izdalito cistu intensitati un
G. duodenalis genétisko daudzveidibu, jo Tpasi par zoonotisko A un B apakstipu
govim, majas suniem, rudajam lapsam un jenotsuniem Latvija. Ir pieejama
ierobezota informacija par dzivnieku Itmena un ganampulka parvaldibas un
turéSanas faktoriem, kas ietekm& G. duodenalis izplatibu govim. lzpratne par
faktoriem, kas ietekm& parazita izplatibu, ir svariga, lai novertetu vides
piesarnojuma risku un potencialo zoonotisko parnesi, Ipasi Vienas veselibas
pieejas ietvaros. Jaunas zinasanas par G. duodenalis epidemiologiju varétu
palidzét noteikt noteikt zoonotisko transmisiju un prognozet uzliesmojumus
cilvékiem, identificEjot vai ta avots varctu bt dzivnieku izcelsmes.

Promocijas darba meérkis: Noteikt ziardijas (Giardia duodenalis) izplatibu,
cistu izdalisanas intensitati, genétisko daudzveidibu un to izplatibu ietekmg&josos
faktorus govim (Bos taurus), majas suniem (Canis familiaris), rudajam lapsam
(Vulpes vulpes) un jenotsuniem (Nyctereutes procyonoides) Latvija, ka ari
izvertet izmekleto dzivnieku ietekmi uz vides radito piesarnojumu ar Giardia
duodenalis.

Promocijas darba uzdevumi:

1. noteikt G. duodenalis izplatibu, cistu izdaliSanas intensitati, genétisko
daudzveidibu, individualos un turéSanas faktorus, kas saistiti ar ierosinataja
izplatibu govim;

2. analizét G. duodenalis izplatibu, cistu izdaliSanas intensitati, gen&tisko
daudzveidibu, individualos un turéSanas faktorus, kas saistiti ar ierosinataja
izplatibu majas suniem;

3. noskaidrot G. duodenalis izplatibu, cistu izdaliSanas intensitati, genétisko
daudzveidibu, un individualos faktorus, kas saistiti ar ierosinataja izplatibu
rudajam lapsam un jenotsuniem,;

4. izvertét govju un sunu dzimtas dzivnieku radito G. duodenalis vides
piesarnojumu, lai noteiktu, kura dzivnieku suga veicina ierosinataja izplatibu
arvide.
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Promocijas darba zinatniska novitate:

pirmais pétijums Latvija par G. duodenalis izplatibu, izdalito cistu intensitati,
genctisko daudzveidibu govim, majas suniem rudajam lapsam un
jenotsuniem Latvija, atklajot G. duodenalis C, D, E un zoonotisko A apastipu;
identificéti faktori, kas saistiti ar G. duodenalis govim, majas suniem,
rudajam lapsam un jenotsuniem Latvija, dodot ieskatu veterinararstiem un
jomas ekspertiem, ka ierobezot $1 parazita izplatibu;

izvertéta potenciala zoonotiska G. duodenalis A apakstipa izplatiba apkarteja
vide, Vienas veselibas pieejas ietvaros.

Personigais ieguldijums:

paraugu ievakSana no govim;

sazina ar govju ganampulku un sunu Ipasniekiem, aptauju veikSana un
dokumentéSana;

paraugu sagatavoSana izmeklE€Sanai, izmantojot imunofluorescences
kraso$anas metodi G. duodenalis cistu noteikSanai un mikroskop&sana;
genétisko analizu veikSana, tostarp G. duodenalis DNS izdalisana,
polimerazes k&des reakcijas (PKR) un restrikcijas fragmentu garuma
polimorfisma analizes (RFLP) veikSana. Lielaka dala no paraugu analizes
veikta personigi;

apraksto$a statistika, riska un aizsargajoso faktoru analize, izmantojot
visparinato linearo jaukto efektu un visparinato linearo modelu aprekinu
metodiku, lai identificétu ar G. duodenalis izplatibu saistitos faktorus.
Lielaka dala aprékinu veikta personigi.

Zinatnisko darbu aprobacija:

Saraksts ar originalajam publikacijam Zurnalos, kas ir indekséti

SCOPUS un Web of Science datu bazes un ieklauti disertacija:

1.

Mateusa, M., Ozolina, Z., Terentjeva, M., & Deksne, G. (2023). Giardia
duodenalis Styles, 1902 prevalence in cattle (Bos taurus Linnaeus, 1758) in
Europe: A systematic review. Microorganisms, 11(2), 309. IF 4,926.
https://doi.org/10.3390/microorganisms11020309

Mateusa, M., Seleznova, M., Terentjeva, M., Deksne, G. (2023). Giardia
duodenalis (Styles, 1902) in cattle: isolation of calves with diarrhoea and
manure treatment in the lagoon presented as protective factors in Latvian
herds. Microorganisms, 11(9), 2338, IF 4.926,
https://doi.org/10.3390/microorganisms11092338

Mateusa, M., Cirulis, A., Seleznova, M., Sveisberga, D.P., Terentjeva, M.,
& Deksne, G. (2024). Cryptosporidium spp. are associated with Giardia
duodenalis co-infection in wild and domestic canids. Animals, 14(23), 3484,
IF 2.7, https://doi.org/10.3390/ani14233484
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Zinojumi starptautiskas konferencés saistiba ar promocijas darba tému:
Deksne, G., Mateusa, M., & Kriimina, A. (2021). Occurrence of important
foodborne zoonotic pathogens in Latvia — Cryptosporidium spp. and Giardia
duodenalis. RSU International Research Conference on Medical and Health
Care Sciences “Knowledge for Use in Practice”. Riga, Latvija. 24.03.—
26.03.2021.

Mateusa, M., Terentjeva, M., & Deksne, G. (2021). Giardia duodenalis and
Cryptosporidium spp. prevalence in cattle in Latvia”, 9" Conference of the
Scandinavian-Baltic Society for Parasitology (SBSP), Vilna, Lietuva,
21.04.2021.-23.04.2021.

Mateusa, M., Terentjeva, M., & Deksne, G. (2021). Giardia duodenalis
prevalence in cattle in Latvia”, 13" European Multicolloquium of
Parasitology, Belgrade, Serbija, 12.10.2021.-16.10.2021.

Mateusa, M., Seleznova, M., & Deksne, G. (2022). Zoonotic parasites in red
foxes (Vulpes vulpes) and raccoon dogs (Nyctereutes procyonoides), 80%"
International Scientific Conference of the University of Latvia, Riga, Latvija,
03.02.2022.

Mateusa, M., Rozenfelde, M., Upeniece, M., Terentjeva, M., & Deksne, G.
(2023). Prevalence of Cryptosporidium spp. and Giardia duodenalis in
domestic dogs (Canis familiaris). 81% International Scientific Conference of
the University of Latvia, Riga, Latvija, 25.01.2023.

Mateusa, M., gveisberga, D. P., Terentjeva, M., & Deksne, G. (2023).
Cryptosporidium spp. and Giardia duodenalis in untreated wastewaters in
Latvia: Preliminary results. 10" Conference of the Scandinavian-Baltic
Society for Parasitology, Tartu, Igaunija, 05.06.2023.-07.06.2023.
Mateusa, M., Sveisberga, D. P., Rozenfelde, M., Seleznova, M., Terentjeva,
M., Krimina, A., & Deksne, G. (2024). Cryptosporidium spp. and Giardia
spp. from One Health perspective in Latvia. 14" European Multicolloquium
of Parasitology, Vroclava, Polija, 26.08.2024.—30.08.2024.

Publikacija, kas saistita ar promocijas darba tému, kas ir indekséta

SCOPUS un Web of Science datu bazes, bet nav ieklauta promocijas darba:

1.

Deksne, G., Krumins, A., Mateusa, M., Morozovs, V., gveisberga, D.P.,
Korotinska, R., Bormane, A., Viksna, L., & Kriimina, A. (2022). Occurrence
of Cryptosporidium spp. and Giardia spp. infection in humans in Latvia:
Evidence of underdiagnosed and underreported cases. Medicina (Kaunas).
24;58(4):471. IF 2.948. https://doi.org/10.3390/medicina58040471

Popularzinatniskas publikacijas, kas saistitas ar promocijas darba temu,

bet nav indeksétas SCOPUS datu bazés un/vai nav ieklautas promocijas
darba:

1.

Deksne, G., Mateusa, M., & Ozolina, Z. (2020). Kriptosporidioze un
ziardioze liellopos Latvija Vienas Veselibas konteksta (Cryptosporidiosis
and giardiasis in cattle in Latvia, from One Health context). Veterinarais
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zurnals, Latvijas Veterinararstu biedribas informativs biletens, Riga, Latvjia,
Rudens, 2020.

2. Mateusa, M., Seleznova, M., Terentjeva, M., & Deksne, G. (2023).
Kriptosporidijas un ziardijas sunos (Cryptosporidium and Giardia in dogs),
Veterinarais zurnals, Latvijas Veterinararstu biedribas informativs biletens,
Riga, Latvija, Ziema, 2023.

3. Deksne, G., §Veisberga, D. P, Mateusa, M., & Krimina, A. (2024).
Kriptosporidioze un ziardiazes no “Vienas veselibas” skatpunkta
(Cryptosporidiosis and giardiasis from “One Health” perspective). Latvijas
Arsts, nacionalais medicinas Zurnals, Riga, Latvija, Marts—Aprilis, 2024.

4. Mateusa, M., Seleznova, M., Cirulis, A., & Deksne, G. (2024).
Kriptosporidijas un Ziardijas savvalas sunu dzimtas dzivniekos
(Cryptosporidium and Giardia in wild canids). Veterinarais Zurnals, Latvijas
Veterinararstu biedribas informativs biletens, Riga, Latvija, Vasara, 2024.

Promocijas darba nosléguma ir formuléti desmit secindajumi un &etras
praktiskas rekomendacijas. Promocijas darbs noforméts 142 lapaspusés,
darba ir 41 tabula, 32 atteli, ka arT pievienoti septini pielikumi. Literatiiras
saraksta ietverti 319 informacijas avoti
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MATERIALI UN METODES

Pétijuma shéma Giardia duodenalis izplatibas noteikSanai
govim, majas suniem un savvalas sunu dzimtas dzivniekiem

Giardia duodenalis izplatibas noteik$ana govim Latvija.

No 2019. gada marta lidz 2020. gada martam tika apmeklti govju
ganampulki, lai ievakti fekaliju paraugus G. duodenalis noteik$anai un iegiitu
informaciju par ganampulku parvaldibas praksi. Kopuma tika nonemti paraugi
no 973 govim &etros regionos: Kurzeme (n = 283), Latgale (n = 91), Vidzeme (n
= 244) un Zemgale (n = 355). Kopuma tika parbauditas 853 sieviskas kartas un
120 viriskas kartas govis, no 32 ganampulkiem. Visvairak ganampulku bija no
Zemgales (n = 12), kam sekoja Kurzeme (n = 9), Vidzeme (n = 9) un Latgale (n
=3) (1. attels).

Longitude

10. att. Petijuma ieklauto govju novietnu atrasanas vietas (zilie punkti)

Paraugi tika ievakti no 13 govju $kirném, no kuram lielaka dala bija
Holsteinas melnraibas (HM) (n = 699), kam sekoja Holsteinas sarkanraibas (HS)
(n = 122); Latvijas briinas (LB) (n = 71), Limuzinas (LI) (n = 35), Danijas
sarkanas (DS) (n = 19); krustojumi (XX) (n = 14) un 13 paraugi tika savakti no
sesam citam Skirném, kuru paraugu skaits svarstijas no 1 lidz 4.

Par katru ménesi, kad tika ievakti govju fekaliju paraugi, dati par vid&jo
temperatiiru, nokriSniem un gaisa mitrumu tika iegiiti no Latvijas Vides,
geologijas un meteorologijas centra (LVGMC) (www.klimats.meteo.lv).

P&tljumam nepiecieSamais paraugu skaits tika noteikts, pamatojoties uz
Latvijas govju populacijas lielumu — 395 320 (Latvijas Republikas
Lauksaimniecibas datu centrs, piekluve 2020. gada 1. janvar).

Lai aprékinatu minimalo govju skaitu, kas nepiecieSams paraugu nemsanai,
tika izmantots 95 % ticamibas intervals, pienemot, ka invazijas ITmenis
populacija ir 50 %. Rezultata paraugu nemsanai bija nepiecieSsamas vismaz 384
govis. Paraugu nemsanas pieeja tika izstradata ta, lai ta butu proporcionali
sadalita pa Latvijas regioniem, tadu rezultata paraugi tika nemti tikai no
ganampulkiem, kuru Tpasnieki piekrita piedalities p&tijuma.
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Paraugu ievak$anai telefoniskisazinajamies ar potencialajiem ganampulku
ipasniekiem vai atbildigajiem veterinararstiem. P&tfjuma perioda Kkatrs
ganampulks tika apmeklets vienu reizi. Galvenie ieklauSanas krit€riji p&tjjuma
bija govju ganampulki ar dazadam apsaimnickosSanas sisttmam, piemé&ram,
biologiska, industriala, briva un piesieta apsaimnieko$ana. Turklat pétjjuma
uzdevums bija ievakt paraugus no dazada lieluma ganampulkiem, ietverot gan
lielus, gan mazakas gimenes izméra saimniecibas. Ja iesp&jams, fekaliju paraugi
tika ievakti no abiem dzimumiem un dazadam govju skirném. IzslégSanas
kriteriji bija, ja pasnieks nepiekrita petjjumam vai p&tijuma piekriSanas process
netika pabeigts.

No katra ganampulka tika ievakti Iidz 45 fekaliju paraugi, kas tika sadaliti trs
vecuma grupas. Govju vecuma grupu kategorizacija tika noteikta, nemot véra
atskirigas tur€Sanas prakses, kas saistitas ar dazadam vecuma grupam, un G.
duodenalis biologiju, nenemot véra govju fiziologisko vecumu.

Vecuma kategorizacija tika veikta $adi:

° 0-3 meénesi;
. 4-24 ménesi;
. 24 ménesi un vairak.

Teliem lidz 3 méneSu vecumam Giardia izraisa izteiktaku klinisku ainu, un
tie izdala lielaku Giardia cistu daudzumu, kas var piesarnot vidi (O’Handley et
al., 2001; Trout et al., 2005; Mark-Carew et al., 2010). Turklat $aja vecuma grupa
teli biezi sanem pienu ka papildu baribas avotu, kas atspogulo telu unikalas
uztura vajadzibas un uzné€mibu pret parazitu invaziju (Rosenberger et al., 2017).
Govis vecuma no 4 1idz 24 méneSiem parasti tiek barotas ar standarta baribu un
tiek grupéti atbilstosi to lidzigajam uztura vajadzibam un apsaimnieko$anas
praksei (Curtis et al., 2018). Govis, kas vecakas par 24 méneSiem, kuras
paredzgtas ganampulka atjaunos$anai, ir vairak paklautas parazita parnesanai uz
jaundzimusajiem teliem dzemdibu laika vai driz p&c tam, jo perinatalaja perioda
palielinas izdalitais Giardia cistu daudzums (Ralston et al., 2003; Mark-Carew
etal., 2010).

Saimniecibas paraugi tika nemti no govim uzreiz p&c defekacijas, un
fekalijam pirms paraugu nemsanas nebija redzamu izmainu (piemeram,
piesarnojums ar pakaiSiem vai nagu nospiedumi). Ja bija iesp&ams, paraugu
nemsanai no 0-3 méneSus veciem teliem tika izmantota nejauSas paraugu
nems$anas metode, lai savaktu izkarnijumus no teliem ar un bez caurejas.
Ganampulkos, kur no konkrétas vecuma grupas nevar€ja iegt ieprieks noteiktu
paraugu skaitu, paraugi tika nemti no visiem pieejamajiem dzivniekiem Saja
vecuma grupa, lai nodrosinatu visaptverosu parklajumu katra vecuma kategorija.

Fekaliju paraugi tika ievakti ar tiru lateksa cimdu un ievietoti
vienreizlietojama plastmasas trauka; lateksa cimds tika mainits péc katra parauga
savakSanas. Tika izmantota svaigu fekaliju augsgja dala, lai izslegtu fekaliju
kontaminaciju ar citiem patogéniem. Katrai govij tika pieskirts anonims
identifikacijas numurs.
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Par katru dzivnieku paraugu néméjs kopa ar ganampulka Tpasnieku vai
veterinararstu aizpildija anketu, kura registr&ja govs identifikacijas numuru,
dzimumu, S$kirni, fekaliju Kkonsistenci un to, vai dzivnieks ir piedzimis
ganampulka, vai iepirkts. Visi dati tika anonimizeti, pieskirot individualu
laboratorijas numuru katram ganampulkam. P&c tam paraugi tika ievietoti 4 °C
temperatiira un transportéti uz laboratoriju paraugu ievakSanas diena.
Laboratorija paraugi tika uzglabati 1idz divam ned€lam 4 °C temperatiira lidz
turpmakai testéSanai.

Giardia duodenalis izplatibas noteik§ana majas suniem Latvija.

Majas sunu fekaliju paraugi tika ievakti no 2020. gada aprila Iidz 2022. gada
maijam. Kopuma 373 suni tika izmekl&ti uz G. duodenalis, tostarp 183 sieviskas
un 190 viriskas kartas suni. No tiem 328 bija Tpasnieku un 45 bija patversmes
suni. Fekaliju paraugi tika savakti no 64 sunu $kirném, tap&c tie tika iedaliti
“Skirnes” sunos (n = 218) un bezskirnes sunos (n = 155). Regionali paraugi tika
savakti no Latgales (n = 22), Kurzeme (n = 57), Zemgales (n = 87) un Vidzemes
(n=206) (2. attels).

Latitude

ave e
Longitude

Year W 2020 W 2022

2. att. Petijuma ieklauto majas sunu atrasanas vietas (zalie un oranzie kvadrati)

Par katru ménesi, kad tika nemti paraugi no majas suniem, dati par videjo
temperatiru, nokriSpiem un gaisa mitrumu tika iegiti no LVGMC
(www.klimats.meteo.lv).

P&tjjumam nepieciesamais sunu skaits tika aprékinats, pamatojoties uz 95 %
ticamibas intervalu un pienemot, ka majdzivnieku populacija invazijas raditajs ir
40 % (Bouzid et al., 2015). Nepiecie$amo paraugu skaita aprékiniem suniem
izmantoti Latvijas Lauksaimniecibas datu centra dati, un sunu skaits 2020. gada
bija 132 750. Minimalais nepiecieSamais paraugu skaits tika aprékinats 323.
Paraugu ievakSanai tika izmantota nejauSa paraugu nemsanas metode. Lai
sasniegtu plasaku merkauditoriju, tika publicéti sludinajumi socialajos tiklos,
pieméram, Facebook, un zinu portalos, pieméram, BezTabu, www.Ism.lv, un
instittta “BIOR” majaslapa (www.bior.lv). Individuali uzaicinajumi piedalities
petljuma tika nostiti arT veterinarajam klinikam un sunu patversmém.
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Pétijuma perioda ipasniekiem, veterinararstiem un sunu patversmju
darbiniekiem tika sniegts p&tjjuma apraksts latvieSu valoda ar detaliz&tu fekaliju
savakSanas procesa izskaidrojumu. Dalibniekiem tika noradits, ka fekalijas
jaievac tris dienas péc kartas, ievietojot tos tira, tdensnecaurlaidiga trauka.
Paraugi tikai uzglabati 4 °C temperatira, lidz tie tika nogadati laboratorija.
Paraugu testésana tika veikta ned€las laika péc paraugu nogadasanas laboratorija.

Suni tika iedaliti vecuma grupas péc Harvey (2021):

e <2 gadi: kuceni;
e 2 Iidz 7 gadi: pieaugusie;
8 lidz 11 gadi: seniori;
e > 12 gadi: geriatriskie suni.

Laboratorija paraugiem tika pieskirts individuals identifikacijas numurs, lai
nodro$inatu anonimitati. Tika atzim&ta fekaliju konsistence (Skidras, mikstas,
formétas), un paraugi tika uzglabati 4 °C temperatira divas ned€las Iidz
turpmakai testé$anai.

Giardia duodenalis izplatiba rudajam lapsam un jenotsuniem Latvija.

Rudas lapsas un jenotsuni tika noSauti Partikas un veterinara dienesta (PVD)
organizg€taja trakumsergas vakcinacijas un profilakses apkaroSanas programma
(Zemkopibas ministrija, Partikas un veterinarais dienests, 2021). Péc dzivnieku
noSausanas mednieks noteica dzivnieka vecumu (ja iesp&jams) un nositija Iiki
uz zinatnisko instititu “BIOR”.

No 2020. gada februara Iidz 2023. gada janvarim kopuma tika savakti 219
rudo lapsu liki, no kuriem 182 bija no Latgales, 27 no Vidzemes, 5 no Zemgales
un 4 no Kurzemes, un tie tika parbauditi uz G. duodenalis (3. attéls).

Latitude

ae e
Longitude

3. att. Petijuma ieklauto, nomedito rudo lapsu atraSanas vietas (sarkanie trijsttiri)

Rudas lapsas tika ievaktas no 23 mezniecibam, kuras atradas astonu Latvijas
virsmezniecibu paklautiba: (Austrumlatgales, Dienvidlatgales, Centralvidzemes,
Ziemelaustrumu, Ziemelvidzemes, Zemgales, S€lijas un Ziemelkurzemes.

Kopa ar rudajam lapsam tika savakti un parbauditi uz G. duodenalis klatbiitni
kopuma 78 jenotsunu Iiki, no kuriem 69 bija no Latgales, 7 no Vidzemes un 2 no
Zemgales (4. attls).
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Latitude

ave e
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4. att. Petijjuma ieklauto, nomedito jenotsunu atraSanas vietas (zalie trijstiiri)

Jenotsuni tika savakti no 13 mezniecibam, kuras atradas sesu Latvijas
virsmezniecibu paklautiba: Austrumlatgales, Dienvidlatgales, Centralvidzemes,
Ziemelaustrumu, Ziemelvidzemes un Sélijas.

Par katru ménesi, kad tika veikta rudo lapsu un jenotsunu paraugu ievaksana,
dati par vidgjo temperatiiru, nokri$niem un gaisa mitrumu tika iegiitino LVGMC
(www.klimats.meteo.lv).

P&éc nogadasanas laboratorija no dzivniekiem tika atdalits zarnu trakts,
ievietots idensnecaurlaidiga konteinera un ievietots saldétava (-30 °C) uz laiku
lidz vienam ménesim. P&c tam zarnu trakts tika atkaus€ts un no taisnas zarnas
tika ievaktas fekalijas, kuras ievietotas idensnecaurlaidiga iepakojuma, mark@&ti
ar identifikacijas numuru un uzglabati 4 °C temperattra [idz pat nedé€lai, lidz tika
veikti turpmaka izmekléSana.

Mikroskopiska fekaliju izmekleSana

Fekaliju paraugu sagatavoSana.
Paraugu apstradei tika izmantota piesatinata natrija hlorida (NaCl) metode

(Kuczynska & Shelton, 1999; Maddox-Hyttel et al., 2006).

Lai sagatavotu paraugu, viens grams individualu fekaliju tika iesverts tira,
vienreizlietojama 15 ml centrifigas mégene (SARSTEDT, Niimbrecht, Vacija).
Parauga attiriSanas un sedimentacijas process bija sekojoss:

1. Fekaliju paraugam pievienoja ¢etrus ml destiléta idens un 4 ml piesatinata
NacCl (blivums 1,18) riipigi sakratija 30 sekundes. 15 ml mé&geni centrifuggja,
izmantojot Hermle Z446K centrifigu (HERMLE Labortechnik GmbH,
Vacija) vienu miniiti pie 1540 x gravitacijas (g).

2. Péc tam 8 ml supernatanta ielja tira, vienreizlietojama 50 ml centriftgas
mégené (SARSTEDT, Niimbrecht, Vacija), kurai pievienoja destilétu tdeni
1idz 45 ml atzimei, un centrifug€ja 10 miniites pie 1540 x g.
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3. Augsgjo slani izIgja viena reiz€ Iidz 15 ml atzimei, nogulsnes sakratija, lidz
tas pilniba izskida, un pievienoja destilétu tideni Iidz 45 ml atzimei, un atkal
centrifuggja 10 minates pie 1540 x g. So procediiru atkartoja divas reizes.

4. Augsgjais slanis tika izliets [1dz 5 ml atzimei, un atlikuSais augsg€jais slanis
tika atdalits lidz 2 ml atzimei, un nogulsnes tika riipigi sakratitas.

5. Sediments tika parnests sterila 2 ml Eppendorf tipa m&geng, un mégene tika
uzglabata 4 °C temperatiira lidz turpmakai test€Sanai lidz vienam ménesim.

Giardia duodenalis cistu kraso$ana ar imunofluorescences metodi un
paraugu mikroskopija.

Giardia cistas tika noteiktas ar imunofluorescences metodi, izmantojot
A100FLR-20X AquaGlo™ G/C Direct reakciju kitu (Waterborne, INC, New
Orleans, ASV) saskana ar razotaja noradijumiem. Reakcija tika veikta gaismas
un @idens necaurlaidiga mitruma kamera. Monoklonalo antivielu (mAb) skidums
tika sajaukts saskana ar raZotaja instrukciju.

Visi ar imiinofluorescences krasu iekrasotie priekSmetstikli tika analizeti,
izmantojot fluorescences mikroskopu (Nikon ECLIPSE Ti-E, ASV) ar
fluoresceina izotiocianata (FITC) filtru, 200x palielinajuma.

Pozitiva kontrole tika parbaudita pirma. Bedrites tika saskaititas visas spilgti
zali krasotas cistas ar tipisku morfologiju un izméru.

G. duodenalis cistas parasti ir ovalas formas un to izmérs ir 7,0-10,0 pm. Ar
imtnofluorescences krasosanai paredzéto metodi konstaté ari Cryptosporidium
spp. oocistas. Lai izméritu cistas vai atSkirtu lielakas C. andersoni oocistas no
Giardia cistam, tika izmantota programma Nis-Elements AR 4.00.00. Salidzinot
ar Giardia cistam, C. andersoni oocistas ir 7,4 = 5,5 um lielas, bet Giardia cistas
ir 7-10 um diametra (Lindsay et al., 2000; Adam, 2001).

Giardia duodenalis molekulara identifikacija

Giardia duodenalis DNS ekstrakcija no G. duodenalis-pozitiviem
paraugiem

Visi mikroskopiski pozitivie paraugi tika talak sagatavoti G. duodenalis
molekularai identifikacijai. Kopuma tika analizéti 145 IFM pozitivi fekaliju
paraugi (82 govju, 40 sunu, 23 rudo lapsu un jenotsunu).

Genomiska DNS tika izdalita no 2 ml attiritiem paraugiem, izmantojot
DNeasy® PowerSoil® Pro Kit (QIAGEN, Hilden, Vacija), saskana ar razotaja
noradijumiem (Qiagen, 2023).

PKR apstakli Giardia duodenalis noteiksanai.

G. duodenalis identifikacija tika veikta, izmantojot Eiropas Parazitu
references laboratorijas aprakstito metodi, nosakot beta-giardina (bg) génu
(EURLP, MI-09-rev-2). Tika ievérotas razotdja instrukcijas, izmantojot Taq
PKR Master Mix komplektu (QIAGEN, Hilden, Vacija). Giardia genomiska
DNS un nukleazes nesatuross tidens tika izmantoti kvalitates kontrolei ka
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pozitivas un negativas kontroles. Izmantotas oligonukleotidu sekvences ir
apkopotas 1. tabula (Lalle et al., 2005; EURLP, MI-09-rev-2).

1. tabula. Oligonukleotidu maisijumu nosaukumi ar to reprezentativajiem
kodiem un sekvencém, kas izmantotas Giardia duodenalis identifikacijai
(Lalle et al., 2005)

Oligonukleotidu
maisijuma Kods Oligonukleotidu sekvence
nosaukums
SetA BGFor71 5’-CCCGACGACCTCACCCGCAGTCG-¥’
SetA BGRev794 5’-GCCGCCCTGGATCTTCGAGACGA-3’
SetB BGinfFor 5’-GAACGAACGAGATCGAGGTCCG-3”
SetB BGintRev 5’-CTCGACGAGCTTCGTGTT-3’

Sakotngjai PKR amplifikacijai tika apstradati kopuma 10 pul DNS.
NepiecieSamais reagentu maisijums tika sagatavots vienam paraugam (2. tabula).

2. tabula. Sakotngjas PKR reagentu maisijums Giardia gints noteikSanai

Reagenti Tilpums (ul)
ddH20 (QIAGEN, Hilden, Vacija) 31,5
10x PKR buferis (QIAGEN, Hilden, Vacija) 5
Taq DNS polimeraze (QIAGEN, Hilden, Vacija) 0,5
dNTP maistjums (QIAGEN, Hilden, Vacija) 2
SetA (BGFor71; BGRev794) 1

Amplifikacija tika veikta ProFlex PKR sistema (Thermo Fisher Scientific,
ASV) ar nepiecieSamajiem PKR apstakliem (3. tabula).

3. tabula. PKR apstakli Giardia gints noteik$anai

PKR apstakli Laiks Temperatiira,® C
Denaturacija 3 miniites 94
Amplifikcija 38 setundes o4
(35 cikli) sekundes 55
60 sekundes 72
Elongacija 10 minites 72

Péc 1. PKR paraugi tika centrifugéti piecas sekundes un turétas 4 °C
temperatiira 11dz nakamajam PKR posmam.

PKR metode Giardia duodenalis noteik$anai.
Lai noteiktu G. duodenalis sugu, katram paraugam tika sagatavots jauns
amplifikacijas maisijums ar SetB oligonukleotidiem (4. tabula).
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4. tabula. Reagentu maisijums Giardia duodenalis sugas amplifikacijai

Reagenti Tilpums (ul)
ddH20 (QIAGEN, Hilden, Vacija) 36,5
10x PKR buferis (QIAGEN, Hilden, Vacija) 5
Taq DNS polimeraze (QIAGEN, Hilden, Vacija) 0,5
dNTP maisfjums (QIAGEN, Hilden, Vacija) 2
SetB (BGinfFor; BGintRev) 1

PKR tika veikta ProFlex PCR sisttma (Thermo Fisher Scientific, ASV) ar
trim cikliem (5. tabula).

5. tabula. PKR apstakli Giardia duodenalis noteikSanai

Amplifikacijas cikli Laiks Temperatiira,® C
Denaturacija 3 mindtes 94
30 sekundes 94
Amplifikacija (35 cikli) 30 sekundes 53
60 sekundes 72
Elongacija 7 minites 72

P&c PKR reakcijas beigam mégenes tika centrifug@tas piecas sekundes. 511
bazes paru (bp) amplifikacijas tika vizualizétas ar kapilaro géla elektroforézi
(QIAxel Advances, QIAGEN, Hilden, Vacija). Ieklautie PKR produkti ar 511 bp
tika paklauti restrikcijas garuma fragmentu polimorfisma (RLFP) analizei.

Restrikcijas garuma fragmentu polimorfisma analize Giardia
duodenalis apakstipu noteikSanai

RLFP gadijuma restrikcijas endonukleaze Haelll (New England Biolabs,
ASV) tika izmantota, lai atpazitu 511 bp PKR produktus un noteiktu G.
duodenalis apakstipus. Oligonukleotidu sekvences, kuras atpazist Haelll, ir
5°...GCY CC...3* un 3’...CCa GG...5’. RFLP gadijuma tika sagatavots
maisijums ar restrikcijas endonukleazi (6. tabula), kam tika pievienots 10 pl
DNS, kas iegits ar iegultas PKR metodi. Kopuma 81 iegutais PKR pozitivs
paraugs (62 govis, 16 suni, 2 rudas lapsas un | jenots) tika paklauts RLFP
analizei.

6. tabula. Reagentu maisijums Giardia duodenalis apakstipu noteikSanai ar
Restrikcijas garuma fragmentu polimorfisma analizi

Reagenti Tilpums, pl
ddH20 7
10x rCutSmart™ buferis (New England Biolabs, ASV) 2
Haelll (New England Biolabs, ASV) 1
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P&c reagentu maisijuma sajauksanas ar DNS, to ievietoja PKR amplifikatora
(ProFlex PKR sistema, Thermo Fisher Scientific, ASV) uz 3 stundam 37 °C
temperatiira. Pec tam iegiitic PKR sadalitie fragmenti tika paklauti kapilarajai
elektroforézei (QlAxel Advances, QIAGEN, Hilden, Vacija), lai vizualizétu 511
bp sadaliSanas rezultatus un noteiktu G. duodenalis kopumu (7. tabula).

7. tabula. Giardia duodenalis apakstipu noteik§ana, pamatojoties uz beta-
giardinu fragmentu izméru (bazes paros) péc Haelll endonukleazes
sadaliSanas (Lalle et al., 2005)

Apakstips Sadalisanas fragmenti (bp)
A 201, 150, 110, 50
B 150, 117, 110, 84, 26, 24
C 194, 150, 102, 50, 15
D 200, 194, 117
E 186, 150, 110, 26, 24, 15
F 186, 150, 110, 50, 15
G 194, 165, 102, 50

Anketas

Anketa par govju ganampulkiem.

Tika izstradata visparéja anketa, lai ieglitu informaciju par govju
ganampulkiem, ganampulku parvaldibas praksi, telu turéSanu un ganampulku
apkartgjo teritoriju. Pirms paraugu savaksanas tika sanemta rakstiska piekriSana
no ipasniekiem, ganampulku parvaldniekiem vai atbildigajiem veterinararstiem
par fekaliju paraugu un saistito datu ievaksanu.

Intervijas tika veiktas latviesu valoda, klatieng, paraugu nemsanas diena,
intervéjot ganampulka Tpasnieku, ganampulka parvaldnieku vai atbildigo
veterinararstu. Anketu aizpildija vai nu ar pé&tnieka palidzibu, vai art fizisko
anketu nodeva respondentam uz vietas, lai to aizpilditu p&c paraugu nonemsanas.
P&c anketas aizpildiSanas katram ganampulkam tika pieskirts individuals
identifikacijas numurs, lai nodroSinatu anonimitati. Anketa bija iedalita piecas
galvenajas sadalas: Vispariga informacija par ganampulku: informacija par
ganampulku (ganampulka lielums, atraSanas vieta, parvaldibas veids); Telu
turéSana: informacija par atneSanas vietu, atdaliSanu no govs, pirmpiena
uznemsanu, telu grup&anu un telu caurejas gadijumiem; Pastaigu zonas un
ganibas: pastaigu zona un ganibu sezonas; Baribas un ganampulka parvaldiba:
ganibu méslu parvaldiba, iekartu tiriSana, attarposana, grauz&ju kontrole,
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personala higiéna un biologiska dro§iba; Ganampulka apkartne: savvalas un
majdzivnieku klatbtitne un attalums no tuvéjam saimniecibam un tdenstilpem.

Anketa par majas sunu un savvalas sunu dzimtas dzivniekiem.

Anketa, kas paredz&ta sunu IpaSnickiem, bija sadalita se$as sadalas un to
iesniedza sunu Ipasnieki, iestitot paraugus laboratorija. Ieklautas sadalas bija:
vispariga informacija (vecums, Skirne, dzimums, dzivesvieta); ikdienas
aktivitates un to biezums (pastaigas pils€ta, meza, plava, parka); informacija par
caureju; informacija par attarpoSanu (lietotie medikamenti, biezums); bariba
(neapstradata, ripnieciski razota, medijuma gala, majas gatavota); kontakts ar
citiem dzivniekiem (ieskaitot lauksaimniecibas dzivniekus).

Mednieki kopa ar rudo lapsu un jenotsunu likiem iesniedza aizpilditu parauga
iesniegSanas veidlapa, kura bija noradita informacija par dzivnieku vecumu (ja
tas bija registréts) un medibu pagastu. Vecumu noteica mednieki, pamatojoties
uz dzivnieku zobu nodilumu.

Datu analize

Aprakstosa statistika.

Dati tika analiz&ti, izmantojot OpenEpi (Dean et al., 2015) un RStudio ar R
versiju 4.4.2. (https://www.r-project.org/). OpenEpi Mid-p Exact metode tika
izmantota, lai aprékinatu 95 % ticamibas intervalus (TT) G. duodenalis pozitivo
dzivnieku izplatibai un proporcijam, pienemot binominalo sadalijumu. Lai
aprékinatu statistisko nozimigumu, tika piemerots divpusgjais FiSera eksakta
tests, un p < 0,05 tika uzskatits par statistiski nozimigu.

Dzivnieks tika klasificéts ka invadéts ar G. duodenalis, ja analiz&tajos
paraugos tika atklata vismaz viena cista. Attieciba uz govim, ganampulks tika
uzskatits par pozitivu, ja vismaz viens dzivnieks izdalija G. duodenalis cistas.

Sastopamiba (1.) tika aprékinata $adi:

(g) £100 = X 1)
kur A —pozitivie paraugi;
B — kopgjais analiz&to paraugu skaits;
X —izplatiba, %.

Kopgjais cistu skaits viena grama (CPG) (2.) fekaliju tika aprékinats saskana
ar Maddox-Hyttel et al., (2016) $adi:

C*200=x (2)

kur  C —kopgjais cistu skaits 10 pl;
x =CPG.
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Vidgjais aritmétiskais un medianas CPG tika aprékinati vecuma grupam,
ganampulku lielumiem un dzimumiem govim. Suniem vidgjie un medianas tika
aprekinati CPG vecuma grupam, skirném un dzimumiem. Rudajam lapsam un
jenotsuniem CPG tika analiz&ti vecuma grupas.

Lai parbauditu saistibu starp kategoriskam mainigajam, pieméram, vecuma
grupam, dzimumiem, ganampulku lielumiem, $kirném un G. duodenalis
invazijas statusu, tika izmantots Hi-kvadrata tests (¥?). CPG atSkiribas starp
grupam tika analiz@tas, izmantojot Kruskala-Vallisa H testu, jo CPG vertibas
nebija normali sadalitas. CPG normalums katra grupa tika novertets, izmantojot
Sapiro-Vilka testu, kur p < 0,05 norada novirzi no normala sadalijuma. Ja
Kruskala-Vallisa H tests noradija nozimigas atSkiribas starp salidzinatajam
grupam, tika veikts paru salidzinajums, izmantojot Vilkoksona tests vai Danna
testu ar Bonferoni korekciju, lai korigétu vairakkartgjos testus. Tika aprekinats
Pirsona korelacijas koeficients, lai noveérteétu saistibu starp vides faktoriem un G.
duodenalis izplatibu.

Govju gadijuma ganampulki péc datu vaksanas tika iedaliti Cetras lieluma
grupas (<150, 151-250, 251-500 un >500), lai nodro$inatu nozimigu statistisku
salidzinajumu, vienlaikus saglabajot ganampulku lidzsvarotu sadalijumu starp
grupam.

Suniem pé&c datu vaksanas vecums tika iedalits Cetras vecuma grupas: kuceéni
(Iidz 2 gadiem), piecaugusie (2—7 gadi), seniori (8—11 gadi) un geriatriski suni
(virs 12 gadiem), ievérojot Harvey (2021) klasifikaciju.

Rudajam lapsam un jenotsuniem vecums tika iedalits noteiktas vecuma
grupas. Rudas lapsas tika iedalitas piecas vecuma grupas: 1-1,5 gadi, 2-2,5 gadi,
3-3,5 gadi, 4 un 5 gadi, bet jenotsuni — Cetras grupas: 1-1,5 gadi, 2-2,5 gadi, 3
3,5 gadi un 4,5 gadi.

Paraugu nemsanas vietu un Giardia duodenalis izplatibas kartéSana,
noradot attalumu no virszemes udeniem.

Paraugu nemsSanas un pozitivo dzivnieku geografiskas izplatibas
vizualizacijai tika izmantotas programmas R un Rstudio versija 4.2.2.
(https://www.r-project.org/) ar pakotném “sf”, “ggplot2” un “rnaturalearth”. Par
katru paraugu nemsanas dzivnieku bija pieejamas geografiskas koordinates
(platums un garums). Katrai sugu grupai tika izveidotas atseviskas kartes, lai
att€lotu pozitivos un negativos dzivniekus un G. duodenalis kopuma izplatibu.

Lai kartografétu A-pozitivo dzivnieku tuvumu tdenstilpgm (<500 m, 500—
1000 m un 1000-1500 m), kartografiskie izvades dati tika iegiti, izmantojot
Latvijas TM projicéto koordinatu atsauces sisttmu (EPSG:3059) (Latvijas
Geotelpiskas informacijas agentiira, 2022). Virszemes Gidens objekti (upes, ezeri,
diki) tika iegiiti no Humanitarian OpenStreetMap Team (HOTOSM) datu kopas
par Latviju (HOTOSM, 2023).

64


https://www.r-project.org/
https://www.r-project.org/

Faktoru analize govim, majas suniem, rudajam lapsam un jenotsuniem.

Govim potencialie riska un aizsarggjosie faktori, kas saistiti ar G. duodenalis,
tika analiz€ti, izmantojot visparinatas linearas jauktas modelus (GLMM), kas
pielagoti, izmantojot maksimalo varbtitibu (Laplace aproksimacija), izmantojot
R un RStudio versiju 4.2.2. (https://www.r-project.org/). Modelu pielagosanai
tika izmantots “Ime4” pakete (Bates et al., 2014), piem&rojot “glmer” funkciju ar
binominalo gimeni, ieskaitot ganampulka identifikacijas numurus (FarmID) ka
nejausu mainigo, lai nemtu véra klasterizaciju ganampulkos. Visi faktori tika
noverteti ganampulka Imeni, iznemot govju vecumu, dzimumu, S$kirni un
caurejas klatbiitni (ir/nav), kas tika novértéti individuali. Tika paredzgts, ka
vecums biis nozimigs ietekmi modificgjoss faktors, tade] tas tika ieklauts visos
modelos. GLMM analizé tika ieklauti tikai govis, kas bija jaunakas par 1500
dienam, jo Giardia pozitivo dzivnieku skaits vecako govju vida bija parak mazs,
un modeli, kuros tie tika ieklauti, nekonverggja vai deva nestabilus aprekinus.

Lai analiz&tu faktorus, kas saistiti ar G. duodenalis majdzivniekiem, rudajam
lapsam un jenotsuniem, tika veikta visparinata lineara modeléSana (GLM),
izmantojot binominalo gimeni.

Visiem dzivniekiem mainigie, kas sakotn&jos modelos bija nozimigi (0,05 <
p < 0,1), tika talak analizeti attiecigi ar GLMM un GLM. Galigie modeli tika
optimizeti, pakapeniski izsledzot mainigos, nodrosinot, ka §is process nepalielina
Akaike informacijas kriteériju (AIC). Multikolinearitate tika parbaudita,
izmantojot “vif” funkciju no “car” paketes, un taja tika ieklauti faktori, kas skita
nozimigi vienfaktoru analiz€s un bija biologiski izkaidrojami. Modela atbilstiba
tika novértéta, izmantojot Tjur diskriminacijas koeficientu (Tjur R2?, Kkas
aprekinats ar “performance” paketi.

Korigéto Giardia duodenalis cistu izdali§anas raditaju aprékinasana
govim un sunu dzimtas dzivniekiem.

Lai novértétu potencialo vides piesarnojumu ar G. duodenalis no katras
dzivnieku sugas, tika aprékinatas korigétas cistu izdaliSanas vértibas. To veica,
reizinot izdalito cistu intensitates medianu ar vidgjo fekaliju masu viena
defekacijas reiz€ (gramos) un vid€jo defekacijas reizu skaitu diena. Medianas
invazijas intensitates vértibas tika izmantotas no G. duodenalis pozitiviem
dzivniekiem, lai samazinatu ekstremalu novirzu ietekmi un labak atspogulotu
cistu izdaliSanas centralo tendenci. Vid&jais fekaliju svars un izkarniSanas
biezums katrai sugai ir paradits 8. tabula.
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8. tabula. Vidgja fekaliju svars viena defekacijas reizé un videjais
defekacijas reiZu skaits diena govim, majas suniem un rudajam lapsam

Videjais fekaliju Videjais
- - defekacijas
Dzivnieku sugas svars (g) viena . . Atsauce
e . reizu skaits
defekacijas reize -
diena
Govis 1900 14 Aland et al., 2002
Suni 150 2 Wright et al., 2009
Rudas lapsas 120 6,4 Ferreras et al., 2019

Ta ka par jenotsuniem nebija pieejama informacija, tika pienemts, ka
defekacijas reizu skaits un fekaliju masa ir [idzvertigi rudajam lapsam, nemot
vera ekologiskas lidzibas. Tika pienemts, ka fekaliju daudzums un defekacijas
biezums ir vienads visam vecuma grupam un Skirném, katrai sugai, lai uzsvertu
vispargjo vides piesarnojumu, nevis individualas atkiribas.

REZULTATI UN DISKUSIJA

Giardia duodenalis izplatiba, cistu izdali$anas intensitate,
genétiska daudzveidiba, un to izplatibu ietekmgjosie faktori
govim Latvija

Kopuma G. duodenalis izplatiba govim bija 8,4 % (95 % TI: 6,8-10,3), kas
bija zemaka neka ieprieks zinots Eiropa, kur izplatiba govim sasniedza 31,1 %
(Taghipour et al., 2022). Pétijumos, kuros G. duodenalis cistu noteik$anai tika
izmantota imunofluorescences metode, tika novérota augstaka sastopamiba
govim. Pieméram, Danija G. duodenalis izplatiba bija 43,6 % (n = 1150), bet
Griekija — 41,3 % (n = 254) (Maddox-Hyttel et al., 2006; Ligda et al., 2020).
Pétijumos, kuros izmantotas citas G. duodenalis diagnostikas metodes,
pieméram, ELISAs, iegiita izplatiba bija no 32,2 % (n = 503) Italija lidz 54,9 %
(n = 556) Apvienotaja Karalisteé (Geurden et al., 2012). Imunofluorescences
mikroskopija tiek uzskatita par vienu no precizakajam metodém G. duodenalis
cistu noteikSanai fekalijas un citos biologiskos materialos, jo tai ir gan augsta
jutiba, gan specifiskums (Gotfred-Rasmussen et al., 2016; Aziz et al., 2024).

G. duodenalis izplatiba govju ganampulkos sasniedza 84,4 % (27/32; 95 %
TI: 67,8-93,6), 100,0 % izplatiba tika novérota ganampulkos ar 251-500 un
vairak neka 501 govim (7/7; 95 % TI: 59,6—100,0; 8/8; attiecigi 62,8—100,0),
kam sekoja 90,0 % (9/10; 95 % TI: 53,1-100,0) ganampulkos ar mazak neka 150
govim un zemaka izplatiba 42,9 % (3/7; 95 % TI: 15,7-75,0) novérota
ganampulkos ar 151-250 govim. Lidziga izplatiba ganampulkos tika novérota
Spanija (96,6 %; n = 60), Vacija (100,0 %; n = 31) un Apvienotaja Karaliste
(100,0 %; n = 31) (Castro-Hermida et al., 2007; Geurden et al., 2012). Miisu
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pétijuma netika novérotas butiskas atskiribas (p > 0,05) starp ganampulka
lielumu, G. duodenalis izplatibu un izdalito cistu intensitati.

Augstaka G. duodenalis izplatiba tika novérota govim no 0—-3 ménesus veco
govju grupas (16,4 %; 53/324; 95 % TI: 12,7-20,8), kam sekoja govis no 4-24
menesus govju grupa (6,8 %; 19/281; 95 % TI: 4,3-10,4) un govim, vecakas par
24 ménesiem (2,3 %; 10/368; 95 % TI: 1,4-5,0). Augstakais vidgjais izdalito
cistu intensitate un augstakais diarejas ipatsvars Giardia pozitivam govim tika
novéerots arT teliem no 0—3 ménesus vecas govju grupas (8109 CPG), salidzinot
ar govim no 4-24 ménesus vecuma grupas (1284 CPG) un govim vecakam par
24 meénesiem (1780 CPG). Tika noverota butiskas atSkiribas starp vecuma
grupam un Giardia izplatibu (3> = 43,2, p < 0,05), bet ne starp govju vecuma
grupam un izdalito G. duodenalis cistu intensitati (p > 0,05). Augstaka Giardia
cistu izdaliSanas intensitate ar visplasako izdalito cistu intensitates diapazonu
tika novérota ari govim, kas ir jaunakas par trim méneSiem (5. attéls). Izdalitais
G. duodenalis cistu daudzums butiski at§kiras starp govju vecuma grupam (p =
0,0005) un vislielakas at$kiribas novérotas starp teliem, kas jaunaki par 3
meénesiem, un dzivniekiem no pargjam divam grupam: 4-24 méneSus un
vecakiem par 24 meénesiem (5. attels).

)

3
o
&
&

0.0041

1e+04

1e+03 S .'
<3 Months 4-24 Months. >24 Months
Age groups
5. att. Giardia duodenalis izdalito cistu intensitates (CPG) salidzinajums starp

dazadam vecuma grupam
Melna horizontala linija katra lodzina att€lo vid&jo intensitati katra grupa

Cysts Per Gram (log10 scale]

Starp dzimumiem, viri§kas kartas govim G. duodenalis sastopamiba bija 1,4
reizes augstaka neka sieviskas kartas govim. Viriskas kartas govim, salidzinot ar
sieviSkas kartas govim, tika novérota ari augstaka diarejas proporcija starp G.
duodenalis pozitivajam govim. Viriskas kartas govim tika noverota arT augstaka
izdalito cistu mediana un vidgja vértiba neka sieviskas kartas govim (9. tabula).
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9. tabula. Giardia duodenalis izplatiba un izdaltto cistu intensitate dazada
dzimuma govim

Kobgiais Pozitivas Videia
_opejais - govis ar . 12 Mediana
. izmekletais Izplatiba L intensitate .
Dzimums - o . diareju o Intensitate
govju (95 % TI) o (CPG)
. (95 % . (CPG)
skaits TI) (min.—maks.)
14,5
T 8,0 ; 5279°
SieviSkais 853 (6,3-9.9) gz,:; (200-56 600) 600
18,4
N 11,7 ! 8071
Viriskais 120 (6,7-11,8) (3%,763 (20062 600) 2200

*TI: ticamibas intervals;"CPG: cistas viena grama Zatskiribas G. duodenalis izplatiba
starp govju dzimumiem nebija bitiskas (p > 0,05); Patikiribas G. duodenalis izdalisana
starp govju dzimumiem nebija btiskas (p > 0,05).

Netika novérota butiskas atskiribas starp G. duodenalis izplatibu un dzimumu

(x*= 1,4, p =2,3) vai cistu izdali$anas intensitati (p = 0,07) (9. tabula).

Sadalot govju vecuma grupas atbilstosi dzimumam, augstaka G. duodenalis
izplatiba tika noveérota 0—3 ménesSus veciem viriskas kartas govim salidzinot ar
sieviSkas kartas govim, taja pasa vecuma grupa (10. tabula) un 4-24 ménesus
vecam govim. Augstaka, vidgja cistu intensitate tika novérota 0—3 menesus
viriSkas kartas grupa, salidzinot ar sieviskas kartas dzivniekiem taja pasa vecuma
grupa, bet 4-24 ménesus vecam sieviskas kartas govim, bija augstaka vidgja
izdalito cistu intensitate neka viriskas kartas govim (10. tabula).

10. tabula. Giardia duodenalis izplatiba dazadas vecuma un dzimuma

grupas govim

Dzimums Sieviskais Viriskais
Kopejais | o ova | videja | Kopejais Vidgja
izmekleto - . . . — e - - -
. S govis intensit | izmekléto | Pozitivas | intensi
dzivnieku - . . =
Vecuma skaits/ ar ate dzivnieku govis ar tate
grupa iznlatiba diareju | (CPG)™ skaits/ diareju | (CPG)
(‘;95 o (95% | (Min— | izplatiba | (95% TI) | (Min—
Tl)f 1)) Maks) | (95 % TI) Maks)
a C [
0.3 219/18,3 12,7 7930 105/12,42 184 8661
menesi | G37= | (631 (0056 1 o o0 0y | (9,7-316) | (200
23,5) 23,4) 600) D (72500 | 62600)
4-24 264/7.3° 231 1333 12/8,3b 400
menesi | (43-10,6) | (5 (2001 50 375) 0.0 (400~
s 50,9) 9600) ool 400)
> 24 370/2,7 1780 sk
meénei | (1,4-5,0) 00 | (200-15 0 0 NA
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Dzimums Sieviskais ViriSkais
Kopejais |, iiva | Videja | Kopejais Vidgja
izmekleto . . . . _ e = . .
. S govis intensit | izmekléto | Pozitivas | intensi
dzivnieku = — . ] =
Vecuma skaits/ ar ate dzivnieku govis ar tate
grupa izplatiba diareju | (CPG)™ skaits/ diareju | (CPG)
(%5 o (95% | (Min— | izplatiba | (95% TI) | (Min—
TIy* TI) Maks) | (95% TI) Maks)
800)

*TI: ticamibas intervals; "*CPG: cistas viena grama; ““NA: nav pieejams; 2netika
novérotas biutiskas atskiribas starp G. duodenalis izplatibu 0-3 méneSus vecam un
dzimumu (p > 0,05); Pnetika novérotas biitiskas atskiribas starp G. duodenalis izplatibu
4-24 ménesus vecam govim un dzimumu (p > 0,05); ®netika noverota bitiskas atskiriba
starp intensitati un dzimumu 0—3 méne$us vecam govim (p > 0,05).

Lai gan augstaka sastopamiba un augstaka vidgja intensitate tika noverota 0—
3 ménesus veciem viriskas kartas govim, bitiskas atskiribas netika noverotas (p
= 0,2). Lidzigi ka 0-3 méneSus veco govju grupa, arl govim 4-24 menesus
vecuma grupa netika noverotas biitiskas atskiribas parazita sastopamiba starp abu
dzimumu dzivniekiem (p = 0,6) (10. tabula). Govju dzimuma predispozicija
attieciba uz G. duodenalis ir pétita jau ieprieks, ta¢u rezultati bija pretrunigi. Dazi
petijumi neuzrada bitiskas atSkiribas sastopamiba starp viriskas un sieviskas
kartas govim (p > 0.05) (Oh et al., 2021; Onder et al., 2020). Oh et al. (2021)
pétijuma, kura tika salidzinata G. duodenalis izplatiba starp teliem, kas jaunaki
par 12 nedglam, netika novérotas butiskas atskiribas starp viriskas (5,7 %;
23/402) un sieviskas (5,6 %; 21/373) kartas teliem. L1idzigus rezultatus noveroja
Onder et al. (2020), kurs nekonstatéja butiskas atSkiribas starp viriskas (30,2 %;
90/298) un sieviskas (30,3 %; 46/152) kartas jauniem teliem un pieaugusam
govim. Toméer tris dazados pétijumos tika noverotas biitiskas atSkiribas starp
govju dzimumiem. Viena pétijuma visas vecuma grupas viriskas kartas govim
bija ievérojami augstaka (35,3 %; 36/102) ziardijas izplatiba salidzinajuma ar
sieviskas kartas govim (25,6 %; 108/422) (p > 0,05) (Heng et al., 2022).
Atskiribas starp dzimumiem tika novérotas govim vecuma no 10 Iidz 150
dienam, kur visam parbauditajam sieviskas kartas govim rezultati bija negativi
(Baazizi et al., 2025), bet cita pétijuma G. duodenalis izplatiba viriskas kartas
govim bija 20,0 %, un rezultats bija butiski atSkirigs (p < 0.05) (Heng et al.,
2022). Potenciali spécigaka imina reakcija uz patog€niem piemit
pirmspubertates vecuma teleém (Carroll et al., 2015), kas var€tu ietekmét ar1
imunatbildi uz G. duodenalis invaziju.

G. duodenalis izplatiba govim pa gada ménesiem bija no 0 % augusta lidz
13,1 % marta. Tika novérota biitiska negativa saistiba starp vidéjo menesa
temperatiiru un G. duodenalis izplatibu (r = -0,9, p = 0,004). Netika konstateta
btiska saistiba starp ménesa nokri$nu daudzumu (r =-0,2, p = 0,7) vai mitrumu
(r=0,6, p = 0,16). Tas varétu bat saistits ar samazinatu cistu dzivotsp&ju videé
siltakajos méneSos un atbilst iepriek$€jiem pétijumiem, kas liecina, ka G.
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duodenalis cistu dzivotsp&ja samazinas siltakajos meneSos, jo cistas tiek
paklautas saules ultravioleto staru iedarbibai un paaugstinatai temperatiirai
(Alum et al., 2013; Masina et al., 2019; Wang et al., 2023). Toméer ir butiski
uzsvert, ka atSkiribas G. duodenalis izplatiba varétu biit saistitas ar mainigo
paraugu skaitu, kas tika savakts katru ménesi. Neraugoties uz to, noverota
sezonalitates tendence liecina par vides apstaklu potencialo ietekmi uz G.
duodenalis izplatibu govim.

Kopuma tika identificétas tris G. duodenalis apakstipi. G. duodenalis E
apakstips konstatéts 20 govju ganampulkos (74,1 %, 95 % TI: 55,1-87,1), G.
duodenalis A un E apakstipi reiz€ konstatéti ¢etros ganampulkos (14,8 %, 95 %
TI: 5,3-33,1), bet G. duodenalis A apakstips tika atrasts tris ganampulkos (12,0
%, 95 % TI: 3,3-30,8). G. duodenalis apakstipu izplatiba ir att€lota 6. attéla.

58.0°N

Latitude

21 20 23E 245

25
Longitude

Assemblages W A @ AE O E

6. att. Giardia duodenalis apakstipu izplatiba govju ganampulkos Latvija

Ieprieksgjos pétijumos no vairakam valstim G. duodenalis jauktie A un E
apakstipi ganampulkos bija izplatiti Francija, Vacija, Italija un Apvienotaja
Karalisté (Geurden et a., 2012). G. duodenalis A un E apakstipu jaukto invaziju
izplatiba ganampulkos svarstijas no 21,0 % (3/14) Italija lidz 44,0 % (4/9)
Apvienotaja Karalist€ (Geurden et al., 2012). Misu pétijjuma visas vecuma
grupas un dazada lieluma ganampulkos domingja G. duodenalis E apakstips, kas
ir plasi izplatits visa Eiropa (Hamnes et al., 2006; Langkjer et al., 2007; Geurden
etal., 2012). G. duodenalis E apakstips ir govim specifisks un var bt sastopama
visos vecumos, bet biezak pieaugu$am govim (Castro-Hermida et al., 2011;
Minetti et al., 2013). G. duodenalis E apakstips veicina pazeminatu imunitati
govim, tadgjadi pagarinot slimibas hronisko gaitu (Dreesen et al., 2012). Lai gan
G. duodenalis E apakstips tiek uzskatita par govim specifisku, tas ir bijis izoléts
no cilvékiem, galvenokart lauku apgabalos (Abdel-Moein & Saeed, 2016;
Fantinatti et al., 2016; Zahedi et al., 2017; Garcia et al., 2021). Brazilija G.
duodenalis E apakstips tika konstatéts trim pirmsskolas vecuma b&rniem no
nabadziga rajona (Fantinatti et al., 2016). Australija sesi cilvéki bija pozitivi uz
G. duodenalis E apakstipu, un visi izolati bija identiski aitu G. duodenalis E
apakstipam (Zahedi et al., 2017). Egipte G. duodenalis E apakstips tika
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identificéts 25 beérniem péc ciesa kontakta ar E apakstipa pozitivam govim
(Abdel-Moein & Saeed, 2016). DaZziem no S$iem bérniem novéroja
gastrointestinalos traucgéjumus (Abdel-Moein & Saeed, 2016).

Zoonotiskais G. duodenalis A apakstips tika konstatéts septinam govim (11,3
%, 95 % TI: 5,3-21,8), bet E apakstips tika konstatéts 55 govim (88,7 %, 95 %
TI: 78,2-94). A apakstips tika identificéts piecam govim no 4-24 ménesSu
vecuma grupas un divam govim no >24 méneSu vecuma grupas, savukart E
apakstips tika konstatéts visas vecuma grupas. Govim, no 4-24 ménesu vecuma
grupas, kuram konstat€ja A apakStipu, bija augsta invazijas intensitate (8000
CPQG), salidzinot ar govim, kas bija vecakas par 24 méneSiem (600 CPG). Ar G.
duodenalis E apakstipu invadétie teli, kas bija jaunaki par trim méneSiem,
izdalija vislielako cistu skaitu (2400 CPG), salidzinot ar abam pargjam vecuma
grupam (attiecigi 300 CPG un 240 CPG). Zoonotiskais G. duodenalis A
apakstips tika konstatéts galvenokart govim, kas vecakas par ¢etriem méneSiem.
Citi pétijumi liecina, ka G. duodenalis vairak tika novérots jaunakam govim
(Trout et al., 2005; Trout et al., 2006; Geurden et al., 2012). Skotija, Spanija un
Apvienotaja Karalisteé G. duodenalis A apakstips tika konstatéts visu vecumu
govim (Castro-Hermida et al., 2009; Minetti et al., 2014; Bartley et al., 2019).
Lidz §im, govim nav konstatta saistiba starp diareju vai jebkuriem citiem
kliniskiem simptomiem un G. duodenalis A apakstipu (Castro-Hermida et al.,
2009; Minetti et al., 2014; Bartley et al., 2019). Lidzigi ka ar G. duodenalis E
apakstipu, ir publicéti dazi zinojumi par G. duodenalis A apakstipu cilvékiem,
kuri invadgjusies no govim. Jaunz€landé cilvékiem un govim tika konstatéts
viens G. duodenalis A apakstips (Garcia et al., 2021). Ta ka G. duodenalis A
apakstips ir vairak novérots govim Eiropa, invadétie dzivnieki varétu bt
potencials cilvéku apdraudéjuma avots (Geurden et al., 2008; Geurden et al.,
2012; Minetti et al., 2014; Bartley et al., 2019; Dixon et al., 2011). Saja pétijuma
DNS amplifikacija bija veiksmiga 75,6 % (62/82) no pozitivo govju fekaliju
paraugiem, kas var€tu bt saistits ar zemu G. duodenalis cistu skaitu un lidz ar
to zemu iegiito DNS koncentraciju, ka arT ar inhibitoru, piem&ram, lipidu vai
zults salu, klatbutni, kas varétu ietekmét RFLP darbibu (Schrader et al., 2012).

Potencialie individualie un ganampulka faktori, kas saistiti ar G. duodenalis,
tika analiz&ti, izmantojot divu mainigo visparinatu linearo jaukto model&Sanu,
ieklaujot vecumu dienas (“Age”) ka fiksetu efektu un ganampulka identifikacijas
numuru (“HerdID”) ka nejausu efektu mainigo. Sakotng&jos vienfaktoru modelos
septini faktori bija statistiski bitiski (OR < 1; p < 0,05), kas samazindja G.
duodenalis invazijas varbatibu: vecums (OR 0,1; p < 0,01); ganibu sezonas
sakums: maijs (OR 0,4; p = 0,08); nav ganibu (OR 0,3; p = 0,03); mé&slu
uzglabasana atklata vieta (OR 0,6; p = 0,04); grauzgju apkarosana: indes (OR
0,7; p = 0,02); apavu maina apmeklétajiem (OR 0,6; p = 0,05); majdzivnieki:
kakis (OR 0,6; p = 0,03).

Vecums bija ka aizsargajoss faktors pret G. duodenalis govim, ievérojami
samazinot invazijas iespéjamibu vecakam govim (p < 0,05). Sis rezultats bija
aprakstits ieprieks, kad 22 Iidz 150 reizes lielaks risks izdalit G. duodenalis cistas
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tika noverots teliem vecuma no 9 Iidz 18 dienam un vecakiem par 18 dienam
(Gow & Waldner, 2006). Maddox-Hytell et al. (2006) zinoja, ka G. duodenalis
cistu izdaliSanas intensitate paaugstinajas teliem pirmaja dzives ménesi. Jau ¢etru
dienu vecuma teli var izdalit G. duodenalis, bet teliem vecuma no piecam lidz
desmit nedélam bija lielaka varbiitiba periodiski izdalit G. duodenalis cistas
(O’Handley et al., 1997; O’Handley et al., 1999; Ralston et al., 2022). Parasti teli
ir vairak paklauti ziardiazes kliiskajam izpausm&m, kuru galvenie simptomi bija
periodiska diareja un svara zudums (O’Handley et al., 1999; Geurden et al.,
2010). Ka minéts ieprieks, tiek pienemts, ka teliem adaptiva imunitate ziardiazes
laika ir nepilniga, tade] notiek atkartota invadeSanas (Dreesen et al., 2012).
Eksperimentali invadéti teli G. duodenalis cistas izdalija Iidz pat 100 dienam,
lénam veicinot §inu un humoralas imunitates attistibu, kas izskaidro slimibas
hronisko izpausmi (Grit et al., 2014). G. duodenalis izplatibas un cistu
intensitates samazinasanas misu pétijuma kopa ar govju vecumu uzsver jauno
telu paaugstinato uznémibu pret G. duodenalis.

GLMM modelos paradijas divi Skietami pretrunigi aizsargajosi faktori —
ganibu sezona, kas sakas maija, un pilniga ganibu neesamiba. Abi Sie faktori,
Skiet, samazinaja ziardiazes iesp&jamibu govim, liecinot, ka izSkiroSa nozime var
but ganibu uzsakSanas laikam un parvaldibai. Viens no iesp&jamajiem
izskaidrojumiem var€tu bit mitra augsne un zemaka ganibu baribas kvalitate
agra pavasari, kas var izraisit iminsistémas samazinaSanos vitamina B12,
folijskabes un dzelzs uznemsanas samazinasanas dgl, ka arT iesp€ja uznemt citus
endoparazitus (Wade et al., 2000; Lejune et al., 2010; McCarthy et al., 2022).
Ganibu sezonas uzsaksanas atlik§ana lidz maijam varétu nodrosinat sausakus
vides apstaklus un samazinat saskari ar dubliem un stavoSu tdeni, kas var
samazinat ziardiju cistu daudzumu vidé (Wade et al., 2000). Kad govis tiek
turétas tikai novietng€, baroSana biezi vien ir nemainiga un var nodroSinat
sabalans€tu uzturu, tadgjadi palielinot imunitati, tacu, ja ir liels dzivnieku
blivums, palielinas G. duodenalis tieSas parneSanas iesp&ja (Wade et al., 2000;
Dixon, 2021).

Kutsmeslu turgsana atklata bedré vai kaudzes pie novietnem, miisu petijjuma
samazinaja G. duodenalis izplatibu govim. Kiitsméslu turé$ana kaudzé vai
atklata bedre, kas lauj notecét Gdenim pie ganampulka telpam, nav biologiski
izskaidrojama, jo tas nevarétu samazinat slimibas izplatibu apmekl&tajos
ganampulkos. Ta ka G. duodenalis cistas ir vide izturigas, ir javeic atbilstosi
pasakumi kiitsméslu apsaimnieko$ana (Millner et al., 2014; Vermeulen et al.,
2017). Lai atklata tipa kiitsméslu kaudzes varétu efektivi iznicinat parazitu un
citus patogénus, iek$€jai temperatiirai ir jasasniedz vismaz 60 °C (Spencer &
Guan, 2004). Tacu, to malas $adu temperatiru nevar nodro$inat tieSas saskares
ar argjo vidi de] (Millner et al., 2014). Ja kiitsméslus uzglaba lagiinas, tad tas ne
tikai samazina kiitsm&slu un vircu nopliides risku daba, bet arT saskari ar
mehaniskajiem vektoriem, ka arT potencialo @idens vai partikas piesarnojumu, un
lidz ar to, risku cilvékiem (Nicholson et al., 2004; Millner et al., 2014). Visos
apmekl&tajos ganampulkos govju kiitsm&slus izmantoja lauku apstradei, pat ja
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katsmésli netika uzglabati lagiina, kas varétu veél vairak palielinat G. duodenalis
izraisito vides piesarnojuma risku. Lietus laika, noteces no atvértam tipa
kitsmeslu bedrém vai kaudzem, var parnest ziardijas cistas uz augsni vai
virszemes tdenstilpém (Alhusen et al., 2011; Rochelle-Newall et al., 2019).
Auksta un mitra perioda G. duodenalis cistu koncentracija virszemes tidenos var
palielinaties triskartigi salidzingjuma ar sausiem apstakliem, un tdens
piesarnojums lietus laika ir saistits ar lielaku cilvéku ziardiazes saslimstibu
(Alhusen et al., 2011; Rochelle-Newall et al., 2019). Tapéc, lai samazinatu vides
piesarnojumu no govju ganampulkiem, ir japieverS uzmaniba tam, ka un kur tiek
izmantots meslojums un to uzglabasanas apstakli.

Grauzg€ju kontrole, izmantojot indi, bija ka aizsargajoss faktors pret G.
duodenalis govim. Visi septini G. duodenalis apakstipi ir iepriek§ konstatéti
grauzgjiem, no kuriem G. duodenalis A apakstipi, Ipasi Al un All tika konstat&ti
no 4,9 % (3/61) lidz 87 % (53/61) no izmekl&tajiem dzivniekiem (Li et al., 2023).
Turklat kaku klatbiitne govju ganampulkos, ari samazinaja G. duodenalis
izplatibu govim $aja pétfjuma, kas iesp&jams ir saistits ar grauzgju kontroli. Sis
rezultats tikai uzsver, ka grauz&ju kontrole var but ka dala no efektivas
ganampulka parvaldibas stratégijas, lai potenciali samazinatu patogénu parnesi.
Tacu, majdzivnieku neierobezota piekluve ganampulkam var ari radit invazijas
risku, jo tie var parnest patogénus, tostarp G. duodenalis, no vides tiesi uz govim,
vai piesarnot to baribu vai tideni (Wells et al., 2002; Sarrazin et al., 2014).

Visbeidzot, apgerba, 1pasi apavu, maina, samazinaja G. duodenalis invazijas
risku govju ganampulkos Latvija. Apgérba maina ir svarigs veids, ka ierobezot
jaunu patogénu ieneSanu ganampulka (Noremark et al., 2016). G. duodenalis
cistas ir izm&ra mazas, to diametrs ir 7-10 pm; tadel ir svarigi ieviest atbilstoSus
biodrosibas protokolus, lai nepielautu jaunu patogénu iekltsanu ganampulka no
citiem ganampulkiem, Tpasi ar apaviem (Adam, 2001; Rashid et al., 2016). Italija
veiktaja pétijuma tika novérots, ka, ja ir viens personals dazadiem
ganampulkiem, piem&ram, veterinararsti vai tehniki, tas var palielinat slimibu
izplatibu; bet, ja tiek ieveroti atbilstosi biodrosibas protokoli, pieméram, apavu
maina, slimibu parnesanas varbiitiba ievérojami samazinajas (Rossi et al., 2017).
Mainas apavu nodroSinasana veterinararstiem un citdm tre$§am personam ir
nepiecieSama, lai samazinatu G. duodenalis iekltsanu ganampulka un
minimiz&tu parnesanas risku uz citiem ganampulkiem.

Papildus aizsargajoSajiem faktoriem, seSi faktori bija saistiti ar paaugstinatu
varbutibu (OR > 1; p < 0,05) govim invadéties ar G. duodenalis: Vai dzivnieks
var atstat ganampulku: Ja (OR 1,8; p = 0,04); Tel$ ar caureju tiek izol&ts: Ja (OR
1,7; p = 0,03); Pastaigu zona: Ja (OR 1,7; p = 0,02); Dzeramais tidens ganibas:
Ja(OR 1,9, p =0,03); Govim ir pieejams virszemes tidens ganibas: Ja (OR 1,6;
p = 0,09); Mé&slu apstrade: lagiina (OR 2,7; p = 0,07).

Pastaigu zonas (ganibas) ap saimniecibu un kustiba arpus telpam palielinaja
G. duodenalis risku. Lai gan dzivnieku blivuma samazinasana saimniecibas
telpas kopa ar vides faktoriem, pieméram, saules stariem, var samazinat G.
duodenalis cistu blivumu, pastaigu zonas reti, ja vispar, tiek tiritas vai mainitas.
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Tapec vide, ziardiju cistu slodze pastaigu aplokos vargtu but lielaka neka
novietnu telpas, kuras tiek tiritas biezak (Boyer & Kuczynska, 2010; Wang et al.,
2023).

Telu izolé$ana ar diareju ka riska faktors, visticamak, bija saistits ar to, ka
dzivnieki jau bija invadéti ar G. duodenalis vai tiem bija cita infekcioza vai
neinfekcioza diareja. Saja gadijuma novérota saistiba, visticamak, atspoguloja
klmisko pazimju paradiSanas laiku, nevis izolacijas c€lonsakarigo ietekmi, tadel
ta tika izslégta no turpmakas analizes. Tomér ir ja atzimé, ka diareja ir viens no
galvenajiem jauno telu mirstibas c€loniem, un ir nepiecieSami efektivi
parvaldibas protokoli, lai izoletu Sos dzivniekus (Cho & Yoon, 2014). Lai gan G.
duodenalis reti izraisa akatu diareju teliem, ir daudzi citi patogeni, kas izraisa
smagas kunga-zarnu trakta slimibas, piem&ram, E. coli, Salmonella spp.,
Clostridium spp., Eimeria spp., Cryptosporidium spp., rotaviruss, liellopu
koronaviruss un liellopu virusu caurejas viruss (Cho & Yoon, 2014). Turklat
slikta telu kopSana un nepietickama pirmpiena izbaroSana var izraisit
neinfekciozu caureju (Al Mawly et al., 2015).

Divi lidzigi riska faktori paaugstindja invazijas risku govim — IpaSnieka
nodro§inatais dzeramais fidens ganibas un piekluve virszemes tidenstilpem
ganibas. Sie rezultati ir nozimigi, jo tidens ir viens no galvenajiem G. duodenalis
invazijas celiem. Lai gan ir svarigi nodro§inat tiru dzeramo tideni ganibas, tidens
tvertnes var netikt tiritas pietickami biezi vai rupigi, kas veicina G. duodenalis
cistu un citu patogénu saglabasanos (Lewerin et al., 2019). Turpmakajos
petijumos, ja ganibas esoSajiem govim tiek nodroSinats dzeramais iidens,
japiever§ uzmaniba tam, vai idens tvertnes tiek tiritas un vai govis var piesarnot
§Ts tvertnes ar fekalijam.

Attieciba uz atvértam udenstilpém ganibas, Sis faktors atsaucas uz
aizsargdjoso faktoru — govim nav ganibu, kas varétu liecinat, ka vide varétu bat
galvenais riska faktors, lai govis invadétos ar G. duodenalis. Virszemes
tdenstilpes, pieméram, diki, gravji, strauti, ezeri vai upes, var tikt piesarnoti ar
tieSu izkarniSanos tdent vai ari ar fekaliju noplaidi no ganibam (Castro-Hermida
et al., 2009). Ieprieks veiktajos pétijumos, augsts G. duodenalis cistu daudzums
tika konstatéts up€, kura atradas netalu no govju ganampulkiem, kur Ziardijas
cistu koncentracija svarstjas no divam Iidz 400 cistam uz litru @idens (Castro-
Hermida et al., 2009). Cits pé&tijums aprakstits, ka 500 m attaluma no govju
novietnes, tuvakaja virszemes tdenstilpé tika novérots neliels G. duodenalis
cistu daudzums (Budu-Amoako et al., 2012). Ir zinots par vairakiem lieliem
uzliesmojumiem cilveékiem, kas peld€jusies up&€s vai strautos, bet neviens no tiem
netika saistits ar govim, ka piesarnojuma avotu (Adams et al., 2016). G.
duodenalis cistas var ilgu laiku izdzivot GidenT, Tpasi vésa vidg, un, ja Gdenstilpe
ir augsta dulkainiba vai organisko vielu saturs, tas var fiziski aizsargat G.
duodenalis cistas no UV starojuma (Wang et al., 2023). Nav pieejami izplatibu
modelu dati par Giardia spp., bet Cryptosporidium, kas arT ir Gdens parazits un
biezi novérots govim Latvija, nogulsnéSanas atrums tdeni ir 0,1 m diena, kas
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nodrosina l&énu nogulsnésanos, un kopa ar upes pliismu patogéns var nesasniegt
upes sedimentu, bet tikt parnests uz talaku vietu (Vermeulen et al., 2019).

Giardia duodenalis izplatiba, cistu izdali$anas intensitate,
genétiska daudzveidiba, un to izplatibu ietekmégjoSos faktori
majas suniem Latvija

Kopuma G. duodenalis izplatiba majas suniem bija 10,7 % (95 % TI: 7,9—
14,3), kur visaugstaka izplatiba 13,0 % tika novérota Latgalé (3/23; 95 % CI:
4,5-32,1), kam sekoja Vidzeme (12,1 %; 25/206; 95 % TI: 8,4-17,3), Kurzeme
(8,8 %; 5/57; 95 % TI: 3,8-18,9) un Zemgale (8,0 %; 7/87; 95 % TI: 4,0-15,7).
Netika novérotas biutiskas atSkiribas G. duodenalis izplatiba starp regioniem (p
= 0,7). leprieksgjie pétijumi Eiropa liecina, ka vidgja G. duodenalis izplatiba
suniem bija augstaka, un svarstijas no 14,6 % (38/260) Apvienotaja Karalistg I1dz
28,5 % (80/281) Belgija (Epe et al., 2010). Jaunaka pétijuma, kas veikts supiem
Spanija, G. duodenalis izplatiba bija 48,6 % (n = 252) (Mateo et al., 2023). Saja
pétijuma tika noveérotas regionalas atSkiribas G. duodenalis izplatiba. Tadi
faktori ka virszemes Gdenstilpju blivums, augsnes mitrums un kopgjais nokri$nu
daudzums, varétu palielinat Giardia cistu izdzivo$anu un izplatibu Latvija (Hadi
et al., 2016). Lidzigi ka misu pétijuma, regionalas atSkiribas G. duodenalis
izplatiba ari tika noverotas suniem Norvégija, kur suniem Dienvidnorvégijas
regiona izplatiba bija augstaka (28,2 %; 11/39), neka Ziemelnorvégija (3,5 %;
1/29) iesp&jamo sunu blivuma vai klimata atSkiribu dé] starp regioniem (Hamnes
et al., 2007).

Augstaka G. duodenalis izplatiba tika novérota kucénu vecuma grupa, kam
sekoja seniora vecuma un pieaugu$i suni, savukart zemaka izplatiba tika
noverota geriatrisko sunu vecuma grupa, kur tikai viens suns bija G. duodenalis-
pozitivs (11. tabula).

11. tabula. Giardia duodenalis izplatiba un izdalito cistu intensitate dazada
vecuma grupas, majas suniem

Vecuma Poziti.vie Kopg¢jais testeto sunu Izplatiba, % (95 % TI)*
grupa suni skaits
Kuceni 12 65 18,5* (10,7-29,7)
Pieaugusie 18 193 9,3 (5,9-14,3)
Seniori 9 96 9,4 (4,8-17,1)
Geriatriskie 1 19 5,3 (0,1-26,5)
Kopa 40 373 10,7 (8,0-14,3)

*TI: ticamibas intervals; 2starp G. duodenalis izplatibu un vecuma grupu netika novérotas
statistiski butiskas atSkiribas (p > 0,05).
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Nebija butiskas atskiribas starp vecuma grupam un G. duodenalis izplatibu
suniem (y2 = 5,2; p = 0,2; 11. tabula), ka arT vecuma grupam un izdalito cistu
intensitati (p = 0,1). Lidzigi rezultati tika noveroti petijuma, kas veikts ar suniem,
kuri bija jaunaki par vienu gadu, kur G. duodenalis izplatiba bija augstaka 12
meénesus veciem neka trim menesus veciem suniem, tacu starpiba nebija biitiska
(p > 0,05) (Hamnes et al., 2007). Citos p&tijumos aprakstita lidziga tendence, ka
jaunaki suni ir vairak invadeti, tatu rezultats nebija statistiski batisks (p > 0,05)
(Lopez-Arias et al., 2019; Remesar et al., 2022). Augstaka sastopamiba
jaunakiem suniem varetu biit saistita ar pilniba neattistijusos iminsist€ému, kas
varétu nenodro§inat pienacigu aizsardzibu pret patogéniem, ka arl mates
antivielu zudumu vai ari pilniba neattistijusies zarnas mikrobiotu (Chastant &
Mila, 2019).

Starp dzimumiem, viriskas kartas suniem bija augstaka izplatiba (14,7 %;
28/190; 95 % TI: 10,3-20,5) un tie izdalija augstaku cistu intensitati (56 400
CPG) salidzinajuma ar sieviskas kartas suniem (6,6 %; 12/183; 95 % TI: 3,7—
11,2; 27 250 CPQ). Starp dzimumiem novéroja statistiski butisku atskiribu (2
=5,7, p =0,01), bet starp izdalito cistu intensitati un dzimumu (x> = 0,6; p = 0,5)
rezultats nebija statistiski butisks. Dazada G. duodenalis sastopamiba starp sunu
dzimumiem aprakstits ieprieks. Fontanarrosa et al. (2006) veiktaja pétijjuma
viriskas kartas suniem noveroja augstaku izplatibu, neka sieviskas kartas suniem,
bet netika novérota bitiska atskiriba (p > 0,05). Lidzigi rezultati tika zinoti ari
Epe et al. (2010) p&tijuma, kura tika ieklauti suni no septinam Eiropas valstim.
Tacu, pétijuma, kas veikts Norvegija, kura tika izmekl&ti jaunaki par vienu gadu
suni, sieviskas kartas suniem konstatgja augstaku izplatibu (22,1 %; n = 147),
neka viriskas kartas suniem (19,7 %; n = 142) (Hamnes et al., 2007). Atskiribas
starp dzimumiem var€tu bt saistitas ar to, ka viriskas kartas suniem ir raksturiga
klejosana un apkartnes izpéte, ka ari, iesp&jama ir saistiba ar paaugstinatu
androgénu hormonu ITmeni, kas varétu samazinat imunitati (Klein, 2000).

Patversmes suniem G. duodenalis izplatiba bija 6,7 % (3/45; 95 % TI: 2,3—
17,9), bet ipasnieku suniem ta sasniedza 11,3 % (37/328; 95 % TI: §,1-15,2). G.
duodenalis izplatiba starp ipasnieku suniem un patversmes suniem nebija biitiski
atskiriga (p = 0,4). To dalgji varetu izskaidrot ar mazaku paraugu skaitu, kas tika
ievakts no patversmes suniem. Tomér 11dzigi rezultati tika noveroti patversmes
suniem Spanija, kur tas tika skaidrots ar to, ka suni, kas dzivo audzetavas varétu
bit nepartraukta saskaré ar Giardia cistam (Adell-Aledon et al., 2018). Tomér
biezak tiek zinots, ka patversmes suniem ir augstaka G. duodenalis izplatiba neka
1pasnieku suniem, jo triikkst pienacigas tiribas un sanitarijas, ir augstaks stresa
limenis, liels dzivnieku blivums un augsta dzivnieku apgrozijums (Epe et al.,
2010; Mircean et al., 2012; Turner et al., 2012; Gil et al., 2017). Lai gan
patversmes sunu dati sniedz vértigu informaciju par G. duodenalis izplatibu, to
ieklauSana var ietekmét parazitu izplatibas novertgjumus Latvija, jo tie var
neatspogulot realo situaciju patversmes sunu populacija.

No 40 mikroskopiski pozitivajiem majas sunu paraugiem DNS amplifikacija
bija veiksmiga 16 paraugiem (40,0 %; 95 % TI: 26,3-55,4). Visbiezak tika
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izdalits G. duodenalis D apakstips (50,0 %, 95 % TI: 28,0-72,0), kam sekoja C
apakstips (37,5 %; 95 % TI: 18,4-61,5), un A apakstips (12,5 %; 95 % CI: 2,2—
37,3). Suniem raksturigais G. duodenalis C apakstips tika noverot trim viriskas
kartas suniem un tris sieviskas kartas suniem, vecuma no trim ménesSiem Iidz
pieciem gadiem, kur vidgjais vecums bija 3,4 gadi. D apakstips tika konstatéts
pieciem sieviskas kartas suniem un trim viriSkas kartas suniem vecuma no 3
méneSiem lidz 3 gadiem (vidgjais vecums 3,4 gadi). G. duodenalis C un D
apakstipi ir arT visbiezak konstatetie apakstipi suniem Eiropa. Rumanija G.
duodenalis D un C apakstipi tika konstat&tas attiecigi 70,0 % (42/60) un 16,7 %
(10/60) no izmekletajiem suniem (Adriana et al., 2016). Taja pasa pétijjuma
Rumanija viens suns bija invad@ts ar abiem ar G. duodenalis C un D apakstipiem,
bet cits suns izdalija G. duodenalis E apakstipu, kas ir govim specifisks (Adriana
et al., 2016). Ar1 Polija G. duodenalis C un D apakstipi bija izplatitakie majas
suniem, tau viens suns bija pozitivs uz zoonotisko G. duodenalis B apakstipu
(Piekarska et al., 2016). Cita pétijuma, kas veikts Polija, G. duodenalis A
apakstips tika konstatéts 1,7 % no izmekl&tajiem suniem (n = 350) (Zygner et al.,
2006).

Potenciali zoonotiskais G. duodenalis A apakstips tika konstatéts diviem
sieviskas kartas suniem. Viens no tiem bija devinus méneSus vecs, bet otrS —
piecus gadus vecs suns. G. duodenalis A apakstips ir iepriek§ konstatéts suniem
Apvienotaja Karaliste, Belgija, Niderlandg, Polija, Spanija, Vacija, un Zviedrija
(Mravcova et al., 2019). Lidzigi ka govim, joprojam notiek diskusijas par to, vai
cilveéki var invad@ties ar zoonotiskiem G. duodenalis A un B apakstipiem, ko
suni izdala argja vidé. Dazos pétijumos ir aprakstita saistiba starp Ziardiazi
cilvékiem un ar G. duodenalis pozitiviem suniem, kuri dzivoja taja pasa
majsaimnieciba vai bijusi ciesa kontakta (Traub et al., 2004; Traub et al., 2009).
Lai gan nov@rojumi par invazijas parnesi starp suniem un cilvékiem ir reti, $o
apakstipu klatbiitne joprojam var radit risku cilvéku saslim$anai. Ar G.
duodenalis apakstipu invadéto sunu lokacijas Latvija, ir att€lotas 7. attela.
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Lai noteiktu risku un aizsargajosos faktorus, vispirms tika veikta vienfaktoru
logistiska regresijas analize, lai novertétu potencialo saistibu starp atseviskiem
faktoriem un Giardia duodenalis invaziju majas suniem. Vecums ka
nepartrauktais mainigais lieluma nebija statistiski butisks (p = 0,15), tadel
vecums ka grupa tika analizéts sakotn&ja modell. Kopuma cetri sakotngjie
vienfaktoru logistiskas regresijas modeli uzradija nozimigumu pie p < 0,1, un tie
tika turpmak izmantoti daudzfaktoru analizé: Dzimums: viriska karta (OR 2,5; p
=0,01); Vecuma grupa: kucéns (OR 2,2; p = 0,05); Aktivitate arpus pilsetas: ar
pavadu: Ja (OR 0,4; p = 0,008); Cryptosporidium spp.: Pozitivs (OR 9,9; p <
0,001).

Tika konstatets viens aizsargajoss faktors — aktivitate arpus pils€tas ar pavadu
(p < 0,05), savukart citi aktivitates veidi, tostarp aktivitate pilséta ar pavadu un
aktivitate daba ar vai bez pavadas, nebija btiski nozimigi (p > 0,05). Pavadas
izmanto$ana arpus pilsétas teritorijas var samazinat sunu klejosanu, kas savukart
var minimizé kontaktu ar G. duodenalis cistam. Suniem, kuri tiek vesti pavada,
var samazinat kontaktu ar zemi, lidz ar to ar invadétu materialu vai tideni, ka arf,
mazinat kontakta laiku ar citiem suniem (Westgarth et al., 2010). Cita ieprieks
veikta petijuma, savukart, tika noverots, ka sunu aktivitates bez pavadas bija
pozitivi saistitas ar paaugstinatu endoparazitu izplatibu suniem (Smith et al.,
2014b). Turklat musu pétijuma augsta G. duodenalis izplatiba tika novérota ari
rudajam lapsam (27,3 %; 60/219) un jenotsuniem (30,8 %; 24/78), un §is
savvalas sunu dzimtas sugas biezi novéro pils€tu un ciemu teritorijas. Tade] ir
svarigi izglitot sunu Tpasniekus par pavadas lietoSanas nozimi, vedot sunus
pastaiga, jo G. duodenalis cistas var tikt izdalitas lielos daudzumos no citiem
invadétiem dzivniekiem (Dixon et al., 2021).

G. duodenalis izplatiba bija ievérojami augstaka viriskas kartas suniem neka
sieviskas kartas suniem (p < 0,05). Viriskas kartas suni arf izdalija augstaku G.
duodenalis cistu intensitati, neka sieviskas kartas suni. Tysnes et al. (2014)
pétfjuma tika konstatéts, ka augstaka G. duodenalis invazijas varbatiba bija
nekastrétiem un kastrétiem viriskas kartas suniem (OR 5,1; p < 0,05), un, to
skaidroja ar atSkirtbam hormonu sadalijuma vai sunu uzvediba. French et al.
(2023) apstiprinaja, ka ziardiazes risks ir lielaks nekastrétiem suniem, kas vecaki
par 12 ménesiem, neka jaunakiem, kastrétiem suniem (p < 0,05). Pretgji rezultati
tika noveroti Mircean et al. (2012) p&tjjuma, kura netika novérotas atskiribas
invazijas riska starp dzimumiem (p > 0,05), savukart Smith et al. (2014b)
aprakstija augstaku risku sieviskas kartas suniem (p < 0,05). Nemot veéra Sos
pretrunigos secinajumus par G. duodenalis izplatibas atSkiribam starp
dzimumiem, bitu nepiecieSams ieglt papildus informaciju par dzivnieka
kastracijas statusu.

Saja pétijuma vecums bija ka riska faktors, kas saistits ar paaugstinatu G.
duodenalis izplatibu. Jaunakiem suniem bija augstaka varbutiba invadgéties ar G.
duodenalis salidzinajuma ar vecakiem suniem (p < 0,05). Tas bija arT aprakstits
petljuma, kas veikts Apvienotaja Karaliste, kur jaunakiem suniem ar1 bija
paaugstinats invazijas risks (p < 0,05) (Upjohn et al., 2010). Italija suniem, kas
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jaunaki par pieciem gadiem, bija lielaka varbatiba invad@ties ar G. duodenalis
(Papini et al., 2005). Liela méroga pétijuma, kura tika ieklauti vairak neka divi
miljoni sunu, no dazadam vecuma grupam, tika noskaidrots, ka augstaks risks
invadéties ar ziardijam bija suniem, kuri jaunaki par pieciem méneSiem un
vecuma no pieciem menesiem lidz diviem gadiem (Mohamed et al., 2013). Lai
gan joprojam nav skaidrs, vai pastav cilvékam iesp&ja invad&ties no suniem, G.
duodenalis joprojam ir viens no visbiezak konstatétajiem parazitiem suniem, kas
izraisa hronisku, periodisku diareju, kas prasa specifisku un ilgstosu arstesanu
(Traub et al., 2004; Traub et al., 2009; Epe et al., 2010; Tysnes et al., 2014).
Suniem ir ziardiaze var noritet ilgstosi, tapec ir iesp&ama arl ilgstosa G.
duodenalis cistu izdaliSana arvidg, tadgjadi invadétie dzivnieki var piesarnpot vidi
ar cistam un paaugstina risku invad@ties ar citiem sunu dzimtas dzivniekiem
(Tysnes et al., 2014).

Koinvazija ar Cryptosporidium spp. bija vél viens riska faktors, kas $aja
pétijuma ievérojami palielingja G. duodenalis invazijas iesp&amibu majas
suniem. Cryptosporidium spp. ir vien$tinas parazits, kas parasti skar jaunakus
dzivniekus un var izraisit diareju (Thompson et al., 2005). Abu parazitu
vienlaiciga konstatéSana suniem liecina par nepiecieSsamibu testet dzivniekus uz
abu parazitu klatbiitni, it Tpasi, ja ir akiita vai hroniska, periodiska diareja
(Overgaauw et al., 2009; Matos et al., 2015). No Vienas veselibas skatu punkta,
suni var invadg&ties ne tikai ar zoonotisko Cryptosporidium parvum, kas ir bijis
ierosinatajs vairakiem cilvéku saslim$anas gadijumiem Eiropa, bet suni var ar1
invadéties ar suniem specifisko C. canis un atgremotdjiem specifisko C.
andersoni (Rosanowski et al., 2018). Sunu invad&Sanas ar zoonotisko G.
duodenalis A un B apakstipu liecina, ka suni var radit zoonotisku risku ne tikai
cilvékiem, bet ari Sos parazitus izdalit arvidé un tadgjadi invadgjot citus
uznémigus dzivniekus (Simonato et al., 2017; Caccio et al., 2018; Rosanowski
etal., 2018).

Giardia duodenalis izplatiba, cistu izdaliSanas intensitate,
genétiska daudzveidiba, un to izplatibu ietekmgjosie faktori
rudajam lapsam un jenotsuniem Latvija

Kopuma G. duodenalis izplatiba rudajam lapsam bija 27,4 % (60/219; 95 %
TI: 21,9-33,7), ar vid&jo cistu izdaliSanas intensitati 3133 (min. 300; maks. 47
600; mediana 700 CPG). Augstaka G. duodenalis izplatiba konstatéta Latgale
(52/183; 28,4 %, 95 % TI: 22,4-35,3), tam sekoja Vidzeme (7/27; 25,9 %, 95 %
TI: 13,4-44,7), Zemgale (1/5; 20,2 %, 95 % TI: 3,6-62,4), bet Kurzemé (0/4)
netika novérotas G. duodenalis pozitivas lapsas. Misu pétijuma lielaka dala rudo
lapsu tika izmekl&tas no Latvijas austrumu dalas, kas ir salidzino§i mazapdzivota,
tadel var kalpot ka indikators patogénu klatbiitnei savvalas sunu dzimtas
dzivniekos. Rudas lapsas tika medttas ka dala no trakumsergas valsts uzraudzibas
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un apkarosanas programmas (ZM un PVD, 2021). Ir veikti tikai dazi p&tijumi par
G. duodenalis izplatibu rudajam lapsam Eiropa, kur izplatiba svarstijas no 44,0
% (n = 104) Zviedrija 11dz 4,8 % (n = 269) Norveégija, 4,5 % (n = 66) Horvatija
un 2,8 % (n = 273) Rumanija (Hamnes et al., 2007; Beck et al., 2011; Onac et
al., 2015; Debenham et al., 2017).

Attieciba uz vecumu, zemaka G. duodenalis izplatibas tika novérota 1-1,5

gadus vecam lapsam (12. tabula).

12. tabula. Giardia duodenalis izplatiba dazadam rudo lapsu vecuma

grupam
Vecuma Pozitivas | Parbauditas Izplatiba, % Videja intelLsitite
grupa, rudas rudas (95 % TYI)* (_CPG)
gadi lapsas lapsas (Min—Maks)
1-15 8 47 17,2* (8,6-30,4) 875" (200-2600)
2-2,5 26 85 30,6 (21,8-41,1) | 5408 (20047 600)
3-35 10 30 33,3 (19,18-51,3) 920 (200-2800)
4 2 5 40,0 (11,68-77,1) | 6400 (800—12 000)
5 1 2 50,0 (9,48-90,5) 2800
NR™ 13 50 26,0 (15,88-39,7) 1200 (200-5400)

*TI: ticamibas intervals; "CPG: cistas viena grama ; ***NR: nav registréts; ®netika
novérota biitiska atSkiriba starp G. duodenalis izplatibu un vecuma grupam (p > 0,05);
Pnetika novérota bitiska at3kirba starp izdalito cistu intensitati un vecuma grupam (p >
0,05).

Lai gan starp rudo lapsu vecuma grupam bija noveérojamas atskiribas parazita
izplatiba, atskiribas nebija bitiskas (y* =4,5, p=0,5). Netika noverotas butiskas
atSkiribas starp vecuma grupam un izdalito cistu intensitati (p = 0,07) (12.
tabula). Miusu pétijjuma novérots G. duodenalis izplatibas pieaugums,
palielinoties lapsu vecumam, kad viszemaka izplatiba novérota 1-1,5 gadu
vecuma grupa salidzindjuma ar vecakiem dzivniekiem. Sads rezultats bija
negaidits, jo iepriek$ zinotajos pétijumos par G. duodenalis sastopamibu lapsam
Norvégija un Italija, tika konstatéta augstaka izplatiba tie$i jaunakam rudajam
lapsam (Hamnes et al., 2007; Papini & Verin, 2019). Rudo lapsu vecumu $aja
petijuma noteica mednieki un, iesp&jams, ka vecums var biit novertgts neprecizi.
Lai gan G. duodenalis vairak skar jaunakus dzivniekus, ja dzivnieks ir paklauts
hroniskam stresam vai ir novérojamas citas slimibas, piem&ram, kaskis, tas var
izraistt imiinsistémas samazina$anos, veicinot hronisku Zziardiazes gaitu un
ilgstosu cistu izdaliSanos arvidé (Soulsbury et al., 2007; Thompson et al., 2008).

Jenotsuniem, G. duodenalis izplatibas sasniedza 30,8 % (24/78, 95 % TI:
21,6-41,7), ar vidgjo cistu izdaliSanas intensitati 14 008 (min. 200; maks. 224
000; mediana 1200 CPG). G. duodenalis pozitivi jenotsuni tika konstatéti divos
no trijiem Latvijas regioniem, un visaugstaka izplatiba bija Latgale (23/69; 33,3
%, 95 % TI: 23,4-45,1), kam sekoja Vidzeme (1/7; 14,3 %, 95 % TI: 2,6-51,3).
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Salidzinajuma ar rudajam lapsam, par G. duodenalis izplatibu jenotsuniem ir
veikti mazak pétjjumu. Polija veiktaja pétijuma, G. duodenalis izplatiba
jenotsuniem no audzétavam, bija 11 % (n = 18) (Solarczyk et al., 2016). Tikmé&r
cita Polija veiktaja pétjjuma G. duodenalis netika konstatéts savvalas
jenotsuniem (Osten-Sacken et al., 2017). P&tijumos arpus Eiropas G. duodenalis
izplatiba jenotsuniem bija no 1,7 % (4/233) Iidz 7,2 % (22/305) (Zhang et al.,
2016; Liu et al., 2025).

No 78 jenotsuniem, 55 dzivniekiem tika registréts vecums gados, un vidgjais
vecums bija 2 gadi (min. 1; maks. 4,5), bet 23 jenotsuniem vecums netika
registréts. No jenotsuniem, kuru vecums bija registréts, visaugstaka saslimstiba
ar G. duodenalis tika novérota 1-1,5 gadus veciem jenotsuniem, kuri arT izdalija
vislielako cistu skaitu, bet kopuma vislielaka saslimstiba un izdalitais cistu skaits
bija jenotsuniem, kuru vecums nav zinams (13. tabula).

13 . tabula. Giardia duodenalis sastopamiba daZadam jenotsunu vecuma
grupam Latvija

Vecuma s e Kopa 20 Vidéja intensitate
grupa, jl;(r)‘:)lttslz:i parbauditie I?gsl)aot/tb_?,l )@ (CPG)™
gadi ’ jenotsuni (Min-Maks)
1-15 7 15 46,7% (24,88-69,9) 6171° (60025 200
2-25 6 33 18,2 (8,28-34,8) 2733 (400-10 000)
3-35 1 6 16,7 (1,18-58,2) 600
4,5 0 1 0 NA™™
NR™ 10 23 43,5 (25,68-63,2) | 27 600 (200—224 000)

*TI: ticamibas intervals; **CPG: cistas uz gramu; ***NR: nav registréts; ****NA: nav
pieejams; astarp vecuma grupam un G. duodenalis izplatibu netika novérota batiskas
atskiribas (p > 0,05); Pstarp vecuma grupam un izdalito cistu intensitati netika novérota
bitiskas atSkiribas (p >0,05).

Neskatoties uz to, ka novéroja atskiribas G. duodenalis izplatiba jenotsuniem
starp vecuma grupam, atkiribas nebija butiskas (p = 0,1). Netika noveérotas ari
butiskas atskiribas starp jenotsunu vecuma grupam un izdalito cistu intensitati (p
> 0,05) (13. tabula). Sis rezultats saskan ar to, ka jaunaki dzivnieki ir uznémigi
pret G. duodenalis (Boucard et al., 2021). Lai gan trikst pétijumu par G.
duodenalis izplatibu jenotsuniem Eiropa, $is pétijums sniedz labu ieskatu par
potencialo situaciju savvalas sunu dzimtas dzivnieku populacija Latvija.

No 23 mikroskopiski pozitivajiem rudo lapsu un jenotsunu paraugiem no tris
paraugiem veiksmigi tika izdalita DNS (11,5 %, 95 % TI: 3,2-29,8). G.
duodenalis D apakstips tika konstatéts vienai, divus gadus vecai, rudajai lapsai,
kuras izdalita cistu intensitate sasniedza 37 000 CPG, un vienam jenotsunim,
kurs izdalija arvide 224 000 CPG. Pozitiva jenotsuna vecums nav zinams. G.
duodenalis C apakstipu izdalita viena, divus gadus veca, lapsa, kas izdalija 47
600 cistas uz gramu izkarnfjjumiem (8. att€ls).
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8. att. Giardia duodenalis apakstipu izplatiba rudajam lapsam un jenotsuniem
Latvija

Vairakos pétijumos Eiropa ir zinots par zoonotiska G. duoodenalis A un B
apakstipu rudajam lapsam. Rumanija divam rudajam lapsam tika konstatéti abi
zoonotiskie G. duodenalis A un B apakstipi (Ocan et al., 2015). Norvégija
piecam lapsam konstatgja G. duodenalis A apakstipu, un divam lapsam tika
konstatéts G. duodenalis Al apakstips, un, vienai no §Tm lapsam tika konstatéts
G. duodenalis A apakstips, kas ieprieks bija konstatéts stirnai (Hamnes et al.,
2007). Turklat, konstatétais G. duodenalis B apakstips, kas tika genotipizéts ka
BIII apakstips, ir bijis konstatéts cilvékam Norvégija (Hamnes et al., 2007).
Zviedrija G. duodenalis B apakstips tika konstatéts ¢etram lapsam (Debenham et
al., 2017). Sie pétfjumi no citam Eiropas valstim liecina, ka rudas lapsas var
kalpot ka zoonotisko G. duodenalis parnésatajas. Lai gan §aja pétjuma
zoonotiskie G. duodenalis A un B apakstipi netika konstatéti rudajam lapsam,
Sos dzivnieku iesaisti zoonotisko apakstipu parnésasana Latvija nevar izslegt.

Ir maz pétijumu par G. duodenalis apakstipiem jenotsuniem Eiropa un
pasaulé. Polija tika konstatéts G. duodenalis D apakstips diviem audzétavu
jenotsuniem (Solarczyk et al., 2016). Arpus Eiropas, G. duodenalis C un D
apakstipi jenotsuniem ir zinoti Kina (Zhang et al., 2016; Liu et al., 2025). Ta ka
trikst pétfjumu par jenotsuniem un zoonotisko apakStipu sastopamibu Siem
dzivniekiem, nevar izslégt So dzivnieku nozimi zoonotiskas transmisijas kede.
Tomeér Sie dzivnieki var kalpot ka suniem specifisko apakStipu parnésataji, tadel
tie var€tu biit invazijas rezervuars majas suniem.

Logistikas regresijas modeli par faktoriem, kas ietekm& G. duodenalis
izplatibu rudajam lapsam Latvija, tas lapsas, kas bija invadgjusas ar
Cryptosporidium spp., bija ievérojami lielaka varbitiba izdalit arT G. duodenalis
cistas (OR 111,1; p < 0,001). Koinvazija ar Cryptosporidium bija saistita arT ar
vecumu (OR 2,3; p = 0,007). G. duodenalis invazija bija arT augstaka vecakam
lapsam, bet starp vecuma grupam netika nov&rotas batiskas atskiribas (p > 0,05).
Lai gan iepriek$gjos p&tijumos par G. duodenalis Eiropa tika noveérotas izplatibas
atSkiribas starp rudo lapsu vecumiem, trikst p&tfjumu, kuros izmantoti tiesi
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linearie modeli, lai identificétu un kvalificeétu G. duodenalis invazijas riska
faktorus (Hamnes et al., 2007; Beck et al., 2011; Onac et al., 2015; Debenham et
al., 2017; Papini & Verin, 2019).

Misu pétjjuma rudajam lapsam tika novérota ari G. duodenalis vienlaiciga
invazija ar Cryptosporidium spp. Vien$tna Cryptosporidium spp. izplatiba
rudajam lapsam Norvégija un Bosnija un Hercegovina ir bijusi no 2,2 % (6/269)
lidz 3,2 % (4/123), bet koinvazija ar G. duodenalis nav iepriek§ konstatéta
(Hamnes et al., 2007; Hodzi¢ et al., 2014). Pretstatad tam, miisu p&tjjuma
konstat&ta speciga sakariba starp abiem parazitiem, un vienlaiciga invadeSanas
bija ievérojami biezaka jaunakam lapsam (p < 0,05).

Tapat ka rudajam lapsam, ari jenotsuniem sakotngjas logistikas regresijas
modeli tika pievienotas lidzigi faktori, kas ietekmé& G. duodenalis izplatibu.
Medibu apgabals, pagasts vai virsmeznieciba neuzradija biitisku rezultatu (p >
0,05). Vecums uzradija tendenci (p = 0,05), ka jaunakiem jenotsuniem bija
lielaka varbatiba but pozitiviem ar G. duodenalis. Turklat Cryptosporidium spp.
klatbiitne bija ciesi saistita ar G. duodenalis invaziju (OR 16,0; p < 0,001). Sads
rezultats tika noverots arT majas suniem. Majas suniem ziardiaze biezi izpauzas
ar hronisku slimibas gaitu, un cistas var periodiski izdalities pat vairakus
méneSus (Hamnes et al., 2007), bet trikst p&tjjumu par G. duodenalis
jenotsuniem, tostarp saistiba ar vecumu vai kliniskam izpausmem.

Govju un sunu dzimtas dzivnieku loma vides piesarnojuma ar
Giardia duodenalis ar zoonotisko A apakstipu

Lai novértétu G. duodenalis vides piesarnojuma potencialu Latvija no govim
un sunu dzimtas dzivniekiem Latvija, tika noverteta izplatiba un cistu intensitate
visam cCetram dzivnieku sugam: govim, majas suniem, rudajam lapsam un
jenotsuniem.

Jenotsuniem tika konstat&ta 3,7 reizes augstaka G. duodenalis izplatiba neka
govim un 2,9 reizes augstaka neka majas suniem. Rudajam lapsam G. duodenalis
izplatiba bija 3,3 un 2,9 reizes augstaka neka govim un majas suniem. Dzivnieku
suga bija nozimigs faktors, kas ietekméja G. duodenalis izplatibu (y> = 83,8; p <
0,0001). Sis rezultats var atspogulot gan ekologiskas, gan uzvedibas, gan
turéSanas atSkiribas starp savvalas, majdzivniekiem un produktiviem
dzivniekiem Latvija. Atskirtba no supiem un produktiviem dzivniekiem,
endoparazitaras slimibas netiek kontrol&tas savvalas sunu dzimtas dzivniekiem,
laujot tam izplatities (Laurenson et al., 2005). Gan lapsas, gan jenotsuni médz
uzturéties cilvéku majvietu tuvuma, kas var palielinat So dzivnieku saskari ar
parazitu, Iidz ar to var uzturét G. duodenalis ciklu, neizraisot kliniskas izpausmes
(O’Bryan et al., 2018). Turklat gan rudas lapsas, gan jenotsuni nekontroléti
parvietojas, un visi aptaujatie govju ganampulku Tpasnieki zinoja, ka redz&jusi
savvalas plésgjus savu ganampulku tuvuma. Abi zoonotiskie G. duodenalis A un
B apakstipi ir bijusi konstateti govim un savvalas sunu dzimtas dzivniekiem,
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tadgjadi lapsas un jenotsuni varStu netiesi izplatit Sos parazitus govju
ganampulkos (Hamnes et al., 2007; Ocan et al., 2015; Debenham et al., 2017).
Nepietiekama G. duodenalis uzraudziba savvalas dzivniekos un to kontakts ar
virszemes Gidens avotiem un meza produktiem, pieméram, s€ném un ogam, kuras
Latvija biezi tiek vaktas, padara $os dzivniekus par augsta riska G. duodenalis
izplatitajiem (Geldreich, 1996; Grivins, 2021).

G. duodenalis invazijas intensitate ari ievérojami atskiras starp dzivnieku
sugam (p < 0,001). Sakotn&ji majas suni izdalfja ieverojami lielaku cistu
intensitati (p < 0,05) neka govis un savvalas sunu dzimtas dzivnieki, bet pec
ziardiju cistu intensitates parrékiniem ar vidjo fekaliju masu katrai dzivnieku
sugai, govis izdalija batiski lielaku (p < 0,05) G. duodenalis cistu daudzumu
salidzinajuma ar paréjam dzivnieku sugam.

Pielagojot izdalitas Ziardijas cistu vértibas vidgjai fekaliju masai (grami viena
defekacijas reiz€) un defekaciju reizu skaitam diena, potencialais koriggtais
izdalitu Ziardijas cistu daudzums diennakti no viena invadéta dzivnieka tika
aprekinats, izmantojot medianas invazijas intensitates vértibas, lai noteiktu
iespgjamo vides kontaminacijas risku no katras dzivnieku sugas (14. tabula).

14 . tabula. Mediana Giardia duodenalis cistu izdaliSanas intensitates
raditaji viena defekacijas reizé un diena, korigejot péc fekaliju daudzuma
un defekacijas bieZuma pozitivam govim, majas suniem, rudajam lapsam

un jenotsuniem Latvija

Mediana Izdalito Pielagotai
invazijas Vidgjais S . Ziardijas | s Ziardiju
intensitate fekaliju Videjais cistu izdalito
* g defekaciju - -
Suga (CPG*) no | svars viena reizu skaits skaits cistu
pozitiviem | defekacijas diena viena skaits
dzivniekie reize (g) defekacija viena
m s reize diena
Govis 600 1900? 142 1140 000 1(5)090610
Suni 310 150° 2° 465 000 930 0002
E‘F‘)‘gzg 70 120° 6,4° 84 000 537 600
Jenotsuni 1200 1204 6,44 144 000 921 600

*CPG: cistas viena grama 2 Aland et al., 2002; "Wright et al., 2009; Ferreras et al., 2019.
dPienemts, ka tads pats ka lapsam, jo nav pieejami dati, tika novérota statistiski biitiska
atSkiriba starp korigéto G. duodenalis cistu izdaliSanos starp govim un citam sugam (p <
0,05); 2ika novérota statistiski biitiska atSkiriba starp korigéto G. duodenalis cistu
izdaliSanos starp suniem un rudajam lapsam (p < 0,05).

Kopuma devini dzivnieki izdalija G. duodenalis A apakstipa cistas argja vide.

Lielaka dala G. duodenalis A apakstipu pozitivo gadijumu tika konstatétas govim
(77,8 %, 95 % TI: 45,3-94,1), un 22,2 % (95 % TI: 6,3-54,7) no izmekl&tajiem
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suniem. Starp suniem, vislielaka cistu izdaliSanas intensitate tika konstat&ta tiesi
jaunakajiem dzivniekiem, bet starp govim, visvairak cistas arvideé izdalija
vecakas govis. Zoonotiska G. duodenalis A apakstipa pozitivie dzivnieki tika
konstatéti visos Latvijas regionos, dazadas turéSanas sisteémas, tostarp
biologiskajas un industrialas govju saimniecibas, un, tris saimniecibam, kur
konstatéti pozitivie dzivnieki, bija pieejamas ganibas (42,7 %, 95 % CI: 15,7—
75,0) (15. tabula).
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15. tabula. Ar restrikcijas garuma fragmentu polimorfisma analizi apstiprinato Giardia duodenalis A apakstipa pozitivo
dzivnieku raksturojums

- Ipasnieks/ Invazijas
Regions Dzivesvieta DZISTJm;ku V;ﬁgﬁg;? ganampulka Majoklis un vide intensitate
Y lielums (CPG)*
- Privats _ . o P
Kurzeme Pilséta Suns 2,4 . Dzivoklis, aktivitates pilséta bez pavadas 33400
ipaSnieks
Vidzeme Pilsata Suns 36 _Prvlv_ats Prlvatmaja,v akt1v1tat_es publiskos parkos, 68 200
ipasnieks mezos, plavas, ar pavadu

Vidzeme Lguk_u_ Govs 4 >501 Industrlala salnlnleciba, ir ganTba_lS, nav 600
teritorija piekluves tidenstilpei ganibas

Vidzeme L:::luklu_ Govs 51 >501 Industrlale_l sa1mplec_1ba, nav piekluves 200
teritorija udenstilpei ganibas

Zemgale L{:lu k_u_ Govs 4 251-500 Industrlale_l sa1mplec_1ba, nav piekluves 9600
teritorija tdenstilpei ganibas

Zemgale Lguk_l,_l Govs 87 > 501 Industrlalz_i salmr‘nec‘Tba, nav piekluves 15 800
teritorija tdenstilpei ganibas

Latgale L?luk_l,_l Govs 5 > 501 Rupnlemsl.(a lauksalmmeciba,_ ir ganibas, ir 40
teritorija piekluve ezeram ganibam
Latgale L::iuk_u_ Govs 4 > 501 Indust.rlala samznlemba, II; ganlbfils, nav 20

teritorija piekluves tidenstilpei ganibas

Kurzeme Lauku Govs 6 251-500 Biologiska saimnicctba, Ir ganibas, nav 2600
teritorija piekluves tidenstilpei ganibas

*CPG: cistas viena grama
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Lai novertetu attalumu Iidz virszemes tidenstilpém, tika aprékinats attalums
no G. duodenalis A grupas pozitivajiem dzivniekiem Iidz tuvakajai upei, dikim
vai ezeram. Astoni no deviniem G. duodenalis A apakstipa pozitivajiem
dzivniekiem (seSas govis, divi suni) atradas 1500 m attaluma no virszemes
tdenstilpes, tostarp tris — 500 m attaluma (9. attéls).

Latitude
>

21°E 2 2 2°E 25
Longitude

Distance to surface waterbodies ® s500m 500-1000m @ 1000-1500m @ >1500m

Species @ catte A dog
9. att. Giardia duodenalis A grupas pozitivo govju un majas sunu atra$anas vietas
attieciba pret virszemes tidenstilpeém

Lai gan sunu koordinatas bija aptuvenas, viena suna atra$anas vieta bija
tuvu dikim (Valhovas dikis), bet tris govju ganampulki atradas 2 km attaluma no
lielakajam up&€m — Beérze, Tervete un Engure.

No govju saimniecibu aptaujas anketam, devini (28,1 %, 95 % TI: 15,4-45,5)
no 32 saimniecibu Ipasniekiem zinoja par atklatam @idenstilpém (piemé&ram,
upes, diki, ezeri, gravji) ganibas. No tiem divi Ipasnieki zinoja par ezeriem (33,3
%, 95 % TI: 9,2-70,4), bet divi citi Tpasnieki — par upém (33,3 %, 95 % TI: 9,2—
70,4) ganibas. No Siem deviniem ganampulku Tpasniekiem, sesi pasnieki zinoja,
ka govim ir tieSa piekluve pie STm virszemes tidenstilpgém ganibas (66,7 %, 95 %
TI: 35,1-88,3). Viena saimnieciba, kur viena govs bija pozitiva ar G. duodenalis
A apakstipu, TpaSnieks zinoja, ka govis ganibas vargja pieklat ezeram (16,7 %,
95 % TI: 1,1-58,2). Turklat septini no deviniem saimniecibu Tpasniekiem (77,8
%, 95 % TI: 42,3-94,7), kuri zinoja par virszemes tidenstilpju klatbiitni ganibas,
atzina, ka $is Tdenstilpes ar upi vai gravi bija savienotas ar citu virszemes
udenstilpi.

Visi govju ganampulku Tpasnieki izmantoja meslus lauku apstradei (100 %),
un astoni ganampulku Ipasnieki uzglabaja Sos kiitsméslus kaudzgé blakus
novietnei (25,0 %, 95 % TI: 13,0-42,3), 16 uzglabaja méslus atklatas bedrés
(50,0 %, 95 % TI: 33,6-66,4), bet astonas saimniecibas, kiitsmesli tika uzglabati
lagiinas (25,0 %, 95 % TI: 13,0-42,3). No 32 ganampulkiem, 10 ganampulku
1pasnieki zinoja, ka vini neapstrada meslus vai vircu pirms to izmantoSanas lauku
apstradei (31,2 %, 95 % TI: 17,8-48,7), divi ganampulku ipasnieki izmanto
fermentaciju (20,0 %, 95 % TI: 4,6-52,1) un astonas izmanto lagiinas (80 %, 95
% TI: 47,9-95,4). Attieciba uz G. duodenalis A apakstipa pozitivajiem govju
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ganampulkiem, tris no septiniem ganampulkiem, Sie kaitsmésli tika izmantoti
lauku apstradei (42,9 %, 95 % TI: 15,7-75,0), un piecos no septiniem
ganampulkiem, kiitsmesli tika uzglabati atklatas bedrés blakus saimniecibas
ekam (71,4 %, 95 % TI: 35,2-92,4).

G. duodenalis A apakstips tika konstatéts govim un suniem, kuriem bija
piekluve virszemes tidenstilpém, kas norada uz potencialu zoonotisku risku un
udens piesarnojumu Latvija. No septiniem govju ganampulkiem Latvija, kur tika
konstatéts G. duodenalis A apakstips, viens ganampulks atradas 570 metru
attaluma no B@rzes upes un otrs 785 metru attaluma no Tervetes upes. Nevienam
no Siem ganampulkiem, kur tika konstatetas $is govis, nebija ganibu, bet
saimniecibu pasnieki izmantoja kiitsmeslus lauku apstradei. Tas var izraistt
zoonotisko G. duodenalis saturo$u fekaliju noklG$anu gan virszemes, gan
pazemes tidens avotos, tadgjadi ietekmgjot visu ekosistemu (Oliver et al., 2005).
Lietusgazes tiek saistitas ar palielinatu Giardia transmisiju, jo tas paaugstina
noplades risku no laukiem un saimniecibam, ja kiitsmésli vai virca netiek
pienacigi apstradata (Oliver et al., 2005). Giardia cistas nepiekeras dabiskajam
augsnes dalinam, un nopliides gadijumos, tas tiek brivi parnestas ar $kidrumu
plismu (Dai & Boll, 2003). Lai samazinatu fidens piesarnojumu, ir svarigi
samazinat vircas noteces no novietném, pienacigi apstradat katsméslus, lai
mazinatu G. duodenalis cistu dzivotsp&u pirms lauku mésloSanas, un, ja
iespgjams, noverst dzivnieku tiesu piekluvi virszemes tidens avotiem ganibas
(Oliver et al., 2005). Sie rezultati uzsver, ka lauksaimnieciba un produktivie
dzivnieki, jo Tpasi govju audz&$ana, var biut nozimigs G. duodenalis vides
piesarnojuma avots, uzsverot nepiecieSamibu péc integrétiem kontroles
pasakumiem saskana ar Vienas veselibas pieeju. Ir pétijumi, ka Latvija cilvéku
ziardiazes gadijumi netiek pietickami diagnosticéti (Deksne et al., 2022). PEdgjo
20 gadu laika Latvijas Slimibu profilakses un kontroles centram ir oficiali zinots
par kopuma 1020 cilvéku saslim$anas gadijumiem (vid&ji 34 gada), no kuriem
lielaka dala bija bérni vecuma no viena lidz seSiem gadiem (Deksne et al., 2022).
Turklat, dati no cilvéku kliniskas diagnostikas laboratorijas liecinaja, ka G.
duodenalis izplatiba bija 2,2 % (n = 18 367), testgjot fekalijas uz Giardia
antigénu, tacu prospektiva pétijuma, kurd tika analizéti 584 pacienti, G.
duodenalis izplatiba sasniedza 7,2 % (n = 42/584), izmantojot
imunofluorescences metodi (Deksne et al., 2022). Sie G. duodenalis rezultati
cilvekiem, 1pasi prospektivaja petijuma, uzsver, ka Sis parazits ir sastopams
Latvijas iedzivotaju vida, kas pamato Giardia dzivnieku un vides avotu
uzraudzibas nozimi un nepiecieSamibu péc integrétam profilakses stratégijam
saskana ar Vienas veselibas koncepciju. Lai pilniba izprastu zoonotiska G.
duodenalis A grupas raditos vides piesarnojuma riskus Latvija, ir nepiecieSami
turpmaki petijumi par ta izplatibu virszemes fidenstilp@s, notekiidenos, ka ar1

— =y

notekidenu attiriSanas iekartu efektivitati.
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SECINAJUMI

. G. duodenalis izplatiba govim bija 8,4 %. Augstaka G. duodenalis izplatiba
tika novérota 0—3 méneSus veciem teliem (16,4 %, p < 0,05), un viriska
dzimuma govim (11,7 %), kuri arT izdalija vislielako cistu intensitati (8017
CPG).

. Tikai govim specifiskais G. duodenalis E apakstips tika konstatéta 74,1 %
ganampulkos, no kuriem, 55 govim (88,7 %) konstatéja E apakstipu.
Savukart, ¢etros ganampulkos (14,8 %) tika konstateta jaukta G. duodenalis
A un E apakstipu invazija, bet tris ganampulkos (12,0 %) tika konstatéts tikai
zoonotiskais G. duodenalis A apakstips, kas tika konstatets septinam (11,3
%) govim, kas uzsver nepiecieSamibu veikt molekularo uzraudzibu, lai
mazinatu zoonotisko riskus.

. Galvenie aizsardzibas faktori pret G. duodenalis govim bija vecums (OR 0,4,
p < 0,01), ganibu un kiitsméslu apsaimniekoSana, biodrosibas protokolu
ieveérosana (grauzgju kontrole (OR 0,7; p < 0,05) un apavu maina
apmekl&tajiem (OR 0,6; p = 0,05), savukart riska faktors bija govim iesp&ja
atstat novietni (OR 2,2; p < 0,05), kas uzsver parvaldibas faktoru nozimi G.
duodenalis samazinasana govju saimniecibas.

. G. duodenalis izplatiba majas suniem bija 10,7 %, un vislielaka izplatiba
noverota kucéniem (18,5 %) un viriskas kartas suniem, salidzinot ar sieviskas
kartas suniem (p = 0,01), noradot, ka gan vecums, gan dzimums spgel€ svarigu
lomu invazijas dinamika suniem.

. Suniem tika konstatéti tris G. duodenalis apakstipi: suniem raksturigie C un
D apakstipi, ka ar1 zoonotiskais A apakstips, kas tika konstatéts diviem
suniem, noradot uz potencialu zoonotisko risku cilvékiem.

. Suniem vienlaiciga invadé&Sanas ar Cryptosporidium spp. bija saistits ar
paaugstinatu G. duodenalis risku (OR 10,0, p < 0,01); tacu, pastaigas ar
pavadu arpus pilsétas bija ka aizsargajo$s faktors (OR 0,4, p = 0,008), kas
uzsver klejoSanas samazinasanas nozimi briva daba.

. G. duodenalis izplatiba rudajam lapsam (27,4 %) un jenotsuniem (30,8 %)
bija augstaka nekda govim (8,4 %) un majas suniem (10,7 %), tomer Sie
dzivnieki izdalija mazaku cistu daudzumu vide (attiecigi 3133 un 14 008
CPG), kas liecina, ka savvalas sunu dzimtas dzivnieki var but biezi G.
duodenalis parnésataji.

. Savvalas sunu dzimtas dzivniekos tika konstatetas suniem specifiskie G.
duodenalis C un D apakstipi, kas var liecinat par So dzivnieku, ka parazita
rezervuaru, lomu majas suniem.

. Lidzigi ka suniem, Cryptosporidium spp. vienlaiciga invazija palielindja G.
duodenalis invazijas iesp&jamibu rudajam lapsam (OR 111,1, p < 0,001) un
jenotsuniem (OR 16,0, p <0,001), kas liecina, ka rudas lapsas un jenotsuni ir
nozimigi, vairaku zoonotisko parazitu rezervuari, uzsverot to nozimi Vienas
veselibas koncepcija.
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10.Lai gan savvalas sunu dzimtas dzivnieki bija visvairak invadéti ar G.
duodenalis, govis izdalija ievérojami augstaku cistu intensitati (15 960 000
CPG korigéti), paaugstinot parazita daudzumu vidé. G. duodenalis A
apakstipu pozitivo dzivnieku tuvums virszemes idenstilpem uzsver vides
piesarnojuma un Gidens parnésatas invazijas iesp&jamibu.

PRAKTISKI IETEIKUMI

1. Uzlabot biodrosibu govju novietnés: Ta ka G. duodenalis ir tie$s attistibas
cikls, cistas ir mazas (7-10 um), izturigas arvidé un loti izplatitas Latvijas
govju ganampulkos, ganampulku Tpasniekiem biitu svarigi ieviest stingrus
biodrosibas protokolus. Visiem darbiniekiem un veterinararstiem, kas ienak
ganampulka, jalieto ganampulka T1paSnieka nodroSinatie individualie
aizsardzibas Iidzekli (piem&ram, vienreizlietojamas cimdi) un zabaki, lai lidz
minimumam samazinatu ziardiju un citu patogénu iekliSanu ganampulkos.
Pirms jaunu telu ievieto$anas individualos telu boksos, boksi ir ripigi jaiztira,
jadezinfice un jaizzave, lai noverstu jauno dzivnieku invadesanos.

2. Uzsvert personala, partikas un @idens higiénu: Nemot véra lielo G. duodenalis
cistu skaitu, ko arvidg izdala visi petijuma ieklautie dzivnieki, jo 1pasi govis,
no partikas drosibas viedokla, prioritate japieskir higi€nas pasakumiem
saistiba ar svaigiem produktiem. Ogas, augli, darzeni un lapu salati, kas
audz€ti govju ganampulku tuvuma, apstradati ar kiitsmésliem vai audzéti
laukos, kas ir viegli pieejami sunu dzimtas dzivniekiem, ir riipigi jamazga ar
tiru, tekoSu tdeni, lai maksimali nomazgatu ziardiju cistas. Ta ka G.
duodenalis visbiezak ir ar Gideni parnésats parazits, peldésanas tdenstilpes,
kas atrodas govju ganampulku vai ganibu tuvuma, 1pasi p&c stipram
lietusgazeém, kad ir augsts piesarnojuma risks, bttu jaizvairas. Turklat ir
jaapsver riipigas sabiedribas higiénas izglitoSanas kampanas, kas verstas uz
pareizu produktu mazgaSanu, un informacijas zimes par iespgjamo G.
duodenalis piesarnojumu peldvietu tuvuma.

3. Palielinat zoonozes uzraudzibu un informétibu: Ta ka zoonotiskais G.
duodenalis A apakstips tika konstatets govim un majas suniem, ir svarigi
diagnosticét un uzraudzit G. duodenalis klatbatni abas sugas, Tpasi
gadijumos, kad ir cilvéku caurejas uzliesmojumi. Cryptosporidium spp.
vienlaicigas invazijas konstat€Sana sunu dzimtas dzivniekiem uzsver
nepiecieSamibu peéc plasakas diagnostiskas parbaudes veterinaraja un
sabiedribas veselibas joma. Paslaik G. duodenalis Latvija netiek oficiali
uzraudzits ne vides, ne veterinaraja joma.

4. Tstenotun veicinat ,,Vienas Veselibas” konceptu: G. duodenalis ir loti izturigs
pret argjas vides apstakliem, ir svarigi [idz minimumam samazinat vides, jo
1pasi udens un partikas avotu, piesarnojuma risku. Lai samazinatu cistu
dzivotsp&ju pirms kiitsmeslu izmantosanas lauku apstradei, prioritari javeic
izglitojosas kampanas uznémumiem un lauksaimniecibas darbiniekiem par
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pareizu kutsméslu apsaimniekoSanu. Svarigi ir arT samazinat kiitsméslu un
vircas nopliides no govju novietném, ipasi ja tuvuma ir atklatas Gidenstilpes.
Lai samazinatu parnésasanas risku gan govim, gan cilvékiem, stingri
ieteicams nodrosinat tiru dzeramo tdeni ganibas, nevis izmantot virszemes
tdens avotus.
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