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What is Giardia?

* Giardiais a gut living protozoa (flagellated)

* |tis most frequently known as Giardia duodenalis
(although you may hear it referred to Giardia
Lamblia or Giardia Intestinalis)

* |tis found worldwide affecting a variety of living
beings including dogs and humans.
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What does it do?

* Giardia can infect the intestines of humans and dogs and other
animals.

* Infection occurs when the parasites’ cysts are ingested in
contaminated water or by contacting infected surfaces or from oral
contact with infected faeces.

* The trophozoites consume nutrients in the lumen of the gut. They
may float freely in the gut or may attach to the gut lining, often
triggering an inflammatory response.

* The trophozoites gradually move onwards to the colon (large
intestine) of the host where they once again return to a cyst state.

* The faeces’ of the host can contain both infectious cysts and
trophozoites.

* Trophozoites die quickly in the environment whereas cysts are
immediately infectious and can also last several months in cold
water or soil.
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Where would you like to live?

For distribution of assemblages in humans and canines over
a 10 year period (2011-2021) as per data See Cai 2021

Recent molecular studies have shown that there are
different forms of Giardia duodenalis with different
genetic structures.

At present there are 8 main types recognized - referred to
as “assemblages”

Some assemblages are mostly species’ specific and
some can infect a variety of species.

See Klotz 2022
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How common are canine infections?

Studies have shown puppies aged 9 weeks to <6 months are most commonly
infected and can suffer from symptoms as a result.

One study showed that % of puppies found to have Giardia more than
doubled from 5-6 weeks of age (25%) compared to 9-11 weeks of age (60.3%)
(Grellet 2016)

Some data has shown that kennelled / shelter based dogs may have a higher
incidence of Giardia infection, however some studies have not found this.

Some studies of adult dogs have shown a higher prevalence than others, with
63% in Spain (Ortuno 2014), 59% of dogs in Hungary (Szenasi 2007), 41% in
ltaly (Agresti 2022)

Are we comparing “like for like” ?
Dogs with or without symptoms? Pet dogs in human households?
Stray dogs? Sheltered dogs? Dogs after recent anthelmintic
treatment?
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What might infection look like?

*Diarrhoea

*Vomiting

*Weight loss

*Foul smelling flatulence

*Changes in appetite

*Increased frequency of defaecation

*Lethargy

*Nothing — no symptoms (subclinical infection / asymptomatic infection/ carrier)

See Smit 2023
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Parasite or harmless lodger?

Parasite: a relationship between two species where one species lives in or on the other species
benefiting from the other whilst creating a cost to the host.

Commensalism: a relationship between two species where one species lives in or on the other
species, permanently or as a repeated visitor, benefiting from the other whilst creating no loss or
benefit to the host.

“Thus, whether Giardia is a commensal or a parasite, itis
conceivable that the perturbation of the host-parasite
equilibrium may be the basis of some pathogenicity, and
may explain variations in symptoms both between hosts
and within the same host over time” From Peruzzo 2022
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What happens during infection?

As trophozoites attach themselves (via an adhesive disc, use of their flagellae and chemical bonds such
as using Variant Surface Proteins) to the surface of the gut cells, a variety of reactions can occur:

*Recognition by the gut immune system of the presence of a potential parasite resulting in a local

inflammatory response (involving cytokines, interleukins, mucosal mast cells and macrophages see
Fekete 2021)

*Changes in the mucus layer of the gut (thickening and benefiting host, thinning and benefiting Giardia)

*A reduction in the tight junctions that normally glue the gut cells together which normally prevents bugs
in the gut lumen from entering the circulation.
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What happens during infection?

As trophozoites attach themselves (via an adhesive disc, use of their flagellae and chemical bonds such as using
Variant Surface Proteins) to the surface of the gut cells, a variety of reactions can occur:

*Recognition by the gut immune system of the presence of a potential parasite resulting in a local inflammatory
response (involving cytokines, interleukins, mucosal mast cells and macrophages see Fekete 2021)

*Changes in the mucus layer of the gut (thickening and benefiting host, thinning and benefiting Giardia)

*A reduction in the tight junctions that normally glue the gut cells together which normally prevents bugs in the gut
lumen from entering the circulation.

*Changes in the gut bug population which may be the cause of changes in the microvilli (shortening) and reduced
digestion and reduced absorption of nutrients.

*Changes in the trophozoites chemical production so that they break down the host’s inflammatory agents —
minimizing or stopping the host’s attempts to remove them.

See Allain 2017 for more detail

“These effects may occur at the site of infection and beyond, and result at least in part from the actions of what the
Giardia are releasing and the host’s own immune response.”

Buret 2020
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Who else is living where you live?

“The intestinal microbiome, encompassing bacteria, viruses, protozoa, and fungi, is a complex
and dynamic community of microorganisms that exists in close association with the host
intestinal mucosa.

Interactions between the gut microbiome and the host have been shown to be important for
health and homeostasis. In particular, the bacterial component of the microbiome may play

criticalroles in the development and persistence of intestinal and extra-intestinal disorders”

From Fekete 2021
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The GUT-BRAIN-AXIS

Main bacteria of the dog intestine:

*Firmicutes
*Fusobacteria
*Bacteroidetes
*Proteobacteria
*Actinobacteria.

Proportions and ratios can vary See Hilmersson 2020

HOW DID THEY GET THERE? (See Del Carro 2022 and Garrigues 2022)

*In utero colonisation (from placenta)
*Colonisation at birth (vaginal)
*Breast milk

*Sucking of mum’s skin

*Other dogs in the environment
*Soil / bedding

*Regurgitated food (start of weaning)
*Solid foods

*Ongoing environmental exposure

There can be no doubt that the early life stressors, experiences, and wide ranging life styles including diets of pet dogs will
result in significant IM differences ....
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Gut bugs in the growing dog

Phylum

Firmicutes

Bacteroidetes

Proteobacteria

Fusobacteria

Actinobacteria

Main examples

Clostridium
Lactobacillus

Bacteroides
Prevotella

Campylobacter
Helicobacter

Fusobacterium
Streptobacillus

Bifidobacterium
Corynebacterium

What they do

Ferment CHOs to produce SCFAs, vits & BAs. Production of Butyrate
(a SCFA) provides energy for gut cells and provide anti-inflammatory
and antibacterial gut protection.

Use dietary fibres and complex sugars to produce SCFAs (including
butyrate), vits & BAs. Also reduce intestinal oxygen promoting anaerobic
bug growth. Some produce GABA

Various roles in protein, CHO and vitamin production as well as supporting
an anaerobic environment influencing positive gut bug function. Some
produce GABA (Escherichia)

??7? Breakdown proteins and amino acids to produce SCFAs Poorly
understood in the dog

(Bifidobacterium at least) Breakdown milk components to produce lactate
and acetate.

See Garrigues 2022
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How does stress affect the
gut .. and then the brain

Long standing activation of stress pathways seem to result in a loss
(reduction) of the tight junctions between gut cells.

This allows the bacteria normally trapped in the lumen to move in and
around the gut cells, triggering an inflammatory response including
LPS absorption.

LPS (lipopolysaccharides) are found on the outside of certain bacteria
(gram negative). If these bacteria stay in the gut lumen, no problem,
but leaky gut from persistent stress or other gut disease, can cause
LPS to enter the blood stream and trigger an inflammatory response.

The inflammatory response can trigger changes in the blood brain
barrier causing further stress pathway activation.

We are now recognising elevated inflammatory states as a risk factor
for disease development, emotional dysregulation and a variety of
behavioural changes.

For more detail see Kelly 2015

& Piotti 2024
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Exercise: getting to the guts of the matter

Regular, moderate physical activity is associated with an anti-
inflammatory status in the intestine after exercise.
It can boost the intestinal mucosal barrier.

Too little vs too much It can improve function of anti-microbial proteins, among other

positive effects.

*Constipation vs diarrhoea (Alves et al 2021)
*Damage to gut bugs However, strenuous, prolonged endurance exercise may

*Damage to permeability leading to inflammatory

path activation

reduce gastrointestinal blood flow, result in significant reductions in
blood flow, and increase proinflammatory chemicals, among other
negative effects.

*Mucosal surface damage, ulceration and

erosions

See Codella 2018

Dogs evolved to move frequently, but predominantly in walking gait with faster exercise interspersed for
short periods of time,

Dogs are highly adapted to low to moderate aerobic activities but poorly adapted to sustained
anaerobic activities.

These drive hyperthermia and acidosis, impacting gut health, compromising homeostasis and
increasing stress responses.
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Long term consequences

Giardia infection has also been associated with the development of a wide range of post-
infectious complications in people including

* Irritable bowel syndrome (IBS)

* Allergies (skin and gut)

* chronic fatigue

* cognitive defects

* Failure to thrive and stunted growth in children

See Halliez 2013 & Fekete 2021
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Long term consequences of Giardia infection

In humans, chronic enteropathies have been associated with

*persistent or recurrent bouts of intestinal pain along with other symptoms such as diarrhoea, weight loss,
vomiting, nausea etc

*predisposition to a variety of other diseases eg skin, neurological, arthritis

*greater risk of a variety of infections

*greater tendency to psychological issues eg depression, anxiety, irritability
In dogs, chronic enteropathies have been associated with

*reduced quality of life (see Marchetti 2021)

*increased anxiety / separation related issues (Marchetti 2021)

*higher risk of epilepsy ? Garcia-Belenguer 2021 higher risk of skin disease? Guidi 2021

*Increased risk of osteoarthritis? Cintio 2020

*potential for increased psychological issues / behavioural problems Kirchoff 2019 Mondo 2020 Kielbik 2024
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Long term consequences of Giardia infection

Chronic (Inflammatory) Enteropathies (previously named Inflammatory Bowel Disorders) CE / CIE

* Food Responsive Enteropathy (FRE)
* Immunosuppressant Responsive Enteropathy (IRE)
* Antibiotic Responsive Enteropathy (ARE)

A 2018 piece of research in GermanE/ showed that dogs (mostly puppies) who contracted and survived
Parvo virus infection, were far more likely to have long term gut isease than those who did not get Parvo
(Kilian 2018) This was also the findings of Sako-Tavada in 2022.

Significant gut infection during a dog’s lifetime and the long-term impact on health and behaviour needs
more research and action.

See Jergens 2022 for an update on Chronic Inflammatory Enteropathies in the dog
And Diaz-Reganon 2023 on the microbiota composition of dogs with CIEs

Giardia: Health and Behaviour Dr Batson 2024



GUT MUCOSAL
HEALTH AND
IMMUNITY
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Long term consequences

A small number of studies have suggested Giardia infection during human
infancy (<6 years old), may impact on cognitive development.

Psychomotor development issues have been found in some studies such
as language-cognitive delay, fine motor delay (Simsek 2004) and an
overall poor cognitive function in late childhood, when experiencing
Giardia infection in the first 2 years of life (adjusted for stunting,
socioeconomic states and schooling types) (Berkman 2002)

However, it is complicated.
* Many children had concurrent growth stunting.

* Many affected children were in poorer socio-economic areas (though
were being compared to other children in the same areas), poor
nutrition, concurrent infections etc.
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How do these potential consequences influence
behaviour?

E

*Inflammatory pathways

*Effect on Gut-Brain-Axis influencing neurotransmitters

*Effects on sugar levels
*Brain electricity

*Effect on variety of hormones: thyroid, cortisol, aldosterone, testosterone etc
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There are intrinsic links between gut inflammatory conditions and/or
dysbiosis with certain skin conditions.

One recent publication linked urticaria (hives) in a 5 month old puppy
with a Giardia infection (Williams 2021)

“It was suggested that emotional states might alter the normal
intestinal microflora, increase intestinal permeability and contribute
to systemic inflammation.

Since then, many aspects of this gut-brain-skin axis have been
validated, and psychological and physical stress have been found to
contribute to intestinal dysbiosis.

Studies in mice have shown that stress can impair the integrity and
protective function of the epidermal barrier, causing fewer
antimicrobial peptides to be produced in the skin, and an increase in
the severity of infection and inflammation in the skin......

Atopic Dermatitis and indeed any other ‘skin disease’, may be seen as
a possible manifestation of a more systemic problem involving gut
dysbiosis and increased intestinal permeability, which may occur
even in the absence of gastrointestinal signs.”

From Craig 2016

Studies where inflammatory agents (such as the cytokine Interferon
alpha - IFN-alpha) are given to individuals, show that given for more
than days, the recipients frequently develop anxiety disorders or
depression.
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A recent study looking at dogs over 1 year of age who had been
diagnosed with atopy where itchiness had been present for at least
3 months, found

Increases in

*Stranger directed aggression
*Owner directed aggression
*Familiar dog aggression

As well as

*Increased non social fear

*Increased touch sensitivity

*Increased excitability

*Increased attention seeking [connection seeking?!]
*Decreased trainability

“Chronically pruritic dogs experience fear and anxiety and are more
likely to display aggression. This is an important welfare issue for
these animals.”

McAuliffe 2022
See also Piotti 2024 regards inflammation and behaviour
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Gut disease and behaviour

In humans, a variety of chronic gut diseases have been linked with
behaviour changes such as anxiety, depression, irritability and sleep
disorders. A variety of diseases in people are now being linked to
imbalances in the gut, including but not limited to epilepsy, type 2
diabetes, autism, Alzheimer’s and many of these disorders co-exist

alongside behavioural change.

Gut pain / inflammation in the form of gastritis, ulceration or potentially
enteritis have been linked with the development of abnormal oral
behaviours such as pica and excessive licking in the dog and of course

often cause pain (Becuwe-Bonnet 2012, Frank 2012, Poirier-Guay 2014)

A small number of studies have started suggesting the role of the gut

health / the intestinal microbiota function in canine behaviour change

Kirchoff 2019 Mondo 2020 Sunol 2020 Yeh 2022 Kielbik 2024
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Gut bugs and Giardia susceptibility

In 2000, a piece of research on laboratory mice showed how mice with the same genetic background
but born and raised in different locations, had different susceptibilities to Giardia.

Mice from one location always seemed susceptible to the infection, mice from the other location were
not. The experimenters showed that by housing the two groups of mice together for 2 weeks prior to
attempting to infect them, the previously susceptible mice were now as resistant to infection as the
non-susceptible group.

This led to investigations involving the role of the gut bug population.

One experiment gave the non-susceptible mice one of two oral antibiotics prior to attempting
infection. The group receiving neomycin (an antibiotic which selectively lowers anaerobic bacteria in
the gut) now became susceptible to the infections whereas the group receiving trimethoprim-sulpha
(an antibiotic reducing aerobic but not anaerobic bacteria in the gut) did not become more
susceptible to infection.

See Singer & Nash 2000

A recent piece of research showed that there was not substantial difference in gut bug population
between symptomatic and asymptomatic Giardia infected adult dogs See Kuzi 2024
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Gut bugs and Giardia susceptibility: puppies

A recent piece of research on puppies and Giardia infection showed that 9 week old naturally
infected (not laboratory produced strains) with Giardia intestinalis (aka. duodenalis) resulted in a
number of changes:

*Increased CALPROTECTIN found in the faeces Calprotectin is considered an indicator of gut
inflammation (produced by high levels of inflammatory cells such as neutrophils and monocytes)

*Increased facultative ANAEROBIC gut bacteria such as Peptostreptococcaceae

*Increased bacterial richness in the infected young pups (9 weeks) whereas the infection still
present in the older puppies (21 weeks) accompanied a decrease in bacterial richness. The
authors link to data which has suggested both increased richness in infants and decreased gut bug
diversity in adults have been associated with a disease state.

RICHNESS: total number of gut bug species DIVERSITY: total number of individual bacteria within
the species

*The pups were not given medical treatment for the infection, they did not show any clinical
symptoms during the research period (therefore infection was subclinical) but they had not cleared
the infection by the end of the study (21 weeks of age).

Boucard 2021
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Gut bugs and Giardia susceptibility: puppies

Areas of concern raised by the researchers include how:

*Natural Giardia infection of the puppies post weaning (9 weeks of age) resulted in a gut bug
dysbiosis

*The dysbiosis was an enrichment of facultative anaerobic bacteria with mucus degrading,
proinflammatory properties along with an increase in opportunistic pathogens along with a
reduction in a Lactobacillus species (L.Johnsonii) A recent study has shown that
Lactobacillus Johnsonii in mice plays a significant role in promoting integrity of tight junctions
between gut cells (Bai 2022)

*The calprotectin levels suggest the infection was associated with a chronic low grade
inflammatory state in the pups

The question remains: did the Giardia infection remain because these puppies had these
changes (why?) or did the Giardia induce these changes. The researchers highlight that
further research needs to be undertaken to appreciate the long term disease and behavioural
effects of these changes.

Boucard 2021

Giardia: Health and Behaviour Dr Batson 2024



Early feeding for gut health and immunity

A 2022 study showed that human infants exclusively breast fed in early life had
reduced likelihood of having a variety of gut pathogens detected in their faeces, and
a delay of detecting a variety of other pathogens in their faeces, compared to
formula fed or mixed fed infants.

McCormick 2022

In the study on mice previously mentioned (Singer 2000) the researchers comment
that neonatal mice are more susceptible to infections with Giardia and similar
parasites as are human infants compared to human adults and draw attention to the
significant changes of gut flora at weaning. They suggest that this change in flora
and/or the gut mucosal immune system, may be directly responsible for the
increase in susceptibility.

Could early breast milk reductions in puppies play a role in gut pathogen presence /
effects? This is such a multifaceted area when weaning is often correlated with loss
of the motherin dogs ... And the type and method of solid diet introduction, among
other factors such as transport stress, relocation, social isolation etc
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Finding Nggo Giardia

FAECAL TESTS

Faecal Antibody detection
IFA: immunofluorescence antibody

Visual microscopy
ZSCT: zinc sulfate centrifugal flotation technique

Faecal Antigen detection
PCR
Direct Antigen test (such as SNAP Giardia test Idexx laboratories USA)

Each test may have its limitations including local availability, and for direct
microscopy, a specific skill set required.
COST?! COMMENSUAL NOT PARASITIC?!
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The findings of a study directly
comparing the ability of each of
these 5 tests to identify Giardia in
dog faecal samples showed

IFA, ZSCT and Ag / ELISA tests to
give almost perfect reflections of
results

However PCR testing did not
detect the same number of cases
IFA did, raising questions over its
effectiveness. Uehlinger 2017

See also Bouzid 2015

& Barbecho 2018

& Saleh 2019
(Performing more than one type of
test is sensible when trying to rule
Giardia in or out).



Single sample or serial samples?

Giardia cysts are intermittently shed and total number leaving the dog’s body will be affected
by overall burden and perhaps some other factors such as gut health and transit time and
stress.

Cyst numbers have been shown to vary significantly day to day and are not necessarily
representative of the upper number of Giardia within the intestines.

A paperin 2017 showed that serial sampling dogs gave more consistent positive results than
single sampling (Uchoa 2017) as also recommended by Tangtrongsup in 2010.

Serial sampling can also be “pooled” where the faecal samples are mixed together for a
single lab examination. Cysts may break up / degrade over time so testing faeces less than
72 hours old is recommended. It is likely best to refrigerate the samples until they are mixed
together and tested at a laboratory.

Waiting more than 24 hours between samples though may increase potential disease
detection time (freeze samples until pooled?)

A freshly published piece of research in children showed that two separate samples or even
three separate samples did not give statistically different results to a single sample when
looking for parasites, particularly in relation to Giardia detection See Jerez Puebla 2023

Testing 3 individual samples will be significantly more time consuming and costly than
testing 3 days of samples pooled together.
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Treatment options

Fenbendazole 50mg/kg per day for 3-5 days or ? Febantel 36mg/kg once daily for 3-5 days
Albendazole 25mg/kg g 12 hours for 2 days (Barr 1993) (?toxicity)

Ronidazole 30-50mg/kg q12 hours for 7 days (Fiechter 2012)

Secnidazole 30mg/kg one off dose (can be repeated after 2 weeks) (Cheung 2019)
Azithromycin 5-10mg/kg once daily for 7 days (Datz 2014)

Tylosin 10-20mg/kg twice daily for 7 days (Datz 2014)

Metronidazole (MTZ) 10-25mg/kg 12 hours for 5-7 days or longer? (neurotoxicity in some dogs needs
consideration)

Combination therapy of Fenbendazole 50mg/kg once daily AND MTZ at 25mg/kg twice daily for 5 days has
been suggested where a dog doesn’trespond to an initial treatment

+/- post treatment bath of hindquarters and perineum with quaternary ammonium ?
Or washing with chlorhexidine shampoo on day of initial treatment and 7 days later

+/- disinfection of the environment such as 4-chlorine-M-cresol surface wash, followed by high pressure
rinse off >2 hour after application
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How to treat or how not to treat: thatis a
guestion!

A small study in 2021 compared treatment of positive dogs using fenbendazole (50mg/kg once daily for 5 days) against
treatment with metronidazole (25mg/kg twice daily for 5 days)

The study concluded no significance difference in treatment success with either product. Approx 40% of dogs in both
groups were still positive 1 week after the initial treatment and some dogs needed multiple treatments to become negative,

a small number of dogs testing negative after first became reinfected testing positive at 50 days post treatment. Ciuca
2021

A recent small study in France suggested fenbendazole treatment (50mg/kg for consecutive days) was unsatisfactory in that
only 35% of the dogs positive prior to treatment achieved a greater or equal to, 90% reduction in cysts on follow up tests.
Only 17% of the positive dogs had full resolution of the infection.

However, the study showed clinical symptoms decreased in 76% of dogs after treatment and shedding of cysts by 84% 2-4
days after the end of treatment, suggesting fenbendazole may be useful in management if not clinical treatment.

Kaufmann 2022

Lee 2020 showed that fenbendazole treatment had no significant impact on the dog’s intestinal microbiota whereas
husbandry type such as differences in housing, had more significant effect.
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How to treat or how not to treat: thatis a
guestion!

A slightly larger study compared treating Giardia positive dogs (in
home environments) with clinical symptoms using either
metronidazole (25mg/kg twice daily for 5 days) or fenbendazole
(50mg/kg once daily for 3 days) and found after initial treatment (on
day 5) approx. 90% cyst reduction in the metronidazole group and
approx. 30% cyst reduction in the fenbendazole group.

84% of dogs presenting with diarrhoea at the start of treatment in the
metronidazole group had this resolved after treatment and 67% in the
fenbendazole group.

Faure 2018
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Body-Brain Whole Health Approach

Psychoneuroendocrinoimmunology PNEI

A branch of medicine that looks at the
complicated interactions between the brain

and emotions & cognition with the endocrine
and immune systems.
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Multi modal approach to Giardia detection / infection

*Stress reduction: identify known triggers and identify species specific behaviour
restrictions (Safety/Social/ Ingestion / Body Care / Sleep and Exercise) and address

*Review hygiene: wash hindquarters / tail region daily, clean environment
*Review diet: shortterm versus longterm
*Consider use of anti Giardia medications

*Consider use / stopping use of other medications eg anthelmintics / steroids / antacids
etc

*Rule out other disease impacting on immune system
*Consider use of prebiotic inulin and probiotics (which ones?!)

See Isidori 2022
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Summary

*Giardia is a ubiquitous organism found worldwide and with the potential to affect a variety of species including humans and dogs.

*Giardia acquisition may result in a commensal relationship. This may be long standing or self limiting in individuals with good
intestinal / systemic immunity (good immuno-competence). However, Giardia would be viewed as parasitic, at a cost to the host,
when the host-protozoa interactions result in clinical symptoms.

*Clinical symptoms vary from those of gastro-enteritis to systemic inflammatory conditions to potential effects on cognition and
behaviour.

*Clinical symptoms are more likely in young dogs (<6 months), individuals who are recurrently / persistently stressed or have
concurrent disease including other gastrointestinal disorders / microbiota dysbiosis.

*Detection of Giardia is complicated. Given intermittent cyst shedding, pooled samples over a few days or collecting samples over
several days and then testing may be helpful. Combining ELISA Snap tests with other test types may maximise identification.

*Ultimately, Giardia infection is markedly affected by the host-protozoa interactions which are likely most influenced by the local gut
immune health. Such local immunity is affected by the individual’s early life environment and experiences as well as current
stressors, diet, social interactions, sleep / exercise patterns, medications, concurrent disease etc.

*Treatment should focus on the individual’s health, stressors and diet, alongside environmental hygiene which may include the use
of anti-protozoal medications to lower or eradicate trophozoites within the intestine. Consideration of preventative measures and
making choices which positively influence gut and whole body health should be a priority in the young dog.
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