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Learning outcomes

Trace Giardia transmission and its intestinal life cycle.

Explain epithelial injury without tissue invasion.

Recognize biopsy morphology and relevant stool tests.

Connect immune status with persistent or severe infection.




A flagellated protozoan of the small intestine

e Giardiais a flagellated protozoan associated with human
enteric infection. Core distinction

e The parasite occupies the small-intestinal lumen and
villous surface.

. , _ _ _ A noninvasive parasite can
e Clinical disease ranges from silent carriage to persistent cause consequential epithelial

malabsorption. dysfunction.




Three names for the same organism

Accepted name in Interpretation

sources

Giardia lamblia Name used in the Robbins topic heading
Giardia duodenalis Alternative name used by Robbins and CDC

Giardia intestinalis Additional synonym cited by both sources




Infection 1s noninvasive—not harmless

Where organisms are found Why patients become symptomatic

e Luminal small-bowel surface e Brush-border enzyme reduction

e Microvillous damage and epithelial

e Closely apposed to villous enterocytes .
y app y apoptosis

e No tissue invasion in the Robbins

. e Malabsorption and diarrhea
description




Two functional stages

Cyst Trophozoite

=
Environmentally stable infectious form; Ingested with Motile luminal form; Attaches to small-intestinal
contaminated material surface




Recognizing the infective cyst

e The cyst is the environmentally hardy form.
e Mature cysts have four nuclei on microscopy (CDC).
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* Infection follows ingestion of contaminating cysts. O O

Schematic mature cyst




Recognizing the trophozoite

e Trophozoites are pear shaped.

e Two similarly sized nuclei are a key morphologic

clue.

e Flagella and an attachment disk are demonstrable

(CDC).




Cyst and trophozoite are not interchangeable

Characteristic

Cyst

Trophozoite

Main function

Survival and transmission

Colonization of intestinal lumen

Shape Oval/ellipsoid Pear shaped
Nuclei Up to four when mature Two similarly sized
Detection Common in formed stool May appear in stool or duodenum




Fecal—oral transmission

Fecal material

Giardia cysts contaminate water,
food or hands

Accidental ingestion

A small inoculum can establish
infection

Intestinal infection

Trophozoites establish infection
in small bowel




Environmental exposure explains many infections

Fecally contaminated drinking water is a principal route.

Unfiltered public water supplies may transmit Giardia.

Rural streams are a recognized exposure among campers.

Contaminated food provides an additional route.




A very small mmoculum can infect

e |Ingestion of as few as 10 cysts may cause infection. :
Interpretation

e A low inoculum helps explain infection after unintended
ingestion.

e Alow dose does not quantify risk in an individual A minimal infective dose is not
exposure. an individual attack probability.




Cyst survival and water disinfection

e Giardia cysts persist in the environment.

e Their chlorine resistance permits transmission in treated but unfiltered settings.

e Filtration and avoidance of contaminated water are important prevention concepts.




Two common water-related scenarios

Drinking-water exposure Recreational-water exposure
e Unfiltered public supplies e Accidental swallowing during swimming
e Rural streams used by campers e Contaminated water carries cysts

e External skin contact alone is not the

* Ingestion is the causal event stated route




Food and direct fecal—oral spread

e Fecally contaminated food can transmit cysts.

e Fecal—-oral transfer may occur outside a shared water source.

e The hardy cyst stage permits environmental persistence.




Environmental cycle and human infection

Cysts leave host Cysts enter host Luminal organisms More cysts shed
Stool contamination . . — . : > :
. Ingestion via water, Trophozoites colonize Encystation precedes
makes cysts available . .
food or direct transfer small bowel passage into feces

for fecal—oral spread




Excystation begins in the small bowel

Cyst ingestion Excystation Surface colonization

— —
Contaminated material is In the small intestine, each cyst Motile trophozoites remain in
swallowed releases trophozoites the lumen




Trophozoite multiplication occurs in lumen

Free trophozoite Longitudinal fission Mucosal contact

Organism resides in proximal
small bowel

Organisms may attach to

Trophozoites multiply asexually epithelial surface




Encystation permits onward transmission

Luminal movement Encystation Stool shedding

=> => . .
Cysts in feces can infect a new

host

Parasites move distally toward

Protective cyst form is produced
colon




Trophozoites remain on the villous surface

Lumen: Attached trophozoites

e Giardia trophozoites may be closely attached to
enterocytes. D D D
| ] {1111 {1111
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e They are located in the lumen, not within the
lamina propria.

e This topography matters when reading duodenal
biopsy sections.

— Y O

Epithelium remains noninvasive




Surface attachment 1s a pathologic interface

e Close contact occurs at the brush border of villous enterocytes.

e CDC describes the ventral adhesive disk involved in attachment.

e The tissue response can be disproportionate to visible distortion.




Noninvasive Giardia versus mucosal invasion

Giardia Invasive amebiasis
e Trophozoites on luminal surface e Entamoeba breaches colonic mucosa
e Brush-border dysfunction e |nvasion causes tissue injury and ulcers

e No invasive trophozoites in mucosa

(Robbins) e Can spread beyond bowel




Three epithelial effects explain disease

e Giardia causes injury and dysfunction even
without invasion. Brush-border enzyme reduction

e These mechanisms converge on absorptive

failure.
Microvillous damage

Epithelial-cell apoptosis




Reduced brush-border enzymes impair digestion

e Robbins documents decreased expression of brush-border enzymes.

e Terminal carbohydrate and peptide digestion normally depends on these enzymes.

e Enzyme loss provides a mechanistic link to malabsorption.




Microvillous 1njury reduces surface function

e Giardia can damage enterocyte microvilli.

e Microvilli support epithelial digestion and absorption.

e A reduced functional surface can cause symptoms without marked villous atrophy.




Enterocyte apoptosis contributes to injury

e Apoptosis of small-intestinal epithelial cells is part of the described response.

e Epithelial loss can worsen brush-border dysfunction.

e Microscopic severity is not necessarily proportional to organism numbers.




How Giardia produces malabsorptive diarrhea

Epithelial

) Impaired absorption Clinical expression
dysfunction P P P

Surface colonization

Luminal trophozoites > Enzyme loss + — . . : > Diarrhea,
: . Less effective digestion .
attach near brush microvillous damage + . malabsorption and
) and nutrient uptake .
border apoptosis weight loss




Connect intestinal physiology to Giardia

Absorptive phase

Relevance in Giardia

Intraluminal digestion

Not the primary lesion described by Robbins

Terminal digestion

Brush-border enzyme expression decreases

Transepithelial transport

Enterocyte injury may compromise function

Lymphatic lipid transport

Not a primary established lesion in this excerpt




Malabsorptive stool 1s a mechanism-based concept

e Malabsorption entails defective uptake of nutrients and water.

e Steatorrhea may accompany generalized malabsorptive disease.

e Giardia is a protozoal cause of intestinal malabsorption; Not every case has steatorrhea.




Secretory IgA contributes to clearance

e Secretory IgA as an important host defense.

e Mucosal antibody can promote immune control of intestinal Giardia.

e Impaired antibody production is linked to severe infection.




Mucosal IL-6 1s another clearance signal

e |L-6 responses in the intestinal mucosa contribute to clearance.

e The source identifies a protective association—not a validated biomarker threshold.

e Clinical assessment does not depend on measuring mucosal IL-6.




Antigenic variation supports persistence

Surface antigen Antigen modification Immune evasion Persistence

Giardia expressesa > : —> Previously directed >
) . Its surface protein . ",
dominant variant . immune recognition
: changes over time :
surface protein becomes less effective

Infection can last
months or years




Intermittent symptoms fit chronic persistence

e Surface antigen variation permits immune evasion.

e The parasite may persist for months or years.

e The resulting illness may fluctuate rather than remain continuous.




Host factors modify infection severity

Host context Source-supported consequence
Immunosuppression Often severe disease
Agammaglobulinemia Often severely affected
Malnutrition Often severely affected

Infants / young children Greater risk of severe illness
Travelers Greater risk of severe illness




Agammaglobulinemia 1s a mechanistic clue

e Antibody-deficient patients can develop particularly severe giardiasis.

e This accords with the importance of secretory IgA in clearance.

e Chronic Giardia should remain a differential in relevant enteric illness.




Malnutrition and Giardia can coexist

e Malnourished individuals are often severely affected by Giardia.

e Giardia itself can produce malabsorption and weight loss.

e Assess both vulnerability before infection and nutritional consequences after it.




Biopsy shows luminal organisms—not tissue invasion

Lumen: Attached trophozoites

e Organisms may be numerous near villous tips. D D D
| ] {1111 {1111
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e They are often closely apposed to the brush
border.

e Examine the intestinal lumen and epithelial surface
carefully.

— Y O

Epithelium remains noninvasive




Two equal nucle1 and pear shape are diagnostic clues

e On duodenal biopsy, identify the characteristic
pear-like trophozoite.

e Look for two similarly sized nuclei where section
orientation permits.

e Organisms are small and easily overlooked in

luminal material. /




Small-bowel architecture may appear normal

e Large numbers of Giardia may coexist with near-normal villi.

e Absence of striking villous atrophy does not exclude giardiasis.

e Search the luminal border rather than relying only on mucosal damage.




Heavy infection may blunt villi

e Villous blunting can accompany intense Giardia infection.

e Blunting may reduce effective absorptive architecture.

e |ts absence is compatible with infection.




Intraepithelial lymphocytes may increase

e Heavy infection can show increased intraepithelial lymphocytes.

e This is a host epithelial immune response, not parasite invasion.

e The finding is not specific for Giardia on its own.




The lamina propria may be inflamed

e A mixed inflammatory infiltrate in lamina propria.

e A mild or modest reaction can coexist with surface organisms.

e Do not diagnose Giardia from inflammation without identifying the parasite or a relevant
test.




Morphology spans minimal to reactive mucosa

Observation Interpretation
Nearly normal villi Does not exclude Giardia
Luminal pear-shaped Direct morphologic evidence of organism

trophozoites

Villous blunting May accompany heavier infection
Increased intraepithelial Possible associated epithelial response
lymphocytes

Mixed lamina propria Possible nonspecific mucosal reaction

infiltrate




Giardia and Entamoeba: A useful diagnostic contrast

Feature

Giardia

Entamoeba histolytica

Typical tissue location

Small-intestinal lumen

Colon and invaded mucosa

Invasion

Absent

Present

Characteristic clue

Pear form; two nuclei

May ingest erythrocytes

Tissue injury

Brush-border dysfunction

Ulcers and tissue destruction




Giardia versus Cryptosporidium on biopsy

Feature Giardia Cryptosporidium
Position Luminal villous surface At apical epithelial membrane
Appearance Pear-shaped trophozoites Tiny round blue organisms

Host interaction

Noninvasive lumen-contact

Parasite enclosed by host cell
cytoplasm

Diagnosis in stool

Giardia cyst detection

Cryptosporidium oocysts




Clinical manifestations form a continuum

Subclinical Acute enteric illness Chronic illness
. # . . # . . #
Parasite can be present Diarrhea may begin Intermittent diarrhea
without symptoms after infection or malabsorption

Systemic effect

Weight loss from
sustained dysfunction




Giardiasis may be clinically silent

e Robbins explicitly describes subclinical infection.

e Symptom absence does not negate the possibility of intestinal carriage.

e Interpret stool findings in their clinical and exposure context.




Acute diarrhea 1s a common presentation

e Symptomatic Giardia can present with acute diarrhea.

e The disease mechanism emphasizes functional injury to small-bowel epithelium.

e Exposure history may make a parasitic cause more plausible.




Chronic diarrhea can be intermittent

e Persistent Giardia infection can extend for months or years.

e Variable antigen expression contributes to persistence.

e Ongoing or episodic symptoms may merit parasitic evaluation.




Malabsorption 1s a central consequence

e Reduced brush-border enzymes compromise terminal digestion.

e Microvillous damage undermines absorption.

e Symptoms arise from functional changes even with minimal structural abnormalities.




Weight loss integrates duration and dysfunction

e Giardia may cause clinically important weight loss.

e Chronic diarrhea and impaired nutrient absorption provide a plausible mechanism.

e Nutritional status matters especially in children and malnourished hosts.




Clinicopathologic correlation

Clinical feature

Corresponding pathologic explanation

Diarrhea

Impaired mucosal digestion and absorption

Malabsorption

Reduced enzyme expression and microvillous damage

Weight loss

Sustained impaired nutrient uptake

Intermittent illness

Long-term parasite persistence with antigen variation

Subclinical infection

Mucosal contact need not produce prominent symptoms




Select the diagnostic sample thoughttully

Clinical suspicion Noninvasive testing Direct evidence Biopsy if obtained
Symptoms + exposure > e > : >
Y por immunFe) Search for Giardia in Cysts, trophozoites or Inspect duodenal
stool antigen tests lumen for trophozoites

vulnerability




Stool immunofluorescence 1s emphasized by Robbins

e Stool cyst immunofluorescence for documentation.

e Immunofluorescent antibodies permit visual detection of cysts.

e Positive tests must be interpreted with clinical context.




Additional laboratory methods documented by CDC

Method What the method detects

Wet mount / Stool cysts or trophozoites
concentration

Permanent stained smear Morphologic trophozoites

Antigen enzyme Giardia antigens in stool
immunoassay
Direct Labeled parasite cysts in stool

immunofluorescence

Duodenal sample or Trophozoites when sampled
biopsy




Intermittent detection can require repeat stool testing

e CDC notes that repeated fecal specimens may be necessary.

e Asingle negative sample does not invariably exclude infection.

e Test choice and repeat sampling follow the clinical scenario.




Duodenal biopsy: What the pathologist should inspect

e Find organisms between villi and along the luminal brush border.

e Confirm pear shape and paired nuclei where visible.

e Recognize that mucosa may remain nearly normal.




Distinguish the diagnostic roles of stool and biopsy

Dimension Stool assessment Duodenal histology

Primary finding Cysts / trophozoites / antigen Trophozoites near villi

Source emphasis Immunofluorescent cyst detection Pear shape, two nuclei

Main limitation Detection may vary between Organisms easily overlooked
samples




Treatment 1s effective, but recurrence occurs

e Oral antimicrobial therapy is effective.

e The specific drug regimen is outside the supplied Giardia excerpt.

e Recurrent symptoms can occur following therapy.




Recurrence 1s a clinical follow-up problem

e The textbook explicitly states that recurrence is common.

e Consider ongoing exposure, persistent infection or other causes when symptoms return.

e Repeat assessment should be informed by the clinical context.




Prevention follows the transmission mechanism

e Avoid ingestion of untreated or contaminated water.

e Do not assume chlorination alone neutralizes Giardia cysts.

e Reduce fecal contamination of food, water and hands.




Case A — diarrhea after a hiking trip

lllustrative case (fictional)

An adult develops diarrhea and weight loss after repeatedly drinking untreated stream
water during a camping trip.

Question

Which exposure and intestinal pathogenesis make Giardia plausible?




Case A — mechanism-based interpretation

e Stream water is a documented route of cyst exposure.

e A low infectious inoculum makes accidental ingestion relevant.

e Enzyme loss and microvillous injury explain malabsorptive symptomes.




Case B — normal villi with suspicious luminal profiles

lllustrative case (fictional)

A duodenal biopsy shows near-normal villi. Small pear-shaped structures are seen in
the lumen adjacent to the brush border.

Question

What structures should the pathologist look for to support Giardia?




Case B — why normal villi can mislead

e Giardia over almost normal-appearing villi.

e Parasites can be numerous despite limited architectural distortion.

e The luminal surface deserves deliberate high-power inspection.




Case C — persistent symptoms and antibody deficiency

lllustrative case (fictional)

A person with markedly impaired humoral immunity has intermittent chronic diarrhea
and weight loss. Giardia infection is being considered.

Question

Which host-defense axis and parasite strategy are relevant?




Case C — combine host and pathogen factors

e Secretory IgA is important for immune clearance.

e Agammaglobulinemic hosts may develop severe disease.

e Variant surface antigen switching favors persistence.




Avoid four common diagnostic overstatements

Overstatement Source-grounded correction

“Normal villi exclude Near-normal mucosa is possible.

Giardia.”

“Giardia invades the Robbins describes no invasion.

mucosa.”

“Trophozoites have four Trophozoites have two; mature cysts may have four (CDC).
nuclei.”

“Chlorine makes all water Cysts are chlorine resistant.

safe.”




Synthesis: One coherent pathologic model

Transmission Colonization Tissue dysfunction Outcome

Ingestion of —> —>  Brush-border enzyme > Diarrhea,

: Trophozoites occu L s :
environmentally stable p Py loss and epithelial malabsorption *
luminal small bowel :
cysts damage prolonged disease




Reference sources

Robbins, Cotran & Kumar. Pathologic Basis of Disease. 11th edition. 2026.

CDC DPDx: Giardiasis. Last reviewed June 5, 2024. cdc.gov/dpdx/giardiasis/

Histologic figures have not been reproduced; organism and mucosal drawings are original editable schematics.
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