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Learning outcomes

Explain how Cryptosporidium is transmitted and establishes enterocyte infection.

Relate epithelial injury and transport changes to watery diarrhea.

Recognize characteristic distribution, morphology, and stool-based diagnosis.

Apply the distinctions to clinical cases and relevant differentials.



Cryptosporidium causes infectious enteritis

e A protozoal cause of diarrhea with worldwide
importance.

Enteric protozoal disease
e Both immunologically normal and

immunocompromised hosts may become Tra.nsm|55|-on, eplthe.llal !ocallza’Flon, ar\d
nfected host immunity determine its manifestations.

e The infection is clinically important despite
often subtle mucosal histology.



Clinical importance 1s not limited to one region

e Cryptosporidiosis occurs throughout the
world.

e Persistent diarrheal illness is particularly
important in under-resourced settings.

e Water quality and host immunity are central
modifiers of disease burden.

Global occurrence
Important diarrheal pathogen

Resource constraints
Persistent infection in vulnerable settings

Host susceptibility
Severity depends partly on immune status



C. Hominis and C. Parvum infect humans

e Several Cryptosporidium species can cause

human disease. Cryptosporidium spp.

Multiple human-infecting species
e Two specifically identified by Robbins are C.
Hominis and C. Parvum.

e Clinical syndrome alone does not establish the

infecting species. C. Hominis C. Parvum Others

Human infection Human infection Also reported



The infective unit 1s the oocyst

e Human infection follows ingestion of oocysts.

e The oocyst allows environmental transmission @
between hosts. @
e Terminology matters: Oocyst is the infectious O

parasitic stage; It is not a bacterial spore.

Oocyst (schematic)



Fecal contamination seeds the water pathway

e Qocysts can contaminate water used for
drinking or recreation.

: . L _ Fecal Drinking /

e |ngestion brings the parasite into a susceptible contamination recreation
host. Oocysts enter Potential
water > exposure

e The environmental-to-host sequence explains
potential community outbreaks.

Ingestion

New host
infected



Drinking water 1s the dominant exposure

e Contaminated drinking water as the Environmental oocysts
commonest transmission route. Fecal contamination

\4

Contaminated water

e Even processed water may be implicated if Drinking-water exposure
purification is inadequate. 3

Human ingestion

e An exposure history should explicitly address TR EIiSEel

the water source.



Chlorine resistance creates a control problem

e Cryptosporidium oocysts resist chlorine. SRS

Relative chlorine resistance

e Chlorination alone is therefore not a reliable ¥
guarantee of OOCVSt removal. |ncomp|ete removal
Treated but unfiltered water
e Persistence in treated but unfiltered water ¥
illustrates the importance of treatment Possible exposure

barriers Oocyst ingestion



Filtration has a distinct control role

e Oocysts may persist in treated but unfiltered

water. Control principle Implication
e Removing oocysts and inactivating organisms
are different treatment processes. _
Chlorination Oocysts may persist
e Practical inference: Prevention cannot rely on
routine chlorination alone.
Filtration Addresses particle removal

Multiple barriers Reduces reliance on one step



Recreational water can transmit infection

e Cryptosporidiosis is readily transmitted in e TeraleEiie

water recreation settings. Possible fecal contamination
\4
e Accidental swallowing of contaminated water Water ingestion
is a plausible entry route. During swimming
\4
e Ask about swimming pools and other water Clinical illness

exposure when evaluating watery diarrhea. Watery diarrhea



Foodborne infection 1s less frequent

e Foodborne infection is possible.

Route Textbook emphasis
e |tis presented as less frequent than
waterborne spread.
Drinking water Most common
e Exposure assessment should include food
history without overlooking drinking water.
Recreational water Readily spread

Food Less frequent



Milwaukee 1993: Failure of water purification

e An outbreak in Milwaukee, Wisconsin,
occurred in 1993.

>400,000 people

The Milwaukee outbreak illustrates the
population-scale consequences of water-
treatment failure.

e |t to inadequate water purification.

e More than 400,000 people were affected in
this documented outbreak.



Exposure history should test a water hypothesis

e Establish drinking-water sources and Water source
purification practices. Drinking supply
\4
e Ask specifically about recreational-water use. Sererma

Water sports / swimming

\/

e Assess common-source exposures when Shared exposure
multiple persons have similar illness. FOURMITR) CRTITET SEUEE



A small inoculum can establish infection

e Symptomatic infection has occurred after
ingestion of as few as 10 oocysts.

As few as 10 oocysts
e The low infective dose is relevant to

environmental contamination. The source describes a low inoculum

sufficient for symptomatic infection in some

circumstances.
e The reported value should not be interpreted

as a fixed individual threshold.



The entire life cycle occurs 1n one host

e Cryptosporidium is capable of completing its

_ ) _ Ingestion
life cycle in a single host. Oocyst enters host
\ 4
e Asexual and sexual reproductive phases both Asexual phase
occur in that host. Replication in intestinal epithelium
\ 4
e No obligatory intermediate host is described Sexual phase
account. Oocyst production
\ 4

Transmission
Oocysts passed outward



Gastric passage 1nitiates excystation

o After Ingestion, gastric acid activates Oocyst ingestion
proteases. Gastrointestinal passage

\/

e This leads to release of the sporozoites. Pl el sEdEr e

Protease action

e The sporozoite is the stage that proceeds to v

colonize intestinal epithelium. Sporozoite release
Excystation



Sporozoites move toward the mucosal surface

e Released sporozoites are motile.

e Motility precedes epithelial attachment.

e The epithelial brush border is the key host—
parasite interface.

Excystation
Sporozoites liberated

4
Motility
Movement in intestinal lumen

\/

Brush border encounter
Start of epithelial colonization



A specialized organelle mediates attachment

e The parasite uses a specialized organelle to

attach to the enterocyte brush border. ,
Intestinal lumen

e The attachment event is active parasite—host LI LT L L
interaction.

e Subsequent changes in the enterocyte
cytoskeleton facilitate residence.

Attachment and uptake



Host cytoskeleton 1s remodeled

e Parasite attachment induces changes in the
enterocyte cytoskeleton.

e These changes enable the epithelial cell to
engulf the parasite.

e This is not simply passive adherence to intact
microvilli.

Parasite attachment
Brush border interaction

\/

Cytoskeletal change
Host cell rearrangement

\/

Engulfment
Parasite incorporated



An endocytic vacuole houses the parasite

e The host enterocyte engulfs the organism.

Intestinal lumen
e The parasite resides in an endocytic vacuole.

e The relationship explains why luminal-facing
organisms are nevertheless intracellular.

Attachment and uptake



Apical appearance can mask intracellular location

e On light microscopy, organisms appear to sit

on the epithelial apical membrane. ,
Intestinal lumen

e That they are intracellular. 11119 111@ 11@ 119 |11

e Recognizing this apparent contradiction
prevents an incorrect purely extracellular
interpretation.

Apical “surface” appearance



Parasite position differs from tissue invasion

e Cryptosporidium is associated with enterocyte

apical cytoplasm. Observation Interpretation

e Robbins does not describe deep intestinal wall

invasion as the usual mechanism. Characteristic optical

Apical organisms )
P & location

e The main pathophysiologic consequences are

epithelial functional disturbances.
Intracellular stage Within epithelial vacuole

Watery diarrhea Functional epithelial injury



Asexual reproduction expands the infection

e The life cycle includes asexual multiplication. Established epithelium

Parasite residence

v
e Replication occurs within the same host that Asexual phase

ingested the oocyst. Multiplication

\4
e The asexual phase precedes the sexual phase Subsequent forms

in the conceptual sequence. Progression to sexual cycle



Sexual reproduction completes the cycle

e Cryptosporidium has a sexual reproductive Fecral el T
phase. Within host

\4
e Both reproductive phases occur without Sexual phase

obligatory host switching. Within host

\4
* Production of oocysts links within-host Oocyst formation
replication to further transmission. New infectious units



The full cycle explains continued spread

e Oocyst ingestion begins infection. Environmental oocyst

Ingestion
e Enterocyte-associated multiplication 7

generates further parasitic stages. Enterocyte infection

Attachment and vacuole

e New oocysts enable fecal contamination of v
the environment. Replication

Asexual then sexual
4

Oocyst shedding

Environmental exposure



Three functional changes drive the diarrhea

e Sodium absorption falls in the intestinal

epithelium. Na*
v . 1 CI” secretion 1 Permeability
absorption
e Chloride secretion rises. Reduced uptake More luminal Leaky junctions

ions

e Increased tight-junction permeability adds a

barrier defect. \J/

Watery diarrhea

Fluid remains in the intestinal lumen



Sodium malabsorption favors fluid retention

e Enterocyte sodium transport is impaired. Reduced Na* uptake
Enterocyte transport change
e Reduced sodium uptake limits accompanying 7
water absorption. Reduced absorption
Fluid retained in lumen
e This is one component of the combined v
diarrheal mechanism—not the only one. Watery stool

Net luminal fluid burden



Chloride secretion moves water into the lumen

e Chloride secretion increases during infection.

e Luminal chloride creates an osmotic
contribution to water accumulation.

e This secretory component helps explain the
liquid stool phenotype.

Increased Cl™ secretion
From intestinal epithelium

\/

Luminal electrolyte load
Water movement

\/

Nonbloody watery stool
Secretory contribution



Tight-junction permeability impairs the barrier

e Epithelial tight junction permeability rises.

Intestinal lumen

e An impaired junctional barrier contributes to CELLE LI L i i
altered intestinal fluid handling.

e Cryptosporidium diarrhea therefore reflects ‘ ‘ ‘ ‘
both transport and barrier dysfunction.

Increased paracellular permeability



Watery rather than bloody diarrhea 1s typical

e Nonbloody watery diarrhea.

Feature Typical cryptosporidiosis

e A transport and permeability disturbance

predominates over destructive ulceration.

Stool character Watery, nonbloody

e Blood in stool should prompt reconsideration

of alternate or additional etiologies. _

. Absorptive + secretory +
Mechanism

barrier

Mucosal changes May be minimal



Histology can be deceptively mild

e Mucosal histology is often minimally altered.

e Diagnostic organisms may be more revealing — —
than background inflammatory injury.

e A relatively bland biopsy does not exclude
clinically meaningful fluid loss.

N N I D N

Preserved villi: Schematic



Severe disease can alter villous architecture

e Persistent disease in children may be
associated with villous atrophy.

e Heavy infection in immunosuppressed hosts
can produce the same change.

e Villous surface loss provides an additional

basis for malabsorption.

Villous shortening: Schematic



Crypt hyperplasia accompanies heavy disease

e The severe histologic pattern includes crypt
hyperplasia.

Finding Context
e |t occurs alongside villous atrophy and
inflammatory infiltrates. _
Villous atrophy Persistent / heavy infection
e The combination indicates a more sustained
mucosal response than in uncomplicated
cases. Crypt hyperplasia Architectural response

Inflammatory cells Mucosal reaction



Inflammatory infiltrates may increase

e Inflammatory infiltrates are reported in
persistent or heavy infection.

e They need not dominate milder disease.

e Inflammatory intensity should be assessed
alongside host immune status and parasite
burden.

Often mild
Minimal mucosal alteration

Persistent infection
Inflammatory infiltration possible

Heavy infection
Atrophy and crypt changes possible



Architectural severity varies with context

e Mild infection can have preserved-appearing
mucosa. Context Expected tissue pattern

e Persistent infection or high burden can cause

visible architectural distortion.
Uncomplicated Often minimally altered

e The degree of histologic damage is not

constant across all hosts.
Persistent in children Possible villous atrophy

Atrophy, hyperplasia,

Heavy immunosuppressed e
y PP infiltrates



The epithelial surface 1s the search zone

e Light microscopy may show small organisms

apparently perched on the apical border. ,
Intestinal lumen

e Careful assessment of the luminal epithelial 11119 111@ [1@ 119 [[|]]]
surface is required.

e The structures can be overlooked unless the
apical epithelial border is examined carefully.

Apical “surface” appearance



Terminal 1leum and proximal colon are favored

e Parasites are typically most concentrated in

the terminal ileum.
Terminal ileum Proximal colon

. . . . Usual concentration —— Usual concentration
e The proximal colon is another important site.

e This distribution is a tendency, not an absolute

restriction. i i
Other intestinal segments

May also contain organisms



Disease may span the gastrointestinal tract

e Organisms can occur throughout the
gastrointestinal tract.

e A typical concentration in ileum/colon does
not exclude other bowel sites.

e Site selection and clinical sampling require
that distributional limitation be kept in mind.

Gastrointestinal infection
Variable anatomic distribution

Terminal ileum Proximal colon Other gut sites

Typical focus Typical focus Also possible



Immunodeficiency permits extraintestinal sites

e The biliary tract can contain organisms in
immunodeficient hosts.

e Respiratory-tract involvement is also
described.

e These sites should be understood as

extensions in particular host contexts, not the

usual presentation.

Infection in

Ammunedeficiency
distribution

Intestine Biliary tract Respiratory tract

Main site May be involved May be involved



Typical illness can be self-limited

e Acute cryptosporidiosis may resolve without
persistence.

e This course occurs in immunologically normal
hosts and may also occur in
immunocompromised hosts.

e Host status alone does not prove either self-
limited or persistent infection.

Acute infection
Watery diarrhea

\/

Immune Containment
Clinical resolution

\/

Self-limited course
One recognized outcome



Persistent diarrhea matters 1in children

e Persistent diarrhea in resource-limited Persistent infection

settings. Prolonged epithelial disturbance
\ 4
e Persistent childhood infection can coincide VAl Alheraie
with villous atrophy. Atrophy may develop
\ 4
e Clinical persistence and tissue injury should be Continued diarrhea

interpreted together. Ongoing functional impairment



Immunosuppression modifies morphology and spread

e Heavy infection is possible in
immunosuppressed patients.

e Mucosa may show villous atrophy, crypt
hyperplasia, and infiltrates.

e |In immunodeficient hosts, biliary or
respiratory involvement may occur.

Parasite burden
May be heavy

Mucosal injury
May be prominent

Anatomic spread
Beyond the intestine in some hosts



Disease course 1s a host—parasite interaction

e Transmission establishes the organism in a
host.

Epithelial
Exposure p . Host context
injury
. : : Environmental Fluid-transport Immune
e The epithelial pathophysiology generates
p p p y gyg oocysts changes protection/

watery diarrhea. vulnerability

e Host context modulates persistence, burden,

tissue damage, and potential distribution. \J/

Clinical phenotype

Acute or persistent watery diarrhea



Stool oocysts establish the primary diagnosis

e Diagnosis is based on detecting Compatible illness
Cryptosporidium oocysts in stool. Watery diarrhea

\/

e The diagnostically relevant specimen is Stool investigation

therefore feces. Search for oocysts
\4
e Tissue findings are informative when a biopsy Parasitic confirmation
is obtained, but do not replace the stool Document infection

principle.



Oocysts require deliberate laboratory recognition

e The diagnosis is not based on routine bacterial

culture. Approach Diagnostic target
e A laboratory request should communicate
suspicion of Cryptosporidium.
Stool parasitology Cryptosporidium oocysts
e Examination must target oocysts rather than
only conventional stool pathogens.
Routine bacteriology Other enteric pathogens

Biopsy assessment Apical epithelial organisms



Oocysts are small and rounded

e Cryptosporidium oocysts are rounded and
approximately 4.2-5.4 um in diameter.

e Direct microscopy may require attention to
small organisms and look-alikes. O

e Small oocyst size makes distinction from other O
stool particles important.

Oocyst (schematic)



Modified acid-fast stain can detect oocysts

e Modified acid-fast stool staining is a diagnostic
method for Cryptosporidium.

Property Practical meaning
e QOocyst acid-fast staining can be variable.
Stain Modified acid-fast
e A negative or ambiguous stained preparation
requires interpretation in clinical and
laboratory context.
Positive oocysts May stain red / pink

Caveat Variable staining; “ghosts”



Immunofluorescence aids confirmation

e Stool immunofluorescence assays can detect Stool sample

Cryptosporidium oocysts. Suspected cryptosporidiosis
\4
e These methods identify oocysts using targeted Antibody-based assay
antibodies. Target oocyst antigens
\4
e The diagnostic method complements, rather Positive signal

than changes, the stool-based principle. Evidence of infection



Molecular testing can 1dentify Cryptosporidium

e PCR-based !a!ooratory r.neth.ods can detect Stool specimen
Cryptosporidium nucleic acid. Parasite nucleic acid
\4
e Molecular tests can support detection and PCR-based analysis
species-level identification. Amplify specific targets
\4
e Molecular evidence must be integrated with Organism detection

the clinical presentation, Potential species identification



Sampling variability affects stool testing

e Stool oocyst numbers vary among specimens
and sampling times.

e Multiple specimens may be considered when

clinical suspicion persists after a negative test.

e Asingle negative result must be interpreted

against pretest probability and the assay used.

Compatible syndrome
Clinical suspicion

\/

Initial stool study
Test result

\/

Persisting suspicion
Additional specimen / alternative assay



Microscopy and molecular methods are complementary

e Stool microscopy visualizes the parasite or
oocyst morphology. Method Strength / role

e Antibody-based methods add target-specific

recognition.
Microscopy Direct oocyst visualization
e Molecular assays may provide detection and
further organism identification.
Immunofluorescence Target-specific detection
PCR Nucleic-acid detection /

typing



Cryptosporidium versus Giardia: Entry pathway

e Both can spread through contaminated water
and resist routine chlorination.

e Giardia colonizes the brush border without
epithelial invasion in the quoted neighboring
section.

e Cryptosporidium occupies an enterocyte-
associated vacuole despite an apparent apical
location.

Feature

Typical site

Relationship

Diarrhea

Giardia

Small intestine

Noninvasive
surface

Malabsorptive /
variable

Crypto

lleum / colon

Intracellular apical

Watery /
nonbloody



Cryptosporidium versus Giardia: Diagnostic clue

e Giardia trophozoites have a distinctive pear

shape and two nuclei in duodenal biopsies. e Giardia Cryptosporidium
e Cryptosporidium appears as small spheres at Organism Pear-shaped Small apical
the epithelial apex. trophozoites spheres

e Their stool diagnostic targets and specimen o eeittheliid intracellular
methods differ descriptions. I Sle invasion vacuole

Stool focus Cyst detection Oocyst detection



Cryptosporidium differs from invasive amebiasis

e Entamoeba histolytica can invade the colon
and create flask-shaped ulcers.

e |nvasive amebiasis may cause bloody diarrhea
and tissue necrosis.

e Cryptosporidium is classically associated with
nonbloody watery diarrhea and potentially
mild histology.

Characteristic

Stool

Mucosa

Mechanism

Cryptosporidium E. histolytica

Watery, nonbloody ~ May be bloody

Often minimally

Jltered Flask-shaped ulcer

Invasive tissue

Transport / barrier injury



Waterborne diarrhea 1s not one mechanism

e Cholera classically drives chloride secretion
through toxin-mediated transport effects.

e Cryptosporidium causes a combined reduction
of sodium absorption, increase in chloride
secretion, and rise in permeability.

e The shared watery stool phenotype does not
establish a shared causal mechanism.

Pathogen

V. cholerae

Cryptosporidium

E. histolytica

Main mechanism described

Toxin-mediated Cl™ secretion

4 Na*, N Cl-,

permeability

Mucosal invasion / ulcers



Construct a focused diagnostic pathway

e First establish the phenotype: Persistent or
acute nonbloody watery diarrhea.

e Evaluate water exposure and immune status.

e Request stool testing that includes
Cryptosporidium oocysts or a suitable targeted
assay.

Syndrome
Watery diarrhea

\/

Context
Water exposure + immunity

\/

Stool testing
Oocyst / targeted assay

\/

Synthesis
Clinical + laboratory findings



Case 1: Recreational-water exposure

e An otherwise healthy adult develops acute
watery, nonbloody diarrhea after swimming.

, . Discuss before revealing the answer
e A chlorine-treated facility is reported; Stool

culture is unrevealing. Answer: Consider Crylptosporldlum; Investigate
stool oocysts.

e Which organism and diagnostic target fit the
exposure and phenotype?



Case 1 reasoning: Transmission and phenotype

e Oocyst chlorine resistance makes recreational- Chlorinated water

water exposure pIausibIe. Oocysts may persist
\4
e Watery stool fits the electrolyte and tight- Enterocyte infection
junction mechanism. Transport + barrier effects
\4
e Stool investigation should specifically include Watery diarrhea

Cryptosporidium. Stool oocyst testing



Case 2: Prolonged illness 1n a vulnerable host

e An immunosuppressed patient has ongoing
watery diarrhea.

, _ . Discuss before revealing the answer
e Biopsy shows villous shortening, crypt

expansion, and inflammatory cells Question: Which host and morphologic clues
V4 ° o . e
increase suspicion?

e The combination suggests heavy or persistent
Cryptosporidium among relevant differentials.



Case 2 reasoning: Why severe morphology appears

e Heavy mfectlor.\ in immunosuppressed hosts Immunosuppression
Mmay produce villous atrophy. Possible heavier infection
4
e Crypt hyperplasia and inflammatory infiltrates Ticsnelalteration
may accompany the injury. Atrophy + crypt hyperplasia
4
e Stool demonstration of oocysts remains Etiologic diagnosis

important for etiologic confirmation. Stool oocysts



Case 3: Apical dots on a small-bowel biopsy

e Small spherical structures are described along
enterocyte apices.

N Discuss before revealing the answer
e The surface position should not be equated

with exclusively extracellular growth Question: Explain the intracellular—apical paradox.

e The parasitic stage is associated with an
intracellular apical vacuole.



Case 3 reasoning: Interpret location correctly

e Cryptosporidium attaches to the brush border,

altering host cytoskeleton. ,
Intestinal lumen

e Engulfment produces an endocytic vacuole. FEE |

e Light microscopy makes organisms appear
perched on the surface.

Attachment and uptake



Prevention follows the transmission biology

e Contamination control must address fecal Prevent contamination

entry into water. Reduce oocyst entry
\ 4
e Oocyst resistance limits dependence on CeEnTE her e
routine chlorination. Filtration / purification
\ 4
e Water purification and exposure avoidance Limit exposure

are logical preventive priorities. Safer drinking / recreation



Integrating the pathogenesis in one chain

e An ingested oocyst releases sporozoites after
gastric activation.

e Attachment and endocytic residence disrupt
epithelial transport and barrier function.

e The resulting syndrome is watery nonbloody
diarrhea with variable histologic severity.

Oocyst ingestion
Water-linked transmission

\/

Apical enterocyte infection
Attachment + vacuole

\/

Functional dysfunction
Jd Na*/ P ClI7/ 1 permeability

\/

Clinical outcome
Watery diarrhea



Morphology and diagnosis: Final comparison

e Microscopy: Small organisms appear at the
brush border despite intracellular residence.

Domain Most useful anchor
e Sever may show vill trophy, crypt
Severe cas-,es ay_ >No Ous atropny, cryp Epithelial relation Apical vacuole
hyperplasia, and inflammatory cells.
e Primary diagnostic target: Stool oocysts, using
Background histology Often subtle; variable injury

microscopic or targeted assays.

Diagnosis Stool oocysts / targeted tests



Five facts that connect the disease

Water is the common transmission source and oocysts resist chlorine.

Sporozoites attach to the brush border and occupy an apical vacuole.

Na* malabsorption, Cl~ secretion, and tight-junction defects cause watery stool.

Architecture can be minimal or show atrophy and crypt hyperplasia.

Finding stool oocysts is the textbook diagnostic foundation.



Discussion questions

Why might a chlorinated water supply still permit an outbreak?

How can an intracellular organism appear to sit above the enterocyte?

Why can diarrhea be severe when routine histology is nearly normal?

How do immune status and parasite burden change anatomic distribution?



Primary and supplementary references
Robbins, Cotran & Kumar. Pathologic Basis of Disease. 11th ed. Chapter 17, p. 726
(primary source).
CDC DPDx. Cryptosporidiosis; supplemental laboratory characterization and methods.

CDC DPDx. Diagnostic Procedures—Stool Specimens (supplemental staining context).

Native diagrams explain epithelial location; diagnostic confirmation relies on
specimen-based testing.
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