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Learning outcomes

Locate lactase within terminal digestion at the intestinal brush border.

Explain why deficient lactose hydrolysis produces osmotic diarrhea and gas.

Distinguish congenital, age-associated and postinfectious forms.

Interpret typical morphology and focused clinicopathologic differentials.




Lactase deficiency 1s a selective digestive defect

The primary lesion is inadequate enzymatic hydrolysis of dietary lactose.

Unabsorbed lactose creates symptoms despite an otherwise functional intestinal
epithelium.

The resulting diarrhea belongs to the osmotic category.

Clinical expression depends on form, remaining lactase activity and lactose exposure.

A biochemical defect can produce prominent symptoms without prominent histologic injury.




Four distinct phases of nutrient absorption

Intraluminal digestion Terminal digestion

Brush-border hydrolysis of carbohydrates and

Digestion within the intestinal lumen .
peptides

Transepithelial transport Lymphatic transport

Movement of absorbed solutes through

e e e Transport of absorbed lipids

Lactase deficiency selectively targets terminal digestion—not lymphatic lipid transport.



Terminal digestion occurs at the brush border

Brush-border hydrolases finish the breakdown of carbohydrates and peptides.

The relevant membrane is the apical surface of the small-intestinal enterocyte.

Disaccharidases act on luminal sugars before their constituent monosaccharides can be
absorbed.

Lactase is the example responsible for processing lactose.




Lactase 1s an apical brush-border enzyme

Intestinal lumen

Functional implication

LT aetase LT « The substrate remains
outside the cell until
hydrolyzed.

e The membrane enzyme
Enterocyte is the critical site of
failure.




Normal reaction: Lactose 1s hydrolyzed

Lactose in lumen

Brush-border
— —| Glucose + galactose |—
lactase

Absorbable
products

Loss of lactase interrupts the sequence before sugar uptake.




Lactose and 1ts digestion products

Before hydrolysis After hydrolysis
e Lactose is a disaccharide. e Glucose and galactose are the products.
e The intact sugar requires lactase-mediated e The reaction completes this step of
cleavage. carbohydrate digestion.
e Unhydrolyzed lactose is not absorbed in e Products are suitable for subsequent

this pathway. absorption.




With low lactase, the sequence stalls

Ingest lactose

Insufficient Lactose stays in
hydrolysis lumen

Osmotic solute
persists

The abnormality lies before absorption of the component monosaccharides.




Unhydrolyzed lactose remains within the lumen

Lactose is normally split by lactase before intestinal absorption.

If lactase activity is inadequate, a fraction of lactose cannot be absorbed.

That retained sugar is osmotically active in the intestinal contents.

The mechanism is a failure of terminal digestion rather than lipid transport.




Osmotic diarrhea follows retained luminal solute

Biochemical event Undigested lactose remains in the intestinal lumen.
]
Physical consequence Retained solute exerts an osmotic force.
{
Functional consequence Water accumulates within the bowel lumen.
]

Clinical result Increased stool water produces diarrhea.




Water accumulation explains loose, watery stools

The osmotic effect is exerted by luminal lactose, not by secretory enterotoxin.

The higher the unresolved solute burden, the greater the potential for water retention.

The watery nature of the stool follows directly from the fluid shift.

This mechanism accounts for the diarrhea after lactose-containing foods.




Mechanism from dietary exposure to diarrhea

Milk / dairy
intake

. Luminal osmotic .
—| Lactose not split [— load —>| Water retention |—

Diarrhea

Clinical symptoms occur after the substrate enters the defective digestive pathway.




Why fasting matters in diarrhea mechanisms

Osmotic diarrhea Secretory diarrhea
e Depends on the continued presence of e Represents excess fluid secretion rather
poorly absorbed luminal solutes. than substrate retention.
e Symptoms tend to abate with fasting. e Typically persists during fasting.

e Distinction is mechanistic, not merely a

e Lactase deficiency is the textbook example. .
stool description.




The clinical trigger 1s ingestion of lactose

Lactose-containing foods deliver the substrate that requires lactase.

Symptoms follow exposure rather than arising independently of dietary lactose.

The same individual may have variable symptoms according to the amount consumed.

Identifying the substrate—symptom relationship helps interpret the mechanism.




Colonic bacteria act on unabsorbed sugar

Entry to colon Some unabsorbed lactose reaches the large bowel.

Microbial activity Colonic bacteria ferment the retained carbohydrate.

!

Fermentation contributes to flatus and a sensation of

Gas formation
fullness.




Fermentation explains flatulence and fullness

The source identifies colonic fermentation of unabsorbed sugar as a cause of flatus.

Gas can contribute to abdominal fullness and distention.

These features accompany—but are not identical to—the osmotic mechanism of watery
stool.

Both effects originate from inadequate lactose hydrolysis.




One defect has two symptom-generating pathways

Small-intestinal osmotic effect Colonic fermentative effect
e Unhydrolyzed lactose persists. e Bacteria metabolize unabsorbed sugar.
e Osmotic force retains fluid in the lumen. e @Gas contributes to fullness and flatulence.

e Abdominal symptoms may be prominent

e The resulting stool is loose or watery. with limited diarrhea




Residual lactase activity modifies clinical expression

Acquired deficiency need not represent total absence of enzyme.

Available lactase activity determines how much of an ingested lactose load can be
hydrolyzed.

More residual activity can permit digestion of a greater substrate load.

Different enzyme levels help explain variation among affected individuals.




Lactose quantity modifies clinical expression

An individual's lactose exposure determines the digestive demand placed on lactase.

A modest load may remain clinically mild if residual enzyme can process most of it.

A larger intake can leave a larger unhydrolyzed fraction.

Dose sensitivity is especially relevant to acquired lactase deficiency.




Symptoms reflect the balance of enzyme and substrate

Residual lactase Lower lactose intake Higher lactose intake

Symptoms may emerge if capacity is

Relativel More | hydrolyzed
elatively greater ore lactose may be hydrolyze exceeded

A smaller load can still be incompletely

Relatively | :
elatively lower digested

Larger unabsorbed burden is more likely




A biochemical defect is not necessarily tissue injury

Functional abnormality Structural abnormality
The principal failure is enzyme activity at e The source states histology is generally
the brush border. unremarkable.
Lactose hydrolysis falls below digestive e Severe villous loss is not required for
requirements. primary lactase deficiency.

e Routine morphology may fail to display the

Osmotic consequences follow in the lumen.
defect.




Routine histology 1s generally unremarkable

The source emphasizes that the defect is biochemical.

A normal-appearing villous mucosa can coexist with impaired lactose digestion.

An unremarkable biopsy does not negate the physiology of lactose maldigestion.

This contrasts with disorders characterized by mucosal injury or villous loss.

A normal biopsy is compatible with clinically significant lactase deficiency.




Stool appearance and biopsy answer different questions

Watery stool reflects luminal fluid accumulation, not a specific tissue lesion.

A biopsy describes morphology, whereas lactase deficiency chiefly concerns function.

Symptom timing with lactose exposure provides context not available from histology
alone.

Neither stool appearance nor normal histology by itself establishes a unique cause.




Three independent causes of reduced lactase

Congenital deficiency originates from a mutation in the lactase-encoding gene.

Age-related lactase deficiency reflects progressive downregulation of enzyme expression.

Postinfectious lactase deficiency follows altered enterocyte turnover and differentiation.

Each pathway produces an insufficient capacity to hydrolyze dietary lactose.




Congenital lactase deficiency 1s autosomal recessive

The hereditary form results from mutation of the gene encoding lactase.

Inheritance is autosomal recessive rather than age-related loss of expression.

The disorder is rare but produces severe manifestations in infancy.

Its defining biochemical result is failure of lactose hydrolysis.




Milk exposure unmasks congenital disease

Lactose-containing milk enters the infant gut soon after feeding begins.

The intestinal brush border cannot adequately hydrolyze the incoming substrate.

Unabsorbed lactose immediately becomes an osmotic burden.

The timing of symptoms after milk ingestion is a major clue.




Congenital deficiency produces severe infant diarrhea

Explosive diarrhea in affected infants.

Stools are watery and frothy; Abdominal distention is prominent.

Clinical severity reflects the near-continuous dietary exposure to milk.

This presentation is qualitatively different from the often milder adult form.




The characteristic infant stool requires interpretation

Observed pattern Underlying mechanism

: e Unabsorbed lactose retains water
e Frequent severe watery diarrhea. osmotically
e Colonic processing of retained sugar
e Frothy stool appearance. contribur’)ces o gasg &
e The substrate is present repeatedly with

e Onsetin close relation to milk ingestion. .
milk feeds.




Abdominal distention 1s part of congenital disease

Abdominal distention accompanies the severe diarrhea.

Retained intestinal water and fermentation-related gas can both contribute.

The distention must be interpreted with the feeding-associated stool pattern.

The presence of distention does not imply obligatory histologic destruction.




Removing dietary lactose interrupts the mechanism

Lactose exposure
ends

No new undigested
lactose load

Osmotic burden
declines

Symptoms abate

Improvement when milk and milk products are terminated.




Congenital disease was historically dangerous

Congenital lactase deficiency was often fatal before alternative infant formulas were
available.

Severe diarrhea develops at a time when milk is a major dietary source.

The historical observation illustrates the importance of a lactose-free nutritional source.

The source specifically cites the availability of soy-based infant formula.




Infant case: Infer the failed digestive step

lllustrative case
A newborn develops marked watery, frothy diarrhea and abdominal distention after milk
feeding.

Interpret the pattern

e Which phase of nutrient absorption is most directly affected?
e Why would removal of milk improve the diarrheal mechanism?

e Why can routine mucosal histology still appear normal?

Mechanistic answer: Brush-border lactose hydrolysis is impaired.




Acquired deficiency reflects age-related regulation

The adult form results from progressive downregulation of lactase gene expression with
aging.

This decline lowers brush-border enzyme activity after childhood.

The phenomenon is common rather than an exceptional pathology in many populations.

The onset differs from severe symptoms beginning with neonatal milk exposure.




Lactase nonpersistence can be a normal variant

Robbins frames age-associated decline as so common that it may be considered a normal
variant.

Biochemical nonpersistence is not equivalent to constant clinical disease.

Clinical symptoms depend on residual enzyme and ingested lactose.

Disease expression should be separated from the underlying population trait.




Evolutionary history provides context

Historically, many humans did not ingest milk regularly after weaning.

This as a likely explanation for the common decline in lactase expression.

The interpretation concerns adaptation to habitual postweaning dietary exposure.

The source does not require a numerical evolutionary estimate to explain the pattern.




Population frequency 1s heterogeneous

Acquired lactase deficiency occurs commonly across many populations.

Greater prevalence in people of African American and Chinese descent.

The reported pattern is a population-level tendency, not an individual diagnostic criterion.

No ethnicity alone establishes the presence or severity of lactose intolerance.




Residual enzyme explains heterogeneous adult responses

The decline in gene expression is progressive rather than uniformly all-or-none.

Adult patients retain variable lactase activity.

The lactose content of each meal adds another source of variation.

Identical food exposure need not cause identical clinical manifestations in different people.




The adult symptom spectrum ranges from mild to watery diarrhea

e Mild acquired deficiency may be experienced as indigestion or abdominal fullness.

e Colonic fermentation adds flatulence after unabsorbed sugar reaches bacteria.

e More severe substrate maldigestion can produce osmotic diarrhea.

e The same biochemical defect explains this graded clinical pattern.




Congenital versus age-related deficiency

Feature

Congenital

Age-related acquired

Biological basis

Mutation in lactase-encoding gene

Reduced lactase gene expression with aging

Inheritance /
frequency

Autosomal recessive; rare

Common population trait

Onset

Milk ingestion in infancy

After progressive age-related decline

Typical severity

Severe, explosive infant diarrhea

Variable; often fullness or flatulence

Key modifier

Removal of milk exposure

Residual enzyme plus lactose dose




Enteric infections may cause temporary intolerance

Lactase deficiency can occur after viral or bacterial enteric infections.

This postinfectious form is distinct from inherited absence or age-associated regulation.

The mechanism involves changes in epithelial turnover and maturation.

The acute intolerance typically resolves when infection clears.




Infection can limit enterocyte maturation

Viral or bacterial
infection

Accelerated Reduced mature
epithelial turnover villous enterocytes

Less effective
lactose hydrolysis

A differentiation defect can accompany the disturbance in mucosal surface area.




Mucosal surface area influences lactose digestion

Postinfectious injury can limit the effective villous surface.

Reduced surface means less functional brush-border area for terminal digestion.

Accelerated turnover simultaneously limits mature enterocyte differentiation.

These mechanisms together can produce transient low lactase activity.




Postinfectious intolerance commonly resolves

The source describes acute lactose intolerance after infectious enteritis.

The condition typically improves when the microbial infection clears.

This course contrasts with a permanent congenital genetic defect.

Recovery of intestinal epithelial function explains why the enzyme deficit need not persist.




Postinfectious case: Explain new intolerance

lllustrative case
A patient who previously tolerated milk develops bloating and watery stool with dairy shortly
after infectious gastroenteritis.

Interpret the pattern

e Which acquired mechanism fits the new onset?
e How might accelerated epithelial turnover reduce digestion?

e What course does Robbins describe as typical?

Mechanistic answer: Transient loss of effective mature brush border.




Different causes converge on the same final defect

Congenital gene mutation

Age-related expression
decline

Postinfectious epithelial
turnover

|

Inadequate lactase activity

l

Unabsorbed luminal lactose




Recognizing lactose-associated symptoms

Ask whether symptoms follow ingestion of milk or other lactose-containing foods.

Look for abdominal fullness or flatulence along with watery diarrhea.

Interpret the symptom pattern in relation to amount consumed and enzyme activity.

Consider the stage of life and recent enteric infection as causal context.




History distinguishes onset patterns

Early severe symptoms with milk feeds suggest the congenital form.

Progressive adult symptoms are compatible with age-associated downregulation.

New symptoms after infectious enteritis raise the possibility of temporary deficiency.

Timing supports a mechanism but is not, by itself, a validated diagnostic test.




Symptom course tests causal plausibility

Exposure introduces lactose into a deficient digestive pathway.

Improvement with cessation of exposure is mechanistically expected.

Fasting alleviates osmotic diarrhea by withholding the offending solute.

Recurrent exposure may recreate symptoms, but response alone is not uniquely specific.




Normal vill1 do not exclude lactase deficiency

Most lactase deficiency is biochemical rather than a morphologically distinct enteropathy.

The source explicitly describes generally unremarkable intestinal histology.

A normal biopsy should not be treated as evidence of normal enzymatic activity.

The clinical and mechanistic context is essential to interpretation.




Four diarrhea mechanisms 1in the Robbins framework

Pattern Principal mechanism Fasting response / clue
Osmotic Unabsorbed solutes retain luminal water Typically abates with fasting
Secretory Continued fluid secretion Typically persists with fasting

Malabsorptive

Generalized nutrient absorption failure

Steatorrhea; often improves fasting

Exudative

Mucosal inflammation / exudation

Purulent or bloody stool; may persist




Lactase deficiency versus celiac enteropathy

Lactase deficiency Celiac disease

Primary failure: Brush-border lactose e Immune-mediated injury triggered by
hydrolysis. gluten.

e Villous atrophy and intraepithelial

Typical histology: Generally unremarkable. lymphocytes may occur.

Diet-related symptoms reflect lactose e Generalized malabsorption can accompany
exposure. injury.




Lactase deficiency versus pancreatic insufficiency

Lactase deficiency Pancreatic insufficiency

Defect of terminal digestion at brush : : : :
& e Defect of intraluminal digestion.

border.
Unhydrolyzed lactose provides an osmotic e |nadequate pancreatic digestive enzymes
load. limit nutrient breakdown.

e Steatorrhea and generalized malabsorption

Histology may be unrevealing. belong to the broader syndrome.




Lactase deficiency versus microvillus inclusion disease

Lactase deficiency Microvillus inclusion disease

: g : e Inherited defect of brush-border assembly
e Selective enzymatic digestion defect. .
and membrane trafficking.
« Histology is generally unremarkable. . iSne;/ize intractable diarrhea develops early
e Apical inclusions may be seen with

e Symptoms depend on the lactose burden. : .
ultrastructural or immunostaining methods.




Clinical reasoning pathway for lactose-associated diarrhea

Identify lactose-
linked symptoms

Determine onset
and context

Consider enzyme +
substrate balance

Distinguish broader
enteropathy

This is a teaching decision framework, not a validated diagnostic algorithm.




Adult case: Interpret variable symptom severity

lllustrative case
An adult reports fullness after a small dairy meal but flatulence and watery stool after a larger
one.

Interpret the pattern

e How do residual lactase and lactose load interact?
e Why can colonic fermentation and osmotic fluid retention coexist?

e Does variable severity require changing histologic architecture?

Interpretation: A load—capacity mismatch explains the graded symptoms.




Recovery phase case: Avoid assuming persistence

lllustrative case
Milk begins to provoke watery stool after an episode of enteritis; The symptoms diminish as the
intestinal illness resolves.

Interpret the pattern

e Why is this not necessarily age-related lactase nonpersistence?
e Which two epithelial mechanisms does Robbins cite?

e What distinguishes the expected course from congenital deficiency?

Interpretation: The postinfectious brush-border deficit may be reversible.




Interpretive pitfalls to avoid

Do not equate all watery diarrhea with lactase deficiency; Secretory and other causes
exist.

Do not infer severe mucosal injury merely from prominent symptoms.

Do not assume a normal biopsy proves normal brush-border enzyme function.

Do not treat population frequency, stool appearance or diet response as a stand-alone
diagnosis.




Integrate the pathogenesis from tissue to symptoms

Enzyme level Insufficient brush-border lactase activity.
v
Digestion level Lactose is not fully split into absorbable monosaccharides.
v

Retained carbohydrate draws water and reaches colonic

Luminal level ,
bacteria.

Clinical level Osmotic diarrhea, fullness, distention and flatulence.




Summary: Cause, mechanism, phenotype

) . Severe infant diarrhea after
Congenital Rare autosomal recessive defect ik
. L . Variable fullness, gas or
Age-associated Decline in lactase gene expression diarrhea '8

Postinfectious Turnover and immature epithelium Usually transient intolerance




Source reference

Primary textbook

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

Chapter 17, “The Gastrointestinal Tract”: lactase deficiency, p. 716; malabsorption and
diarrhea, pp. 713-714; neighboring diagnostic comparators, pp. 714-716.

Conceptual schematics, tables and clinical vignettes in this lecture are original editable teaching
material. No synthetic clinical or histologic specimen images are used.
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