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Rotavirus GastroenteritisRotavirus GastroenteritisRotavirus GastroenteritisRotavirus Gastroenteritis                                        
Stephen is a 15-month-old boy who has been brought to the local district hospital in a small country town 

suffering from diarrhoea and vomiting.  

History of Presenting Illness          
- Fever 
- Vomiting 
- Diarrhoea 
- Fever 
- Abdominal pain 
- Abdominal cramps 
- RUNNY NOSE 

- DEHYDRATION 
Classification of dehydration  

Description of dehydration  Dehydration  
(% of body weight)  
 

 
Signs and symptoms  

Very mild 3% Reduced urine output  
Thirst  
No clinical signs  

Mild 5% Reduced urine output  
Thirst  
Dry mucous membranes  
Mild tachycardia  

Moderate 7-8% Dry mucous membranes  
Lethargy  
Tachycardia  
Reduced skin turgor  
Sunken fontanelle  
Sunken eyes  

Severe 10% or more Above signs  
Poor perfusion  
Shock  

 

Differential Diagnoses            
Appendicitis, Acute  
Diabetic Ketoacidosis  
Foreign Bodies, Gastrointestinal  
Gastritis and Peptic Ulcer Disease  
Giardiasis  
Hepatitis  
Inflammatory Bowel Disease  
Pediatrics, Pyloric Stenosis  
Amoeba infection  
 

Parasitic infection 
Malrotation 
Intussusception 
Volvulus 
Soy allergy 
Food poisoning 

Lactose intolerance 
Diverticulum 
Cystic fibrosis

    Chronology of Food Poisoning    

The incubation period is approximately 2 days.  
vomiting diarrhea for 3 - 8 days, fever and abdominal pain.  

Immunity after infection is incomplete,  
but repeat infections tend to be less severe  

ROTAVIRUS = commonest diarrhoea in 3month to 2 years  

transmission can occur through  
ingestion of contaminated water or food 
and contact with contaminated surfaces 

 ALSO ASK ABOUT:  

- TRAVEL 
- Exposure� UNSANITARY CONDITIONS 

- IMMUNISATIONS 
-  

Poutry, eggs 
meat, fish, 
milk 

Poultry, milk 

Rice, cereals 

Handled food 

MEAT 

Preserved food 

Salmonella 

Vibrio Cholerae 

Clostridium perfringens 

Campylobacter 

Bacillus Cereus 

Staph. Aureus 

Clostridium Botulinum 

Drinking water 

There are 2 types of bacterial enteritis 
 ENTEROTOXIC and ENTEROINVASIVE 
 Enterotoxic is shorter and with more stool. 
There are no white blood cells and no fever. 
 Enteroinvasive takes longer and has lots 
of fever and white blood cells in the stool 

 

!! VERY IMPORTANT!! 
Ask about 

ANTIBIOTICS and  
FOOD in the last 48 hrs 

Pulse rate is more sensitive than BP in dehydration! 

ACUTE WEIGHT LOSS 
Is the best indicator of the 
DEGREE of DEHYDRATION 

Why might it be something else? 
- bilious vomiting  
- severe abdominal pain  
- localising signs in the 

abdomen (surgical)  
- vomiting blood 

(haematemesis)  
- fever greater than 39 ° C 

(other sepsis) 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



Findings on EXAMINATION:          
• Vital signs – 

 Weight and weight loss, pulse, temperature, and blood pressure  
• General  

 Activity level, lethargy, listlessness, thirst, active vomiting or diarrhea 
• Head, ears, eyes nose, and throat (HEENT) –  

Sunken or flat anterior fontanelle, sunken eyes, tears, and moisture of oropharynx 

• Cardiac - Tachycardia, pulse quality, extremity mottling, and extremity coolness 

• Abdomen - Distention, quality of bowel sounds, tenderness, rebound, guarding, suprapubic 
tenderness, and organomegaly 

• Back - Flank pain, costovertebral angle tenderness 

• Rectal/stool - Bloody, watery, presence of mucous, and color 

• Extremities - Color, mottling, and pulse quality 

• Neurological - Alertness, strength 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MORE THAN 1 
week of gastro? 

!! INFESTATION !! 
���� check for  
- OVA 
- PARASITES 
- PROTOZOA 

 



Tests and Investigations          
FBC 
Looking for anaemia of blood loss 
Looking for high WBC count 
Blood culture 
Looking for bacteremia (? SEPSIS ?) 
Urinalysis+Urine culture 
Kids UTIs can present as anything 
Stool microscopy  
Ova, protozoa, parasites,  

Stool antigens 
!! THIS IS YOUR ROTAVIRUS TEST !! 
Stool culture 
What you grow is not necessarily what 
is causing the infection 
(could grow any damn thing) 
but use many media, may get lucky 
Serum biochemistry 
Looking for objective measurement of 
dehydration: serum BUN is best  
PCR 
Looking for viral envelope proteins 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 



Management            
They are either going to die from SEPSIS or DEHYDRATION: So fix these first! 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
Epidemiology           

Three to five billion cases of acute diarrhea occur yearly  
= the leading cause of death in many underdeveloped countries.  

Internationally, mortality rate is 5-10 million deaths each year. 
Mortality is greater among the very young and very old 

Approximately 30-50% of visitors to developing countries will develop, and perhaps return with, diarrhea.  
In the United States, 210,000 pediatric hospitalizations occur yearly with as many as 10,000 deaths. 

 
 
 

Education regarding HYGIENE is necessary  
 

Remember  
to supplement potassium when replaceing 
intravenous fluids rapidly  
 

Oral rehydration solution (ORS)  
for mild to moderate dehydration  
Better tolerated if given frequently in small amounts  
MAY NEED TO GIVE THROUGH THE NOSE. 
Idea is to stimulate the glucose/sodium co-
transporter, and thus reduce the fluid of the stool 
  

Diluted sweet drinks  
used in non dehydrated children with mild symptoms.  
IF POSSIBLE, AVOID THESE! 
 

Intravenous fluid therapy  
MODERATE DEHYDRATION with oral intolerance 
OR SEVERE DEHYDRATION + SHOCK! 

Shocked children should initially be 
given a bolus of fluid.  

CAREFULLY MONITOR ELECTROLYTES: 
Don’t want embarassing arrhythmias etc… 
 

DIET 

Food should not be withheld for more than 24 hours as 
starvation/malnutrition exacerbates gut damage.  

  

MEDICATIONS: 
You do NOT want to use antimotility 
antisecretory or antiemetic drugs in children!! 
          YOU  WILL KILL MANY OF THEM IF YOU DO 
 

NO ANTIBIOTICS unless septicemic 
     or giardia, parasites 

  
Prevention of gastroenteritis : 
Promotion of breast feeding  
Simple hygiene (hand washing!)  
Food hygiene (animal flesh is a common source of 
infection)  
Vaccination (in the near future).  
In the developing world poor water supply, sanitation 
and food hygiene are key factors contributing to 
diarrhoeal disease.  



Mechanism of diarrhoea        7.09 
     = a mechanism for flushing the gut 

CAUSES: in any individual case there are multiple causes of diarrhoea; 

- abnormal digestion/absorption of water electrolytes and nutrients;  
- excessive secretion of fluid and electrolytes;  
- disordered intestinal transit.  

= defined as increased frequency and fluidity of stools. 
 

 Abnormal digestion and absorption (particularly of carbohydrate)  

gross disruption of normal small intestinal architecture.  
Examples = invasive bacterial infections such as  
Salmonella,  
Shigella,  
Yersinia  
…and some helminths. 

 @  level of the small intestinal brush border.  
Examples = bacterial infections and Giardia lamblia infestations.  

 
Rotavirus:  invades mature enterocytes and causes them to desquamate.  

� In response, crypt cells (which are not infected by virus) proliferate and cover the 
injured villus but fail to differentiate normally. (This response helps defend against viral 
invasion).  
Thus the villus is covered with immature cells which lack the normal brush border 
enzymes such as lactase and the glucose coupled Na transporter (SGLT1).  
This mechanism is a defect in epithelial renewal. Diarrhoea results from failure to 
digest and absorb small molecular weight solute such as carbohdyrate and osmotic 
diarrhoea develops.  

 

Abnormal secretion  

- can be induced by bacterial toxins secreted in the lumen.  
Examples include  
heat lablie toxin of Cholera  
heat stable toxin of Enterotoxigenic Escherichia coli . 
 These toxins stimulate chloride secretion from enterocytes by  

a) altering cell regulation events in enterocytes and  
b) modulating enteric nerves and enteroendocrine cells which have a role in modulating secretion. 

- Intestinal secretion can be stimulated by immunocytes in the mucosa/lamina propria.  
 
- Alteration of the electrolyte balance:  

Rotavirus :produces  capsid protein which stimulates enterocyte secretion by altering intracellular calcium levels 
 

- Mast cell degranulation (intestinal anaphylaxis) induces profuse secretion and is a major mechanism for the expulsion 
of helminths.  

- Polymorphonuclear phagocytes (main phagocyte in the gut) are important in clearing bacteria.  
They release inflammatory mediators such as arachidonic acid metabolites, tumour necrosis factor and 5 ' -AMP which  
can induce secretion.  

- fibroblasts, endothelial cells, lymphocytes and macrophages produce secretagogues.  
- Some products of maldigestion can stimulate colonic secretion.  

Unabsorbed fat is fermented to dihydroxy fatty acids by colonic bacteria. While these compounds can induce 
secretion in the colon, steatorrhoea is not usually a problem in infectious gastroenteritis.  

 

Rapid intestinal transit reduces contact time for the absorption of water and nutrients and can contribute to 

diarrhoea. Inflammatory mediators discussed above can alter intestinal motility. Intestinal anaphylaxis during worm expulsion 
causes gross disturbances of motor activity-rapidly migrating high pressure peristaltic waves which move aborally propelling 
all contents distally. Local inflammation causes the release of mediators which directly affect smooth muscle, and 
modulate local neural circuits which are involved in coordinated motor activity of the gut. This is observed in rotavirus 
gastroenteritis, invasive organisms ( Salmonella, Shigella, Yersinia ) and Clostridium difficile.  
 

Altered motility contributes to the abdominal pain frequently associated with gastroenteritis.  
 
A well coordinated response by the intestine is designed to expell a noxious infection from the lumen. This may involve 
coordinated fluid secretion, altered transit to expell the invader and in some infections altered epithelial renewal to prevent 
efficient invasion or attachment. Tissue destruction by inflammation is collateral damage but the resultant osmotic diarrhoea 
also aids in expulsion of infection. Multiple mechanism contribute to the symptoms in an individual infection.  

 
 
 

The mechanisms described herein equally apply to chronic causes of diarrhoea such as 
food allergy, coeliac disease and chronic inflammatory bowel disease. 



CAUSES OF DIARRHOEA        7.09 
!! KNOW YOUR STOOL !! …is it 

WATERY 
FATTY or 
BLOODY? 

 

Watery: must be osmotic or secretory. 
OSMOTIC:= can be caused by malabsorption (or excessive ingestion) of osmotically active 

substances such as carbohydrate. This is called osmotic diarrhoea and can result from inherited disorders 
of carbohydrate digestion (eg lactase or sucrase isolmaltase deficiency) or absorption (eg deficiency of 
glucose/Na cotransporter SGLT1). 

 Osmotic diarrhoea can be caused by diseases that damage the small intestinal mucosa.  
Viral gastroenteritis is an example of mucosal damage which causes osmotic diarrhoea. S 
ome bacterial ( Salmonella, Shigella ) and parasitic ( Giardia lamblia, Cryptosporidiosis ) infections 

also damage the small intestinal mucosa. Examination of the stool in a child with osmotic diarrhoea 
reveals an osmolality greater than the sum of the stool electrolytes (measured OSM> [Na + K] x 2), 
usually by more than 50mOsms.  

 
Mucosal damage is common in regions where malnutrition is endemic and this is usually due to small bowel 
bacterial contamination (tropical enteropathy), infestation with parasites and pathogenic bacteria and the 
damage can be exacerbated by nutritional deficiencies such as zinc and vitamin A deficiency. 

SECRETORY:Watery diarrhoea can also be caused by disorders that cause excessive 

secretion. Some inherited disorders of electrolyte transport cause this but the problem is most commonly 
acquired (usually infection). The prototype disease is Cholera , an infection which colonises the small 
intestine and elaborates a toxin which stimulates fluid and electrolyte secretion via activation of 
electrogenic chloride secretion, a group of transporters present in intestinal epithelium. 

 This is mediated by enterocyte cAMP, though recently a major component of cholera induced 
secretion was found to be mediated via mucosal nerves and enteroendocrine cells.  

A similar mechanism exists for enterotoxigenic Escherichia coli (a common cause of 
travellers diarrhoea). Excessive intestinal secretion may coexist with damage to the epithelium and can be 
mediated by such factors as intestinal inflammation (eg bacterial gastroenteritis) or intestinal anaphylaxis 
from mast cell degranulation (occurs during parasite expulsion or food allergy).  

Secretory diarrhoea can also be caused by lumenal factors such as  
- deconjugated bile salts,  
- free fatty acids (steatorrhoea)  
- or drugs,  
- endogenous factors such as hormones or neurotransmitters.  
 

In a secretory diarrhoea eg Cholera, measured stool Osmolality =[Na + K] x2 ie there is no osmotic gap.  
 

Some pathogens infect food and release toxins into the food an example is Staphylococcus. When ingested the toxins 
stimulate secretion and alter intestinal motor function causing vomiting and diarrhoea. Symptoms develop within hours.  
 

FATTY: Steatorrhoea is characterised by excessive fat in the stool.  

- Colonic bacteria breakdown the fat to dihydroxy fatty acids  
- which stimulate enterocyte secretion in the colon  
- contributing to increased stool volume.  

Steatorrhoea can be caused by 
- inadequate bile salt concentration, 
- reduced pancreatic lipase secretion eg cystic fibrosis,  
- damage to the mucosal surface eg coeliac disease, 
- abnormal chylomicron formation (abeta lipoproteinaemia)  
- blocked intestinal lymphatics (intestinal lymphangectasia).  

Steatorrhoea does not usually occur in infections of the gastrointestinal tract, but may occur in the setting of severe 
malnutrition as the latter causes pancreatic insufficiency and may coexist with tropical enteropathy syndrome.  
 

Bloody stools and or excessive white cells (seen easily by microscopy of fresh stool) in the stool indicates colonic 

inflammation. This most commonly occurs in bacterial infections of the gastrointestinal tract (the commonest in children are 
Campylobacter jejuni, Salmonella species, Yersinia enterocolitica, Shigella species, Escherichia coli and in some helminth 
infections such as Strongylides stercoralis). Other causes of bloody diarrhoea are food allergies (particularly in infants), some 
viral infections (Cytomegalovirus) in immunosuppressed individuals and chronic inflammatory bowel disease. Occassionally 
patients with rectal inflammation complain of frequency of stooling without a large increase in stool volume.  
It is infrequent that a single mechanism of diarrhoea production can account for the symptoms. Diarrhoea usually results from 
a complex interplay of many pathophysiological factors. 
 
 
 



INFECTIOUS DIARRHOEA        7.09 
AGENTS ARE TRANSMITTED VIA FOOD, WATER, 
 FAECO-ORALLY and RESPIRATORY 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 INCREASED SUSCEPTIBILITY: 

Non-specific immune defects (eg. Achlorhydria ) increase susceptibility to enteropathogens.  
Specific immune defects eg Acquired Immunodeficiency Syndrome (AIDS) increase susceptiblity to diarrhoea  

caused by microbes which are ordinarily benign eg Mycobacterium avium/intracellular and Microsporidia. 
Certain populations are more susceptible to some diarrhoeaogenic infections eg neonates (Enteropathogenic 
Escherichia coli (EPEC)) (Clostridium difficile ( C.difficile ) infection) and after antibiotic therapy.  

 
Diarrhoea with certain microbes may be complicated by an inapparent septicaemia which can become clinically important in 
blood transfusion recipients (cold-multiplying organisms like Yersinia enterocolitica) and pregnant women (Listeria 
monocytogenes). 
 

 In infants and the elderly Salmonella species causing diarrhoea often cross into the bloodstream. (This 

needs to be distinguished from the enteric fevers [ typhoid and paratyphoid ] caused by Salmonella typhi and paratyphi A & B).  
 
Septicaemia following diarrhoea is commoner in immunosuppression. Enterohaemorrhagic escherichia coli (EHEC) 
strains cause dysentery followed by a toxin mediated renal failure (Haemolytic Uraemic Syndrome).  
 
Most infectious diarrhoea causes little inconvenience and even severe disease eg cholera is effectively treated with oral 

rehydration. (Antibiotic therapy is actually harmful in uncomplicated Salmonella diarrhoea).  
 
Laboratory diagnostic methods concentrate on 

• identifying pathogens in prolonged diarrhoea for which there is specific, antimicrobial treatment (eg Campylobacter 
jejuni) and  

• identifing pathogens where a public health intervention may limit epidemic spread (Salmonella and Shigella species).  
 
In Australia faecal specimens are inspected using direct microscopy looking for parasites (eg Giardia lamblia , Entamoeba 
histolytica), added to Selenite enrichment broth for Shigella and Salmonella species and plated onto media selective for 
various bacterial species. This routine varies according to the clinical data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

USUALLY  

NO IDENTIFIABLE CAUSE!! 
Most common: 

~ ROTAVIRUS ~ 
~ NORWALK VIRUS ~ 

~ Campylobacter jejuni ~ 
With the exception of rota- and 

adenoviruses for which immune assays 

are available, identifying viral agent of 

diarrhoea requires electron microscopy 

Microbiology is confused: often people carry 

known diarrhoeal pathogens without symptoms. 

Rules of thumb: 
- ham ( S.aureus ),  
- rice ( B.cereus ), 
- undercooked eggs (Salmonella species) 
- chicken (Salmonella species, Campylobacter jejuni )  

 

Gastroenteritis= Vomiting +/- Diarrhoea +/- Abdo pain 

Don’t just give antibiotics !! may actually do harm 
most diarrhoea can be treated with just oral rehydration 



MANAGEMENT OF DEHYDRATION     7.09 
  Calculation  Fluid type  

A  If Shocked  20 ml / kg over 10 - 20 mins  
NOT to be included in subsequent calculations  
 

N (Normal) saline or 
Hartmanns 

B  Correction of 
dehydration  

Weight (kg) x % dehydration (up to 5%) x 10 given 
over 24 hrs 

N/2 saline + 2.5% 
glucose 

C  Continuing losses  Estimated volume of loss e.g. diarrhoea or vomiting Depends on Na content 
of loss  
N/2 saline + 2.5% 
glucose  

D  Maintenance  Weight (kg) x ml/kg depending on age N/4 Saline + 3/75% 
glucose or  
N/2 saline + 2.5% 
glucose  

TOTAL VOLUME = B + C + D given over 24 hours  

 

Dehydration and fluid requirements in childhood   7.09 

Children, especially infants, are at higher risk of 
dehydration than adults, because  

- high basal fluid requirements relative to weight,  
- inability to gain access to fluids when thirsty,  
- higher surface area to body weight ratio, leading to higher insensible water losses.  

Dehydration can arise because of:  
a) abnormal fluid losses (eg diarrhoea, vomiting, polyuria, burns skin losses),  
b) poor fluid intake,  
c) increased fluid requirements (eg fever, sepsis) 
d) combinations of these.  

In childhood, the most common cause of dehydration is gastroenteritis  
 

Maintenance fluid requirements :. Fluid requirements decrease with increasing age  

beginning at about 120 - 140mls/kg in the first 9 months of life  
decreasing to about 50-60 mls/kg/day by age 12 years.  

 
Factors modifying fluid requirements  

• Extra needed :  
fever, hyperventilation, high ambient temperature, extreme activity, abnormal fluid losses  

 

• Less needed : 
 hypothermia, very high humidity, oliguria or anuria, extreme inactivity, fluid retention (eg cardiac failure)  



 

LARGE BOWEL FUNCTION        7.09 
Key points  

• Fluid and electrolyte secretion is a component of "host defense" and contributes to diarrhoea.  

9L of fluid enters the gastrointestinal tract of a normal adult per day.  
2L ingested  
7L endogenous fluid and electrolyte secretion 
(salivary; gastric secretions, bile, pancreatic and small intestinal secretion). 
 1.5 L enters the colon and 0.1-0.2 exits as stool.  
 
Diarrhoea occurs when stool volume increases by as little as 0.1L. 
 

 

 
 
 

MAINTENANCE OF BOWEL CONTINENCE     7.09 
BOWEL: two sphincters,  
internal (smooth muscle)   sacral parasympathetics 
and external (striated)  pudendal nerve somatomotor 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Continence reflex 
Rectum fills = its wall is stretched; 
THUS: reflex relaxation of internal sphincter,  

(via enteric NS in wall of rectum) 
        Reflex CONTRACTION of external sphincter 
        Reflex CONTRACTION of the wall of the rectum  
 (via visceral afferents running through the  

pelvic splanchnic nerve) 
THIS LASTS A FEW SECONDS;  
then the tension on the rectal wall is released and the 
internal sphincter contracts again. 
The actual maintenance of the external sphincter 
tone is done by voluntary corticospinal  neurons 
 
 

Defaecation reflex 

���� !! Triggered by VOLUNTARY EFFORT !!  
visceral afferents from the rectal wall stretch 
receptors trigger a reflex arc: 
� CONTRACTION of descending and sigmoid  

colon and rectum 
� RELAXATION of the external AND internal  

sphincters 

BUT: THAT ALONE AINT GOIN TO DO IT 
Also requires increase in intra-abdominal 
pressure 
THUS: one must VOLUNTARILY 
� CONTRACT the abdominal muscles 
� CONTRACT the diaphragm 
so… sympathetic nerves do very little in 
defaecation 

What happens in NEURO DYSFUNCTION? 
DESTRUCTION OF THE SACRAL CORD = ABOLITION OF DEFAECATION REFLEX 
…destruction of the SC anywhere else will mean that the sacral and enteric components will still work- BUT not any of 
the voluntary abdo-pressure-raising components.  
THUS: need to MANUALLY COMPRESS THE ABDOMEN and even open the sphincter 

Maximal voluntary contraction of the anal sphincter can 
only be maintained for about 1 minute.  
You may wish to try this for yourself. 



 
 
 
The length of the anal canal  
- : The average length of the high pressure zone in the anal canal is about 4 cm in adults. 
The anorectal angle    
- This is the angle between the axis of the anal canal and the rectum.  
- It may play a role in maintenance of continence at times when the intra-abdominal pressure is increased, such as when 

sneezing.  
Rectal compliance  
- Normally, the rectum is able to accommodate by distension in response to a faecal bolus.  
- Loss of compliance will lead to incontinence (eg. radiation proctitis) 
Anal canal sensation  
- Anal canal is richly innervated and is able to accurately determine the nature of the rectal content. 
- If the nerve supply of the anal canal is damaged, for example after childbirth or surgery, the ability to distinguish between 

solid stool, liquid stool and flatus is lost. 
Stool consistency and frequency  
- Reducing stool frequency and improving consistency can be very effective in the treatment of some forms of incontinence. 

 
 
 
 

PROTEIN-ENERGY MALNUTRITION:  
Marasmus  

- child is very wasted, 
- lost almost all the subcutaneous fat  
- lost a lot of muscle.  
- The protein loss is mostly from skeletal muscle.  
- Marasmus  = child ' s weight less than 60% of the WHO standard for age  

Kwashiorkor 
- has oedema,  
- characteristic pigmented scaly skin lesions, 
- changed hair colour, 
- is miserable  
- won ' t eat.  
- Internally there is fatty liver and hypoalbuminaemia. 
- The protein depletion is visceral (liver and gut) rather than somatic 
- the liver fails to produce albumin and low density lipoproteins.  

 

Mechanism of superimposed Giardia Lamblia  and rotavirus infection 
 
 
 
 
 
 
 
 
 
 

Kwashiorkor is less common than marasmus 

Faeco-oral transmission 

Enter the virus: @ VILLUS TIPS: Encodes NSP4 enterotoxin 

VOMITING 

DESTRUCTION of villus tip cells 
� VILLUS DESQUAMATION 

CRYPT CELLS proliferate and 
cover the injured villi:  
 

Atrophied villus is covered 

in immature epithelium 

Antigen presented by 
APCs,  
TH1 cells         TH2 cells  
 

CD8 cytotoxic  
immunity 

B cell 
immunity 

Interferon secreted: 
Hence, 
 ANTIVIRAL STATE 

Villus cells 
cannot mature 

Cytokines 
induce 
FEVER 

IgA, IgG 
= lysis of 

 viral particles 
� 
CLEARANCE by 
the 7th day 

Increased secretion  
(change in Ca++ levels) 

GIARDIA 
CYSTS 

INGESTED Last for months in 
contaminated water 

ENCYSTMENT 

BINARY DIVISON 

Trophozoites 
EX-CYST 

Attachment to villous surface: 
Mainly proximal, but generally  
all over the small intestine 
via VENTRAL SUCTION DISK 

Villus flattens, brush borderis 
lost � sucrase, maltas, etc 
and … LACTASE IS LOST !! 


