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Diarrhea
- very common

> 1 billion individuals one or more episodes of acute diarrhea each year
- in developing countries: acute infectious diarrhea is the most common cause 

of mortality, particularly among children (2-3 millions of deaths per year)
- second most common disease worldwide (after upper respiratory illnesses)

<5 years 2-3 illnesses per child per year, developing countries: 10-18
1 billion cases per year

- heterogeneous causes
- infectious (90% of acute diarrhea)
- noninfectious (cancer, systemic disorder, thyroid disease, medication, toxic ingestion)



Diarrhea
- Diarrhea is a syndrome: 

- passage of abnormally liquid or unformed stools at an increased frequency (loose definition)
- typical Western diet: weight > 200g/d
- 3 or more loose or watery stools per day
- definite decrease in consistency and increase in frequency based upon individual baseline
- acute < 2 weeks, persistent 2-4 weeks, chronic > 4 weeks

- distinguish patient complaining about “diarrhea”
- pseudodiarrhea: frequent passage of small volumes of stool
- rectal urgency
- fecal incontinence



Infectious Diarrhea
- acute infection occurs when the ingested agent overwhelms the host`s 

mucosal immune and nonimmune defense 
- epithelium
- peristalsis
- mucus secretion
- gastric acid
- digestive enzymes
- suppressive resident flora

- source  of pathogens
- infected person
- animals
- environment, water, food



Normal Fecal Microflora
- normal fecal microflora > 500 taxonomically distinct species

- Bacteroides spp.
- Fusobacterium spp.
- Streptococcus faecalis
- E. coli
- Lactobacillus
- Staphylococcus aureus
- Clostridium spp.
- Bifidobacteria
- Eubacteria
- Enterobacteria
- Klebsiella spp.
- Streptococci
- Pseudomonas



Infectious Diarrhea
- risk-groups persons (developed world):

- travelers to endemic regions: 
- Latin America, Africa, Asia

“travelers diarrhea”
enterotoxigenic or enteroaggregative E. coli, Campylobacter, Shigella, Aeromonas, 
norovirus, Coronavirus, Salmonella

- Russia: Giardia, Nepal: Cyclospora, cruise-ships: Norwalk virus
- consumers of certain foods:

- picnic, banquet, restaurants: Salmonella, Campylobacter, Shigella (chicken), 
enterohemorrhagic E.coli (hamburger), Bacillus cereus (rice), Staphylococcus aureus, 
Salmonella (mayonnaise, creams, eggs), Vibrio spp., Salmonella, Hepatitis A (seafood, 
esp. raw)



Infectious Diarrhea
- risk-groups persons (developed world):

- immunodeficient persons
- more severe and protracted diarrheal illness
- opportunistic infections

- Mycobacterium species
- cytomegalovirus, adenovirus, herpes simplex virus
- protozoa: Cryptosporidium, Isospora belli, Microsporidia, Blastocystis hominis

- daycare attendees and their family members
- Shigella, Giardia, Cryptosporidium, rotavirus

- institutionalized persons
- nosocomial infections
- Clostridium difficile



Pathophysiology
- pathogenic mechanisms

- adherence
- adhere to GIT mucosa with specific cell surface proteins (bacteria - intestinal cells)
- e.g. Vibrio cholerae adhere to brush border of small-intestine enterocytes

Enterotoxigenic, Enteropathogenic, Enterohemorrhagic E.coli
- toxin production

- enterotoxins leads to watery diarrhea by acting directly on secretory mechanisms
(cholera toxin, enterotoxigenic E.coli)

- cytotoxins causes destruction of mucosal cells and inflammation
(Shigella dysenteriae, Vibrio parahaemolyticus, Clostridium difficile, E.coli)

- neurotoxins acts on peripheral and central nervous system
(Bacillus cereus, Staphylococci)

- invasion



Pathophysiology
- pathogenic mechanisms

- adherence
- toxin production
- invasion

- bacterial invasion and destruction of intestinal mucosal cells, intraepithelial multiplication, 
spread to adjacent cells

- Shigella, enteroinvasive E.coli, Yersinia enterocolitica

- increased water content of the stool
- dehydration and loss of potassium (hypokalemia)



Pathophysiology
- specific clinical features due to pathomechanisms of infectious diarrhea:

- profuse watery diarrhea: small bowel hypersecretion 
- pre-formed toxins: Bacillus cereus, Staphylococcus aureus, Clostridium perfringens
- enterotoxin-producing bacterias: Vibrio cholerae, E.coli, Klebsiella pneumoniae, 

Aeromonas spp.
- enteroadherent pathogens: E.coli, Giardia, cryptosporidiosis, helminths

+/- vomiting, minimal/no fever, short incubation period
- cytotoxin-producing and invasive pathogens

- high fever and abdominal pain; invasive + bloody diarrhea; dysentery or inflammatory 
diarrhea

- cytotoxin-producing: Clostridium difficile, Hemorrhagic E.coli
- invasive: Rotavirus, Norwalk, Salmonella, Campylobacter, Aeromonas Vibrio 

parahaemolyticus, Yersinia, Shigella, Enteroinvasive E.coli, Entamoeba histolytica



Pathophysiology
- systemic manifestations

- Reiter's syndrome: arthritis, urethritis, conjunctivitis
- Salmonella, Campylobacter, Shigella, Yersinia

- Yersiniosis may lead to autoimmune thyroiditis, pericarditis, glomerulonephritis
- enterohemorrhagic E.coli and Shigella may lead to hemolytic-uremic syndrome

- acute diarrhea can be a major symptom of systemic infection
- viral hepatitis
- listeriosis
- legionellosis
- toxic shock syndrome



Clinical features
- the most common bacterial pathogens

- Salmonella
- Campylobacter
- Escherichia coli
- Yersinia enterocolitica
- Shigella
- Clostridium difficile

- the most common viral pathogens
- Rotavirus
- Norovirus and Calicivirus
- Astrovirus
- Enteric Adenovirus



Campylobacter
- Campylobacter species (C. jejuni, C. coli, C. fetus, C. upsaliensis)

- Gram-negative, motile, S-shaped, microaerophilic organisms
- zoonoses: poultry, cattle, sheep, pigs and also domestic pets are reservoirs
- improper handling of poorly cooked meat; unpasteurized dairy; water
- travelers to developing countries are risk group
- terminal ileum, jejunum, colon; enterotoxin, cytotoxin production
- from asymptomatic infections - fever - abdominal cramps - diarrhea - with/without blood
- generally self-limiting; possible relapse with chronic diarrhea

- macrolides, tetracycline, chinolones
- possible extra-intestinal manifestation including bacteremia, reactive arthritis



Salmonella
- Gram-negative, rod-shaped, motile, Enterobacteriaceae, facultative anaerobes, 

intracellular pathogens
- problematic nomenclature: two species: S. enterica, S. bongori (only reptiles)
- Salmonella enterica with 6 subspecies - mainly subspecies I, with serotypes (2500)

- serotype Typhi: Typhoid fever
- serotypes Enteritidis and Typhimurium are the most common pathogens of acute diarrhea

- Enteritidis serotype (nontyphoidal serotypes)
- animals and animal foods is source of infection; chicken, eggs
- acute diarrhea with fever and abdominal cramps, lasting in  average 1 week, self-limiting
- rare bacteremia and extraintestinal manifestation; in immunocompromised esp.

- Typhoid fever (serotype Typhi, Paratyphi A, B, C)
- life threatening sepsis, rarely observed in developed world
- human is the only reservoir; direct contact, contaminated water, food



Salmonella
- pathogenesis

- mucosal invasion
- lamina propria migration
- proliferation in lymphatic follicles
- mucosal inflammation, secretory diarrhea

- extraintestinal manifestation
- cholecystitis
- endokarditis
- meningitis
- osteomyelitis

- treatment
- usually self-limiting (nontyphoidal serotypes)
- quinolones, cephalosporins 3rd. generation, macrolides (resistance in Asia) in risk groups and 

septic course



Escherichia coli
- Gram-negative, rod-shaped, Enterobacteriaceae, facultative anaerobes
- common normal flora of  GIT of healthy people (harmless strains)

- limited number of strains responsible for acute diarrhea and extraintestinal infections
- Shiga-toxin-producing E.coli (STEC) = Enterohemorrhagic E.coli (EHEC)
- Enterotoxigenic E. coli (ETEC)
- Enteropathogenic E. coli (EPEC)
- Enteroaggregative E. coli (EAEC)
- Enteroinvasive E. coli (EIEC)



Escherichia coli
- EHEC most frequently associated with acute diarrhea in developed countries

- Shiga toxin production (cytotoxins)
- mild, bloody/nonbloody acute diarrhea; beef meat, raw milk, water, vegetables, person-person
- Hemolytic-Uremic syndrome 

- ETEC frequent cause of in developing countries, travelers diarrhea
- enterotoxins production
- mild watery diarrhea and abdominal cramps, without vomiting and fever

- EPEC severe infantile diarrhea in developing countries
- adherence factor
- fever, vomiting, prolonged course; malabsorption, weight loss, growth retardation - children

- EIEC
- mimicking Shigellosis

- EAEC
- mild non-bloody diarrhea, mild abdominal pain, mild fever



Shigella
- Gram-negative, rod-shaped, non-motile, Enterobacteriaceae

- S. dysenteriae, S. flexneri, S. boydii, S. sonnei
- causes disease in primates, but not in other mammals

- direct contact, contaminated water and food
- mainly in developing countries; in developed countries imported cases

- invasion to mucosa of terminal ileum and colon 
- not beyond lamina propria; causes inflammation and ulceration

- clinical course: bacillary dysentery
- acute, bloody diarrhea; scant stools containing mucus, pus, blood
- colonic and rectal ulcerations, not beyond lamina propria
- fever, severe abdominal cramps
- possible development of HUS
- rare cases of sepsis; toxic megacolon

- antibiotic treatment in severe cases



Vibrio
- Vibrio cholerae: etiologic agent of cholera

Gram-negative, curved-rod-shaped, motile, facultative anaerobic bacteria
- more than 70 other Vibrio spp.: traumatic, extraintestinal infections, diarrhea
- primarily aquatic inhabitant: in freshwater rivers, lakes; coast and sea

environment, plankton, seafood - bivalves, crabs, shrimp, prawns
- 3 subgroups: O1, O139, non-O1

- O1: virulent factors, attachment to epithelium, enterotoxin excretion
- historical pandemics of cholera (since 1816)

- most patients are asymptomatic or self-limiting diarrhea (>75%)
- severe diarrhea “rice water stool”, dehydration, muscle cramps, anuria, hypovolemia

- non-O1: no enterotoxin production; mild watery diarrhea;
- more extraintestinal infections: sepsis



Yersinia
- Gram-negative, coccobacilli, facultative anaerobe

- Y. pestis - plague
- Y. enterocolitica and Y. pseudotuberculosis - GIT infection

- primarily environment organism, GIT of numerous animals (swine, dogs, rodents)
- increased growth in cold climate (North Europe, North USA)

- gastroenteritis due to contaminated water or food consumption
- mainly poorly cooked swine meat
- self-limiting diarrhea, terminal ileitis, mesenteric LAP mimicking appendicitis
- uncommonly sepsis (thalassemia, liver disease, cancer comorbidity, steroids)
- reactive arthritis (HLA B27 association, immunocompromised) incl. spine and iliosacral joints



Shigella - Salmonella - Campylobacter - review
incubat. 
period

clinical 
course

diarrhea vomiting abdom. 
cramps

fever

Shigella 1d - 4d 2d - 3d +++
bloody

- ++ ++

Salmonella 6h - 2d 2d - 7d ++
w/b

++ +/- +

Campylobacter 2d - 11d 3d - 3w +++
w/b

- ++ ++

preformed toxins 1h-8h +++
watery

+++ + -

Vibrio cholerae, ETEC 8h - 3d +++
watery

++ + -

Clostridium diff., EHEC 1d - 3d -/+ +++ +



Viral enteritis
- Rotaviruses

- severe acute diarrhea 2-3 days, dehydration, anorexia, fever, vomiting
- subclinical infection in adults; possible source: zoonosis; nosocomial outbreaks; seasonal
- childhood deaths in developing countries

- Norovirus (Caliciviridae: Norovirus and Sapovirus)
- highly contagious, resists in the environment: surfaces, water, food
- outbreaks in daycare centers, institutions, cruise schips; esp. children

- Astrovirus
- acute diarrhea in children; hospital outbreaks; no specific symptoms

- Adenovirus
- only few serotypes responsible for acute diarrhea
- high prevalence in children <4 years, longer duration (4-10 days) then other viral diarrheas



Diagnosis
- direct diagnosis

- fresh stool
- rectal swab
- detection of C.difficile toxins
- rapid agglutination-based detection tests: rotavirus, adenovirus, C.diff. toxins
- multiplex PCR assays (bacterias, viruses, parasites)

- microbiology lab
- direct microscopy (motile bacterias: Vibrio, Salmonella; parasites)
- stool / rectal swab culture

- biochemical identification of serotypes (antigen serotyping) esp. Salmonella
- blood culture (typhoid fever, non-Typhi Salmonella bacteremia)



Management
- clinical evaluation

- risk factors, comorbidities
- dehydration

- rapid diagnostic tools
- treatment

- rehydratation, ions
- oral
- intravenous

- symptomatic treatment
- antibiotic treatment

- absence of antiviral treatment
- most episodes are self-limiting
- fluoroquinolones, azithromycin 



Noninfectious and Chronic Diarrhea
- side effects from medication

- antibiotics
- antidysrhythmics, antihypertensives
- NSAIDs
- antidepressants
- antacids, laxatives

- ischemic colitis
- diverticulitis
- intoxications (organophosphates, amanita, arsenic)
- inflammatory bowel diseases
- colon cancer, radiation colitis
- malabsorption, enzyme deficiencies, chronic pancreatitis, cystic fibrosis
- hyperthyroidism, diabetes mellitus, hypoparathyroidism, Addison's disease, NET



Infectious Chronic Diarrhea
- gastrointestinal protozoans and helminths
- Whipple's disease
- Clostridium difficile
- small intestine bacterial overgrowth

- usual bacterial pathogens (Salmonella, Yersinia, Campylobacter,...)
- in immunocompromised people

- Mycobacterium tuberculosis, Mycobacterium avium-intracelulare
- HIV

- CMV, HSV
- HIV, severely immunocompromised

- Histoplasmosis



Whipple's Disease
- Tropheryma whipplei

- humans only, oro-oral, oro-fecal transmission
- only predispone person's (immune)
- arthralgias, arthritis
- chronic diarrhea, weight loss
- neurological and cardiovascular manifestation

- hypothalamic, myoclonus, uveitis, endocarditis, myocarditis,
- pleural effusion



Parasitic Causes
- Giardiasis

- mainly asymptomatic/watery diarrhea/malabsorption/abdominal pain
- travelers diarrhea from developing countries; outbreaks in childrens

- Cryptosporidiosis
- watery diarrhea/malabsorption/asymptomatic

- Amebiasis (Entamoeba histolytica, E. dispar)
- asymptomatic/bloody diarrhea, dysentery

- Helminths
- Strongyloides stercoralis

- watery diarrhea/malabsorption
- Trichuris trichiura

- bloody diarrhea/dysentery



Non-infective Food Poisoning
- ingestion of preformed toxins

- Staphylococcus aureus, Bacillus cereus
- vomiting dominates, <24h

- mushrooms
- seafood
- heavy metal poisoning



Clostridium difficile
- Clostridium spp.: 100 species

- Gram-positive, rod-shaped, obligate anaerobe, endospores
- ubiquitously: soil, water, mammalian GIT as commensal flora
- all diseases are caused by toxins (toxin A, toxin B)

- ingestion of spores, highly resistant (survive years)
- germinate in bowel - vegetative state - colonize mucosa

- facilitated by prior disruption the resident flora, usually by antibiotic treatment

- exotoxin production
- disruption of mucosa, cytotoxins, cell necrosis, fluid secretion, massive influx of neutrophils
- forming of crypt abscesses, which may coalesce into pseudomembranes, plaques of pus
- mainly in the colon; sometimes ileitis (after colectomy)



Clostridium difficile
- clinical course

- asymptomatic carriage
- mild, self-limiting diarrhea

- fever and bloody diarrhea uncommon
- fulminate colitis with a systemic inflammatory response

- complication: ileus, toxic megacolon, septic shock, colonic perforation
- relapses (20%), prolonged course (weeks)

- diagnosis
- detection of toxins in feces, cytotoxicity assay, culturing
- rapid enzyme-immunoassays of toxins

- most-common hospital-acquired infection (USA, EU)
- main RF: prior antibiotic use (3 months, 1 month maximum risk)



Clostridium difficile
- treatment

- stopping the antibiotics
- antibacterial therapy

- oral metronidazole, oral vancomycin, teicoplanin, glycopeptides
- collateral damage of normal GIT flora - predisponig to reocurence

- probiotics, donor feces “transplantation”, non-toxigenic C.difficile strains
- surgery (toxic megacolon, ileus, perforation), flushing with vankomycin

- prevention
- hand washing (soap and water rather than alcohol rubs), 
- sporicidal decontamination
- isolation
- antibiotic use



The End
Thank You.


