
Infections of the abdominal organs. 

Christopher Whitty
Gresham College 2019



Infections of the gut and abdominal organs are some of the 
most important in history, and now. 

• Cholera, typhoid, dysentery changed 
the course of history and killed many 
millions. 

• The origins of public health, sanitation 
and epidemiology are  bound up with 
these infections.

• Infections of the gut, liver, spleen and 
kidneys urinary tract have different 
causes and outcomes. 

• There is a marked shift in the 
importance of these over time. 

John Snow, Florence Nightingale, Edwin Chadwick, Joseph Bazalgette



The gut, liver, kidneys and spleen are central to our defence 
against infections. They need to be.

• Every day in a typical high-income diet we 
eat and drink >200,000 microbes. Most 
are harmless.

• Lower-income countries now at much 
greater risk of dangerous microbes. 

• 500 to 1,000 species of bacteria live in the 
human gut, also fungi, viruses and 
parasites. More than the rest of the body.

• 1012 organisms/gram of colon contents.
• Much of this microbiome is good for us.

Feast of the Bean King. Jacob Jordaens c 1640.



As the gut is constantly under assault by dangerous microbes 
it has many layers of defence, including: 

• Smell, sight and taste. 
• Stomach acids, digestive enzymes.
• Physical barriers with rapidly turning over cells.
• Glycoproteins trap bacteria in mucus.
• Secreted antibacterial peptides (eg defensins).
• Microbial sensors in the epithelium that secrete 

factors such as AL-8, TNFa if invaded. 
• Antibodies (eg IgA).
• Specialised macrophages, T-cells. 
• The gut has to balance protection and too much 

inflammation, and it has to absorb.
Torment of St. Anthony. Michelangelo (attrib).  



1 in 9 deaths in children worldwide are caused by diarrhoea. 
Bacteria cause dangerous gut infections by several mechanisms. 

• Toxins. Cholera, much travellers 
diarrhoea (E. coli). 

• Direct invasion and inflammation.

• Damaging the ability of the gut to 
absorb. 



Cholera.

• Cholera is a toxin-mediated 
diarrhoea.

• Activates cystic fibrosis 
transmembrane conductance 
regulator (CFTR). 

• Massive release of water from the 
gut. Can be 10 to 20 litres a day.

• People die of rapid dehydration. 
• Mainly water transmitted. Water 

contaminated by human faeces. 

Cholera toxin



John Snow’s demonstration that contaminated water caused 
cholera C1854 a turning point. 

• Endemic in low levels especially 
deltas of Indian subcontinent. 

• Seven massive pandemics, first 
started 1817, 7th started 1961 
ongoing. 10s of millions killed.

• In 1854 London epidemic 
mortality rates up to 12% seen.

• Snow mapped cases onto certain 
water companies, and famously 
the Broad Street pump. 

R. Wilson augmented 
John Snow’s original 
map of 1854



Prevention and treatment of cholera.
Sewers, safe water, oral rehydration, (vaccines). 



Current cholera situation. 
War, disaster and chaos are cholera’s friends.

• Cholera affects an estimated 3–5 
million people worldwide, and 
causes 58,000–130,000 deaths.

• Down from an estimated 3 million 
deaths a year early 1980s.

• Current outbreaks include Yemen, 
Zimbabwe, recently Haiti.

• Since floods 2019 Mozambique.
• Yemen: since April 2017 >1.1M 

cases, >2,300 deaths. Children<5 
29% cases. (WHO) Cases by week, Yemen, 2017-19.



E. coli toxin diarrhoea. 

• Enterotoxigenic E. coli (ETEC) causes >250 M cases of 
diarrhoea in children <5. 

• Estimated >150,000 deaths.
• Probably >50% of travellers diarrhoea. 
• Similar to cholera toxin in effect- watery diarrhoea 

(but usually much milder and short-lived).
• Prevention globally- safe water and sanitation. 
• Prevention travellers- cook, peel, wash or leave.
• Treatment- oral rehydration solution (ORS).
• A vaccine some way off. 

E. von Muench



Some ingested bacterial toxins can case diarrhoea and 
vomiting even if the bacteria not present. 

• Staphylococcal enteritis- a toxin. 
• From skin contamination.
• Explosive diarrhoea 1-6 hours after ingesting.
• Short lived.
• Mass-produced cream-filled baked goods, 

poultry, gravies, eggs, meat salads, puddings 
and vegetables.

• Washing hands before preparation….
Wiki, OKJaguar



Bacterial infections which invade or inflame the gut wall.

• Examples Campylobacter, Shigella- gut 
invasion + toxins. Seldom in blood. 

• 24-72 hours after ingesting bacteria 
diarrhoea, sometimes bloody, +/- fever.

• Generally last < 2 weeks.
• Prevention: washing hands, cooking 

poultry. Occasionally contaminated 
water. 

• Treatment- rehydration, (antibiotics).
• Shigella human-to-human.
• Campylobacter mainly poultry. 

CDC



Salmonella food poisoning. 
Non-typhoidal salmonella.

• >1M cases pa in the USA (CDC). 
• Animals are the main reservoir. 

Chickens, turkeys, pigs, cows, many 
others.

• Recent outbreaks: cucumbers, 
chicken, eggs, pistachios, raw tuna, 
sprouts….

• Invades the gut mucosa. Role of 
toxins not clear. 

• Headache, nausea, fever diarrhoea 6-
48 hours after ingestion. 



Preventing and tackling Salmonella. 

• Keep raw and cooked meat separate.
• Wash hands after handling raw food.
• In poultry vaccination contributed to UK 

poultry industry recovery (Lion Mark eggs) 
after salmonella epidemic in 1980s.

• Superseded mass slaughter infected flocks.   
• In UK 1.6 cases per 1,000 person years 1993 -

96 to 0.2 cases 2008-9. Laboratory-confirmed 
cases dropped from >18,000 in 1993 to 459 in 
2010.

Farmers Weekly 1988, PHE



Enteric fevers- typhoid and paratyphoid.

• Salmonella typhi and S. paratyphi.
• Unlike food poisoning which almost all 

come from animals, these are exclusively 
human infections. 

• Associated with lack of water and 
sanitation. Solution….

• Invade the body, get into white cells in 
blood and bone marrow.

• Fever, headache, unwell.
• If untreated, can cause deaths. 



Typhoid is an entirely preventable disease with good sanitation. 

• In USA 100/100,000 in 1900, <1/100,000 
1960.

• Now rare in high-income settings: around 
500 cases a year UK. 

• Still common in much of Asia, and to a 
lesser extent Africa and Latin America. 

• Moderately effective vaccine. 
• If treatment started early, good outcome.
• Antibiotic resistance an increasing 

problem. 
Incidence USA 1920-1960 (CDC)



The spread of drug resistant S. typhi H58. 
(Data adapted from Wong et al Nat Gen. 2015). 



In celebration of handwashing with soap and toilets. 

Dante Gabriel Rosetti Jan Lievens



Rotavirus- the most common severe diarrhoea in infants and 
young children.  

• By age 5 most children globally infected. 
• Not as clearly sanitation related.
• Rotavirus A 90% of cases.
• In USA rotavirus caused ~2.7 million cases severe 

gastroenteritis, 60,000 hospitalisations, and 
around 37 deaths p.a. a decade ago.

• Burden of severe disease and mortality in low-
income countries.



Rotavirus oral vaccine was introduced in UK 2013. 
PHE data England & Wales 2009-2018. 



The greatest burden of rotavirus deaths are in Africa and Asia.
215 000 child deaths <5 occurred during 2013 due to rotavirus 

infection compared to 528 000 in 2000 (WHO). 

Clinical studies of first year of life:
• In Asia (Bangladesh, Vietnam) 

vaccine reduced severe rotavirus 
disease by 51%. 

• In Ghana, Kenya, Mali, vaccination 
prevented 64% of severe rotavirus 
disease.

• In South Africa and Malawi vaccine 
reduced severe rotavirus disease by 
61%.

Rotavirus 
deaths <5 
(WHO) 



Deaths from diarrhoea and enteric fever in children of all ages 
are falling rapidly almost everywhere. 

The combined effects of:
• Sanitation
• Clean water
• Soap
• Oral rehydration solution
• Less malnutrition
• (Antibiotics)
• Rotavirus vaccine

Diarrhoea deaths in children 5-14, 
India 2005-15. Fadel S et al Lancet 2019



8.6% of global deaths <5  diarrhoea, declined >30% since 2000.
Around 500,000 a year. UK <20 a year. Liu et al, Lancet 2016. 



Norovirus is highly seasonal, highly infectious. 
Hospitals, nursing homes, schools, barracks, cruise ships.



Norovirus is very easy to catch. 
Around 20% of diarrhoea in high-income countries.  

• Vomiting and diarrhoea, 
sometimes fever, headache.

• Passed person-to-person by touch 
and contact with vomit / stool.

• Persist in the environment for a 
week or more. 

• Usually lasts 2-3 days.
• People should self-isolate. 
• Soap-and-water cleans hands 

effectively; alcohol gel does not. 
CDC



Norovirus strains globally change over time, a bit like ‘flu. 
UK data GII-4 norovirus 2001-17 (PHE). No vaccine.



Giardia. Parasitic infection of the upper gut. 

• Passed on by infected food and water. 
• Common in areas with limited sanitation and hygiene.
• Up to 260 million people infected worldwide. Over 

30% of people in some countries. 
• >4000 cases a year UK. 
• Carried by some animals but humans main risk.
• Damages the villi, causes malabsorption.
• Result bulky, offensive stools, diarrhoea, wind. 
• Severe cases weight loss. 
• Easy treatment- but some drug resistance. 



Amoebic colitis. Parasitic infection of the lower gut. 

• Many amoebae can live in the gut. Most are harmless. 
• Very common in areas with limited hygiene and 

sanitation.
• Entamoeba histolytica can invade the lower gut lining. 

Up to 50 million infected, <10% disease.
• Usually starts at the bottom of the gut- starts with 

small amounts of often bloody diarrhoea. 
• If not treated can cause colon perforation.
• Treatment highly effective if early. 



Gut helminths (worms) passed on by faeco-oral route.

Infections of poor sanitation, and 
therefore poverty.
• Ascaris (roundworm). Around 1 

billion people infected. Up to 40% 
of children in some areas. 

• Trichuris (whipworm). Around 700 
million infected.

• Solution- sanitation, handwashing.
• Easy to treat. CDC



Soil-based human helminths acquired through skin. 

• Human faeces to soil/sand where 
people walk. 

• Warm, humid conditions ideal.
• Hookworm. Still one of the commonest 

cause of anaemia worldwide.
• One of the earliest targets for 

elimination in USA early 20th C.
• Strongyloides- the only helminth which 

can complete its lifecycle in humans. 
• Solution- sanitation and shoes. 



Gut helminths are infections of poverty. 
South Korean data- prevalence over time v GNP/capita. 



One worm has found a way around normal hygiene. 

• Enterobius vermicularis (pinworm, 
threadworm).

• Lays eggs around anus. Very itchy.
• Uses the natural urge to scratch an 

itch.
• And of children to touch one another.
• And parents to show affection to 

children.

Mary Cassett c1890



Beef and pork tapeworm.

• Cycle human faeces eaten by cow/pig. 
• Undercooked measly meat eaten by humans.
• Beef tapeworm can grow up to 20m and live 

up to 25 years.
• Both beef and pork tapeworm largely 

harmless. 
• Cysticercosis- from the pork tapeworm egg. 

• Solution: sanitation, cook (or freeze) meat. 

Andreas Lederer



We are what we eat… if you eat it undercooked.

Some examples:
• Dancing shrimps
• Drunken crabs
• Snake
• Wild boar
• Bear meat
• Giant land snails
• Giant eels
• Many fish

Wiki, Vietnamtravelblog



The liver has over 500 functions, including fighting infection.  

• Involved in digestion, energy 
storage, toxin elimination, 
hormones, protein synthesis. 

• Blood from the gut flows through it.
• Highly immunologically active. 
• Inflammation- viral and bacterial 

hepatitis.
• Abscess.
• Parasites. 



Faeco-oral viral hepatitis. Hepatitis A and E.

• Cause inflammation of the liver.
• Jaundice, occasional liver failure. 
• Most people make a full recovery. 
• Hepatitis A very common. 1.4 million 

symptomatic cases a year of over 100M.
• Food, water, person-to-person.  
• Rare in high-income settings except in 

high-risk groups. 
• There is a highly effective vaccine. 



Hepatitis E. 

• Hepatitis E rarer than A (28M p.a.), but 
more dangerous. Around 1% mortality.

• Especially dangerous to pregnant 
women (up to 20% mortality). 

• Food and water (depends on type).
• Can have foodborne outbreaks. 
• 4 genotypes. 2 are zoonotic. 
• Genotype 2 Mexico & West Africa; 

Genotype 4 China, Japan, Taiwan.
• Chinese vaccine, not yet widely 

available outside China. 
CDC



Hepatitis B and C- bloodborne and sexual.

• Hepatitis B common, easy to catch. 
• WHO estimates over 250 million.
• Vertical transmission mother-to-child.
• Horizontal transmission between 

children. Most infection is before 5 y.
• Sexual / IVDU transmission in adults.
• A small proportion get acute hepatitis.
• Chronic infection, especially in children 

can go on to cause cirrhosis and liver 
cancer. 

• There is a highly effective vaccine. Hepatitis B. WHO



Hepatitis C.

• Different epidemiology from Hep B.
• Great majority acquired in adults, mainly 

unsafe medical practice and IVDU.
• >1.5M new cases a year (WHO).
• No vaccine. Different genotypes.
• In the last 10 years several highly 

effective oral drugs.
• Up to 90% cure rate.
• But difficult-to-reach groups. 



Deaths from hepatitis, by type and over time. (WHO) 



Several other infections can cause hepatitis. 

• It is usually self-limiting, and seldom 
the major cause of illness.

• Viruses include HIV, CMV, EBV, 
influenza.

• Bacteria include brucellosis from 
unpasteurised milk products.

• Disseminated (miliary) tuberculosis. 



Bacterial liver abscess.

• Abscesses can occasionally occur 
in the liver, as other organs.

• Usually from gut bacteria.
• Can suggest a gut inflammation, 

cancer or other damage to the 
gut defences.

• Usually in older people (>60).
• Treatment is drain the pus and 

antibiotics.

Courtesy Dr Laughlin Dawes, Radiopaedia



Amoebic liver abscess.

• Common in areas where 
amoebic infections common.

• Therefore generally in low-
income settings with limited 
sanitation.

• High fever, patient looks well. 
• Usually easily treated with a 

short course of oral drugs.

Courtesy Dr Ahmed Abdrabou, Radiopaedia



Hydatid cysts in the liver.
Hydatid a dog-sheep cycle, humans accidental host.

WHO / Dr. Mohammad Taghi Niknejad, Radiopaedia. 



Specialist flukes of the liver. 

• Asian liver flukes C. sinensis and O. viverrini.
• Human-snail-fish cycle. Eating undercooked fish.
• Lives in bile ducts. Can cause liver and bile duct cancer. 
• Schistosomiasis of the liver. Africa and (rarely) Asia.
• Human-snail cycle. Caught by swimming, bathing. 
• Can cause severe fibrosis of the liver. 
• Fasciola from sheep, cattle. Worldwide- European. 
• Animal-snail-plant cycle. Humans eat or chew plants.
• Abdominal pain the most common symptom. 



The spleen- a part of our defence against infection.

• Protects against encapsulated 
bacteria- pneumococcus, H. influenzae 
(Hib), meningococcus.

• Risk 10-20x higher.
• If spleen removed need vaccines, +/-

antibiotics. 
• Important in removing malaria 

parasites from blood.
• Protects against rare tick-borne blood 

parasite babesia.

Liver, spleen, kidneys- Leonardo da Vinci. 
Malaria, Babesia. CDC.



The spleen can also be a hiding place for infections.

• Melioidosis: very dangerous 
bacterial infection, especially in 
SE Asia.

• Causes spleen micro-abscesses.

• Leishmaniasis. A parasite passed 
on by sandflies.  

• White blood cells. 
• Can cause a massive spleen. 



Infections of the urinary tract and kidneys. 

• Urinary tract infections (UTIs) are 
usually caused by self-infection with 
gut bacteria, mainly E. coli.

• In all UTIs are more common in 
females than males after 3 months.

• This is mainly due to a shorter 
urethra (from bladder to outside).

• In childhood early treatment 
prevents kidney scarring. 

• Recent changes to UK guidelines 
have reduced this scarring. Kwok W-Y et al. Dutch data. 



In younger adults the main aim is to prevent, or treat, kidney 
infection (pyelonephritis). 

• Less than 3% of cystitis or bacteriuria 
progress to pyelonephritis.

• Fever, flank pain. Mainly in women.
• Needs to be treated promptly to avoid 

kidney damage. 
• Usually easily treated if no obstruction.
• Among  young  healthy  women, specific   

clones of E. coli cause >90% of cases.
• Antibiotic resistance a significant threat.
• Diabetes, pregnancy increase risks. 

Howard et al 1922



Urinary tract infections and the elderly.

• Commonest bacterial infection in those >65. Over 
10 years around 20% will have at least 1 infection.

• A wider range of bacteria, although E. coli still 
around 50%.

• Higher risk of converting to sepsis as we age.
• UK bloodstream E. coli infections rising. 22% 

increase 2013-17.  
• Sepsis has significant mortality- which also 

increases with age.
• UTI also associated with delirium.
• Data 2004-14 from males in UK: incidence / 100 

person years. Ahmed et al PlosOne 2018. 

65-74

75-84

85+



Over- and under-treatment in older patients.

• GP’s are caught in a difficult bind in 
those >65 years presenting with UTI.

• Over-treatment with antibiotics is 
associated with drug resistance.

• No treatment or delayed treatment is 
associated with increased sepsis and 
mortality.

• Of 312,896 >65y presenting to GP with a 
UTI, 5.4% for no antibiotics, 2.8% for 
deferred antibiotics, 1.6%  immediate 
antibiotics died. Gharbi et al 2019 BMJ



There has been a generational transformation in infections of 
the abdominal organs.

• Diseases of the abdominal organs let to much of our 
understanding of infectious disease.

• The diarrhoeal diseases of limited sanitation and water 
which dominated medicine are going.

• Most parasitic diseases of the gut and liver are on their 
way out.

• Hepatitis remains a serious issue but we now have 
tools to tackle it.

• Infectious diseases of ageing rather than poverty 
increasingly important. 

• There is a global shift from infectious diseases of the 
gut, liver and spleen to those of the urinary tract.
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