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MODULE 1: TYPHOID 

EPIDEMIOLOGY



LEARNING OBJECTIVES

In this module, you will:

1. Learn the basics of typhoid epidemiology

2. Identify populations most at risk for typhoid

3. Recognize global disease trends and learn about 

existing knowledge gaps
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INTRODUCTION TO ENTERIC FEVER

ÅEnteric fever collectively refers to typhoid and paratyphoid fevers

ÅTyphoid fever is a systemic infection caused by the bacteria 

Salmonella enterica serovar Typhi (S. Typhi)

ÅWaterborne or foodborne transmission

Å Fecal-oral route of infection

Å Bacteria lives only in humans 

ÅParatyphoid fever is caused by the bacteria Salmonella enterica

serovar Paratyphi A/B/C

Å Paratyphoid is less common and typically less severe than 

typhoid

Å Typhoid can be prevented through access to clean water, 

improved sanitation and hygiene infrastructure, and vaccines
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INCIDENCE OF TYPHOID

ÅApproximately 12 million cases per year 

ÅMultiple unreported subclinical and mild infections occur for 

each clinical case

ÅMore than 128,000 deaths per year 

Å 1-4% case fatality with treatment

Å 10-20% case fatality without treatment 

Å Complications arise in 10-15% of untreated patients

Å Intestinal perforation, hemorrhage of the intestine and septic 

shock

Å These estimates are limited by the lack of reliable surveillance 

data
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GEOGRAPHIC DISTRIBUTION OF TYPHOID
ÅMainly restricted to low- and middle-income countries

Å Highest incidence is found in Southeast Asia and Indian 

subcontinent

Å Pakistan + India + Bangladesh = 85% of the worldôs 

cases 

Å Also prevalent in Africa, although substantial knowledge 

gaps exist

Å Recent findings reveal incidence in some areas may be 

high as in Asia 

ÅOceania has high incidence of typhoid except in high-income 

countries such as Australia and New Zealand

ÅMost typhoid cases in high-income countries occur among 

travelers returning from endemic countries

11/7/2018
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MAP OF GEOGRAPHIC DISTRIBUTION
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SUSCEPTIBILITY AND TRENDS

ÅAge: Children suffer the highest incidence of typhoid

Å Study conducted in Indonesia, India and Pakistan found 

annual incidence of 180-494/100,000 of blood-culture 

confirmed cases among children 5-15 years old

Å In Pakistan, children 2-4 years old had an incidence of 

405/100,000, and children less than 2 years of age had an 

incidence of 443/100,000

ÅIncome: Associated with low socioeconomic status 

ÅLocation: High incidence documented in overcrowded areas with 

poor access to improved water and sanitation 

Å Examples: Urban slums, refugee camps

8

Ochiai, R. L., Acosta, C. J., Danovaro-Holliday, M. C., Baiqing, D., Bhattacharya, S. K., Agtini, M. D., é Domi Typhoid Study 

Group, the D. T. S. (2008). A study of typhoid fever in five Asian countries: disease burden and implications for controls. 

Bulletin of the World Health Organization, 86(4), 260ï8. http://doi.org/10.2471/blt.06.039818

Owais A, Sultana S, Zaman U, Rizvi A, Zaidi AKM. Incidence of Typhoid Bacteremia in Infants and Young Children in 

Southern Coastal Pakistan. The Pediatric infectious disease journal. 2010;29(11):1035-1039.

http://doi.org/10.2471/blt.06.039818


COSTS OF TYPHOID
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Direct Indirect

Medical Expenses Lost Income/Productivity

Å Physician fees

Å Diagnostic tests

Å Hospitalization

Å Emergency room

ÅMedication

ÅPatientôs lost income

ÅCaretakerôs lost income

Å Interrupted education

Å Long-term morbidity

Å Time lost from patientôs 

other beneficial activities

ÅTime lost from caretakerôs 

other beneficial activities

Non-Medical Expenses

Å Transportation

Å Food & beverages to aid 

treatment

Å Lodging and meals for 

caretaker



SNAPSHOT: TYPHOID IN INDIA

ÅEndemic in India, typhoid carries substantial morbidity and 

mortality in both pediatric and adult populations

Å Incidence estimate: 340 cases per 100,000 in children 

aged 2-5; 493 cases per 100,000 in children aged 5-15; 

120 cases per 100,000 in adults older than 15

Å Factors increasing the risk for typhoid:

Å 77 million people do not have access to safe water and 

769 million people lack improved sanitation

Å Estimated slum population of 158.42 million people

Å 67% of households do not treat their drinking water

ÅTyphoid cases in India peak from July to October during the 

rainy season when the chance of water contamination is high 
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SNAPSHOT: TYPHOID OUTBREAK IN UGANDA

ÅOutbreak in Kampala from February-June 2015 

ÅMain source: contaminated water and juice

Å 26% of patients consumed water and ~50% drank local 

passion-fruit juice from busy taxi park area

ÅMost patients were men between 20-39 years old

Å Almost all worked in the market at the taxi park 

Å 10,230 suspected cases 

ÅMinistry of Health launched communications campaign to 

encourage the public to avoid drinking water and juice from local 

markets and treat their drinking water at home 
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KNOWLEDGE GAPS

Å There are gaps in our knowledge of the global distribution of 

typhoid due to:

Å Lack of resources: Facilities in endemic settings often do 

not have the capability for diagnostic tests

Å Lack of reliable diagnostics: The diagnostic tests 

commonly used are not highly accurate

Å Lack of reporting: Inadequate surveillance systems in 

place

ÅMore data are needed to help governments prioritize health 

care resources and enact cost-effective means of reducing the 

burden of typhoid
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TYPHOID AND SUSTAINABLE 

DEVELOPMENT
Å Typhoid is linked to socioeconomic inequity and stands as an 

obstacle to ending poverty

Å Typhoid control is important to reaching multiple Sustainable 

Development Goals, including:

ÅGoal 3: Ensure healthy lives and promote well-being for 

all at all-ages

ÅGoal 6: Ensure availability and sustainable management 

of water and sanitation for all

ÅGoal 10: Reduce inequality within and among countries

Å An estimated 1.8 billion people use a source of drinking 

water that is contaminated with fecal matter, putting them at 

risk of contracting typhoid fever 

13



MODULE 1 KEY MESSAGES

1. Typhoid is a preventable bacterial infection spread through 

contaminated food and water, impacting millions of people in 

low- and middle-income countries

2. Typhoid is estimated to be most prevalent in school-age 

children, people of low socioeconomic status and those 

living in high-density areas, such as urban slums

3. Lack of resources, including diagnostic tools and 

surveillance networks, makes it difficult to know the real 

disease burden

4. Typhoid is an obstacle to sustainable development and 

reducing inequality
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MODULE 2: 

TRANSMISSION AND 

PATHOGENESIS 



LEARNING OBJECTIVES

In this module, you will:

1. Learn how typhoid is transmitted

2.Identify typhoidôs pathogenic route

3. Learn about the risk factors that lead to the 

transmission of typhoid

4. Learn about possible complications that can 

occur from typhoid infection
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TRANSMISSION OF TYPHOID

ÅS. Typhi is a human-restricted pathogen, meaning it can only 

survive long-term in the human body

ÅS. Typhi can survive outside the human body for days in 

groundwater, pond water or seawater

ÅS. Typhi is transmitted by ingestion of food or water 

contaminated with human feces containing typhoid bacteria 

(oral-fecal route)

ÅLarge outbreaks are most often caused by:

Å Contaminated local water sources

Å Contaminated food sold by vendors 



RISK FACTORS FOR TRANSMISSION

Å Drinking from a contaminated water supply

Å Consuming drinks or food from street vendors

Å Consuming raw fruit and vegetables fertilized with sewage

Å History of contact with typhoid patients

Å Washing hands without soap

Å Preparing food with unwashed hands

Å Living in inadequate housing without improved sanitation

Å Consuming shellfish grown in contaminated water

Å Consuming food washed with unclean water

11/7/2018
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SOURCES OF INFECTION

11/7/2018
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Primary Sources

Direct contact with the 

bacteria

Secondary Sources

Contact with items contaminated 

with the bacteria

ÅFeces

ÅUrine (rare)

ÅDirect contact with infected 

person (rare) 

ÅContaminated food

ÅContaminated water



SNAPSHOT: OUTBREAK IN PAKISTAN
ÅOctober 2004: More than 300 people contracted typhoid in Nek 

Muhammed village, resulting in 3 fatalities

Å Village water source: 1 well

Å 100% of laboratory samples confirmed that S. Typhi was 

present in the well water

Å High amounts of contaminants (fecal matter, garbage) 

found in the well

Å 72% of household water samples tested positive for S.

Typhi 

Å Drinking water was determined to be the source of the typhoid 

fever outbreak

Å Food samples did not show association with the outbreak 
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INFECTION PROCESS

Infection process of typhoid begins with ingesting S. Typhi bacteria: 

22

1
ÅBacteria invade the small intestine and penetrate the mucosal epithelium into the 

underlying lymphoid tissue

2
ÅMacrophages ingest the bacteria but are unable to kill them

3
ÅMacrophages carry bacteria to nearby lymph nodes or to reticuloendothelial cells of liver 

and spleen

4 ÅBacteria survive and multiply within the reticuloendothelial system 

5
ÅBacteria enter the bloodstream through the lymph nodes

6
ÅClinical symptoms begin to develop

7
ÅBacteria invade liver, spleen, bone marrow and gallbladder

8
ÅBacteria pass into intestines and can be identified in stool samples



FACTORS THAT IMPACT INFECTION

Å Amount of bacteria ingested (inocula): The greater the 

inocula, the more severe the infection

ÅMethod of ingestion: Infections caused by foodborne or 

waterborne transmissions can present differently

Å Foodborne transmission is associated with large inocula

and high attack rates over short periods

ÅWaterborne transmission is associated with small inocula

11/7/2018
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INCUBATION PERIOD

ÅTime between becoming infected and developing symptoms is 

typically 1-3 weeks

Å Can be shorter or longer depending on the amount of 

bacteria ingested 

Å Ranges from 3-60 days

Å The onset of typhoid is gradual with increasing fever and 

fatigue and eventual onset of symptoms such as headache, 

abdominal pain and malaise 
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PERIOD OF COMMUNICABILITY

ÅTyphoid can be transmitted from the first week of illness until 

after symptoms have ceased and the infected person has 

stopped shedding bacteria in his/her feces

ÅTreatment can shorten the period of communicability

Å About 10% of untreated typhoid patients will continue to 

be infectious for 3 months 

ÅAfter treatment, 1-5% of people who recover from typhoid 

fever continue to harbor S. Typhi bacteria in their intestinal 

tracts or gallbladders

Å Carriers have an indefinite period of communicability 
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TYPHOID CARRIERS

Å Carriers no longer exhibit symptoms of typhoid, but are 

capable of infecting others 

Å These carriers can harbor the bacteria for years and shed the 

bacteria in their feces

ÅGallbladder removal can stop carriers from continuing to 

shed the bacteria 

Å 4 weeks of oral antibiotic therapy will successfully treat 

90% of carriers 



SNAPSHOT: TYPHOID MARY

ÅMary Mallon was hired in 1906 to cook for the Warren family

Å 6 of the 11 Warren house residents contracted typhoid

Å A sanitary engineer was hired to investigate the source of 

the bacteria

Å Discovered that 7 families Mallon previously cooked for 

reported cases of typhoid 

ÅMallon became known as the ñfirst healthy carrierò of 

typhoid 

ÅMallon was apprehended and isolated for a combined 26 

years 

Å After her death, her gallbladder was found to contain S. 

Typhi
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TYPHOID COMPLICATIONS

Å Immediate treatment of typhoid reduces the risk of complications

28

ÅGastrointestinal bleeding and 

perforation

ÅHepatitis

ÅPsychosis

ÅMeningitis

ÅCholecystitis

ÅMyocarditis

ÅHemodynamic shock

ÅEncephalopathy 

ÅPneumonia

ÅThrombocytopenia

ÅRenal impairment

Å Complications after typhoid infection are uncommon and mostly 

occur after the fourth week of illness

Å Complications include:



INTESTINAL PERFORATIONS

Å The most severe complication of typhoid

Å A hole develops in the ileum of the small intestine or bowel 

causing leakage into abdominal cavity

Å Also known as ileal perforation

Å Life-threatening, can lead to sepsis

Å Requires immediate medical attention 

Å Surgery is often needed to mend the tears and/or to resect 

a portion of the intestines

Å Thought to develop in 1-3% of typhoid cases
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SNAPSHOT: INTESTINAL PERFORATIONS 

IN UGANDA
Å Dec 2007-June 2009: Hospitals in Kasese District received 

many patients with a febrile illness

Å High number of intestinal perforations indicated typhoid 
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SNAPSHOT: INTESTINAL PERFORATIONS 

IN UGANDA

Å Surveillance networks documented 577 suspected cases, 

289 hospitalizations, 249 intestinal perforations and 47 

deaths

Å 43% had intestinal perforation (normal rate 1-3%)

Å Large number of perforations attributed to underreporting of 

milder typhoid symptoms and lack of proper medical attention

Å Limited local microbiological capacity (equipment, supplies 

and trained personnel) led to diagnostic difficulties and delays 

in confirming the disease

ÅOnly 1 hospital in the area had microbiological culture 

capacity 
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MODULE 2 KEY MESSAGES

1. Typhoid is a human-restricted pathogen

2. Typhoid is transmitted via fecal-oral route and begins with 

ingestion of the S. Typhi bacteria, which invades the bowel

3. The incubation period is affected by the method of ingestion 

and quantity of bacteria ingested

4. Typhoid is transmissible until the bacteria is no longer shed 

through stool

5. Complications can occur from typhoid, with the most severe 

being intestinal perforation
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MODULE 3: DIAGNOSTICS 



LEARNING OBJECTIVES

In this module, you will:

1. Learn about symptoms associated with typhoid

2. Learn the definitions of suspected case, confirmed 

case and chronic carrier of typhoid

3. Learn about the different diagnostic processes for 

typhoid
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SYMPTOMS OF TYPHOID

Å Symptoms often develop after typhoid enters the blood stream 

and may be used to suggest the diagnosis of typhoid 

Å Symptoms include:

36

Å Fever

Å Abdominal pain

Å Headaches

Å Poor appetite

ÅGeneralized aches and pains

Å Lethargy

Å Diarrhea

Å Rose spots on the chest, 

abdomen, or back 

ÅFever, abdominal pain and headache form the ñtyphoid triadò of 

symptoms

ÅNonspecific symptoms of typhoid make laboratory diagnosis 

necessary to confirm the case and ensure appropriate 

antimicrobial treatment 
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TYPHOID CASE DEFINITIONS

Å Suspected Case: A patient with a fever that has lasted at 

least 3 days in absence of a laboratory-confirmed result

Å Confirmed Case: A patient with a fever that has lasted at 

least 3 days with a laboratory-confirmed bacterial culture of S. 

Typhi from a normally sterile site (e.g. blood or bone marrow 

culture)

Å Chronic Carrier: A patient that excretes S. Typhi in stool or 

urine for at least 1 year after an episode of typhoid infection



LABORATORY DIAGNOSIS

Clinical samples suitable for culture of S. Typhi:

Cultures Sensitivity Details

Bone Marrow >80% ÅUncomfortable, invasive and impractical

ÅSensitivity remains high up to 5 days after starting 

antibiotic treatment

Blood 40%-60% ÅSensitivity increases with greater volumes of blood

ÅSensitivity decreases greatly over time (by third 

week of illness, blood culture sensitivity is at 50%)

Å100% specificity

Stool <50% ÅCan be tested months following the illness to test for 

carriage

ÅSensitivity increases with duration of illness

Urine <50%

Rose Spot

Punch Biopsy

~63% ÅMay be positive even after antibiotics
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BLOOD CULTURE

ÅMost widely used method to diagnose typhoid

Å Blood should be collected before antibiotic usage to properly 

isolate the bacteria

Å The number of bacteria present in the sample can 

decrease with antibiotic usage, making it more difficult to 

isolate

Å Different volumes of blood are needed from children and adults 

for a culture diagnosis

Å 2-4 mL collected from toddlers and preschool children 

Å 10-15 mL collected from schoolchildren and adults 

Å Difficult to undertake in low-resource settings due to lack of 

required materials and few testing laboratories 
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OTHER DIAGNOSTIC TESTS
Antibody-Based Assays

ÅWidal, Tubex and Typhidot tests detect antibodies produced by 

the body in response to typhoid exposure 

ÅLevels of antibodies in an area differ due to environmental 

factors

Å Healthy populations in highly endemic areas have higher 

levels of antibodies than healthy populations in a non-

endemic area, so diagnostic cutoffs vary by region 

ÅWidal, Tubex and Typhidot tests have low sensitivity and 

specificity in endemic areas

ÅNew serologic tests are under development, but further 

research is needed

Polymerase Chain Reaction (PCR)

ÅBased on the DNA replication process

ÅCan be performed using blood or urine samples

ÅCurrently for research use only
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MODULE 3 KEY MESSAGES

1. Typhoid has symptoms similar to other febrile illnesses, 

which can lead to misdiagnosis and delay in treatment

2. Laboratory diagnosis, normally by blood culture, is 

necessary to confirm a case of typhoid fever

3. New serologic tests are under development, but further 

research is needed
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LEARNING OBJECTIVES

In this module, you will:

1. Learn how typhoid is treated 

2. Learn about the impact of antibiotic resistance on 

typhoid treatment

3. Observe trends in antibiotic resistance

4. Understand solutions for the threat of antibiotic 

resistance



TYPICAL COURSEOF  TYPHOID TREATMENT

ÅOptimal management depends on early diagnosis and 

prompt, appropriate antibiotic treatment 

Å 90% of cases can be managed at home with oral 

antibiotics, bedrest and close medical follow-up 

Å 10-20% of untreated patients will die 

ÅGeneral management of typhoid can include: 

ÅOral or intravenous hydration 

Å Fever reducing medicine (antipyretics)

Å Appropriate nutrition

Å Hand-washing and limited contact with susceptible 

individuals

Å Regular follow-up and monitoring for complications or 

relapse 
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ANTIBIOTIC TREATMENT

Å Antibiotic treatment varies depending on: 

Å Severity

Å Age

Å Antibiotic resistance

ÅGeneral state of health

ÅGrowing resistance to many first-line antibiotics is leading to 

increased use of other antibiotics that may be:

ÅMore expensive

Å Less effective

Å Associated with more severe side effects

Å Associated with higher rate of relapse
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MANAGING TYPHOID COMPLICATIONS
ÅTyphoid complications range from mild to severe. Intestinal 

hemorrhage and perforation are some of the most severe 

complications

ÅIntestinal hemorrhage

Å Intensive care and monitoring 

Å Blood transfusion

Å Intestinal perforations

Å Majority of perforations require surgery

Å A small portion of the bowel may be cut out if the perforation 

is very severe

Å Mortality rates for patients with perforations vary between 

10-32% 

Å Chronic carriers can usually be treated with antibiotics, though 

gallbladder removal may be required 
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RELAPSE

Å 5-20% of patients experience a relapse in typhoid after 

treatment

Å Higher for patients with antibiotic-resistant typhoid

ÅMore likely to occur when a patient has poor access to 

care and receives inadequate treatment 

Å Relapse can generally occur 3-4 weeks after a clinical cure

Å Illness is typically milder and is treated in the same way as 

initial infections 
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ANTIBIOTIC RESISTANCE

Å Antibiotic resistance happens when bacteria mutates and is 

able to resist the effect of antibiotics

Å Can occur naturally, but misuse of antibiotics in humans and 

animals is accelerating the process

Å >50% of the time antibiotics are not optimally prescribed, 

not needed, or of the incorrect dosing or duration

Å Antibiotics are available over-the-counter in many 

developing countries  

ÅMulti-drug resistant strains of typhoid originating in Southern 

Asia and spreading to Sub-Saharan Africa are a threat to the 

effective treatment of typhoid 

Å The first known outbreak of extensively drug resistant 

(XDR) typhoid began in Pakistan in 2016
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FIGHTING RESISTANT TYPHOID

ÅWidespread resistance in 1980s and 1990s to the most common 

antibiotics (ampicillin, co-trimoxazole, chloramphenicol)

Å Resulted in use of fluoroquinolones and cephalosporins

Å Resistance to fluoroquinolones is spreading rapidly, and 

resistance to cephalosporins has been reported 

Å Combinations of antibiotics are being assessed for affordable 

options to combat AMR typhoid 

Å Improved laboratory capacity is needed to determine the drug 

susceptibility of typhoid cases

Å Determining the resistance will help to provide effective 

treatments and reduce the use of antibiotics that may be 

ineffective
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ANTIBIOTIC RESISTANCE TIMELINE
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Andrews JR, Qamar FN, Charles RC, Ryan ET. Extensively Drug-Resistant TyphoidðAre Conjugate Vaccines Arriving Just in 

Time?. New England Journal of Medicine. 2018 Oct 18;379(16):1493-5.

Å This figure illustrates the history of antibiotic efficacy studies 

and the emergence of antimicrobial resistance in Salmonella 

Typhi. 



H58 TYPHOID STRAIN

Å A multi-drug resistant (MDR) strain that has emerged over the 

past 20 years

ÅMDR strains are resistant to ampicillin, co-trimoxazole

and chloramphenicol

ÅOriginated in Southern Asia, spread to Middle East and 

Pacific Islands, and recently introduced to Sub-Saharan Africa

Å Kenya: First cases of H58 typhoid 10 years ago 

ÅMalawi: First cases of H58 typhoid 5 years ago

Å H58 genes are becoming a stable part of the genome 

Å 47% of typhoid cases sampled from 63 countries 

between 1992 and 2013 were from the H58 strain

Å Study by the Wellcome Trust found H58 typhoid cases in 

Malawi increased from 6.8% to 97% from 2010 to 2014 
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dominant multidrug-resistant Salmonella enterica serovar Typhi haplotype that is also widespread in Southeast Asia. Journal of 

Clinical Microbiology, 48(6), 2171ï6

Feasey, N. A., Gaskell, K., Wong, V., Msefula, C., Selemani, G., Kumwenda, S., é Heyderman, R. S. (2015). Rapid Emergence of 

Multidrug Resistant, H58-Lineage Salmonella Typhi in Blantyre, Malawi. PLOS Neglected Tropical Diseases, 9(4), e0003748. 



SNAPSHOT: MDR TYPHOID TRENDS
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MDR: A PUBLIC HEALTH EMERGENCY

Å Threatens the ability to treat common infectious diseases and 

can cause prolonged illness, disability and death

Å Increases the cost of health care by necessitating:

Å Longer hospital stays

ÅMore intensive care 

Å Additional tests

ÅMore expensive drugs

Å Even if new medicines are developed, preventative measures 

are needed to reduce the spread of infections

Å Vaccination

Å Hand-washing

Å Food hygiene
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SNAPSHOT: MDR & XDR TUBERCULOSIS

ÅGlobal investment in controlling tuberculosis (TB) was 

insufficiently funded and did not focus enough on prevention 

or diagnosis

ÅMDR-TB and extensively drug resistant tuberculosis (XDR-

TB) emerged in early 1990s 

Å XDR-TB strains are resistant to the strongest drugs 

Å Treatment success rate of only 26% 

Å 2013: 84 countries with XDR-TB 

Å 2016: 117 countries with XDR-TB 

Å Current situation: treatment is 50 to 200 times more 

expensive and takes 3 times longer to cure than normal TB 
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KEY MESSAGES

1. The majority of typhoid cases can be treated at home 

with antibiotics, but patients with typhoid complications 

must seek more extensive care

2. When diagnosing typhoid, it is essential to test for drug 

susceptibility to determine an effective course of 

antibiotic treatment

3. Multi-drug resistant typhoid is a growing global threat 

and calls for increased investment in prevention and 

control
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