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Learning objectives

Explain how pathogen exit routes generate new host exposures.

•Distinguish release from a host, mode of transmission, and portal of entry.

•Compare respiratory, fecal–oral, sexual, vertical, and additional routes.

•Explain how asymptomatic shedding, barrier defenses, and the microbiome alter 

transmission.

•Apply route-based reasoning to selected clinical scenarios.



Transmission connects two hosts

Infected host Microbe released Exposure pathway New host / portal

• A route must connect an exit source with exposure of another susceptible host.

• Successful exposure does not invariably produce infection; Host defenses remain important.



Exit strategy is part of microbial success

Microbes leave the body through routes that make onward transmission possible.

•Exit can involve respiratory secretions, stool, genital secretions, saliva, milk, or 

vector feeding.

•The dominant exit route depends on where the organism is present and can be 

released.

•Release and transmission are distinct events: One does not guarantee the other.



Three patterns of microbial shedding

Brief

Release is concentrated during a limited interval.

Intermittent

Some microbes are shed periodically during disease flares.

Prolonged

Long-term release can occur even without clinical symptoms.



Asymptomatic hosts can be a source

A person may shed an organism despite having no evident illness.

•Robbins explicitly describes prolonged shedding by asymptomatic hosts.

•Symptom-based identification alone therefore may miss a source of transmission.

• Infection status, symptoms, and the period of microbial release are not equivalent.



Release, transmission, and entry are different

Release

Microbe leaves a host.
Example: Organism in 
respiratory droplets.

Transmission

Microbe reaches another 
host or exposure setting.
Example: Inhalation of 
infectious particles.

Entry

Microbe crosses or 
adheres to a host surface.
Example: Respiratory 
mucosal infection.

These are linked stages—not interchangeable labels.



The principal transmission routes

Person-to-person transmission

Respiratory

Microbe released into 
the air

Fecal–oral

Stool contaminates 
food or water

Sexual

Intimate or mucosal 
contact

Vertical

Mother to fetus or 
newborn



Additional routes extend the framework

Saliva

Release of organisms 
replicating in salivary 
glands or oropharynx.

Arthropod vector

A blood meal can move 
some protozoan pathogens 
between hosts.

Zoonotic transfer

Animal contact, animal 
products, bites, or vectors 
transmit microbes.



The route must be interpreted with host defenses

Exposure Portal of entry Local defenses
Infection or 
clearance

• Virulence factors can help pathogens overcome intact defenses.

• When host defenses are compromised, normally low-virulence microbes may establish 

infection.



Respiratory release creates airborne particles

Infected airway Particles expelled Airborne dispersal Airway exposure

• Viruses and bacteria may be released in droplets or smaller airborne particles.

• Particle behavior helps determine where an infectious exposure may occur.



Respiratory transmission is not one distance category

Droplet-predominant example

Influenza is in association with relatively 
short-range droplets.

Longer-range particle example

Mycobacterium tuberculosis can spread in 
particles that travel farther from the 
source.

Examples illustrate differences in dispersal; A single distance rule is not universal.



Influenza: A respiratory transmission example

Airway infection

Virus present in the infected 
respiratory tract

Respiratory release

Virus expelled in respiratory 
particles

Recipient exposure

Contact with an infectious 
particle

• Influenza among short-range droplet examples.



Tuberculosis: Airborne dispersal matters

Infected host

Pulmonary M. Tuberculosis 
infection

Released particles

Airborne material can 
disperse farther

Inhaled entry

Potential alveolar exposure

• The long-range example is M. Tuberculosis.



Particles encounter distinct airway defenses

Inhalation
Upper airway 

trapping
Mucociliary 
clearance

Swallowing / 
removal

• Larger inhaled particles may be trapped in upper-airway mucus.

• Ciliary transport moves trapped material toward the pharynx.



Smaller inhaled particles can reach alveoli

Small particle Alveolar deposition
Macrophage 

encounter
Clearance or survival

• The source describes particles below 5 µm reaching alveoli.

• Alveolar leukocytes normally phagocytose inhaled microorganisms.



Respiratory infection requires a foothold

Epithelial attachment

Influenza viruses attach to 
and replicate in airway 
epithelial cells.

Ciliary injury

Bordetella pertussis toxins 
can impair ciliary activity.

Intracellular survival

M. Tuberculosis can survive 
within host macrophages.



When mucociliary clearance fails

Impaired airway defenses change susceptibility after exposure.

• Influenza, smoking, mechanical ventilation, and cystic fibrosis may compromise 

clearance.

•The resulting defect predisposes to bacterial respiratory infections.

•Route of acquisition and the host’s capacity to clear the organism must be 

assessed together.



Respiratory exposure: Integrate exit and entry

Component Source-based example Biologic implication

Exit Infectious respiratory particles Microbe becomes available for inhalational 
spread

Transport Shorter-range / farther-traveling 
particles

Distance and particle behavior influence 
exposure

Entry Airway epithelium or alveoli Local defenses determine establishment

Host factor Defective mucociliary clearance Greater opportunity for airway infection



The fecal–oral route is a connected sequence

Stool shedding Contamination Food or water Ingestion

• Enteric pathogens commonly spread when stool contaminates ingested material.

• Safe appearance of food or water does not define whether it is contaminated.



Waterborne enteric spread

Contaminated drinking water is an efficient vehicle for enteric pathogens.

•Waterborne spread as central to epidemic enteric infections.

•Examples include hepatitis A/E viruses, poliovirus, rotavirus, and Vibrio cholerae.

•The shared route does not imply identical clinical disease.



Foodborne fecal contamination

Stool source

Microbes shed by infected 
host

Contaminated food

Transfer to material that will 
be eaten

Ingestion

Microbes reach 
gastrointestinal tract

• The source groups contaminated food and water under fecal–oral transmission.



Viral examples of fecal–oral spread

Hepatitis A / E

Enteric exposure can 
transmit hepatotropic viral 
pathogens.

Poliovirus

Fecal–oral transmission 
may result in systemic 
infection.

Rotavirus

Representative enteric 
virus transmitted through 
the fecal–oral route.



Bacterial examples of fecal–oral spread

Vibrio cholerae

A waterborne pathogen in 
the Robbins example set.

Shigella spp.

Enteric bacteria named 
among epidemic fecal–oral 
pathogens.

Salmonella enterica

Included among fecal–oral 
epidemic pathogen 
examples.



Ingestion is followed by gastric defenses

Ingested microbe Gastric acid Survival or killing
Distal intestinal 

entry

• Gastric acidity helps eliminate many ingested organisms.

• Susceptibility depends in part on an organism’s capacity to survive this barrier.



Gastric pH changes susceptibility to cholera

A strong experimental effect of neutralizing gastric acid.

• In healthy volunteers, neutralizing gastric acid increased infectivity of Vibrio 

cholerae by 10,000-fold.

•This result illustrates that infectivity is affected by host barriers, not merely by 

exposure.

•The figure describes a specific experiment—not a universal numerical rule for 

other pathogens.



Some enteric pathogens survive luminal defenses

Norovirus

Resistance to acid, bile, and 
pancreatic enzymes; Lack 
of lipid envelope 
contributes.

Protozoa

Acid-resistant cyst forms 
promote survival during 
passage.

Helminths

Some infective eggs have 
protective outer coats.



Intestinal secretions resist colonization

Gastrointestinal protection is multilayered.

•Mucus and secretory immunoglobulin A contribute to mucosal defense.

•Defensins provide antimicrobial activity in the lumen and at epithelial surfaces.

•Bile and pancreatic enzymes create additional barriers to susceptible microbes.



Peristalsis restricts microbial overgrowth

Luminal microbes Intestinal transit Physical removal Reduced overgrowth

• Normal peristalsis contributes to the clearance of ingested organisms.

• Obstruction or ileus can disrupt this protection and favor microbial overgrowth.



Enteric infection depends on barrier failure

Pathogen strategy

Resists gastric acid or enzymes; Attaches to 
intestinal epithelium; Penetrates mucosa 
in some infections.

Host susceptibility

Reduced gastric acidity, impaired motility, 
or disrupted microbiota lowers local 
resistance.

A shared fecal–oral exposure can lead to different outcomes in different hosts.



A fecal route may include a different entry portal

Helminth eggs in 
stool

Development 
outside host

Infective larvae Skin penetration

• The source notes that certain helminths shed eggs which develop into skin-penetrating larvae.

• Distinguish the route by which material leaves the host from the route of entry into the next 

host.



Sexual transmission requires intimate contact

Mucosal or intimate contact permits exchange of infective organisms.

•This route applies to multiple pathogen classes, not only bacteria or viruses.

•The genital tract is an important—but not exclusive—site involved in sexually 

acquired infections.

•Transmission classification describes exposure rather than a single tissue response.



Sexually transmitted viral pathogens

HSV

Herpes simplex virus

HIV

Human immunodeficiency 
virus

HPV

Human papillomavirus

All three as examples transmitted during sexual contact.



Sexually transmitted bacterial pathogens

Treponema pallidum

Bacterial agent of syphilis; Sexually 
transmitted by intimate contact.

Neisseria gonorrhoeae

A gonococcal bacterium with genital or 
other mucosal exposure.



Other sexually transmitted organisms

Protozoa

Trichomonas vaginalis

Ectoparasites

Phthirus pubis (pubic lice)

General implication

Sexually transmitted 
infections include 
organisms beyond viruses 
and bacteria.



Genitourinary barriers influence infection

Mucosal exposure
Adherence or 

invasion
Local defense

Establishment of 
infection

• Urine flow tends to remove microorganisms from the urinary tract.

• The source describes lactobacillus-associated vaginal acidity as a protective factor.



Sexual acquisition: Route is not pathology

Pathogen class Named Robbins example Interpretive point

Virus HSV, HIV, HPV Do not infer a single disease course from shared 
transmission

Bacterium T. pallidum, N. gonorrhoeae Clinical targets and injury differ

Protozoan T. vaginalis Sexual contact can transmit eukaryotic pathogens

Arthropod Phthirus pubis Intimate contact may spread ectoparasites



Vertical transmission has three time windows

Mother → fetus or newborn

Before birth

Across placenta into fetal tissues

During birth

Exposure in the birth canal

After birth

Some pathogens transmitted in 
milk



Placental transmission reaches the fetus

Maternal infection Placental transfer Fetal infection
Developmental 

effects

• Maternal infection during pregnancy for transplacental spread.

• Timing of fetal exposure contributes to the nature and extent of injury.



Gestational age changes effects of rubella

The effect of fetal infection depends partly on developmental timing.

•Rubella is the Robbins example of an infection interfering with fetal development.

•The degree and type of injury vary with fetal age at infection.

•A teratogenic outcome cannot be inferred from the route alone without 

considering timing.



Transmission during delivery

Maternal infection

Pathogen in genital tract

Passage through canal

Newborn exposed at birth

Neonatal infection

Clinical manifestations may 
follow

• This intrapartum process differs from transplacental fetal infection.



Neonatal conjunctivitis illustrates intrapartum spread

Gonococcal infection

Neisseria gonorrhoeae is a 
named cause of birth-
associated conjunctivitis.

Chlamydial infection

Chlamydial conjunctivitis is 
the second textbook 
example.

Inference

Clinical presentation 
shortly after birth may 
reflect delivery exposure, 
not placental transfer.



Postnatal transmission in maternal milk

The source describes milk as a potential vehicle after delivery.

•Cytomegalovirus, HIV, and hepatitis B virus as examples.

•This statement addresses a possible route; It is not a patient-specific estimate of 

risk.

•Decisions about feeding or preventive interventions require guidance beyond this 

excerpt.



Vertical routes are mechanistically different

Time Transmission event Named illustration

Prenatal Maternal infection → placenta → fetus Rubella

Intrapartum Exposure while passing through birth canal Gonococcal / chlamydial conjunctivitis

Postnatal Infectious exposure from maternal milk CMV, HIV, HBV named in source



A neonatal case requires a timing history

Maternal timeline Birth exposure Postnatal exposure Likely route

• Prenatal, intrapartum, and postnatal mechanisms should not be collapsed into one label.

• The same infant may encounter more than one potential transmission window.



Saliva can transfer oropharyngeal viruses

Viral replication

Salivary gland or oropharynx

Saliva release

Organism present in oral 
secretions

Recipient contact

Exposure to infectious saliva

• Epstein–Barr virus is the explicit textbook example.



Arthropods transmit pathogens through blood meals

Arthropod feeds Acquires pathogen Vector blood meal Human exposure

• Some protozoa are spread by arthropod blood meals.

• The vector is part of the transmission mechanism; It is not itself the portal of entry.



Zoonotic transmission begins with animals

Animal-associated source

Direct contact

Including an animal bite

Animal products

Exposure through animal-derived 
material

Vector

Arthropod-mediated transfer



Animal bites can bypass the skin barrier

Animal or vector 
bite

Epidermal 
disruption

Pathogen deposition Possible infection

• The intact epidermis usually acts as a physical barrier to microbes.

• Bite-associated penetration circumvents that barrier.

• Rabies among bite-related examples in the entry table.



Direct and indirect contact are route categories

Direct contact

Exposure occurs through contact with an 
infected person or an animal source.

Indirect contact

Exposure occurs through an intermediary 
material or environment before host entry.

The chapter key concepts explicitly include both contact categories.



Acquisition source and entry site may differ

Example Acquisition pathway Entry portal

Inhaled respiratory pathogen Infectious particles in air Respiratory epithelium / alveoli

Enteric pathogen Ingested contaminated material Gastrointestinal mucosa

Bite-associated infection Infected animal or arthropod Injured skin

Skin-penetrating larvae Larvae develop after fecal shedding Skin



The microbiome is a resident microbial community

Humans coexist with bacteria, fungi, viruses, and protozoa in and on the body.

•Distinct microbial ecosystems occur on skin and at mucosal surfaces.

•The microbiome has effects on host metabolism and immune function.

•Resident microbes are not automatically pathogens; Context determines their 

effects.



Microbiome niches are anatomically distinct

Human microbiome

Skin

Resident surface 
microbiota

Gut

Intestinal microbial 
ecosystem

Oral

Sites within oral cavity

Vaginal

Local genital 
microbiota



Resident microbes also help defend portals

Resident microbiota
Colonization 

resistance
Less pathogen 

overgrowth
Host protection

• The gut microbiota competitively limits overgrowth of potential pathogens.

• Vaginal lactobacilli generate a low-pH environment that suppresses some pathogens.



Antibiotics can disrupt gut colonization resistance

Broad-spectrum 
therapy

Microbiota 
disturbance

Reduced 
competition

C. Difficile 
overgrowth

• Antibiotic exposure and loss of normal intestinal microbiota as a susceptibility mechanism.

• This mechanism illustrates how a host defense alters the outcome of pathogen exposure.



Dysbiosis: Association does not prove causation

Association

Microbial community changes are 
reported with multiple disease states.

Unresolved causality

It is difficult to establish whether dysbiosis 
causes disease or follows it.

The source emphasizes unresolved direction of causation in many microbiome–disease associations.



Microbiome effects may extend beyond one organ

Nutrition

Communities synthesize 
vitamins and amino acids 
needed by the host.

Immune modulation

Microbes influence 
immune development and 
responses.

Distant interactions

Gut–lung, gut–skin, and 
gut–brain axes are 
proposed in the source.



Microbiome therapies require evidence by indication

A biologically plausible microbial intervention is not automatically clinically 
effective.

•The source supports fecal microbiota transplantation for recurrent C. Difficile 

infection.

•Other chronic disease applications have yielded mixed results.

•Microbiome-targeted therapies should not be generalized across diagnoses.



One exposure framework unifies all routes

Infectious source Microbial exit Transfer vehicle Entry & defenses Outcome

• Identify the source, exit material, transfer mechanism, and portal separately.

• Consider microbial virulence and impaired host defenses before predicting infection.



Clinical vignette: Inhalational exposure

Clinical / epidemiologic vignette

A patient with pulmonary tuberculosis shares 
air in an enclosed setting with other people. 
The discussion concerns how organisms may 
reach another host.

Interpretation

• Source: Infected respiratory tract

• Exit: Infectious airborne particles

• Entry: Inhalation into respiratory 

tract

• Do not substitute an arbitrary 

fixed distance for assessment of 

dispersal.



Clinical vignette: Contaminated water

Clinical / epidemiologic vignette

Several people develop enteric illness after 
consuming water contaminated with human 
stool. Which transfer pathway best describes 
the exposure?

Interpretation

• Route: Fecal–oral

• Exit: Stool

• Vehicle: Contaminated drinking 

water

• Entry: Ingestion followed by GI 

barriers.



Clinical vignette: Neonatal conjunctivitis

Clinical / epidemiologic vignette

A newborn develops conjunctivitis after 
delivery to a mother with a genital infection. 
The task is to classify the probable window of 
acquisition.

Interpretation

• Consider transmission during 

birth.

• Relevant examples: Gonococcal 

or chlamydial infection.

• Do not automatically infer 

placental infection.



Clinical vignette: Antimicrobial disturbance

Clinical / epidemiologic vignette

A patient develops intestinal overgrowth by an 
opportunistic organism after broad-spectrum 
antimicrobial therapy. What protective 
mechanism may have been lost?

Interpretation

• Normal intestinal colonization 

resistance

• Loss of microbial competition

• C. Difficile is the source example

• Distinguish host susceptibility 

from the initial exposure route.



Compare transmission routes by release material

Mode Exit material / source Exposure mechanism

Respiratory Respiratory particles Inhalation

Fecal–oral Stool-contaminated food or water Ingestion

Sexual Organisms present at sites of intimate 
contact

Mucosal / intimate contact

Vertical Maternal organism before, during, or after 
birth

Placenta, delivery, or milk

Other Saliva, animal source, vector Contact or vector-mediated transfer



Synthesis: Predict spread from the route

Transmission is a sequence of biologically distinct requirements.

•Recognize when and how the infected source sheds a pathogen.

•Match the vehicle or contact mode to an entry portal in the new host.

•Assess epithelial barriers, mucosal defenses, and microbial survival strategies.

•Use maternal timing, animal exposure, vectors, and asymptomatic shedding when 

appropriate.



Route-based reasoning: final checks

Identify exposure mechanism before inferring disease or intervention.

•Which host or animal source releases the agent—and in what material?

•Does the next host encounter it by inhalation, ingestion, intimate contact, vertical 

transfer, or a vector?

•Which portal and local defenses must the pathogen negotiate?

•Does the clinical history distinguish asymptomatic shedding, gestational timing, 

and environmental transfer?
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