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Preface
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The Thermo Fisher Scientific series of learning guides seek to present comprehensive but carefully 

curated information on the most common infections, with a focus on material that is most relevant to 

laboratory professionals. Infectious disease specialists and other frontline healthcare providers may 

also find the series useful.

The body of scientific literature on respiratory tract infections is as vast as the diversity of 

microorganisms it seeks to describe. This learning guide aims to present currently accepted scientific 

facts on respiratory tract infections while appreciating that this knowledge, like the pathogens central to 

our discussion, is constantly evolving.



How to use this learning guide
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This Learning Guide comprises four modules of educational content regarding various respiratory 

pathogens, and an appendix of supplementary material. Each module begins with learning objectives for the 

reader. After each module, the reader will find a self assessment to test their knowledge. Complete the self 

assessment and move on to the end of the document to find the correct answers.

The primary objectives of this learning guide are twofold. First, it presents foundational knowledge regarding 

viral, bacterial, fungal, and parasitic respiratory infections before shifting to more in-depth discussion of 

these infections, in a format of four modules: Etiology and Pathophysiology, Clinical Practice, Testing 

Strategies and Initial Workup, and Public Health Surveillance. Second, it serves as an overview of the most 

important topics to professionals involved in laboratory testing for various respiratory infection diagnosis, 

screening, and surveillance.

Although designed with the clinical laboratorian in mind, this learning guide provides valuable content for 

diverse stakeholders such as healthcare advisors, healthcare providers, bacteriologists, virologists, 

epidemiologists, and public health officials who are managing respiratory infections.
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Module 1: Etiology and pathophysiology

Introduction

• Module 1 gives an overview of the pathogens 

that cause respiratory tract infections and the 

conditions associated with them

• Module 2 describes the clinical presentation 

of respiratory infections and how these 

infections are managed by clinicians

• Module 3 presents an overview of testing for 

respiratory tract infections, including how 

tests are typically used in patient care

• Module 4 details surveillance of respiratory 

infections for public health purposes and how 

surveillance data are disseminated 



Module 1: Etiology and pathophysiology

Chapter 1. Overview of respiratory pathogens

1.1 Classification and characteristics of pathogens

1.2 Common pathogens

1.3 Other important pathogens

Chapter 2. Introduction to respiratory infections 

2.1 Upper and lower respiratory tract

2.2 Mechanisms of pathogenicity 

2.3 Transmissibility

2.4 Modes of transmission

2.5 Populations at-risk of severe infections



Chapter 1. Overview of respiratory 
pathogens

By the end of this chapter, you will be able to

Name the major classifications of 

respiratory pathogens

Describe characteristics of common 

respiratory pathogens

1

2

According to the World Health Organization 

(WHO), respiratory infections are the leading 

cause of disease burden worldwide, measured 

by years lost through death or disability.



• In the 1918 influenza pandemic, an estimated 500 

million people or one-third of the world’s population at 

that time became infected with an H1N1 influenza virus, 

leading to more than 50 million deaths worldwide 

• As of February 2022, the SARS-CoV-2 virus had led to 

more than 380 million cases of COVID-19 with an 

estimated 5.7 million deaths 

1.1 Classification and characteristics of pathogens

9

• Viruses cause the majority of respiratory tract infections 

worldwide, including the common cold and influenza

Respiratory viruses are a significant global health concern: 

During the 1918 influenza pandemic, street car riders 

wore masks as a precaution against infection. 

Seattle, Washington (ca.1918). 



Respiratory illnesses may also result from fungal and parasitic infections, particularly among immunocompromised 

individuals.

1.1 Classification and characteristics of pathogens
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Bacterial pathogens tend to cause 

more severe illnesses of the 

respiratory tract, namely pneumonia 

and tuberculosis.

Tuberculosis is a chronic 

disease caused by the bacillus 

Mycobacterium tuberculosis 

while most pneumonias are 

acute infections

Certain bacterial respiratory 

infections become severe on the 

bases of other chronic lung 

diseases such as asthma, cystic 

fibrosis, and chronic obstructive 

pulmonary disease (COPD).

These infections commonly 

include Haemophilus influenzae, 

Streptococcus pneumoniae, 

Staphylococcus aureus, and

Pseudomonas aeruginosa.



1.2 Common viral pathogens 
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There are many common viral pathogens that can cause severe respiratory infections.

Influenza virus Coronavirus Respiratory syncytial 

virus

Rhinovirus Adenovirus Parainfluenza 

virus

These viruses are significant globally because of high mutation rates, seasonal 

variation, and a limited window of treatment in which anti-viral therapies are effective.

Measles virus



1.2 Common bacterial pathogens
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Bacterial pathogens can also cause severe respiratory infections.

Haemophilus 

influenzae
Streptococcus 

pneumoniae

Moraxella 

catarrhalis

Bordetella pertussis & 

parapertussis

Mycoplasma 

pneumoniae
Legionella Mycobacterium 

tuberculosis

Methicillin-resistant

Staphylococcus aureus



1.3 Other important pathogens
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Fungi

Aspergillus, cryptococcus, 

pneumocystis, and endemic fungi are 

the major pulmonary fungal pathogens.

Parasites

The primary parasites affecting the 

respiratory system are helminthic

and protozoal pathogens.



Chapter 2. Introduction to respiratory 
infections

By the end of this chapter, you will be able to

Identify differences in disease severity 

between the two regions of the respiratory 

tract

Describe the four stages of pathogenesis

Name factors that influence the 

transmissibility of respiratory infections

Define the populations who are most at-risk 

of severe infections

1

2

3

4

Worldwide, an average adult may have between 

two and five respiratory tract infections each year 

and a child may have as many as six to eight 

episodes annually.



2.1 Upper and lower respiratory tract 
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• The respiratory tract allows for airflow during ventilation, starting from the nose and mouth and 

extending to the end of the alveolar sacs

• The respiratory tract can be subdivided into the upper respiratory tract and the lower respiratory 

tract

Upper respiratory tract infections such as the common 

cold are usually mild and self-limiting. A small 

percentage of cases can progress to more severe lower 

respiratory tract infections such as bronchiolitis and 

pneumonia.

Lower respiratory tract infections are the third leading 

cause of death in the world after heart disease and 

stroke. They are the leading cause of death in countries 

of low economic status.

Nose

Mouth
Pharynx

Larynx

Trachea

Bronchioles

Bronchi

Alveoli



2.2 Mechanisms of pathogenicity
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Pathogens go through six stages of pathogenesis as they attempt to establish a respiratory infection:

1. Encounter new host 2. Adhere to host surface 3. Invade host tissues

6. Establish infection

4. Damage host cells 

and tissues

5. Navigate host’s

immune response

If the host’s immune 

response does not deter 

the pathogen
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2.3 Transmissibility
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Transmissibility is a measure of how easily a pathogen spreads from person to person. It is determined 

by many factors, including the five shown below: 

The susceptibility of the exposed individual4

The environmental stress exerted on the pathogen during transmission, such as UV 

radiation or ventilation 
5

The amount of transmitted “infectious units”, where the amount is the sum of the 

transmitted pathogens; an infectious unit correlates to the infectivity of the pathogen

1

The contagiousness of the infected individual, which correlates to the amount of 

transmitted “infectious units” 

2

The contact patterns between the infected individual and the exposed individual, 

including the efficiency of pathogen transfer and the duration of transfer

3



2.3 Transmissibility
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The transmissibility of respiratory pathogens varies seasonally and geographically, which also 

depends upon seasonal behavior, such as indoor activities during colder months:

Darker color saturation correlates to the peak times of transmissibility.

S. aureus and M. tuberculosis infections

Influenza, respiratory 

syncytial virus, and 

coronavirus infections

Temperate Regions

Rhinovirus infections

The transmissibility of 

fungal and parasitic 

diseases is increased in 

humid conditions and 

high temperatures.



2.4 Modes of transmission
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Most commonly, viruses and bacteria involved in respiratory tract infections are transmitted between 

host organisms via four major modes of transmission:

Bacterial respiratory tract infections can 

also be transmitted via microaspiration of 

contaminated water or direct contact with 

surgical wounds.

In fungal respiratory infections, the most 

common modes of transmission are direct 

inhalation of fungi into the lung, zoonotic 

transmission, or by invasion at a wound site.

Parasitic infections of the lung 

usually occur via ingestion of the 

parasite or via an insect bite.



2.5 Populations at-risk of severe infections
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Very young or elderly 

individuals 
• Due to less-developed or 

age-related decline in 

immune function 

Individuals of low 

socioeconomic status
• Due to reduced access to 

health care programs and 

other medical resources 

• Lack of access to potable 

water, exposure to wastewater, 

and cramped living conditions 

increase the risk of infection

Individuals living in a tropical 

region or recently traveled
• Hot, humid regions are more conducive 

to the growth and proliferation of 

parasites 

• Travel creates exposure to pathogens 

against which the exposed individual 

has no immune memory

Individuals with underlying 

medical comorbidities
• The patient may have impaired immune 

response due to underlying conditions or 

history

• Chronic conditions such as HIV/AIDS, 

asthma and chronic obstructive 

pulmonary disease create greater risk for 

severe respiratory infections
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Self-Assessment: Module 1



Module 1: Multiple choice quiz
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1. Which of the following pathogens commonly cause respiratory tract infections?

• Streptococcus pneumoniae

• Plasmodium falciparum

• Hepatitis C virus 

• Clostridium tetani



Module 1: Multiple choice quiz
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2. Which of the following are parts of the upper respiratory tract?

• Bronchioles

• Alveoli

• Throat

• Diaphragm



Module 1: Multiple choice quiz
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3. Which of the following is not one of the mechanisms of pathogenicity?

• Pathogens can release nutrients that nourish the host’s cells and tissues

• Pathogens can trigger a cytokine storm

• Pathogens can have capsules that protect them from the host immune response and antibiotics

• Gram negative bacteria can release LPS, a toxin that can induce septic shock



Module 1: Multiple choice quiz
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4. Which of the following is not one of the four major modes of respiratory pathogen transmission?

• Direct contact

• Indirect contact

• Blood transfusion

• Respiratory aerosols



Module 1: Multiple choice quiz
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5. Which of the following individuals would be considered at-risk for severe respiratory illnesses?

• A mid-thirties male with moderate comorbidities

• A child with a healthy immune system and no other comorbidities

• A healthy adult of high socioeconomic status

• An elderly resident of a nursing care facility



Module 1: Multiple choice quiz
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6. Which of the following is not known to influence pathogen transmissibility in respiratory tract 

infections?

• Time of the year

• Hot, humid conditions

• Gender of the transmitting individual 

• Environmental stress
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Module 2: Clinical practice

Introduction

• Module 1 gives an overview of the pathogens 

that cause respiratory tract infections and the 

conditions associated with them

• Module 2 describes the clinical presentation 

of respiratory infections and how these 

infections are managed by clinicians

• Module 3 presents an overview of testing for 

respiratory tract infections, including how 

tests are typically used in patient care

• Module 4 details surveillance of respiratory 

infections for public health purposes and how 

surveillance data are disseminated 



Module 2: Clinical practice

Chapter 3. Clinical presentations of respiratory 

tract infections

3.1 Symptoms of respiratory tract infections

3.2 Signs of respiratory tract infections

3.3 Conditions associated with respiratory tract 

infections

Chapter 4. Clinical management of respiratory tract 

infections 

4.1 Prevention

4.2 Clinical management 

4.3 Supportive care

4.4 Specific treatments



Chapter 3. Clinical presentations of 
respiratory tract infections

By the end of this chapter, you will be able to:

Describe the symptoms and signs of 

respiratory tract infections

Identify conditions associated with 

respiratory tract infections 

1

2

According to the World Health Organization’s 2017 report 

on the Global Impact of Respiratory Disease, more than 1 

billion people worldwide suffer from either acute or chronic 

respiratory conditions. 
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3.1 Symptoms of respiratory tract infections

A symptom is a health issue reported by the patient. The patient’s description of their symptoms can 

assist the doctor in diagnosing an infection.

• The symptoms of a respiratory 

tract infection depend on many 

factors

• Causative agent

• Whether the infection is primary 

or secondary

• Patient’s age, general health, 

comorbidities, and immunity

Cough, with or 

without mucus  

Myalgia

Nasal congestion

Breathlessness, tight 

chest or wheezing 

Chills

Fever

Sore throat 

Headache

Fatigue

Malaise

Loss of 

appetite

Rhinorrhea 

and/or sneezing

Chest pain

Production of sputum 

and/or blood



3.2 Signs of respiratory tract infections
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A sign is a health issue that can be observed. Medical professionals can observe and measure signs in 

order to assist in diagnosis of infections.

Inflamed nasal passages

Tender anterior cervical lymphadenopathy

Elevated blood pressure

Increased 

respiratory or 

heart rate

Erythematous oropharynx

Tonsillar exudates

Rhonchi, crepitations, or 

wheezing on pulmonary 

auscultation

Signs of respiratory distress 

(increased beathing rate, 

nose flaring, grunting)

Increased body temperature 

Decreased oxygen saturation



3.3 Conditions associated with respiratory tract 
infections
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• Conditions associated with lower respiratory tract infections are 

more common in infants, young children, elderly, and in patients 

with compromised immune systems or chronic medical conditions

Conditions associated with respiratory tract infections are divided according to the regions they affect, 

the upper respiratory tract or the lower respiratory tract.

Upper

Laryngitis

Sinusitis

Laryngotracheitis

PharyngitisEpiglottitis

Bronchiolitis
Bronchitis

Pneumonia

• Generally, lower respiratory tract infections are 

more severe, while upper respiratory tract 

infections tend to be mild and self-limiting

Nasopharyngitis



3.3 Conditions associated with respiratory tract 
infections
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• Some respiratory infections typically affect both the upper and lower respiratory tract

• Conditions that affect both the upper and lower respiratory tract tend to be highly contagious and 

can be severe, especially in patients who are very young, elderly, immunocompromised, or have 

medical comorbidities

COVID-19

Pertussis 

(whooping cough)

Influenza and 

influenza-like illness



Chapter 4. Clinical management of 
respiratory tract infections 

By the end of this chapter, you will be able to

Describe ways to deter and prevent 

respiratory infections

Identify measures for supportive care during 

respiratory infections

Describe approaches to specific treatments 

for respiratory infections

1

2

3

In 2019, there were 17.2 billion incident cases of upper 

respiratory tract infection worldwide, making up about 43% 

of the total global burden of diseases and injuries.



4.1 Prevention
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Several measures can reduce susceptibility to respiratory infections in adults

Healthy diet Stress management

Smoking cessationRegular exercise

Vaccination



4.1 Prevention

Good respiratory hygiene practices can help prevent the spread of respiratory infections.

Cover the mouth and nose with 

a tissue when coughing or 

sneezing and dispose in the

nearest waste receptacle.

Perform frequent hand hygiene, such as hand washing with non-antimicrobial 

soap and water, alcohol-based hand rub, or antiseptic handwash.

Wear a mask during periods of 

increased respiratory infection 

activity in the community. 

Reduce social contact with 

others.

Open windows to increase 

ventilation.



4.2 Clinical management of respiratory tract infections
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Most respiratory tract 

infections are self-diagnosed

and can be self-treated with 

supportive care at home. 

More severe infections may 

require clinical management 

and/or hospital-based 

supportive care. 

Specific treatments are 

appropriate for patients who 

are at-risk for severe 

infections or who have 

chronic lung conditions.

Please consult a physician for 

personalized medical advice.



4.2 Clinical management of respiratory tract infections 
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Certain patient populations require special considerations in clinical management of respiratory 

infections.

For more severe respiratory infections, supportive care in the hospital may be 

required, such as supplemental oxygen and mechanical ventilation.

Patients who are at risk for severe infections

Immunocompromised 

patients

Children Elderly

Patients with chronic lung conditions

• Asthma

• Bronchiectasis

• Chronic obstructive 

pulmonary disease (COPD)

• Emphysema

• Cystic fibrosis



4.3 Supportive care
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The purpose of supportive care is to provide symptom relief and improve quality-of-life while the 

disease persists, rather than to treat infection.

• Most upper respiratory tract infections are self-diagnosed and can be self-treated with supportive 

care at home

At home supportive care

Hydration

Warm facial packs

Sleeping with the head and 

shoulders slightly elevated

Nasal saline; bulb suction (for infants)

Use of a vaporizer to 

increase humidity in rooms

Avoidance of nasal irritants, such 

as cigarette smoke and indoor and 

outdoor air pollutants

Reducing irritating stimuli



4.4 Specific treatments
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Parasitic

Anthelminthics or 

antiprotozoals

Specific treatment should be directed to the type of pathogen suspected or known to cause the 

infection.

Antifungals

FungalViral

Antivirals Antibiotics

Bacterial



4.4 Specific treatments 
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More information on testing is provided in Module 3

Testing can also help to direct specific 

treatments in certain scenarios.

Tests for specific pathogens can help target 

specific treatments to the causative agent.

Mycobacterium tuberculosis drug 

susceptibility test

When patients are 

immunocompromised

During disease outbreaks 

If a patient is at-risk for 

severe illness

Overuse or misuse of medical treatments such as antivirals and antibiotics can raise medical costs, 

induce side effects, and potentially increase drug resistance of pathogens. 
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Self-Assessment: Module 2



Module 2: Multiple choice quiz
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1. Which of the following is a common symptom of a respiratory tract infection? 

• Cough

• Diarrhea

• Leg pain 

• Vomiting



Module 2: Multiple choice quiz
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2. What condition is most strongly associated with respiratory syncytial virus infection?

• Rhinitis

• Pneumonia

• Bronchiolitis

• Sinusitis



Module 2: Multiple choice quiz
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3. Which of the following conditions are appropriately treated with antibiotics?

• COVID-19

• Influenza 

• Bacterial pneumonia 

• Malaria



Module 2: Multiple choice quiz
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4. Anthelminthics can be used as a specific treatment for which type of infection? 

• Bacterial

• Fungal 

• Viral 

• Parasitic 



Module 2: Multiple choice quiz
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5. Which of the following does not deter or prevent respiratory infections?

• Stress management

• Frequent handwashing

• Increasing social contact

• Use of bacterial and viral vaccines 
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Module 3: Testing strategies and initial 
workup
Introduction

• Module 1 gives an overview of the pathogens 

that cause respiratory tract infections and the 

conditions associated with them

• Module 2 describes the clinical presentation 

of respiratory infections and how these 

infections are managed by clinicians

• Module 3 presents an overview of testing for 

respiratory tract infections, including how 

tests are typically used in patient care

• Module 4 details surveillance of respiratory 

infections for public health purposes and how 

surveillance data are disseminated 
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Module 3: Testing strategies and initial 
workup

Chapter 5. Overview of testing strategies

5.1 Testing purposes

5.2 Testing considerations

Chapter 6. Testing for respiratory tract infections

6.1 Initial workup

6.2 Clinical specimens

6.3 Testing methodology
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Chapter 5. Overview of testing strategies

By the end of this chapter, you will be able to

Identify the three strategic purposes of 

testing

Describe testing considerations

1

2

According to the World Economic Forum, inaccurate 

diagnostic tests are one of the most expensive and 

logistically difficult challenges in healthcare in low- and 

middle-income countries. 



5.1 Testing purposes

54

Here are the three strategic purposes for which respiratory infection testing modalities have been 

developed:

Diagnostic

Identify the causative pathogen(s) 

of a symptomatic infection and help 

determine treatment and prognosis. 

Also used for cohorting and 

isolation decisions for inpatients. 

Important for infection control and 

prevention.

Screening

Detect whether a high-risk asymptomatic 

person is likely to have or develop an 

infection. May be important for infection 

control and prevention, cohorting, and 

epidemiology for inpatients. Important for 

patients at-risk for severe infections.

Surveillance

Monitor temporal and geographic 

circulation patterns of infections, 

locally or globally. Important for 

monitoring outbreaks, variants, and 

drug resistance (active or passive 

surveillance).



5.1 Testing purposes
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There are many additional ways that testing can be strategically implemented, including to support 

precision medicine, clinical/translational research, and population health.

Precision medicine is a holistic 

way of stratifying patients based on 

large-scale data, such as patient 

characteristics and test results. It can 

support antimicrobial and antiviral 

stewardship.

Population health is a partnership between healthcare systems, agencies, and 

organizations that connects practice to policy to achieve positive health outcomes. 

Test data can be used to guide intervention selection, monitoring, and evaluation.

Test data can direct research priorities, 

monitor efficacy of treatments, and help 

test hypotheses.

Clinical/translational research 

takes scientific discoveries and 

transforms them into new approaches 

to medical care and treatments.



5.2 Testing considerations
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There are many considerations when choosing a testing strategy, including the following:

Current public 

health challenges
Community in which 

the patient resides

Trajectory of the 

disease
Patient’s clinical 

presentation or risk 

stratification



5.2 Testing considerations
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Tests can be used to 

Detect infections that can become 

serious if left untreated

Direct the course of treatment

Inform decisions about the patient 

management process, such as 

hospitalization and follow-up

Will the test result affect patient care?



Detect bacterial, viral, and fungal 

coinfections

Increase the likelihood of an early 

diagnosis 

Distinguish between infectious and non-

infectious agents

Tests can help

5.2 Testing considerations

58

Is the patient at-risk for a severe illness?



Understanding of pathogen transmission 

dynamics and virulence characteristics

Monitoring of disease prevalence, for 

example by using tests for screening 

asymptomatic persons

Informed decision-making regarding 

public health measures (when test 

results are aggregated) 

Tests can facilitate

5.2 Testing considerations

59

Is the community experiencing greater than moderate disease prevalence?
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Chapter 6. Testing for respiratory tract 
infection

By the end of this chapter, you will be able to

Describe the pathway to diagnosis of 

respiratory tract infections

Identify clinical specimens used in 

diagnostic testing

Describe the different testing modalities

1

2

3

As of March 2022, there are more than 680 commercially 

available diagnostic tests for COVID-19.



6.1 Initial workup for respiratory tract infections
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History of Present Illness Medical History

History of Possible Contact with 

a Suspected or Confirmed Case

Physical Examination

Specimen Collection & Testing

Imaging

The initial workup for respiratory tract infections can have many different components. The healthcare 

provider determines which components are required, according to the patient’s presentation.



6.2 Clinical specimens
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Clinical specimens are collected to identify the causative agent in a respiratory tract infection.

Each respiratory pathogen requires a unique set of specimen types, collection methods, and transport conditions to optimize 

diagnostic yield.

Nasal aspirates and NP

swabs are the best 

specimens to obtain 

when testing infants and 

young children.

Nasopharyngeal (NP) swab Nasopharyngeal wash/aspirate

Oropharyngeal swab

Pharyngeal swab

Sputum

Tracheal aspirates
Bronchoalveolar lavage

Pleural fluid

Manufacturer instructions for specimen collection devices should be followed. 

Specimen collection should be tailored to the suspected / known pathogen.

Tissue specimen or biopsy

Saliva

Nasal turbinate swab



6.3 Testing methodology
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The main testing modalities are culture, rapid antigen detection tests, multiplex nucleic acid 

amplification tests, and serological tests.

Advantages Challenges

Sample Culture

Rapid Antigen 

Detection Test

Multiplex Nucleic 

Acid Amplification 

Test

Long TAT (1-30 days), moderate sensitivity, not 

available as a kit, laborious, highly technical, and prone 

to contamination-related errors.

Is less sensitive and can be less specific than other 

modalities, such as culture or molecular methods.

Investment in equipment and training is required and 

TATs vary (rapid 1-3 hours; batch 1-3 days).

Interpretation can be limited by specificity of the 

antigens and there is a time lag between infection onset 

and development of antibodies.

Culture is the oldest method of diagnosis of the 

causative pathogen in respiratory infections and is 

widely used.

TAT of ≤15 minutes, amenable to point-of-care testing, 

requires little technical expertise, and is inexpensive.

Highly sensitive and specific, can test many 

pathogens at once, and can screen for large numbers 

of specimens.

May differentiate between active and historical 

infections, TAT of 1-3 days, and may require acute and 

convalescent specimens.

Serological Test 
(Assess IgM or IgG 

antibody)

TAT, Turnaround time
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Self-Assessment: Module 3



Module 3: Multiple choice quiz

65

1. Which of the following is not one of the three strategic purposes of testing?

• Imaging

• Surveillance

• Diagnostic 

• Screening



Module 3: Multiple choice quiz
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2. Which of the following statements about testing of respiratory tract infections is true?

• Tests do not help direct the course of treatment

• Tests do not help monitor disease prevalence

• Tests do not increase the likelihood of an early diagnosis 

• Tests distinguish between infectious and non-infectious diseases



Module 3: Multiple choice quiz
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3. Which of the following is not a part of the initial workup for respiratory infection?

• History of present illness

• Physical examination 

• Medical history

• Payment of fees



Module 3: Multiple choice quiz
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4. Which of the following is an upper respiratory tract clinical specimen?

• Nasopharyngeal swab

• Sputum

• Tracheal aspirate

• Pleural fluid



Module 3: Multiple choice quiz
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5. Which of the following test types is most commonly used to test for multiple pathogens at once?

• Multiplex nucleic acid amplification test

• Sample culture 

• Rapid antigen detection test

• Serological tests
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surveillance



Module 4: Public health surveillance

• Module 1 gives an overview of the pathogens 

that cause respiratory tract infections and the 

conditions associated with them

• Module 2 describes the clinical presentation of 

respiratory infections and how these infections 

may be managed 

• Module 3 presents an overview of testing for 

respiratory tract infections, including how tests 

are typically used in patient care

• Module 4 details surveillance of respiratory 

infections for public health purposes and how 

surveillance data are disseminated 

Introduction
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Module 4: Public health surveillance

Chapter 7. Viral surveillance

7.1 Overview of surveillance

7.2 The role of viral surveillance

7.3 Viral surveillance systems

7.4 Challenges to viral surveillance

Chapter 8. Bacterial surveillance

8.1 The role of bacterial surveillance

8.2 Bacterial surveillance systems

8.3 Challenges to bacterial surveillance

Chapter 9. Other public health concerns

9.1 Surveillance of fungal infections

9.2 Surveillance of parasitic infections

9.3 Antimicrobial resistance



73

Chapter 7. Viral surveillance

By the end of this chapter, you will be able to

Recognize the role of viral surveillance in 

public health

Describe examples of viral surveillance 

systems

Describe the challenges to viral surveillance

1

2

The World Health Organization is the global public health 

organization established to unite countries in the common 

goal of achieving better health. There are also local, 

regional, and national public health agencies. 

3



7.1 Overview of surveillance
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Public health disease surveillance is the ongoing, systematic collection, analysis, and interpretation of 

outcome-specific health-related data.

Most viral surveillance 

tracking, including screening,

is for symptomatic individuals 

based on report of an 

influenza-like illness. 

Data from surveillance 

should be quickly 

disseminated to support 

the prevention and 

control of disease.

Data are collected on the 

distribution of respiratory 

viruses to inform trends and 

to guide prevention efforts.



7.1 Overview of surveillance

No agency can confront global health challenges alone. Some of the largest public health agencies are 

shown below, with their geographic areas indicated in red.

75

USA 

CDC

European 

CDC

Pan American 

Health Organization African

CDC

Chinese 

CDC

Public Health 

Association 

of Australia

Public Health 

Agency of Canada

Abbreviation: CDC, Centers for Disease Control

The World Health Organization (Global surveillance)



7.2 The role of viral surveillance
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According to the World Health Organization, the objectives of viral surveillance are as follows:

Monitor ContributeTrack Detect Guide

The global impact of emerging viruses – especially SARS-CoV-2 – has resulted in an increasingly 

important role for viral surveillance in public health.



7.2 The role of viral surveillance
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The collection, analysis, and dissemination of surveillance data is critically important to the work of 

public health agencies, supporting a variety of interrelated tasks:

Detect emerging public health 

threats

Perform risk assessment and 

management 

Inform decision-making

Improve health security

Forecast & contain outbreaks

Track cases 
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National, regional, and local public health organizations also have surveillance 

systems for respiratory viruses, particularly for viruses of public health importance 

which include influenza, RSV, and SARS-CoV-2.

Global Influenza Surveillance 

and Response System 

GISRS

Global Respiratory Syncytial

Virus Surveillance

RSVS

The World Health Organization has many public health systems in place to monitor respiratory viruses.
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The FluWatchers

Program

Program for 

Monitoring Emerging 

Infectious Diseases

Global Public Health 

Intelligence Network

Crowdsourced data collection has been successfully used 

for viral surveillance, in which a large group of volunteers 

(10,000+) report information using internet-based platforms.

There are many successful recent examples of 

crowdsourced viral surveillance:

Click each logo 

to learn more
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There are many challenges to surveillance, particularly in resource-limited settings:

Barriers to Effective Surveillance 

Personnel Infrastructure Equipment Laboratory Financial

These barriers may lead to variations in the number and types of tests performed, the quality of data, and the accuracy of reporting.

• Inadequate 

number of 

personnel

• Limited 

opportunities

for training

• Absent or 

damaged 

infrastructure 

• Inadequate 

logistic and 

supply chains

• Lack of 

access to 

necessary 

equipment, 

service, and 

maintenance 

• Lack of 

validation of 

protocols 

• Inadequate 

standardization 

of outputs 

• Inadequate 

financial 

resources

• Limited access 

to funding 

agencies
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Timely data integration is a major challenge that needs to be overcome as surveillance moves into the 

modern era. 

There is need for more real-time, automated data analysis 

pipelines with data visualization outputs that are regularly and 

automatically updated.

Existing global data quality issues must be overcome to 

ensure the findings are useful to different regions in the world. 
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To overcome the challenges of surveillance, there are certain key elements that are necessary to 

create successful and effective surveillance programs:

Testing protocols and 

results are integrated into 

healthcare systems.

Funding is available from 

government initiatives or 

international programs.

Strong, reliable  

organizational supports 

are in place.

Educational programs 

reinforce the value of 

surveillance.

Successful surveillance of viral infections can detect outbreaks, prevent and control infections, 

direct public health programs and policies, and monitor the impact of interventions.

Quality assessment 

programs and trainings 

are available.
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Chapter 8. Bacterial surveillance

By the end of this chapter, you will be able to

Identify the role of bacterial surveillance in 

public health

Describe examples of bacterial surveillance 

systems

Describe the challenges to bacterial 

surveillance

1

2

Pneumonia caused by Streptococcus 

pneumoniae continues to be the most common cause of 

vaccine-preventable death in children worldwide, 

underscoring the importance of bacterial surveillance.

3



Surveillance provides the infrastructure for further work 
to accomplish public health goals:

8.1 The role of bacterial surveillance
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Surveillance of bacterial infections is necessary to formulate strategies to improve patient outcomes. 

To monitor the effectiveness 

of policies on prevention 

and/or attenuation of disease

To identify disease 

risk factors

To identify and 

track emerging 

infectious diseases

To target drug 

discovery efforts

To evaluate

vaccine efficacy

There are two key goals of 
bacterial surveillance:
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The Global Tuberculosis Programme, part of the World Health 

Organization, works towards the goal of a world free of tuberculosis. 

Data are collected from regional networks to estimate the global 

tuberculosis burden and support improvements in patient care.

The PSERENADE project was commissioned in 2021 by the 

World Health Organization to assess the impact of pneumococcal 

conjugate vaccines on invasive pneumococcal disease (IPD).

The World Health Organization (WHO) monitors bacterial infection rates and incidence worldwide. 

Some examples of WHO bacterial surveillance programs are described below:
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Surveillance of tuberculosis (TB) is one of the oldest disease surveillance systems in the world and is 

now one of the most high-functioning surveillance systems for infectious diseases.

At the regional and national 

levels, newly diagnosed cases 

of active disease and 

treatment outcomes are 

reported to public health 

agencies.

Incidence rates are compared 

by time, place, and patient 

characteristics to observe 

trends, compare areas, and  

identify high-risk groups.

In 2020 worldwide, about 10 

million people became ill 

with TB, with the most cases 

in the South-East Asia (43%) 

and Africa (25%).

Surveillance systems helped 

to determine that the COVID-

19 pandemic restricted access 

to TB care.
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In the US, the Centers for Disease Control and Prevention has established the Active Bacterial Core 

surveillance (ABCs) program.

ABCs monitors five pathogens determined to 

be of public health importance in the United 

States due to their prevalence and potential to 

cause severe illnesses.

Group A Streptococcus

Group B Streptococcus

Haemophilus influenzae

Neisseria meningitidis

Streptococcus pneumoniae



Tests that could determine 

whether an infection is viral or 

bacterial are not always available 

or clinically necessary, so test 

results data do not always exist or 

can be limited.

If a diagnostic test is performed, 

the identified bacteria may be 

part of the patient’s normal 

flora (colonization) rather than 

a pathogen, so the test result can 

be difficult to interpret.

The symptoms of most bacterial 

and viral respiratory infections 

are similar, making 

differentiation between causative 

pathogens difficult.

8.3 Challenges to bacterial surveillance
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There are various challenges to bacterial infection surveillance:
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Surveillance in low and middle-income countries has unique challenges, but is important because 

these regions account for a disproportionate (approximately 90%) burden of the deaths due to bacterial 

infections worldwide.

• Lack of laboratory facilities 

• Limited laboratory supplies

• Limited testing capacity

• Lack of standardized testing 

approaches

• Gaps in quality assurance

• Non-standardized data 

management

• Few skilled personnel

• Inadequate funding

Challenges to surveillance in 

low- and middle-income 

countries

Low-income Middle-income High-income No data availableCountry Income 

Groups
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To overcome the challenges to bacterial surveillance, a key element to success is strong international 

collaboration and sharing of resources, data, and education between these groups:

Researchers

VeterinariansClinicians

Policy makers

Governments

Industry leaders

The public

Key collaborators
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Chapter 9. Other public health concerns

By the end of this chapter, you will be able to

Describe the surveillance of fungal and 

parasitic pathogens

Explain the challenges in surveillance of 

fungal and parasitic pathogens

Describe the importance of antimicrobial 

resistance and how it is surveilled

1

2

Antimicrobial resistance is important because according 

to the World Health Organization, people with methicillin-

resistant Staphylococcus aureus (MRSA) infections are 

64% more likely to die than people with methicillin-

susceptible S. aureus infections.

3
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The Global Action Fund for Fungal Infections estimates that over 300 million people worldwide are 

afflicted with a serious fungal infection, and 25 million are at high risk of dying or losing their sight.

• The World Health Organization is undertaking a 

comprehensive review of fungal infections of public 

health importance, but has not yet identified a plan 

for global surveillance of fungal infections

• An increase in the number of immunocompromised 

individuals has contributed to an escalation of the 

prevalence of respiratory fungal infections

• Therefore, fungal surveillance and public health 

efforts are essential, particularly among 

immunocompromised individuals
Surveillance of fungal and drug-resistant 

fungal infections is challenging because 

funding for fungal disease research and 

public health efforts is low. 
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The Parasitic Diseases Task Force of the World Health Organization estimates the global burden of 

parasitic disease using regional public health records. 

United States

China

India

Indonesia

Brazil

3

3

6

0 6 Did not report

Number of data gaps per country:

• Parasitic data availability 

was assessed in 2015 for 

194 countries 

• For the five most 

populous countries, the 

number of parasitic data 

gaps is called out 

• Global data specific to 

respiratory parasitic 

infections are not 

available, but estimates 

suggest that 5-20% of 

parasitic infections affect 

the respiratory system in 

some way

2

0
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Parasitic disease surveillance is challenging because these diseases often have their highest impact in 

low- and middle-income countries.

• In these settings

Hospital treatment is less available 

Health data collection and reporting is 

frequently lacking

Surveillance of malaria, caused by five 

different species of plasmodium parasites, is 

one of the three pillars of the WHO’s global 

technical strategy for malaria 2016–2030. 
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Antimicrobial-resistant pathogens cause at least 700,000 deaths globally each year, constituting a 

grave public health threat.

In 2019, the WHO collected data from 114 countries on bacterial resistance or 

decreased susceptibility to treatment; reported resistance ranged from 0-96%.

Second- and third-line regimens can also have more side effects and can be 

less effective in treatment.

Antimicrobial susceptibility testing can help to determine what therapies are 

likely to be successful.

Increasing levels of resistance have important economic implications since 

second- and third-line regimens are much more expensive than first-line drugs.

96% 
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The increasing prevalence of drug-resistant fungi and parasites is a significant threat to public health, 

particularly in low- and middle-income countries.

The prevalence of drug-resistant parasitic and fungal infections continues to 
rise and is leading to critical health challenges:

Increased difficulty in 

treating infections

Longer hospital 

stays

Treatment 

failures

More expensive 

treatment options
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In 2015, the World Health Organization launched the Global Antimicrobial Resistance and Use 

Surveillance System (GLASS). The purpose of GLASS is to collect, analyze, interpret, and share 

worldwide data related to antimicrobial resistance in four key areas:

Provides a standardized 

approach to data collection, 

analysis, interpretation, and 

sharing.

Monitors new and existing 

national surveillance 

systems for data 

representativeness and quality.

GLASS also

1

2

3

4

Areas of 

GLASS 

surveillance

Antimicrobial resistance 

in humans

The use of antimicrobial 

medicines

Antimicrobial resistance 

in the food chain

Antimicrobial resistance 

in the environment
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Self-Assessment: Module 4



Module 4: Multiple choice quiz
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1. Which of the following is not one of the objectives of viral surveillance?

• Monitor infection incidence

• Track epidemiological changes and new variants

• Guide the implementation of disease control measures

• Withhold information until the disease mechanism is fully understood



Module 4: Multiple choice quiz
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2. Which of the following is considered a barrier to effective surveillance?

• Well-maintained infrastructure and equipment

• Lack of access to necessary equipment

• Healthcare personnel is fully staffed

• Timely validation of laboratory protocols



Module 4: Multiple choice quiz
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3. Which of the following programs surveils invasive pneumococcal disease?

• The FluWatchers Program

• WHO Global Influenza Surveillance and Response System

• The PSERENADE project 

• WHO Global Respiratory Syncytial Virus Surveillance
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4. Which of the following is not one of the areas of GLASS surveillance?

• Prevalence of human parainfluenza viruses

• Antimicrobial resistance in humans

• The use of antimicrobial medicines

• Antimicrobial resistance in the environment



Module 4: Multiple choice quiz
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5. Which of the following is a consequence of the increasing prevalence of drug-resistant fungal 

infections?

• Shorter hospital stays

• Less expensive treatment options

• Easier to treat infections 

• Treatment failures
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Michael Kann, MD
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• Dr. Kann is a Professor of Clinical Virology in the Department of Infectious Diseases at the Institute 

of Biomedicine at the University of Gothenburg/Sahlgenska University Hospital in Sweden

• Currently, he is the President of the European Society for Virology and a member of International 

Committee on Taxonomy of Viruses

• He served for many years as a physician in the Virological Diagnostic Department at the University 

Hospitals of Bordeaux, France

Module 1 – Etiology and Pathophysiology 



Carolina Garcia-Vidal, MD, PhD
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• Dr. Garcia-Vidal is an Infectious Diseases Consultant in the Infectious Disease Department at the 

Hospital Clinic of Barcelona in Spain

• She is past president of the Grupo Español de Micología Médica (Medical and Experimental 

Mycology Research Group) at the Universidad Pontificia Bolivariana

• In 2015, she received the European Society of Clinical Microbiology and Infectious Diseases 

Young Investigator Award for Research in Clinical Microbiology and Infectious Diseases

Module 2 – Clinical Practice 



Donna Wolk, MHA, PhD
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• Dr. Wolk is the Division Chief of Molecular and Microbial Diagnostics and Development at 

Geisinger Medical Laboratories and a Clinical Professor at the Geisinger Commonwealth School of 

Medicine in the United States

• She is also the Director of the Infectious Disease Research Laboratory at the Weis Research 

Center, a diplomate of the American Board of Medical Microbiology, and a board-certified medical 

laboratory scientist

• In 2016, she received the Becton-Dickinson Research Award for Clinical Microbiology from the 

American Society for Microbiology

Module 3 – Testing Strategies and Initial Workup 



Catherine Hogan, MD, CM, MSc
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• Dr. Hogan is a Medical Microbiologist at the British Columbia Centre for Disease Control Public 

Health Laboratory in Canada and is a Clinical Assistant Professor within the Department of 

Pathology and Laboratory Medicine at The University of British Columbia

• She holds a master’s degree in epidemiology from the London School of Hygiene and Tropical 

Medicine and serves as an associate editor for the Journal of Clinical Virology

• In 2020, she was granted a Global Health Diagnostics Fellowship in the Department of Pathology 

at the Stanford University School of Medicine in the United States

Module 4 – Public Health Surveillance
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Module 1

Pop-Outs
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1. Which of the following pathogens commonly cause respiratory tract infections?

• Streptococcus pneumoniae

• Plasmodium falciparum

• Hepatitis C virus 

• Clostridium tetani
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2. Which of the following are parts of the upper respiratory tract?

• Bronchioles

• Alveoli

• Throat

• Diaphragm
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3. Which of the following is not one of the mechanisms of pathogenicity?

• Pathogens can release nutrients that nourish the host’s cells and tissues

• Pathogens can trigger a cytokine storm

• Pathogens can have capsules that protect them from the host immune response and antibiotics

• Gram negative bacteria can release LPS, a toxin that can induce septic shock
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4. Which of the following is not one of the four major modes of respiratory pathogen transmission?

• Direct contact

• Indirect contact

• Blood transfusion

• Respiratory aerosols
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5. Which of the following individuals would be considered at-risk for severe respiratory illnesses?

• A mid-thirties male with moderate comorbidities

• A child with a healthy immune system and no other comorbidities

• A healthy adult of high socioeconomic status

• An elderly resident of a nursing care facility
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6. Which of the following is not known to influence pathogen transmissibility in respiratory tract 

infections?

• Time of the year

• Hot, humid conditions

• Gender of the transmitting individual 

• Environmental stress
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1. Which of the following is a common symptom of a respiratory tract infection? 

• Cough

• Diarrhea

• Leg pain 

• Vomiting
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2. What condition is most strongly associated with respiratory syncytial virus infection?

• Rhinitis

• Pneumonia

• Bronchiolitis

• Sinusitis
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3. Which of the following conditions are appropriately treated with antibiotics?

• COVID-19

• Influenza 

• Bacterial pneumonia 

• Malaria
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4. Anthelminthics can be used as a specific treatment for which type of infection? 

• Bacterial

• Fungal 

• Viral 

• Parasitic 
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5. Which of the following does not deter or prevent respiratory infections?

• Stress management

• Frequent handwashing

• Increasing social contact

• Use of bacterial and viral vaccines 



123

Module 3

Pop-Outs



Module 3: Multiple choice quiz
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1. Which of the following is not one of the three strategic purposes of testing?

• Imaging

• Surveillance

• Diagnostic 

• Screening
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2. Which of the following statements about testing of respiratory tract infections is true?

• Tests do not help direct the course of treatment

• Tests do not help monitor disease prevalence

• Tests do not increase the likelihood of an early diagnosis 

• Tests distinguish between infectious and non-infectious diseases
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3. Which of the following is not a part of the initial workup for respiratory infection?

• History of present illness

• Physical examination 

• Medical history

• Payment of fees
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4. Which of the following is an upper respiratory tract clinical specimen?

• Nasopharyngeal swab

• Sputum

• Tracheal aspirate

• Pleural fluid
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5. Which of the following test types is most commonly used to test for multiple pathogens at once?

• Multiplex nucleic acid amplification test

• Sample culture 

• Rapid antigen detection test

• Serological tests
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1. Which of the following is not one of the objectives of viral surveillance?

• Monitor infection incidence

• Track epidemiological changes and new variants

• Guide the implementation of disease control measures

• Withhold information until the disease mechanism is fully understood
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2. Which of the following is considered a barrier to effective surveillance?

• Well-maintained infrastructure and equipment

• Lack of access to necessary equipment

• Healthcare personnel is fully staffed

• Timely validation of laboratory protocols
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3. Which of the following programs surveils invasive pneumococcal disease?

• The FluWatchers Program

• WHO Global Influenza Surveillance and Response System

• The PSERENADE project 

• WHO Global Respiratory Syncytial Virus Surveillance
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4. Which of the following is not one of the areas of GLASS surveillance?

• Prevalence of human parainfluenza viruses

• Antimicrobial resistance in humans

• The use of antimicrobial medicines

• Antimicrobial resistance in the environment
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5. Which of the following is a consequence of the increasing prevalence of drug-resistant fungal 

infections?

• Shorter hospital stays

• Less expensive treatment options

• Easier to treat infections 

• Treatment failures
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