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Describe the problem of respiratory 

tract infections, its epidemiology 

and prevention



Respiratory tract



Colonisation of the respiratory tract 

• Respiratory tract (particularly upper respiratory tract) 
is colonised with a range of microrganisms that are 
part of the local flora

• Colonisation: presence of certain bacteria and viruses 
which live symbiotically within the host without 
causing harm 

• Infection: pathogens cause disease 

• Advantages of colonising microbes

•Occupy available space so disease-causing 
pathogens have difficult penetrating (i.e. competition 
for survival)

•Maintain integrity of host mucous membranes

•Produce protective enzymes and kinases (pH 
maintenance) which reduce or contrast pathogenic 
invasion



Colonising microbes of respiratory tract

Upper respiratory tract (nares, 

nasopharynx):

Staphylococcus epidermidis, S. 

aureus, Corynebacterium, Neisseria

spp including N. meningitidis, 

Haemophilus including H. influenzae, 

Streptococcus pneumoniae

Lower respiratory tract (trachea, 

bronchi and pulmonary tissues)  

Usually sterile but invasion can 

occur from the nasopharynx:

H. influenzae, S. pneumoniae, S. 

aureus, Moraxella catarrhalis



• In addition to colonisation, the respiratory tract is also 
protected against infection by:

•Ciliated epithelium and mucous producing goblet cells

•Cough and clearance of mucous from lung

• When the lung is invaded, protective mechanisms are 
activated and immune responses of the host are stimulated 
(i.e. cellular and humoral immune responses)

Defences of respiratory tract against 
infection



Risk of respiratory tract infection

• With inactivity during hospital, protective 
mechanisms are suppressed and risk of 
respiratory tract infection increases

• Colonisation can also be altered by (increasing 
risk of respiratory tract infection):  

•Antimicrobial agents 

•Chemical irritants like, smoke and pollution 

•Foreign bodies such as endotracheal 
intubation

•Immunosupression, e.g. chemical or pathology 



VAP

http://jamanetwork.com/journals/jama/fullarticle/206551



Risk of VAP during endotracheal 
intubation

• Colonising microbes can be 
pushed into lower tract during 
intubation

• Risks of intubation:

oLower tract becomes 
colonised by bacteria

oAspiration of gastric contents 
may occur particularly in 
altered mental status

oTransmission of health care 
associated infection (HAI) 
pathogens via equipment or 
hands may occur



Access  of microbes to lower respiratory tract:

• Risks during intubation

• Biofilm (i.e. cluster of microorganisms), typically 
Gram-negative bacteria and fungal species within 
the endotracheal tube 

• Pooling and trickling of secretions around the 
cuff 

• Impairment of muco-ciliary clearance of 
secretions with gravity dependence of mucus 
flow within airways 

• Pathogenic material can also collect in 
surrounding anatomic structures, such as the 
stomach, sinuses, nasopharynx and oropharynx, 
with replacement of normal flora by more virulent 
strains

Pathogenesis of VAP



Key risk factors of HA-RTI

What are key risk factors for HA-RTI?



⚫Type and duration of ventilation

⚫Quality of respiratory care

⚫Prior antibiotic use

⚫Previous hospitalisation

⚫Other patient factors

Key risk factors of HA-RTI

http://new.paho.org/hq/dmdocuments/2011/ENG_Modulo_I_final.pdf;

http://www.cdc.gov/nhsn/PDFs/pscManual/17pscNosInfDef_current.pdf

http://new.paho.org/hq/dmdocuments/2011/ENG_Modulo_I_final.pdf


Patient risk factors for HA-RTI

• Elderly and children <5

• Pregnancy

• Pre-existing pulmonary disease

• HIV/AIDS, malignancy, chemotherapy, long 

term steroid use

• Diabetes, chronic liver disease, chronic 

kidney disease

• Malnutrition

• Prolonged hospitalizations etc. (high risk of 

multidrug-resistant organisms)



Characteristic of Patients with 
C-ARDS 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7747772/pdf/13054_2020_Article_3417.pdf

Prone position                                 34 (42%)       75 (83%)      <0.001

Neuromuscular blockade               53 (65%)        83 (92%)    <0.001

First VAP                                          36 (44%)       58 (64%)        0.007

ICU length of stay among survivors, 

days                                                 15 [10–20]    30 [19–45]    <0.001

The mechanical ventilation lasted longer in C-

ARDS than in NC-ARDS group: 16.5 [9.0–28.8] 

vs 9.0 [6.0–17.3] days, p<0.0001

At day 28 of ICU admission, significantly more patients 

developed at least one VAP episode in C-ARDS group than in 

NC-ARDS group: 56 (62%) vs. 35 (43%), p=0.016



Wicky et al. Crit Care (2021) 25:153 available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8059113/pdf/13054_2021_Article_3571.pdf

SARS-CoV-2 ARDS patients have different clinical features than 

other ARDS patients, characterized by more profound hypoxia, 

and in comparative studies, the duration of mechanical ventilation 

was twice as long in COVID-19 patients compared with other 

types of ARDS 



Wicky et al. Ventilator-associated pneumonia in the era of COVID-19 pandemic: How common and what is the impact? Crit Care (2021) 25:153 available at: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8059113/pdf/13054_2021_Article_3571.pdf

• less rigorous use of standard 

prevention strategies during 

COVID-19, 

•disease and therapy-associated 

immune impairment, 

•more prolonged duration of 

mechanical ventilation, 

•prolonged use of sedation, 

•more frequent need for prone 

ventilation, 

•higher risk for pulmonary infarction 

with associated superinfection.



Respiratory tract infection

• Healthcare associated respiratory tract infection (HA-
RTI): Any type of respiratory tract infection acquired in 
hospital

⚫ Upper respiratory tract infection (URTI): Acute 
infections of nose, paranasal sinuses, pharynx and/or 
larynx

⚫ Acute infections of the trachea, bronchi and/or lungs 
(pneumonia)

•Hospital acquired pneumonia [HAP]: respiratory 

viruses, (influenza, MerCOV, RSV, measles, 
tuberculosis, legionella, aspergillosis   

•Ventilator associated pneumonia [VAP], Lower 
respiratory tract infection (LRTI)

https://www.cdc.gov/infectioncontrol/guidelines/pdf/guidelines/healthcare-associated-pneumonia.pdf



• Hospital-acquired pneumonia (HAP): Pneumonia that 
occurs 48 hours or more after hospital admission (and 
that was not present at the time of admission)

• Ventilator-associated pneumonia (VAP): Pneumonia 
that occurs more than 48-72 hours after endotracheal 
intubation

•Characterized by new or progressive infiltrate, signs 
of systemic infection (fever, altered white blood cell 
count), changes in sputum characteristics

•Early-onset: Within 96 hours of intubation

•Late-onset: After 96 hours of intubation, usually 
associated with growth of gram-negative bacilli on 
tracheal aspiration

Respiratory tract infection

https://www.cdc.gov/infectioncontrol/guidelines/pdf/guidelines/healthcare-associated-pneumonia.pdf



Epidemiology of HA-RTI

• Associated with high mortality and morbidity

• In United States…

•Attributable mortality (i.e. deaths that could be avoided if 
HAP was prevented) has been estimated to be 30-50%

•Can increase hospital stay by an average of 7-9 days and 
produce an excess cost of $40,000 per patient in US

http://www.atsjournals.org/doi/abs/10.1164/rccm.200405-644ST?url_ver=Z39.88-

2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed;

http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(10)61458-4/abstract

http://www.atsjournals.org/doi/abs/10.1164/rccm.200405-644ST?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed


Point prevalence survey of healthcare-associated infections and antimicrobial use in European 

acute care hospitals 2011–2012; 

https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/healthcare-associated-

infections-antimicrobial-use-PPS.pdf

Point prevalence survey of HAI in European 
acute care hospitals



Incidence of HAI - respiratory 
infection on COVID 19 patients

HAI 59.5%

VAP 25%

HAP 9%



VAP and mortality COVID 19 
patients

568 SARS-
CoV2

482  
influenza

526 no viral 
infection 

399 (25.3%) 
VAP

167 (10.6%) 
VAT 

28-day 
mortality 

28.8% (164 
of 568 
patients)

, 22% (125 
of 482 
patients

32.9% (173 
of 526 
patients) 



Understand clinical and laboratory 
diagnosis of health care-associated RTI 
(HA-RTI)…



• Depending on available resources at health care facility, HA-RTI can be identified by:

•Clinical diagnosis (e.g. diagnosis made by 
a practitioner)
•Laboratory investigation (e.g. respiratory 
samples): Diagnosis is more specific when 
quantitative microbiological samples are 
obtained 

• Rapid identification of HA-RTI are important in order to:

•Provide appropriate antimicrobial therapy
•Identifying patients with transmissible 
infections to rapidly implement IPC 
measures

Diagnosis of HA-RTI



Incidence of RTI coinfection with 
COVID 19

Reported incidence of 

• community-acquired pulmonary bacterial 

coinfections with COVID-19 is as low as 3% 

• 5–16% for ward and Intensive Care Units (ICU) 

patients respectively [1, 2]. 

• However, the frequency of VAP is uncertain, 

and its incidence, characteristics and 

prognosis remain to be further explored 

Wicky et al. Ventilator-associated pneumonia in the era of COVID-19 pandemic: How common and what 

is the impact? Crit Care (2021) 25:153 available at: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8059113/pdf/13054_2021_Article_3571.pdf



Precautions to be used

Modes of transmission of HA-RTI

depend on 



HA-RTI transmission routes

Key routes that HA-RTI is transmitted in health care 
facilities

• Droplet

• Airborne

• Other: Via contaminated equipment or hands



Precautions and types of RTIs

Type of 
Precaution

No pathogen 
identified

Bacterial 
RTI

TB Seasonal 
Influenza

Other 
viruses

Novel RTI

Standard ✔ ✔ ✔ ✔ ✔ ✔

Droplet ✔ ✔ ✔

Airborne ✔ ✔

Contact ✔ ✔

Control of communicable diseases manual 20th edition; 

http://apps.who.int/iris/bitstream/10665/112656/1/9789241507134_eng.pdf



Decontamination of patient care items 
and equipment

• Thoroughly clean all equipment and devices to be sterilized or 
disinfected using manufacturer’s instructions and established 
protocols (e.g. CDC Guidelines for preventing healthcare-
associated pneumonia)

• All items that come into direct or indirect contact with mucous 
membranes of the lower respiratory tract
•Mechanical ventilators
•Breathing circuits, humidifiers, heat-moisture exchanger (HME)
•Nebulizers
•Mistents
•Other devices associated with respiratory therapy
•Anesthesia machines and breathing systems or patient circuits
•Pulmonary-function testing equipment
•Room-air “humidifiers” and faucet aerators

https://www.cdc.gov/infectioncontrol/guidelines/pdf/guidelines/healthcare-associated-

pneumonia.pdf



Decontamination of patient care items 
and equipment

Challenges

•Reuse of single 
use items, e.g. 
respiratory circuits
•Soaking in open 
container 
disinfectants on 
the ward-
contaminated with 
MDROs
•Colonisation of 
linen with MDROs 



Disinfection by water or water jet



Liquid chemical methods

High level disinfection

• Glutaraldehyde

• Hydrogen peroxide

• Ortho-phthaldehyde

• Peracetic acid with hydrogen peroxide



VAP bundle components

1. Elevation of the head of 
the bed to 30-45 degrees

2. Daily 'sedation vacation'  
& Daily assessment of 
readiness to extubate

3. Peptic ulcer disease 
prophylaxis,  

4. Deep venous thrombosis 
prophylaxis.

5. Oral care with 
chlorhexidine (if 
available)

Hand hygiene is a given 

and a must!



Prevention reports COVID 19

• Impact of the modification of a cleaning and disinfection method of 
mechanical ventilators of COVID-19 patients and ventilator-
associated pneumonia: One year of experience. Available at: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8451981/

• Decontamination of Mechanical ventilator with enzymatic 
detergent. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8451981/


Nursing Forum 2021:56:905-915

https://onlinelibrary.wiley.com/doi/epdf/10.1111/nuf.12621



VAP prevention – Systematic 
review

Nursing Forum 2021:56:905-915

https://onlinelibrary.wiley.com/doi/epdf/10.1111/nuf.12621



https://onlinelibrary.wiley.com/doi/epdf/10.1111/nuf.12621

VAP prevention – Systematic review



https://onlinelibrary.wiley.com/doi/epdf/10.1111/nuf.12621

VAP prevention – Systematic review



https://onlinelibrary.wiley.com/doi/epdf/10.1111/nuf.12621

VAP prevention – Systematic review



https://onlinelibrary.wiley.com/doi/epdf/10.1111/nuf.12621

VAP prevention – Systematic review



https://onlinelibrary.wiley.com/doi/epdf/10.1111/nuf.12621

VAP prevention – Systematic review



Additional references

Management of adults with hospital-acquired and ventilator-associated pneumonia: 2016 
Guidelines by Infectious Diseases Society of America and American Thoracic Society
https://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciw353

Centers for Disease Control and Prevention (CDC): 2003 Guidelines for preventing health 
care associated pneumonia
https://www.cdc.gov/infectioncontrol/guidelines/pdf/guidelines/healthcare-associated-
pneumonia.pdf

Guidelines for management of hospital-acquired pneumonia in the UK: Report of Working 
Party on Hospital-Acquired Pneumonia of the British Society for Antimicrobial 
Chemotherapy
https://academic.oup.com/jac/article/62/1/5/844812/Guidelines-for-the-management-of-
hospital-acquired

Institute of Healthcare Improvement How-to Guide: Prevent Ventilator-Associated 
Pneumonia
http://www.ihi.org/resources/Pages/Tools/HowtoGuidePreventVAP.aspx

Prevention of hospital-acquired pneumonia in non-ventilated adult patients: a narrative 
review
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5109660/

https://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciw353
https://www.cdc.gov/infectioncontrol/guidelines/pdf/guidelines/healthcare-associated-pneumonia.pdf
https://academic.oup.com/jac/article/62/1/5/844812/Guidelines-for-the-management-of-hospital-acquired
http://www.ihi.org/resources/Pages/Tools/HowtoGuidePreventVAP.aspx
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5109660/
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