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13Protection of Upper Respiratory Tract, 
Mouth and Eyes

Abstract
Pathogenic bacteria and viruses may invade via upper and lower respiratory tract 
and via eye mucosa. When an infected person coughs or sneezes heavily, small, 
invisible droplets with the infective agent may reach a good distance from the 
source. By using the right form of protection at the right time, infection and dis-
ease are prevented. The present chapter is focused on the protection against air-
borne infections.
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13.1  Purpose

• To protect patients, staff, visitors and the environment against contaminated air 
and droplets, according to the occupational health and safety legislation [1–5].

• To prevent direct transmission from contaminated hands to nose, mouth and eyes, 
and use of the uniform as a handkerchief when coughing and sneezing [6, 7].

13.2  Comprise

• Contact with infectious patients, according to the isolation procedures.
• When performing sterile procedures.
• When in close contact with patients who are in an infection-prone situation, for 

example, during operations and patients with compromised immune system.
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• Contact with wounds and tissues and/or in direct contact with sterile equipment 
used invasively or when present during ongoing invasive procedures.

• Self-protection against splashes/aerosol of biological material (trachea suction, 
vomiting, cough, diarrhoea, secretions, diathermy, etc.).

• Patient with suspected contagious respiratory infection—during transport, exam-
ination, treatment, etc.; use a face mask—also on the patient—to protect others 
and the environment from contamination.

• When cleaning and disinfecting contaminated rooms like isolates and when han-
dling used patient equipment/machinery with organic material (ventilator, CPAP, 
etc.) and used patient textiles, infectious waste and bio-organic waste.

• During work with plumbing and construction with increased risk of soil, splatter, 
aerosols or dust particle clouds, such as working with instrument channels in the 
patient rooms and surgical departments, ventilation systems, sinks, sewer, water 
leakages with fungal growth, etc.

• Caps should always be used when putting on masks to protect hair.

13.3  Responsibility

Hospital management should ensure an infection control programme that informs 
all employees about the standards of hygiene and infection control at the hospital. 
Furthermore, to provide resources to the acquisition, stock reserves and logistics of 
adequate personal protective equipment (PPE), also for emergency situations [5, 8].

Department management is responsible for training, use and control of face 
masks, respirators and eye protection and that the equipment and written guidelines 
are available [5].

Each user is responsible for the proper use of PPE at the right time and in accor-
dance with current guidelines.

13.4  Practical Measures

The following are available in all relevant departments/posts:

• Guidelines—written—for the use of a face mask/respirator/eye protection.
• Surgical masks: put a date on the box when it opens. Only surgical masks of 

good quality are used. Other face masks—thin and of poor quality—fastened 
behind ears should never be used in the healthcare system because of no protec-
tive effect.

• Respiratory protection—P3 mask—with and without valve, separately packed. 
Put the date on the box.

• Surgical face masks with visor.
• Face shield.
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• Goggles. Single-use or multi-use goggles that can be disinfected and autoclaved 
between uses.

• Cap/hood/head or neck protection (phantom hood, operation caps)—always 
when using masks.

• Access to good hand hygiene—hand disinfectant—at the place where the PPE is 
used.

13.4.1  Protect Head, Hair and Neck

When airways, mouth and eyes are protected, the hair and head should also be cov-
ered simultaneously. Many people have long hair that can come in contact with the 
patient, bedding or equipment which can lead to transmission of infection to other 
patients, in addition to themselves becoming a carrier.

NB! Always use cap/hood/head protection when using surgical mask or other 
PPE.

13.4.2  Face Shield and Goggles

These may be single-use or multi-use. Single-use devices are thrown away immedi-
ately after use. Surgical mask with visor may protect against direct spills and 
splashes. A complete face shield protects against direct splashing.

The multi-use equipment (check with infection control personnel) is soaked in 
chloramine 5% 1  h (or household chlorine) before laundered in soapy water or 
washed in the instrument washing machine by more than 85 °C or autoclaved. It is 
stated on the package if the goggles may be autoclaved.

13.4.3  Surgical Mask

Quality-controlled surgical face mask is disposable and used for:

• Surgery and sterile procedures.
• Protection for infection—susceptible individuals/situations.
• Protection against influenza (seasonal influenza), RSV, parainfluenza virus, 

Mycoplasma, enterovirus, metapneumovirus, adenovirus, coronavirus, human 
bocavirus and other acute respiratory infections transmitted through respiratory 
tract [1].

• Patient with respiratory infection—coughing, sneezing—put a surgical mask on 
the patient during transportation, examination, etc.

• Patient with uncontrolled wound secretion—wound infection.
• MRSA and VRE, including suspected carrier state [1].

13.4  Practical Measures
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• Multiresistant gram-negative bacteria—including suspected cases [1].
• Norovirus—vomiting and diarrhoea—or suspected norovirus or the like [1].
• Clostridium difficile—especially when much diarrhoea [1].
• EHEC—entero-haemorrhagic E. coli—and occasionally with other entero-

pathogenic bacteria (Salmonella, Shigella, Campylobacter, Yersinia, etc.) when 
uncontrolled diarrhoea and vomiting, especially in children [1].

13.4.3.1  Putting On and Taking Off
Putting On
• Disinfect your hands.
• Put on the cap—thin operating hood—that collects all hair. Pull it over your ears.
• Disinfect your hands.
• Take the mask from the surgical mask box, and take only one mask. The box 

must have the date of opening. All boxes that have been exposed to infection 
should be discarded afterwards.

• Put the face mask over your mouth and nose with a drawstring at the back of the 
head/top and the other on the neck.

• Adapt the face mask that has metal string over the nose—so that it fits tightly and 
comfortably around the mouth and nose.

• Replace the face mask between each patient/situation/procedure or after 2–6 h if 
you are with the same patient or when it is wet on the inside. Avoid changing the 
mask if this can cause more contamination and risk, for instance, during surgery. 
Surgical masks are usually not changed during surgery.

• Never go with a face mask under the chin or around your neck! It is usually heav-
ily contaminated by mouth and nose secretion after use and by splatter from the 
patient.

Taking Off
• Perform hand hygiene.
• First take hold of the string in the neck and loose this while you bend for-

ward. The lower part of the mask then falls away from the face. Then gently 
loosen the string on the head, and gently put the mask into the waste 
container.

• Face masks should not come in contact with hair or clothes.
• Dispose in regular waste during normal use or infectious waste if infection.
• Perform hand hygiene afterwards.
• Grip the cap back and carefully pull it off while bending forward, and put it into 

the waste container.
• Perform hand hygiene afterwards.

13.4.4  Respiratory Protection (P3 Mask, N95 Mask)

Filtering half masks and guidelines for use of respiratory protection should be avail-
able at relevant clinical departments.
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13.4.4.1  Single-use device!
P3 mask (some with exhalation valve) is used as protection for
• Suspected tuberculosis and always during operations/intervention on suspected 

tuberculous tissue.
• Induced sputum if suspected having pulmonary tuberculosis.
• Penicillin-resistant Pneumococci—symptoms from the respiratory tract.
• Varicella zoster (chickenpox) and morbilli (measles) if not immuned. Pandemic 

influenza, avian influenza, SARS, MERS-CoV (Middle East respiratory syn-
drome coronavirus), polio and certain other enteroviruses associated with paraly-
sis, etc.

• Ornithosis (“psittacosis”)
• Haemorrhagic fever or such suspected disease (Ebola, Lassa, Crimean-Congo 

haemorrhagic fever, etc.)
• Other high-risk diseases: suspected brucellosis, anthrax, tularemia, diphtheria, 

melioidosis, plague, Q fever and rickettsioses.
• Laser treatment for suspected human papillomavirus and cancer treatment.
• Surgical procedures in patients with severe infectious diseases where there is risk 

of aerosol formation or release of tissue particles to the air (prion diseases, blood-
borne infectious virus, tuberculosis, etc.) [1].

P3 mask is used by the surgical team and during all sterile procedures: in the case of 
operative treatment of patients with special types of airborne infection such as tuberculo-
sis, etc., see above. If there is an open breathing valve on the P3 mask, surgical mask must 
be used outside the P3 mask. P3 mask with covered breathing valve can be used instead.

P2 mask or surgical mask is put on the patient with defined or suspected airborne 
infection (e.g. tuberculosis, varicella, etc.) during transport, and stay outside isola-
tion units.

13.4.4.2  Putting On and Taking Off
Putting On
• Disinfect your hands.
• Put on the cap—thin operating hood—that collects all hair. Pull it over your ears.
• Disinfect your hands.
• Take the P3 mask from the surgical mask box, and take only one mask. Each 

mask is usually separately wrapped. The box must have the date of opening. All 
boxes that have been exposed for infection should be discarded afterwards.

• Put the respirator over your mouth and nose with a drawstring at the back of the 
head/top and the other on the neck. The cap hood underneath makes it easier to 
put the mask on—it does not slip.

• Adapt the face mask that has metal string over the nose—so that it fits tightly and 
comfortably around the mouth and nose.

• Test tightness by blowing vigorously or breathing in; leaks are then sensed on the 
sides of the mask.

• Change the P3 mask after 3–6 h or longer or if it is wet on the inside.
• Avoid change if this may lead to risk of infection.

13.4  Practical Measures
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Taking off
Take it off very carefully, as the P3 mask may be used in a serious contagious situ-
ation and may be contaminated on the outside.

• Disinfect your hands.
• Grasp the band/string posteriorly, bend forwards and remove the mask gently 

without coming into contact with the clothing, skin or hair. Do not touch the 
mask directly.

• Loosen the band in the neck first so that the mask falls forwardly away from the 
face. Then carefully loosen the band on the head.

• Put the mask gently into infectious waste bin.
• Perform hand hygiene.
• Grip the cap back, bend forwards and carefully pull it off without coming into 

contact with the skin or clothes and place the mask in infectious waste bin.
• Perform hand hygiene afterwards.

13.4.5  Goggles/Visor

Eye protection is always used when there is a risk of splashing of human biological 
material to the eyes and for protection against highly infectious diseases. In the 
event of a risk of severe airborne disease, wear tight protective goggles where you 
can use regular glasses on the inside. Multi-use goggles may be reused after 1 h of 
treatment in 5% chloramine bath (or household chlorine 10,000 ppm) with subse-
quent soapy water and rinsing.

13.4.5.1  Wearing and Removing Goggles
Putting On
• Perform hand hygiene.
• Put on the cap—thin operating hood—that collects all hair. Pull it over your ears.
• In case of severe, dangerous infection, put goggles on outside of a phantom cap 

that is sitting outside a surgery cap and a P3 mask; see strict isolation.
• Disinfect your hands.
• Goggles are retrieved from the box, usually separately wrapped. The box must 

have the date of opening. All boxes that have been exposed for infection should 
be discarded afterwards.

• Put the glasses or shield over the eyes with a rubber band on the occiput. The 
operation hood under prevents it from slipping.

• Adapt the goggles—so that it fits tightly and comfortably all around the eyes.
• They can be used as long as they are needed.

Taking Off
Take it off very carefully, as the goggles/face shields may be contaminated on the 
outside.
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• Disinfect your hands.
• Grasp the band/string posteriorly, bend forwards and remove the goggles/face 

shield gently without coming into contact with the clothing, skin or hair. Do not 
touch the devices directly.

• If multi-use: put it carefully into the container with 5% chloramine. If single-use: 
put it into the infectious waste bin.

• Perform hand hygiene.
• Grip the cap back, bend forwards and carefully pull it off without coming into 

contact with the skin or clothes, and place it in infectious waste bin.
• Perform hand hygiene afterwards.

Purchase, Provide and Stock
“The employer must ensure that protective equipment made available to the worker, 
meets requirements of regulations on construction, design and manufacture of per-
sonal protective equipment” [5]. This should be in accordance with official regula-
tions for the use of personal protective equipment [5, 9].

13.5  Background Information

Already in Roman times, it was pointed out by doctor Galen that “when many 
get sick and die at once, we must look for a common cause, the air we breathe”. 
During the past 10–15 years, emerging and re-emerging microbes and serious 
global outbreaks have been major challenges to infection control work and to 
the use of personal protective equipment (PPE). Multidrug-resistant tuberculo-
sis and other multidrug-resistant bacterial organisms—MDROs—are increas-
ing worldwide. Very serious virus epidemics are emerging, such as SARS in 
2003, avian flu in 2005, the pandemic influenza in 2009, MERS-CoV outbreak 
from 2010 and the Ebola outbreak in West Africa in 2014, re-emerging in 2017 
[1, 10–22]. Most cases of these serious, life-threatening diseases may be trans-
mitted via air, droplets and re-aerosols, from patients, carriers and the 
environment.

An adult breathes in at rest 5–8 litres of air per minute, at medium heavy work 
30–40 L and at great exertion 70–100 litres of air per minute. In small rooms and 
with a high air contamination of infectious agents, some contaminants will be drawn 
into the respiratory tract. It has been demonstrated that when a person coughs or 
sneezes, drops, droplets and droplet nuclei from the mouth and nose may reach up 
to 9 m from the source [2].

Surgical masks and respiratory protection (filter masks) are defined as “equip-
ment that can help prevent the spread of microbes from one person to another” [2, 
3]. The difference between surgical mask and respiratory protection is that surgical 
masks primarily protect the patient and sterile area/equipment against mouth and 
nose secretion from healthcare professionals, while respiratory protection protects 
healthcare workers and others from airborne infections from nearby sources of 
infection [3–5, 14, 23].

13.5  Background Information
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However, surgical masks are not approved as protection against airborne infec-
tions: [5, 14, 24, 25] “Harmful microorganisms (bacteria, viruses, fungi) or compo-
nents of microorganisms (e.g. endotoxins) may occur in air, either in dust, smoke or 
aerosols, or even finer distributed as droplet nuclei where all liquid has dried in. 
Surgical masks only protects against splash and drop, not against airborne infection. 
Therefore, to protect against airborne infection, wear respiratory protection. In most 
situations, a filtering half mask will provide a good protection. Particle filter class 
P2 protects against most spores of fungi. At risk of exposure to airborne viruses and 
bacteria, especially tuberculosis, particle filter P3 must be used. In particularly dan-
gerous situations, during prolonged work or if carrying a beard, should special 
breathing systems be used” [5] (Fig. 13.1).

13.5.1  Protection Against Airborne Infection

Many human pathogenic bacteria and viruses invade via upper and lower respira-
tory tract [1]. Some viruses may also invade via eye mucosa, such as influenza, 
hepatitis B and C and HIV.

Carl Schiøtz, a Norwegian professor in hygiene and infection control, wrote in 
the textbook of hygiene in 1937 (80 years ago) that the most important measures 
against communicable diseases are the following: (1) isolation of the sources of 
infection (home or hospital), (2) disinfection of the exposed rooms and equipment, 
(3) vaccination if vaccine-preventable disease, (4) quarantine, (5) food hygiene and 
(6) insect eradication [26]. He noticed that airborne infection was considered to be 
“the most important form of transmission of infections at our latitude” [26].

Schiøtz meant that drops from the respiratory tracts were large and heavy and 
went 1.5–2  m away, while saliva droplets went in “up to 20  m distance from 

Fig. 13.1 Spread of large 
and small drops when 
sneezing: “Norway has got 
a new epidemic with 
elbow-coughing and 
-sneezing people. This is a 
bad hygienic behaviour 
under normal conditions 
and a society- critical 
handling during 
epidemics” (Source: 
Illustration photo Gorm 
Kallestad/Scanpix, 
Andersen BM. Dagbladet 
12.11.2009. Article)
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high-speaking people and they could stay floating in the air for several hours” [26]. 
This was important for the spread of “flu, colds, pneumonia, pest-pneumonia, tuber-
culosis, pertussis, measles, small-pox, chickenpox, scarlet fever, rubella, diphtheria, 
poliomyelitis, epidemic cerebrospinal meningitis and several other diseases” [26]. 
He also focused on inhalation of dust containing microbes [26].

The introduction of antibiotics in post-war times and the sharp reduction of lung 
tuberculosis caused many to forget that it was something that was infected via air. 
Tuberculosis has been “recognized” as an airborne infection at least in 100 years, 
although some still believe that short-term exposure to the patient does not lead to 
infection. This perception has led to multiple outbreaks of multiresistant tuberculo-
sis, including in the United States [27].

13.5.2  The Definition of Airborne Infection Is Still Controversial

Airborne transmission is most often downgraded by the health authorities to contact 
and droplet transmission—traditionally within 1 m from the patient. This applies to 
healthcare professionals who are going to treat patients with severe, deadly infec-
tions where surgical masks are estimated “good enough” [10–16, 23–25, 28–31].

Droplet transmission is a definition that may put healthcare personnel at risk dur-
ing dangerous situations since it is still a “form of contact transmission” [17]. The 
CDC definition from 2007 is upgraded since 2004 but is still very vague and contro-
versial; see the following quotations [17]:

Droplet transmission is generated when “an infected person coughs, sneezes, or 
talks  - or during procedures such as suctioning, endotracheal intubation, cough 
induction by chest physiotherapy and cardiopulmonary resuscitation. ---The maxi-
mum distance for droplet transmission is currently unresolved,---Historically, the 
area of defined risk has been a distance of ≤3 feet around the patient----investiga-
tions during the global SARS outbreaks of 2003 suggest that droplets -- could reach 
persons located 6 feet or more from their source. ---- Thus, a distance of ≤3 feet 
around the patient is best viewed as an example of what is meant by ‘a short dis-
tance from a patient’ ---- it may be prudent to don a mask when within 6 to 10 feet 
of the patient or upon entry into the patient’s room, especially when exposure to 
emerging or highly virulent pathogens is likely--” [17].

“Droplet size is another variable under discussion --- defined as being >5 μm in 
size. Droplet nuclei, particles arising from desiccation of suspended droplets, have 
been associated with airborne transmission and defined as ≤5 μm in size- ----par-
ticle dynamics have demonstrated that a range of droplet sizes, including those with 
diameters of 30μm or greater, can remain suspended in the air” [17].

The worst example until now is the recommendation of “contact and droplet 
transmission within 1  m” with the use of surgical masks (within 1  m from the 
patient), by WHO, the first phase (3 months) of the SARS epidemic in 2003, where 
90% of those who became ill during this first phase were health professionals [28]. 
The same was done during the avian influenza epidemic in 2005 and mostly through-
out the influenza pandemic in 2009 [29]. WHO and CDC recommended both 

13.5  Background Information
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“contact and droplet transmission” measures during the first 6 months of the Ebola 
epidemic in 2014 [1, 30]. During some of the most serious global epidemics that 
have happened in the last 80 years, healthcare personnel were exposed to infection 
without proper protective equipment and had the highest death rate associated with 
work-related infection [10–17, 30, 31].

During the SARS outbreak in Toronto, Canada, 169 health personnel were 
infected with nosocomial SARS, and 3 of these died [14, 31]. Infection control 
personnel in Toronto insisted that SARS was primarily transmitted through large 
droplets—within 1 m—and that there was lack of evidence-based documentation 
for airborne infection! [31] Despite the fact that health professionals requested it, 
the respiratory protection (N95) was not handed over to the staff, and the outbreak 
continued for a long time [31]. A State Investigation Commission came to the fol-
lowing bottom line conclusion: Safety comes first and reasonable measures to 
reduce the risk of healthcare professionals do not have to wait for scientific evi-
dence [31].

In the event of outbreaks of less severe airborne infections such as common flu, 
RSV, Mycoplasma, adenovirus, metapneumovirus, etc., it is important to protect 
healthcare professionals from infection. The purpose is that infected personnel 
should not be “vectors” of infections in the hospital. In addition, a large outbreak 
among the staff may cause that patients with life-threatening diseases like heart 
attack, trauma, etc. do not get the necessary treatment.

Despite all the controversies surrounding airborne transmission, a number of 
international guidelines for the use of respiratory and face protection equipment 
have been developed under varying epidemiological conditions and experiences 
over the past 100 years. Recent surveys and experiences show that Schiøtz and other 
researchers had correct facts and guidelines according to airborne infections. Secrets 
from the respiratory tract can go far off 9 m or more, for example, when coughing 
and sneezing, and pathogenic viruses and bacteria are detected in the air in rooms 
with infected patients [2, 14, 17, 18, 20, 21, 26, 32–43]. Airborne MRSA and other 
multiresistant bacteria may be a greater problem than previously thought [17, 18, 
20, 42]. Even Clostridium difficile spores may become airborne under certain condi-
tions [43]. Today, it is also known that most microbes are strong, surviving organ-
isms outside the body [1, 44]. They can also survive on the outside of the protective 
equipment and even re-aerosol from these and even penetrate a wet mask [1, 4, 
44–48]. Respirators (half masks) are more expensive (about 4 USD) than surgical 
mask (<0.1  USD). Because of a shortage during large outbreaks, it has been 
attempted to decontaminate respirators for reuse. However, this is not effective, is 
not recommended and cannot be done with disposable equipment [49].

13.5.3  Disease Spread To and Through Air

Most infectious agents are spread through contact, blood, drops, droplets, drop 
nuclei (aerosol), airborne on dust particles and often in several ways simultaneously 
[12, 13, 17, 23, 33–43, 50–52].
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Transmission of microbes from the respiratory tract to the air occurs by breathing, 
speech, cough, sneezing, laughing, singing or other aerosol-generating procedures. 
Sneezing usually leads to greater amount of microbes transferred to air than cough-
ing [51]. How long the contaminant stays alive in the air depends on the agent, tem-
perature, humidity, virus dose response, particle size and presence of other material 
[50–56]. Some larger drops are deposited close to the patient, and smaller drops—
droplet nuclei—pass into a floating phase in the air and are falling slowly over time, 
such as influenza A virus [2, 50–56]. Transmission of microbes via small particles 
and droplet nuclei from influenza patients is not adequately controlled by the use of 
surgical mask [50–52]. Airborne transmission always includes contact transmission 
and often re-aerosols from the environment [18–21, 39, 42–44, 55–61].

Transmission to the air from the skin occurs via the release of millions of skin 
particles where approximately 10% carry bacteria or virus from the skin or wound.

Re-aerosols from infectious particles whirled up in the air, for instance, during 
bed-making, dry mopping of contaminated floor surfaces, from contaminated areas in 
the room during air currents or when the door is opened or closed quickly [62]. 
Re-aerosols of pathogenic microbes may be important because of a long survival in 
the environment, for days, months and years [1, 44]. Influenza A virus survives on 
paper, textiles and equipment for more than 3 weeks and can become airborne [55–
61]. Influenza A virus is very contagious via aerosols and small airborne droplets [56].

13.5.4  Reduction of Airborne Transmission

Microbial load in the air depends on cleaning and air exchange [5, 10–14, 63]. 
Proper cleaning and ventilation with a positive pressure of filtered air reduce the 
load in the operating units or during protective isolation. Decontamination and 
cleaning of rooms, textiles and surfaces and a good air exchange with a negative air 
pressure are important during isolation of patients with infections.

Air exchange It has been demonstrated that after aerosol-generating procedures such 
as bronchoscopy, airway suction and intubation, five fresh air changes in the room can 
greatly reduce air contamination, provided that the source of infection is gone [13].

Respiratory protection prevents people from touching their nose or mouth in an 
infectious situation and coughing on their own uniforms and thereby exposing 
themselves to others and to infection [6, 7].

Correct use of respiratory protection Most microbes survive for hours to days on 
the outside of a respiratory protection as shown for bacteriophage, influenza virus 
and coronavirus [45–47]. This is the reason why respiratory protection should not 
be reused and why it is not advisable to touch the outside of the mask. During the 
SARS outbreak in Canada in 2003, the staff reinfected themselves by handling the 
mask incorrectly and reusing equipment without decontamination [28]. Among 
1441 hospital personnel in China, there was a significantly lower incidence of respi-
ratory tract pathogenic microbes among personnel who used respiratory protection 
with filter N95 (p = 0.02) than among personnel using face mask (p < 0.01) com-
pared to controls [64].

13.5  Background Information
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13.5.5  Surgical Face Mask

Face mask, covering the nose and mouth, has been used since the Spanish flu in 
1919. It was actually developed to protect patients from postoperative infections 
from the airway flora of the operating team and protect the team against blood and 
tissue splash from the patient. There is no standard definition of surgical masks, 
adaptation, leak test or quality of filter [5, 13, 14]. Surgical mask is not approved by 
the occupational health authorities [3–5, 24, 25]. Nevertheless, there are extensive 
use and purchase of face masks, especially in the national emergency preparedness 
plans.

The combination of good hand hygiene and the use of surgical mask within 36 h 
after the onset of influenza in an index case may however reduce spread of the flu in 
the household [65–67]. Volunteer subjects infected with seasonal flu breathed out 
nearly nine times more virus in small particles, <5 μm, than in larger one, >5 μm, 
after the onset of the flu [50]. The use of surgical masks reduced particularly the 
larger particles and showed a 3.4-fold reduction of virus released to the air [50]. 
Using surgical face masks can reduce infection and also had some suppressing 
effect on the spread of infection by SARS [10].

Surgical face mask protects the nose and mouth from splashing and saliva parti-
cles but does not protect effectively against bacteria and viruses that are, respec-
tively, from 0.2 to 8 μm (0.0002–0.008 mm) and from 20 to 300 nm (0.02–0.3 μm) 
in diameter. There is no safe protection against aerosol or droplet nuclei, either 
through the mask or from the sides of the mask [5, 13, 24, 25, 68]. It is not certain 
that a mask may stop microparticles of the blood that can be formed by certain pro-
cedures, like centrifugation accidents, spray from dental treatment or surgery, etc. 
[36, 68]. In such cases, also eye protection should be used.

Persons close to sterile areas can contaminate the area by direct drops of saliva 
and aerosols that are spilled by speech, coughing and sneezing [2, 13]. A good face 
mask captures these droplets from the respiratory tract and prevents deposition 
thereof. It catches drops both ways to some extent, but when the surgical mask is 
wet, it can become less effective, with some growth of bacteria. It is usually effec-
tive for at least 2–3 h.

Face masks with visors protect to some extent both nasal/oral and eye mucosa 
against infected blood and tissue particles/droplets.

13.5.6  Respiratory Protection: N95, P3 mask and “dust filters”

Airborne microparticles of aerosol, drop nuclei and blood drop-bearing bacteria and 
viruses can be formed during activities of or around the patient (coughing, sneezing, 
speech, excessive bodily activity, bed-making, dust cleaning etc.).

Respiratory protection such as P3 mask or N95 has shown protective effect in 
highly severe infections such as SARS, tuberculosis and pandemic influenza [5, 9–
16, 20–23, 56, 64]. Respirators are not designed for children or people with beards, 
and therefore does not provide full protection for these [5, 23].
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Respiratory protection is filtering half mask, looks almost like surgical mask and 
is often called filtering face piece (FFP) respirators or dust filter [5]. They are of 
different quality (FFP1–FFP3) and capture microbes in both ways. The filter is hep-
afilter/polypropylene filter with static charge to increase the filter power. FFP2 is 
equivalent to the US N95 masks that are widely used around the world. The 
European standard is EN149: 2001 which is equivalent to FFP3 and has a somewhat 
higher level of protection [13].

Procedures involving large load on the environment around a patient with air-
borne infection are, for example, bronchoscopy, trachea suction, diathermy aerosol, 
suction and drilling (orthopaedics, dental treatment, etc.). In such cases, both respi-
rators and eye protection should be used.

Filter 
class

Filtration 
efficiency Protects against Comments, some examples

P1 Low Solid particles Use only if the dust is harmless
P2 Medium Solid particles 

and liquid 
particles

Protects against most types of dust from low 
toxicity substances, for example, drilling in 
mountains or mines, sweeping pipes,
grinding work, isolation work

P3 High Used when the dust contains or may contain 
poisonous
or highly toxic particles, carcinogens, radioactive
particles, bacteria, viruses

Source: Respiratory protection. Directorate of Labour Inspection, 2007 [5]

The P3 mask protects the user and can also be used on patients with specific 
respiratory infection and then without exhalation valve.

Protection factor is calculated by reducing the degree of pollution in the air. If 
there is a pollution of 1000 mg/m3 air, a respirator with a protection factor of 500 
may reduce the pollution to a residue of 2 mg/m3. That includes inhalation of air 
through or on the sides of the respiratory protection, which will almost always hap-
pen [69–72]. “Protection factors for filtering half masks FFP1, FFP2 and FFP3 
matches the protection factors for half mask with respectively filter classes P1, P2 
and P3. Motor-assisted filtering air purifying respirators (equipment with a turbo 
unit) have varying protection factor depending on the equipment design” [5]. A wet 
filtering mask may be permeable for viruses and bacteria.

The Norwegian Directorate of Labour Inspection indicates protection factors for 
filtering respirators as follows [5]:

Filter P1 P2 P3 Gas
Half mask 4 12.5 50 50
Full mask – 16 1000 2000

Lower protection is expected, because it is often leaked due to poor adaptation; 
factor 10 is for filtering half mask classes 2 and 3, and factor 100 is for full face 
masks. “Protection factor for both supplied air and air purifying respirators with 
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half and full face masks also require a good fit, and this cannot be expected if beard, 
glasses or the like, in squeeze along the edge of the mask” [5].

Requirements for filtering half masks [5, 12, 13, 69–72].

Mask class Total efficiency Total leakage Protection factor
P1 78% 22% 4.5
P2 92% 8% 12.5
P3 98% 2% 50

P3 has the highest protection factor with 50 times cleaner air inside the mask 
than outside. The mask’s overall efficiency depends on the filter quality of the mask, 
fitting the face shape (leakage) and leakage through any exhalation [5, 12, 13, 
69–72].

Fit test is the control and training using special odour tests that the person per-
ceives within the mask if it is not tight enough [5, 12, 13].

13.5.6.1  Many Different Models
In a study of five models of the N95 mask (3M 1860S cup, 3M 1870 flat fold, 
Kimberly-Clark PFR95 duckbill, SafeLife T5000 cup added with iodine and 
GlaxoSmithKline Actiprotect cup, added with lemon acid), all five types had more 
than 95% efficiency: −0.8 μm particles of H1N1 influenza virus and corresponding 
inert particle sizes [69]. Filtration efficiency was largely based on particle size [69]. 
So-called elastomeric masks appear to be more effective than regular filter masks 
[70]. Studies show considerable variation with regard to protection, and for some 
dangerous, microbial agents, 95% protection may be too low [71, 72].

13.5.6.2  Other Types of Respiratory Protection
• Turbo Equipment (PAPR = -Powered air-purifying respirators) with P3 filter (pro-

tection factor 500–2000) - may have problems concerning the disinfection of bat-
tery-operated, recycling systems, and is dependent on a good training [5, 12, 13].

• Fresh air/pneumatic equipment (protection factor, 100–100 000) is used for par-
ticularly risky situations of special personnel in laboratories and when working 
in areas with severe epidemics. However, there may be serious infection prob-
lems regarding disinfection of reuse systems (filters, mechanical/electrical 
appliances).

13.5.6.3  Strategic Stockpile
During non-epidemic times and with low-virulent microbes, respiratory protection 
(N95 or P3 masks) are not used for other than special types of respiratory infections 
and pulmonary tuberculosis. This may influence on the state of readiness for major 
outbreaks such as pandemic influenza. Consumption of masks can be very large as 
during the SARS outbreak in 2003, where a Canada-based hospital with SARS 
outbreak used up to 18,000 N95 masks each day [13].

The durability of respiratory protection equipment is good—up to 10 years or 
more in storage. Items made with rubber or rubber parts should be checked, and 
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there should be some systemic rotation in the warehouse [49]. At OUH, Ullevål, 
there has been a strategic stockpile system of such equipment with replacement as 
required [8]. The experience from Norway is that the national health authorities 
have been unprepared for stockpiling of emergency response requirements for PPE, 
also during the influenza pandemic of 2009 [29]. The market may soon be empty for 
respiratory protection masks during serious outbreaks such as SARS and Ebola 
virus. Using several surgical face masks superposed did not have enough protective 
effect [73]. During the SARS epidemic, the Chinese healthcare personnel made 
their own masks of 12 layers of gauze that supposedly would work well.

13.5.7  Goggles/Visor

This is used when there is risk in soil and splatter of biological materials and to 
protect against highly dangerous infection. If there is a risk of transmission of severe 
respiratory infection, tight-fitting goggles are used. The goggles can be reused after 
1 h of treatment in 5% chloramine, followed by washing with soap and water, and 
they may also be reprocessed and decontaminated in a washing machine at >85 °C.

13.6  Conclusion

Controversial issues concerning airborne infection and protection against “droplet 
transmission” should be further studied. Particle studies; ventilation variations; 
kinetics; the effect of humidity, temperature and filter types; re-aerosols from dust; 
environment and PPE equipment; and the survival of microbes in the environment 
should be better studied. This is the case for most important microbial agents: bac-
teria, viruses and fungi. Respirators should be preferred over surgical masks when 
there is suspected droplet or airborne transmission. This choice is essentially a mis-
understood price and attitude problem.
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