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Infection prevention and control measures for acute

respiratory infections in healthcare settings: an update
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ABSTRACT Viruses account for the majority of the acute respiratory tract infections (ARIs) globally with a mortality
exceeding 4 million deaths per year. The most commonly encountered viruses, in order of frequency, include influenza,
respiratory syncytial virus, parainfluenza and adenovirus. Current evidence suggests that the major mode of transmission
of ARIs is through large droplets, but transmission through contact (including hand contamination with subsequent self-
inoculation) and infectious respiratory aerosols of various sizes and at short range (coined as “opportunistic” airborne
transmission) may also occur for some pathogens. Opportunistic airborne transmission may occur when conducting high-
risk aerosol generating procedures and airborne precautions will be required in this setting. General infection control
measures effective for all respiratory viral infections are reviewed and followed by discussion on some of the common
viruses, including severe acute respiratory syndrome (SARS) coronavirus and the recently discovered novel coronavirus.

Prévention des infections et mesures de lutte contre les infections respiratoires aigués en milieu de soins : le
point sur la situation

RESUME Les virus sont responsables de la majorité des infections des voies respiratoires aigués dans le monde
avec une mortalité supérieure a quatre millions de déces par an. Les virus les plus fréquents sont, par ordre
décroissant, celui de la grippe, le virus respiratoire syncytial, le virus paragrippal et I'adénovirus. Les données
actuellement disponibles laissent penser que les grosses gouttelettes constituent le principal mode de
transmission des infections des voies respiratoires aigués, mais que la transmission par le contact (notamment
la contamination par les mains suivie par une auto-inoculation) et par des aérosols respiratoires infectieux de
différentes tailles et de courte portée (appelées transmissions par voie aérienne « opportunistes ») peut aussi se
produire pour certains agents pathogenes. Une transmission par voie aérienne opportuniste peut survenir lors de
['utilisation de procédures générant des aérosols impliquant un risque élevé. Dans ce cas, des précautions contre
une transmission aérienne sont requises. Des mesures de lutte anti-infectieuses générales efficaces contre toutes
les infections respiratoires virales font I'objet d'un examen puis de discussions concernant certains virus courants,
notamment le coronavirus du syndrome respiratoire aigu sévere et le nouveau coronavirus découvert récemment.
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Introduction

Acute respiratory infections (ARIs)
cause widespread diseases globally and
are responsible for over 4 million deaths
each year [1]. The incidence of ARIs is
especially high among infants, children,
and the elderly and is more pronounced
in low- and middle-income countries
[1,2]. ARIs may affect either or both
the upper or lower respiratory tract and
infections involving the lower respiratory
tract may be especially severe. Although
bacteria are significant pathogens, the
most common etiologies of ARIs are viral
and they are frequent causes of hospital
admissions and nosocomial outbreaks.
Determining the magnitude of the extent
of disease due to ARIs has been difficult
because of the lack of laboratory diagnos-
tic capabilities, but in recent years many
hospital laboratories have established
rapid viral diagnostic capabilities. In
Hong Kong, for example, the capacity for
both rapid diagnosis and viral culture has
existed for the public sector since 1995,
covering 90% of hospital beds in the ter-
ritory. Laboratory data from Hong Kong
identified influenza A and influenza B as
accounting for about 50% of the patients
diagnosed with viral respiratory infec-
tions, followed by respiratory syncytial
virus (RSV) at about 20%, and parainflu-
enza and adenovirus at about 15% each.
Rhinovirus accounts for about 3%, but
this is probably an underestimate since
specimens are less frequently submitted
for these cases, which generally have mild
symptoms [3].

The practice of infection control
for patients with ARIs has its own par-
ticular challenges. The present review
focuses mainly on infection prevention
and control measures that are consid-
ered effective in healthcare settings, and
discusses the relevance of these meas-
ures during health care for probable or
confirmed case of novel coronavirus
infections. Of special pertinence are
4 related systematic reviews recently
commissioned by the World Health
Organization [4-7] and a World

Health Organization guideline released
on this subject [8] which covers infec-
tion control recommendations on key
issues which are summarized later in
this article.

General infection
control measures for

ARls in healthcare
settings

To develop effective strategies for
infection control, it is critical to first
understand the mode of transmission
of these viruses. As these pathogens
infect the respiratory tract and the virus
can be disseminated into the air by
coughing, it had been assumed in the
past that the airborne route of trans-
mission was important. Research over
the years has provided evidence that
this is not the case. Though knowledge
of transmission modes continues to
evolve, current evidence indicates that
the major mode of transmission of
most ARIs is through large droplets,
but transmission through contact
(including hand contamination with
subsequent self-inoculation) and infec-
tious respiratory aerosols of various
sizes and at short range may also occur
for some pathogens [9]. In an infected
individual, a cough would generally
produce large droplets, in the order of
10 pum in diameter or larger, and these
large droplets would generally fall to
ground within 1 metre of the patient
[10]. This distance of 1 metre for viral
droplets was first identified for RSV
in a study by Hall and Douglas [11].
Large droplets of this size, because of
their weight and size, generally cannot
remain suspended in the air [9]. Conse-
quently, infection control precautions
will only be necessary when the health-
care worker comes within 1 metre of
the patient. This is the rationale behind
the recommendations under “droplet
precautions”, which will be discussed
below.
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Some respiratory viruses, notably
RSV, parainfluenza, and adenovirus,
may be emitted in large quantities in
respiratory secretions. With extensive
contamination of the patient’s environ-
ment, contact transmission can occur.
Contact transmission refers to transfer
of viruses and other microbes resulting
from direct physical contact between
infectious secretions from an infected
or colonized person or via hands, envi-
ronmental surfaces or inanimate objects
which are contaminated by infectious
secretions [9]. The isolation measure
for these settings is designated “con-
tact precautions’, which will also be
discussed below. In these settings with
viruses associated with large droplet
and contact transmission (including
metapneumovirus [12] because of its
similarity to RSV) a patient generally
will not cough out droplet nuclei of < §
w and therefore infectious material will
not be disseminated for long distances
through the air. Thus “airborne precau-
tions” are generally not necessary. At
present, none of these acute respiratory
viral pathogens is classified as airborne
[13]. However it should be noted that
those respiratory viruses typically as-
sociated with large droplet and con-
tact transmission may spread by the
airborne route under special circum-
stances. Thus modes of transmission are
not mutually exclusive and there may be
settings or circumstances where transi-
tions between modes of transmission
may occur. This mode of transmission
is described as “opportunistic airborne
transmission” by Roy and Milton [14],
who also stressed that such infections
would not require “airborne infection
isolation”. Rather, one should be alert to
settings and circumstances where this
“opportunistic airborne transmission”
may occur, such as with aerosol generat-
ing procedures.

Airborne or aerosol transmission
refers to dissemination of microorgan-
isms by aerosolization, and occurs when
microorganisms are contained in drop-
let nuclei of a size < 5—10 um, that result
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from evaporation of large droplets or in
dust particles that remain suspended in
the air [9]. Airborne transmission may
occur over long distances (> 1 metre)
and the microorganisms usually settle in
the lower respiratory tract [ 14].

Administrative
controls and measures

for early recognition
and isolation

Infection control measures can only be
effectively implemented in healthcare
facilities when administrative controls
are in place; this includes including es-
tablishing sustainable infrastructure and
activities to maintain infection control
practices, clear policies on early recogni-
tion of ARIs of potential concern, and
access to prompt laboratory testing for
identification of the etiologic agents.
The healthcare facilities should also
have adequate patient-to-staff ratios,
provide adequate staff training, and es-
tablish appropriate staft vaccination and
prophylaxis programmes [8].

Given the ongoing spread of viral
respiratory infections globally, the
World Health Organization (WHO)
released a guideline in 2007 entitled
Infection prevention and control of epi-
demic- and pandemic-prone acute respira-
tory infections in health care [8]. It will be
referred to as the “ARI guideline” in
subsequent discussion. This guideline
recommends that in all hospitals, ad-
ministrative measures should be taken
to set up a system for patients with ARI
so that they are managed in a coordinat-
ed manner with timely reporting to the
public health authorities. The decision
tree algorithm is shown in Figure 1 [8].

When a patient is first seen in the
hospital or other healthcare site, usu-
ally in an outpatient setting, a system
should be established for clinical triage
where patients are screened for specific
signs and symptoms of ARI. The mo-
ment these symptoms are detected, the

infection control measures shown in
the upper box of Figure 1 should be
implemented. They are basically general
infection control measures but include
accommodating patients at least 1 me-
tre away from other patients.

Both epidemiological and clinical
clues should be obtained from patients.
The emergence of severe, novel viral
respiratory infections of public health
concern such as a new pandemic influ-
enza strain should prompt an appropri-
ate travel and occupational history. A
contact history with any known case
or cluster of ARIs of public health
concern should be elucidated. Clinical
clues, such as the patient having severe
respiratory illness after exposure to a
cluster of ARI of unknown etiology but
with a high mortality rate, may also be
important. If these clues suggest that
the patient has an ARI of public health
concern, he/she should be isolated in a
single, well-ventilated room if possible.
However if it is a new virus, and the
mode of transmission is still unclear,
an airborne precaution room is recom-
mended. The details surrounding the
case may also be reported to the public
health authorities depending on local
policies. Relevant specimens should
be submitted to the laboratory and
once a specific etiologic diagnosis is
made (Figure 1), the specific infection
control measures, as recommended in
the guidelines or in Table 1, should be
followed.

General measures within
healthcare settings

Surveillance is extremely useful so that
hospitals are alerted to outbreaks cir-
culating in the community and will be
an aid to early diagnosis and isolation
of patients. A system to alert infection
control personnel, e.g when there are
> 3 patients with influenza-like illnesses
from asingle ward, is also extremely use-
ful. Immediate assessment of the possi-
bility of an outbreak should be initiated,
so that early isolation or discharge of
patients can be undertaken [8].

Once admitted into the healthcare
facility, the essential general infection
control measures include rigorous hand
hygiene, standard precautions and respir-
atory hygiene. Hand hygiene is extremely
important and every hospital should
implement the WHO hand hygiene
guideline that has been introduced world-
wide [ 15]. It has been demonstrated that
alcohol hand rubs are effective against
all the respiratory viruses. Standard
precautions are the measures initially
introduced for all patients to reduce the
risk of blood-borne pathogens. It also
covers respiratory viral infections and as
part of standard precautions, healthcare
workers must utilize surgical masks and
eye protection when there is significant
risk of contamination from patients with
profuse acute respiratory symptoms. For
the person with a cough, “respiratory hy-
giene” is a measure to contain respiratory
secretions by providing them with tissues
for covering the mouth and nose while
coughing or providing surgical masks for
the patients [13].

The 2 main isolation precautions
for acute viral respiratory infections are
droplet and contact precautions. It is
important to stress that standard pre-
cautions and strict hand hygiene are
integral parts of all of these precautions.
The key element of droplet precautions
is wearing a surgical mask whenever
healthcare workers come within 1 metre
of the patient; for contact precautions, it
is wearing a gown and gloves on enter-
ing the patient’s room and removing
them on leaving [8]. Recent systematic
reviews [5,6] have shown the effective-
ness of these measures.

“Quarantine” is an infection control
measure recommended for some infec-
tious diseases, but it should be noted
that there is no such recommendation
in any guidelines for the present list of
acute viral respiratory infections [8].
Quarantine involves the segregation of
healthy contacts and it was the policy
for severe acute respiratory syndrome
(SARS) in many countries. Such a dras-
tic measure for SARS was carried out
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Patient Infection control measures

- HCWs should perform adequate hand hygiene,
use medical mask and, if splashes onto eyes are
anticipated, eye protection (goggles/face shield)
(Table 2.1)

- Pediatric patients with clinical symptoms and
signs indicating specific diagnosis (e.g. croup for
parainfluenza, acute bronchiolitis for respiratory
syncytial virus), especially during seasonal outbreaks,
may require isolation precautions (Table 2.1) as soon
as possible

- Encourage respiratory hygiene (i.e. use of medical
mask or tissues when coughing or sneezing followed
by hand hygiene) by the patient in the waiting room

- If possible, accommodate patients at least T m away
from other patients

Patient enters triage with

symptoms of acute febrile
respiratory illness

- HCWs should use PPE (medical mask, eye protection,
gown and gloves) and perform adequate hand
hygiene (Table 2.1)

Use separate adequately ventilated or Airborne
Precautionb room (Table 2.1)

If no separate room available, cohort patients with
same laboratory-confirmed etiological diagnosis

- If etiology cannot be laboratory confirmed and no

plus clinical and -

epidemiological clues for
ARI of potential concerna -

S$42

Report to public
health authorities

separate room, adopt special measuresc

Patient diagnosed with ARI

Other diagnosis

of potential concerna

IPC precautions (Table 2.1)
to remain in place for the
duration of symptomatic
illness (see Section 2.2.4)

Reassess IPC
precautions
(Table 2.1)

Figure 1 Decision-tree for infection prevention and control (IPC) measures for patients known or suspected to have an acute
respiratory infection (ARI) [8] (PPE = personal protective equipment)

for the sake of caution, but the present
evidence does not support the need for
quarantine because subclinical infec-
tion is shown to be almost nonexist-
ent [16] and even mildly symptomatic
cases have not been reported [17].

Cohorting is the process of isolat-
ing patients with the same diagnosis
in the same isolation room and since
significant surges of these viral respira-
tory infections do occur, especially in
the winter months, it often is needed.
Many hospitals have the problem of
admitting large numbers of patients
with infectious respiratory syndromes,
especially among paediatric patients,

and where there is insufficient isola-
tion capacity to place them in separate
rooms before a specific viral diagnosis is
available. A possible solution, suggested
in the ARI guideline is to place all of
these patients on droplet precautions
in the same room but ensuring that
all beds are at least 1 metre apart and
having healthcare workers wear medical
masks whenever they are within 1 metre
of the patient [8]. There is no sharing of
speciﬁc patient care equipment, such
as stethoscopes, and patient medical
records are not placed by the bedside
but at the nursing station. Patients are
advised not to leave their beds without

permission, which is especially impor-
tant for paediatric patients, and also the
common play area found in most pae-
diatric wards. When an etiologic diag-
nosis is established, infected patients are
taken from this area and placed under
the appropriate precautions as shown
in Table 1. Such modified cohorting of
respiratory illnesses has been reported
to be successtul in reducing nosocomial
respiratory viral infections in paediatric
units [18,19]. For adult wards, such
measures may also be adapted with care,
but when toilets are shared, it is impor-
tant to ensure proper disinfection and

adequate hand hygiene after use [8].
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Aerosol generating
procedures

As mentioned previously, ARIs are gener-
ally not transmitted by air but aerosols
of <5 pmay be generated in certain pro-
cedures labelled as “aerosol generating
procedures” and transmitted at short dis-
tance. The risk of “opportunistic” airborne
transmission will then be a real possibility,
and airborne precautions will be required
in these settings.

There is intense debate on the list of
aerosol generating procedures that are
associated with increased risk of infec-
tion transmission. Recently the Canadian
Agency for Drugs and Technologies in
Health completed a systematic review [4]
which demonstrated that tracheal intu-
bation was most consistently associated
across multiple studies with an increased
risk of SARS transmission to health-care
workers, or was a risk factor for trans-
mission of SARS. Four cohort studies
revealed a pooled odds ratio [OR] of 6.6
[95% confidence interval (CI): 2.3-18.9],
and 4 case—control studies revealed a
pooled OR of 6.6 (95% CI: 4.1-10.6),
which were remarkably consistent. No
other procedures emerged with such a
clear association. There were 2 studies re-
ported for non-invasive ventilation which
demonstrated a pooled OR of 3.1, but
they were low quality studies in which
the association in one was not statistically
significant [20] and the other was also not
significant after multivariate analysis [21].
On the basis of the review, the WHO has
made a strong recommendation in the
recently revised ARI guideline that identi-
fies intubation for special attention as a
procedure associated with risk of trans-
mission of respiratory viruses [8] (see
recommendations 6 and 7 in Table 2).

Recommendations for

infection control in the
WHO ARI guideline

Based on the systematic reviews, the
WHO has updated recommendations

on 10 key issues in the recently revised
ARI guideline, illustrated in Table 2 [8].
Synthesizing the evidence and formu-
lating the recommendations was done
using the GRADE (Grading of Recom-
mendations Assessment, Development
and Evaluation) framework according
to the WHO Handbook for Guideline
Development [22].

Measures for specific viral
infections

The measures for specific viral infec-
tions that are commonly encountered
are summarized in Table 1, adapted
from the 2007 guideline [8]. Key is-
sues for the various viral infections are
discussed below.

Influenza

Controversy surrounds the mode of
transmission of influenza, especially
with an outbreak report suggesting
that it could be airborne [23]. How-
ever, recent reviews suggest that the
basic mode of transmission is still
considered to be via droplets [24-26].
Currently, influenza as listed in the
Centers for Disease Control and Pre-
vention guidelines requires droplet
precautions [13], and, similarly, the
World Health Organization (WHO)
recommends that standard precau-
tions and droplet precautions suffice
for caring for patients infected with
influenza [8].

Annual vaccination with trivalent in-
activated (the most common) vaccine
is the primary means of prevention and
control of seasonal influenza, and is one
of the recommendations in Table 2. A
systematic review has been conducted
which supports the recommendation
for vaccinating healthcare workers but
the quality of evidence is actually low
[7].

The WHO guideline recommends
both standard and droplet precautions,
which includes the use of a medical
mask rather than a facial particulate
respirator for the healthcare worker.
Use of the particulate respirators is only

La Revue de Santé de la Méditerranée orientale

recommended for aerosol generating
procedures such as intubation [27].

A study published in 2012 demon-
strated the effectiveness of the WHO
pandemic infection control guideline.
When the WHO guideline was adopt-
ed, there was no significant difference
in the infection rate of clinical staff who
were exposed to pHIN1 2009-infected
patients compared to non-clinical staff
who do not see patients atall [28].

Avian influenza

There is now general consensus that
the mode of transmission for avian in-
fluenza is via droplet, and studies have
shown that human-to-human spread
is possible but is a rare event [29] and
sustained, efficient, human-to-human
transmission has not been reported to
date. The WHO recommends droplet
and contact precautions in their ARI
guideline [8] and the first community
outbreak of avian influenza reported in
Hong Kong in 1997 [30] was success-
fully controlled in hospital clusters using
such precautions.

Severe acute respiratory syndrome
(SARS) and coronavirus infections
When SARS was first reported, the
emotional response was intense and
widespread. This is understandable, be-
causeitwasanewdisease and more than
1700 healthcare workers were infected.
Subsequently, studies conducted in
Hong Kong and elsewhere clearly dem-
onstrated that infection control meas-
ures are effective. A case—control study
on staff providing direct patient care to
11 proven SARS patients was reported
comparing the infection control precau-
tions of the 241 non-infected staft with
the 13 infected staff [31]. Four specific
measures were expressly studied: (1)
the washing of hands and the wear-
ing of (2) masks, (3) gowns, and (4)
gloves. The results showed that if proper
droplet and contact precautions were
undertaken by the staff, they would be
protected [31].

Although standard infection control
measures will prevent transmission of
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Table 2 Ten WHO recommendations for infection prevention and control (IPC) and of acute respiratory infections (ARIs)

Recommendations Overall ranking

2. Respiratory hygiene (i.e. covering the mouth and nose during coughing or sneezing with a medical
mask, tissue, or a sleeve or flexed elbow followed by hand hygiene) should be used in persons with
ARIs to reduce the dispersal of respiratory secretions containing potentially infectious particles.

Strong

Conditional

4. Considerthe use of patient cohorting (i.e. the placement of patients infected or colonized with the
same laboratory-identified pathogens in the same designated unit, zone or ward). If cohorting is not
possible apply special measures (i.e. the placement of patients with the same suspected diagnosis -
similar epidemiological and clinical information - in the same designated unit, zone or ward) within a
health-care setting to reduce transmission of ARI pathogens to HCWs and other patients.

6.  Use PPE, including gloves, long-sleeved gowns, eye protection (goggles or face shields) and facial Conditional
mask (surgical or procedure mask, or particulate respirators) during aerosol-generating procedures

that have been consistently associated with an increased risk of transmission of ARI pathogens.1 The

available evidence suggests that performing or being exposed to endotracheal intubation either by

itself or combined with other procedures (e.g. cardiopulmonary resuscitation or bronchoscopy) is

consistently associated with increased risk of transmission.

8.  Vaccinate HCWs caring for patients at high risk of severe or complicated influenza disease, to reduce
illness and mortality among these patients.

Strong

10.

Implement additional IPC precautions at the time of admission and continue for the duration of

Conditional

symptomatic illness, and modify according to the pathogen and patient information. Always use
Standard Precautions. There is no evidence to support the routine application of laboratory tests to
determine the duration of IPC precautions.

When a novel AR is identified and the mode of transmission is unknown, it may be prudent to implement the highest level of IPC precautions whenever possible,
including the use of fit tested particulate respirators, until the mode of transmission is clarified.
Patient information (e.g. age, immune status and medication) should be considered in situations where there is concern that a patient may be infectious for a prolonged period.
HCW = health-care workers; PPE = personal protective equipment.

the SARS coronavirus (SARS-CoV),
the correct practices must be inculcated
in a properly organized programme for
the entire hospital. The importance of
leadership, intensive surveillance, and
intense education of healthcare work-
ers with adequate logistics cannot be
overemphasized [32,33].

There was controversy in the lit-
erature regarding the transmission of
SARS-CoV as to whether it was air-
borne, but this issue was addressed by
Seto and Tang [34]. The outbreak in the
Amoy Garden in Hong Kong published
by Yu et al. used computerized fluid
dynamic modelling and suggested that
SARS-CoV could be transmitted by the
airborne route [35]. It was an elegant

study but it was a simulation, and pre-
sents a level of evidence not comparable
to actual epidemiological comparative
studies involving real patients with con-
comitant controls. The authors correctly
point out in their conclusions that their
study only “supports the probability of
an airborne spread of SARS in the out-
break in Amoy Gardens.” In an editorial
regarding the article by Yu etal, Roy and
Milton stated that “Hydraulic aerosol
experiments combined with aerosol and
epidemiologic modelling clearly impli-
cated airborne transmission within the
apartment complex” [ 14]. However, this
“should not be considered to represent
evidence that airborne infections neces-
sarily cause explosive outbreaks” [14].

There are now reports supporting this
contention, and that the use of medical
masks when working within 1 metre of
the patient is effective in preventing the
transmission of SARS [36,37].

Infection prevention

and control
recommendations

The emergence of a novel strain of
coronavirus in September 2012 raised
a global health alert as this novel virus
belonged to the same family Coronaviri-
dae as the SARS-CoV was [38]. There s
now clear evidence [39] of limited, not
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sustained, human-to-human transmis-
sion, possibly involving different routes
of transmission such as droplet and
contact transmission, but the informa-
tion on transmission and other fea-
tures of the novel coronavirus (nCoV)
is based on a small number of cases
reported globally so far. Further stud-
ies are required to understand better
the transmission dynamics associated
with this nCoV infection.

Based on currently available in-
formation, however, it does not seem
rational to change the current recom-
mendations on infection, prevention
and control (IPC) measures which
have proven to be effective for SARS
and other coronaviruses. The success-
ful prevention of further amplifica-
tion of nCoV infections associated
with health care will depend on the
maturity of IPC programmes and the
implementation of administrative
and engineering and environmental

controls. Droplets and contact pre-
cautions and eye protection should
be added to standard precautions for
health-care workers or visitors in close
contact when caring for patients with
probable or confirmed nCoV infec-
tion in healthcare settings. Additional
precautions should also be applied
when performing aerosol-generating
procedures that are thought to be as-
sociated with an increased risk of infec-
tion transmission. The experience with
SARS-CoV has clearly shown that it
is crucial that health-care workers are
provided with the appropriate pro-
tection for caring for nCoV-infected
patients and followed up if exposure
has occurred. The detailed IPC recom-
mendations are available in the ARI
guideline and on the WHO Coronavi-
rus web page [8,40].

The current scientific knowledge
on the duration of infectivity of nCoV
infection is limited. Based on currently
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available information, the isolation
precautions need to be applied con-
sistently during the duration of symp-
tomatic illness and continued for not
less than 24 hours after the resolution
of symptoms. Until the epidemiology
of the nCoV is better understood, and
also considering other factors, test-
ing for viral shedding could assist in
decision-making, when available. On
the other hand, a positive result for
viral shedding does not necessarily
imply effective infection transmission,
and the epidemiological studies are
the cornerstone for better informed
decision making. Patient information
(e.g. age, immune status and medi-
cation) should also be considered in
situations where there is concern that
a patient may be shedding the virus for
a prolonged period. In such situations
a more cautious approach, such as a
longer duration of IPC precautions,
may be necessary
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