
Transmission of Infections during Cardiopulmonary
Resuscitation

Paraskevi C. Fragkou,a Dimitra Dimopoulou,b George Latsios,c Panagiotis Koudounis,d Andreas Synetos,c

Anastasia Dimopoulou,e Konstantinos Tsioufis,c Vassiliki Papaevangelou,b Sotirios Tsiodrasa

aFourth Department of Internal Medicine, Medical School, National and Kapodistrian University of Athens, Attikon University Hospital, Athens, Greece
bThird Department of Pediatrics, Medical School, National and Kapodistrian University of Athens, Attikon University Hospital, Athens, Greece
cFirst Department of Cardiology, Medical School, National and Kapodistrian University of Athens, Hippokration Hospital, Athens, Greece
dFirst Department of Cardiology, Korgialenio-Benakio General Hospital, Athens, Greece
eDepartment of Pediatric Surgery, Medical School, National and Kapodistrian University of Athens, Attikon University Hospital, Athens, Greece

Paraskevi C. Fragkou and Dimitra Dimopoulou contributed equally to this work. Author order was mutually decided and determined by the fact that the subject of this review was

initially conceptualized by Paraskevi C. Fragkou.

SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
MODES OF INFECTION TRANSMISSION DURING CPR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
EPIDEMIOLOGY AND RISK OF INFECTION TRANSMISSION DURING CPR . . . . . . . . . . . . . . . . . 2
Viral Infections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Influenza . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
SARS-CoV-2, SARS-CoV-1, and MERS-CoV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Other respiratory viruses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Measles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Human immunodeficiency virus, hepatitis B, and hepatitis C . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Herpes simplex virus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Varicella-zoster virus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Cytomegalovirus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Epstein-Barr virus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Ebola virus and Crimean-Congo hemorrhagic fever virus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Bacterial and Mycobacterial Infections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Tuberculosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Neisseria species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Streptococcus and Staphylococcus spp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Gastrointestinal pathogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10
Other pathogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10

WILLINGNESS OF HEALTH CAREWORKERS TO PERFORM CPRWHEN INFECTION IS
SUSPECTED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10

CURRENT GUIDELINES ON PROTECTION OF CPR PROVIDERS . . . . . . . . . . . . . . . . . . . . . . . . . . . .12
OTHER PROTECTIVE MEASURES PROPOSED FOR CPR PROVIDERS . . . . . . . . . . . . . . . . . . . . . .15
CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16
REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16
AUTHOR BIOS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .19

SUMMARY Cardiopulmonary resuscitation (CPR) is an emergency lifesaving endeavor,
performed in either the hospital or outpatient settings, that significantly improves out-
comes and survival rates when performed in a timely fashion. As with any other medical
procedure, CPR can bear potential risks not only for the patient but also for the rescuer.
Among those risks, transmission of an infectious agent has been one of the most com-
pelling triggers of reluctance to perform CPR among providers. The concern for trans-
mission of an infection from the resuscitated subject may impede prompt initiation and
implementation of CPR, compromising survival rates and neurological outcomes of the
patients. Infections during CPR can be potentially acquired through airborne, droplet,
contact, or hematogenous transmission. However, only a few cases of infection transmis-
sion have been actually reported globally. In this review, we present the available
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epidemiological findings on transmission of different pathogens during CPR and data
on reluctance of health care workers to perform CPR. We also outline the levels of per-
sonal protective equipment and other protective measures according to potential infec-
tious hazards that providers are potentially exposed to during CPR and summarize cur-
rent guidelines on protection of CPR providers from international societies and
stakeholders.

KEYWORDS infection, airborne, blood-borne, SARS-CoV-2, COVID-19, cardiopulmonary,
resuscitation, transmission

INTRODUCTION

Cardiopulmonary resuscitation (CPR) is an emergency lifesaving endeavor per-
formed to increase survival rates following cardiac or respiratory arrest through

high-quality external chest compressions and (usually) invasive or noninvasive ventila-
tion. It is performed either in the outpatient setting or in the hospital, with Emergency
Departments (EDs) representing the most frequent places wherein hospital CPR is pro-
vided. It is estimated that about 100,000 resuscitations are performed annually in the
United States by health care workers (HCWs) and non-HCW bystanders (1).

Although it is a lifesaving process, the transmission of infections during CPR remains an
existing hazard, especially during the ongoing COVID-19 pandemic (2). During CPR, pro-
viders are prone to pathogen exposure through airborne, droplet, contact, or hematoge-
nous transmission, raising public concerns on safety issues, especially during outbreaks,
such as the recent severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pan-
demic (3, 4). The risk of transmission during mouth-to-mouth ventilation causes anxiety,
uncertainty, and fear among CPR providers, leading to substantial barriers for the provision
of CPR and even reluctance to perform it (5). Widespread concerns of infection transmis-
sion among HCWs lead to ethical challenges on balancing between possible risks for the
providers and the potential benefit for the patient from this lifesaving process.

Infection prevention and control measures are imperative for the safety of patients,
HCWs and the community in total, and the appropriate use of personal protective
equipment (PPE) is an effective way to reduce infection transmission (6, 7). Suboptimal
adherence to basic infection control measures by HCWs could result in widespread in-
hospital outbreaks (3, 4).

The aim of this review is to outline the risk of infection transmission during CPR and
to summarize the current guidelines on the proposed infection control measures by
the person performing the process. Moreover, we will investigate current data on will-
ingness or reluctance of HCWs to perform CPR.

MODES OF INFECTION TRANSMISSION DURING CPR

There are various potential ways of contracting communicable diseases when pro-
viding CPR. Modes of transmission can be either direct or indirect. Direct transmission
occurs through contact with infectious materials, including skin, secretions, blood, and
body fluids, as well as through large droplet (diameter. 5mm) spread. Indirect modes
consist of the transfer of pathogens by suspended air particles (airborne transmission
of droplet nuclei, ,5mm) (8). Table 1 shows potential pathogens categorized by mode
of transmission and examples of procedures undertaken during CPR that can contrib-
ute to transmission.

EPIDEMIOLOGY AND RISK OF INFECTION TRANSMISSION DURING CPR

In the era of emerging and re-emerging communicable diseases, infection transmis-
sion to HCWs may occur during any CPR related procedure, including intravenous can-
nulation, mouth-to-mouth resuscitation, noninvasive and invasive ventilation, insertion
of intercostal chest or pericardial drain. In theory, unprotected rescuers may be
exposed to numerous pathogens during CPR, either through direct contact with the
patient’s blood or other body fluids or through the production of aerosols (Table 2).
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Outside the context of highly transmissible pathogens such as measles, influenza, or
SARS-CoV-2, the risk of transmission remains extremely low, especially when CPR pro-
viders adhere tightly to the proper use of PPE. Specifically for mouth-to-mouth ventila-
tion, only 15 isolated cases of infection transmission have been reported, since its first
medical use in 1744 (9, 10).

Viral Infections

Influenza. HCWs are at high risk for both exposure and nosocomial transmission of
seasonal influenza through fomites, large droplets, and aerosols generated during aer-
osol-producing procedures (11). In fact, this risk was quantified in a systematic review
and meta-analysis by Kuster et al., who found that “incidence rates of unvaccinated as
well as vaccinated individuals with serologically proven, combined symptomatic and
asymptomatic influenza is higher among HCWs than non-HCWs” (12). Although no epi-
demiological data are available regarding transmission during CPR specifically, rescuers
are at higher risk during CPR since many aerosol-producing procedures are performed.
In contrast to other possibly transmitted respiratory pathogens during resuscitation,
seasonal influenza can be effectively prevented with annual vaccination. Therefore, the
World Health Organization (WHO) highlights the importance of immunization for influ-
enza among HCWs (13).

The highly pathogenic avian influenza H5N1 strain emerged initially in China and
subsequently spread in Europe and Africa; this strain causes outbreaks, involving sev-
eral hundred human cases and resulting in high death rates (14). Similarly, other avian
influenza strains, like the H7N9 strain, are responsible for outbreaks among humans
and for epidemics in poultry (14). Since the primary source of infection is contact with
infected poultry rather than human-to-human transmission, little is known regarding
the risk of transmission of the highly pathogenic avian influenza H5N1 strain to HCWs,
especially during CPR. However, in a study involving 60 HCWs who cared for two patients
with H5N1 with limited PPE and infection control measures, found no transmission of the
virus, suggesting inefficient human-to-human H5N1 transmission (15).

SARS-CoV-2, SARS-CoV-1, and MERS-CoV. Since the emergence of SARS-CoV-2
pandemic, more than 160 million cases and 3.3 million COVID-19-attributable deaths
have been reported globally as of 13 May 2021 (16). Understandably, the pressure gener-
ated by the continuously rising cases is immense. Thus, front-line HCWs are at high-risk for

TABLE 1 Pathogens categorized by mode of transmission and examples of procedures undertaken during CPR that can be transmitted

Mode of transmission Pathogensa
Examples of condition(s) leading to
transmission during CPR

Direct transmission
Contact with blood (blood-borne) HIV*, HBV*, HCV*, Ebola Needlestick injury during cannulation and blood

sampling
Contact with body fluids Ebola, CCHF virus, Neisseria meningitidis, HSV,

Norovirus, HAV, Clostridium difficile, other
gastrointestinal pathogens (Salmonella,
Shigella)

Contact with pleural fluid during insertion of ICD,
contact with saliva during mouth-to-mouth
ventilation, contact with feces

Contact with skin VZV, HSV, HPV*, Staphylococcus aureus* and
Streptococcus pyogenes* (from impetigo
lesions)

Chest compressions without gloves, mouth-to-
mouth ventilation

Contact with contaminated surfaces Influenza, Clostridium difficile (spores), SARS-
CoV-2(?), CMV

Unprotected handling of equipment

Droplet transmission (.5-mm droplet diam) SARS-CoV-2, MERS-CoV, influenza, CMV Intubation, suctioning of secretion,
administration of nebulized drugs

Indirect transmission
Airborne transmission Measles, VZV,Mycobacterium tuberculosis,

influenza, CMV
Unprotected

a*, requires skin breach. Abbreviations: CCHF virus, Crimean-Congo hemorrhagic fever virus; CMV, cytomegalovirus; HAV, hepatitis A virus; HBV, hepatitis B virus; HCV,
hepatitis C virus; HIV, human immunodeficiency virus; HPV, human papillomavirus; HSV, herpes simplex virus; ICD, intercostal chest drain; MERS-CoV, Middle East
respiratory syndrome coronavirus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VZV, varicella-zoster virus.
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contracting SARS-CoV-2 infection, since this virus is very contagious; the basic reproduc-
tion number for SARS-CoV-2 without social distancing has been estimated between 2.0
and 4.0 (17–19). SARS-CoV-2 is transmitted primarily through close contact with droplets
produced by an infected person or through aerosol-producing procedures (20). Moreover,
transmission through contact of contaminated objects (fomite transmission) is possible
and remains under investigation (20).

As the pandemic evolves, data accumulate on the actual disease burden among
HCWs. In Wuhan, China, SARS-CoV-2 infections among HCWs accounted for 29% (21),
although countrywide the reported percentage in HCWs was as low as 4.4% until 24
February 2020 (22). In Italy, SARS-CoV-2 infections in HCWs accounted for approxi-
mately 10% of all COVID-19 cases until April 2020, although this rate was double in
March 2020 (22, 23). Moreover, a prospective cohort study in Spain during the first
wave, documented a COVID-19 incidence of 11.1% among 1,191 HCWs irrespective of
different occupational exposure levels (24). Regarding the actual risk of SARS-CoV-2
transmission during CPR, data are limited. According to a study during the first wave
(January to April 2020) in the United States, the emergency medical service (EMS)
responded to 1,067 outpatient cardiac arrest calls of which 478 (44.8%) were treated
by EMS; suspected or laboratory confirmed cases of COVID-19 accounted for 3.7% of
patients on EMS arrival and 6.5% of EMS-treated cases (25). After 26 February 2020, 5%
of outpatient cardiac arrests in homes and 11% of outpatient cardiac arrests in nursing
homes involved patients with COVID-19 (25). Although the authors did not report
COVID-19 infection among EMS CPR providers, they assumed that the risk of contract-
ing COVID-19 infection during hands-only CPR performance without PPE is 1 bystander
per 100 treated cases (based on a 10% prevalence of COVID-19 and a 10% risk of trans-
mission during unprotected CPR) (25). Moreover, the prevalence of symptomatic
COVID-19 infection during unprotected exposure has been reported to be lower than
5% among exposed HCWs in the United States (26). Thus, even during the following
waves of COVID-19 pandemic, occupational exposure is not by any means negligible,
but a high index of suspicion, preparedness, and legitimate protection for possible
cases can definitely eliminate the risk of transmission. This may also change with more
transmissible virus variants like those recently reported (27).

In 2003, an outbreak by SARS-CoV-1 was reported, causing high morbidity and mor-
tality rates. The mode of transmission of this virus is similar to that of SARS-CoV-2. Only
one report has been published to investigate the transmission of SARS-CoV-1 during
CPR (28).This study describes the apparent transmission of SARS-CoV-1 from a patient
to HCWs during CPR, despite wearing suitable PPE. It is worth noting that there were
no breaches in droplet protection equipment, the exposure times were short, the
patient was unresponsive, and the intubation procedure was performed quickly. The
authors of that report concluded that the possible source of exposure was the aerosoli-
zation of SARS-CoV-1 caused by the ventilation of the patient with a bag-valve mask,
without a bacterial/viral filter, before the intubation (28).

Middle East respiratory syndrome coronavirus (MERS-CoV) is the most fatal virus
among the three emerged betacoronaviruses since 2002 (SARS-CoV-1, SARS-CoV-2,
and MERS-CoV), with a case fatality rate of 35% (29). Human-to-human transmission is
not the primary way of transmission, as it requires close contact; thus, the majority of
human-to-human transmission cases have been attributed to occupational exposure
within health care settings and HCWs with inadequate or inappropriate PPE donning
are at high-risk for acquiring the infection (29, 30). Nonetheless, there are no epidemio-
logical data regarding the risk of transmission during resuscitation to date.

Other respiratory viruses. To date, there no reports of transmission of other respira-
tory viruses, such as respiratory syncytial virus, human rhinovirus, and human meta-
pneumovirus, during CPR.

Measles. Clusters of unvaccinated or incompletely vaccinated people, including
HCW and non-HCW CPR providers, are susceptible to acquire measles from infected
patients, leading to outbreaks, as seen in many countries during the last few years (31, 32).
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Measles is one of the world’s most contagious diseases, with a basic reproduction number
of about 12 to 18 (33). It is transmitted through droplets or via breathing contami-
nated air or touching contaminated surfaces as it remains active and contagious in
the air and on infected surfaces for up to 2 h (34). Nonimmune CPR providers are at
high risk for contracting measles. Although no data are available for transmissions
during CPR, sporadic clusters of HCWs infected in hospital settings have been
reported (35, 36). In particular, in the Netherlands, measles occurred in six twice-vaccinated
HCWs, despite two having adequate preexposure neutralizing antibodies. None of these
cases had severe measles, and none had onward transmission (35). In another outbreak in
China, measles occurred in 19 HCWs due to the low vaccination coverage, low knowledge
about measles, delay in reporting the cases, and the absence of appropriate management
(36). Therefore, educating the HCWs about measles and improving the two-dose MMR
(measles, mumps, rubella) vaccination coverage could prevent transmission and reduce
these outbreaks.

Human immunodeficiency virus, hepatitis B, and hepatitis C. Contracting human
immunodeficiency virus (HIV) and other blood-borne viruses such as hepatitis B virus
(HBV) and hepatitis C virus (HCV), remains a serious concern for many CPR providers,
leading to hesitancy to perform resuscitation in patients with a “high-risk” epidemio-
logical profile (37, 38). Large-scale, tailored, evidence-based efforts have been made by
international stakeholders, such as the WHO and the Centers for Disease Control and
Prevention (CDC), to inform the public and educate HCWs on the possible ways of HIV
and hepatitis virus transmission (37, 39, 40). Nonetheless, there are still many people
and, among them many HCWs, who incorrectly believe that HIV can be easily con-
tracted via contact with patients’ saliva or skin. It is now evident that HIV infection can-
not be transmitted through exposure to saliva (2). Neither saliva exchange during CPR
nor inoculation of a mucous membrane or a skin breach with saliva from people living
with HIV has been implicated in viral transmission (41, 42). According to the guidelines
issued by the U.S. Public Health service in 2013, feces, nasal secretions, saliva, sputum,
sweat, tears, urine, and vomitus are not considered infectious unless they are visibly
bloody (43). With respect to occupational exposure, the estimated risk of HIV transmis-
sion via contact with infectious bodily fluids (blood, semen, breast milk, and vaginal
secretions) is as low as 0.3% and 0.63% for skin puncture and direct contact with mu-
cous membranes, respectively (44, 45). Evidently, the risk of HIV transmission during
CPR has been estimated to be from one in 1 million events (when HIV prevalence is
about 30%) to 1 in 1 billion events when prevalence is 0.1 to 1% (46, 47). Importantly,
the risk of contracting HIV is practically zero after exposure to infective body fluids
from people living with HIV/AIDS who are compliant with their antiretroviral treatment
and have undetectable viral load (the so-called “undetectable equals untransmittable”
consensus statement, U =U) (48).

Mouth-to-mouth ventilation remains controversial for HBV, as hepatitis B surface
antigen (HBsAg) has been detected in the saliva of 76% and 81% of patients with
severe hepatitis and chronic hepatitis B, respectively (10, 49). Nonetheless, HBV viral
load in saliva remains 1,000 to 10,000 times lower than blood, thus making the poten-
tial for transmission rather low (10). In contrast, both HIV and HBV viruses can be con-
tracted via direct contact of a wound, oral mucosa, or cornea with blood (or blood
products) from an infected person (10), which underscores the importance of the strict
adherence to proper PPE utilization during CPR, as well as the significance of immuni-
zation of high-risk professionals against HBV. According to the WHO, “the risk from a
single needlestick or cut exposure to HBV-infected blood ranges from 6 to 30% and
depends on the hepatitis B e antigen (HBeAg) status of the source individual” in
immune-susceptible people (50). However, the risk of transmission is low due to uni-
versal vaccination of HCWs (50).

HCV transmission requires blood-to-blood contact; thus, the potential of contract-
ing HCV through mouth-to-mouth ventilation is extremely low. The calculated risk for
HCV transmission through contact of rescuer's nonintact oral mucosa with patient's
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blood is as low as 1:250,000 (when the estimated population seroprevalence for anti-
HCV antibody is 1.25% and the possibility of rescuer’s mucosal breach is 50%) (10). There
is no documented transmission from exposure of providers with intact skin and/or mucosa
to blood from an HCV-infected person (10). Moreover, the risk of contracting HCV though
needle stick injury from an HCV-positive person has been estimated to be as low as 1.8%
(50, 51). Thankfully, HCV infection can be treated with highly effective direct-acting antivi-
rals in cases of high-risk exposure. Currently, no prophylaxis is indicated after high-risk inci-
dents (52) (Table 1).

Herpes simplex virus. The majority of adolescents and adults are seropositive for
herpes simplex virus 1 (HSV-1), and the virus can be isolated in saliva of 2 to 10% of
adults without clinical evidence of infection (10). Moreover, HSV-1 is capable of surviv-
ing for up to 88 h in dry gauze (10). Therefore, there is a potential transmission risk of
HSV-1 to seronegative providers during mouth-to-mouth ventilation. Since the infec-
tion is initially asymptomatic in the majority of cases (.99%), it is difficult to estimate
the incidence of transmission during CPR (10), although isolated cases have been
reported (53). More specifically, two female HCWs contracted herpes labialis (the first
one) and ocular herpes (the second one) after participating in the same CPR training
course, suggesting that precautions against the transmission of HSV-1 should be taken
during CPR (53).

Varicella-zoster virus. Varicella-zoster virus (VZV) is highly contagious and is trans-
mitted by direct contact, inhalation of aerosols from vesicular fluid of acute varicella or
zoster skin lesions, and possibly through infected respiratory secretions that also may
be aerosolized (54). As such, HCWs and CPR providers who are either unvaccinated or
naturally nonimmune are at high risk for developing chickenpox; however, break-
through varicella can occur in a vaccinated person, which is also contagious (54).

Cytomegalovirus. Cytomegalovirus (CMV) is transmitted through saliva and respira-
tory secretions or through contact with contaminated surfaces and body fluids, such as
urine; there is a risk of acquiring CMV during CPR that may lead to severe disease in
pregnant and immunocompromised HCWs (55). It has been estimated that the mean
annual seroconversion rate among HCWs is 3%, which is significantly lower than the
seroconversion rate of day care workers (14%) and higher than that of people living in
the community (1.6%) (2). Hence, the risk of CMV infection among HCWs remains low;
for example, a CMV-seronegative pediatrician who performed mouth-to-mouth resus-
citation to a newborn with congenital CMV infection did not acquire the infection de-
spite ingesting the newborn’s infected secretions (56). Moreover, a meta-analysis
revealed that pediatric HCWs are not at high risk for contracting CMV infection (57).
Hence, the risk for contracting CMV infection through CPR is low and can be further
minimized by handwashing and the use of universal contact precautions.

Epstein-Barr virus. Epstein-Barr virus (EBV) is an omnipresent human herpesvirus;
most people will get infected at some point during their lives (58). EBV is transmitted
through contact with body fluids and—most importantly—saliva or contact with con-
taminated objects (such as a toothbrush recently used by an actively infected person)
(58). Obviously, EBV can be transmitted to HCWs during CPR, especially during mouth-
to-mouth ventilation; however, no confirmed cases have been reported in the litera-
ture to date.

Ebola virus and Crimean-Congo hemorrhagic fever virus. The feasibility and ethi-
cal challenges of performing CPR to Ebola patients remain controversial for many
countries where epidemics are ongoing (47, 59). Person-to-person transmission of
Ebola virus occurs through direct contact with organs, all body fluids, and surfaces or
materials contaminated with these fluids of infected patients (60). Ebola virus disease
has a substantially high case-fatality rate that ranges from 25 to 90%, and many HCWs
caring for Ebola patients have lost their lives (47, 60). Moreover, it has been estimated
by the WHO that HCWs are 21 to 32 times more likely to be infected with Ebola (61).
Adherence to well-organized standard operating procedures, strict contact measures,
appropriate education on proper donning of PPE, and performing CPR when it is not
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medically futile might eliminate the reluctance of HCWs to resuscitate Ebola patients
(47). In addition to strict adherence to contact measures, a new vaccine for the Zaire
ebolavirus strain was recently approved by the U.S. Food and Drug Administration
(FDA); the Ebola vaccine—commercially known as “Ervebo”—is based on a replication-
competent, live, attenuated recombinant vesicular stomatitis virus (VSV) that contains
the gene of Ebola virus glycoprotein instead of the VSV glycoprotein (rVSVDG-ZEBOV-
GP vaccine) (62). The FDA approved its administration in adults ($18 years old) that
are at potential risk for Ebola virus exposure, including HCWs at designated Ebola treat-
ment centers and the personnel of biosafety-level 4 laboratories (62).

The Crimean-Congo hemorrhagic fever (CCHF) is a vector-borne zoonotic disease
that is transmitted to humans through arthropods (ticks) (63). Although human-to-
human transmission is quite rare, outbreaks among HCWs have been reported in areas
of endemicity (Table 2); a series from Turkey reported nine cases of HCWs (including
one fatal case) who contracted the disease through direct unprotected contact with in-
fectious body fluids and blood (including unprotected handling of contaminated devi-
ces and equipment) and/or needlestick injury (64). Among these cases, a nurse was
infected through aspiration of bloody secretions during intubation of an infected neo-
nate (64). Another case series from Pakistan reported 2 HCWs who acquired CCHF from
an infected patient; among them, one HCW died 13 days after the contact with the
index case, while the other one was successfully treated with ribavirin (65). Although
human-to-human transmission has been reported among HCWs, there are no known
cases of CCHF transmission during CPR to date.

Bacterial and Mycobacterial Infections

Tuberculosis. Tuberculosis is an airborne disease caused in the majority of cases by
Mycobacterium tuberculosis or, less commonly, by other members of Mycobacterium tu-
berculosis complex that can be transmitted through droplets produced by infected
patients; these droplets may remain in the air for several hours, depending on the envi-
ronment (66). It is estimated that in 2019, 10 million people were infected with tuber-
culosis worldwide (67). Interestingly, inhalation of a small quantity of mycobacteria is
sufficient to cause tuberculosis. Therefore, high-level PPE for airborne communicable
diseases should be applied by HCWs when rescuing a person with active pulmonary or
upper airway tuberculosis (68). However, only one case of tuberculosis transmission
has been reported in a CPR provider: an HCW who developed primary cutaneous tu-
berculosis, that was transmitted by a patient with active tuberculosis of the right upper
lobe during CPR (9, 69).

Neisseria species. Meningococcal disease causes outbreaks and epidemics, espe-
cially among children and young adults; transmission requires prolonged and close
contact with droplets from either asymptomatic carriers (usually children below the
age of 5 years, adolescents, and young adults) or patients with symptomatic infection
(70). Therefore, CPR, and especially mouth-to-mouth ventilation, can be associated
with Neisseria meningitidis transmission. Although it is estimated that mouth-to-mouth
resuscitation can result in nasopharynx colonization in 33% of the rescuers, adults can
be immune to N. meningitidis, due to development of cross-immunity to other microor-
ganisms (10, 71). High-risk occupational exposures performed without the use of surgi-
cal masks, such as mouth-to-mouth resuscitation, intubation, aspiration of respiratory
secretions and fundoscopy examination of secretions should receive postexposure pro-
phylaxis (Table 2) (70). In total, four cases of N. meningitidis transmission during rescue
breathing have been reported in the literature (2). Finally, one case of Neisseria gonor-
rhoeae transmission has been reported in a doctor performing neonatal resuscitation,
after ingesting infected secretions of the neonate (72).

Streptococcus and Staphylococcus spp. Streptococcus and Staphylococcus species
are ubiquitous pathogens that can be easily transmitted from human to human,
although rarely this leads to development of clinical infection. Only two cases of trans-
mission during CPR have been reported: one case of a fireman who contracted
Streptococcus pyogenes through a skin abrasion contaminated with secretions from
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a 3-year-old boy during bag-valve-mask ventilation, who subsequently developed
cellulitis and septic shock, and a case of transmission of Panton-Valentine leukoci-
din-producing Staphylococcus aureus to a physician during the resuscitation of an
infant with fatal pneumonia, who exhibited multiple furuncles of the fingers and
the face (73, 74). These two cases highlight the importance of the appropriate don-
ning of PPE by the HCWs, when performing CPR.

Gastrointestinal pathogens. Isolated cases of transmission of gastrointestinal patho-
gens have been reported during mouth-to-mouth ventilation, including a case of Shigella
sonnei contracted during CPR of an infant with gastroenteritis and a case of Salmonella
enterica serovar Infantis transmitted from an adult patient with gastroenteritis (2, 75, 76).
Helicobacter pylori transmission by vomit has also been reported in a doctor who per-
formed mouth-to-mouth resuscitation (2, 77).

Other pathogens. While we could not identify relevant reports, any pathogen can
be potentially transmitted during CPR. The potential for infection relates to several fac-
tors, including the burden of the infection in the affected individual, the route of expo-
sure, the burden of the exposure of the CPR performing person, as well as their respec-
tive health status. As an example, Creutzfeldt-Jakob disease is a transmittable, rare,
fatal prion-induced neurocognitive disorder (78). Few cases of occupational exposure
have been described to date (79). However, transmission of prions requires contact
with infected cerebrospinal fluid and/or brain tissue, and in theory, with blood
although no blood-borne transmissions have been reported (78). Thus, transmission
through the CPR process is unlikely. Evidently, Creutzfeldt-Jakob disease cannot be
transmitted through the air or through touching or most other forms of casual contact
(78).

WILLINGNESS OF HEALTH CARE WORKERS TO PERFORM CPRWHEN INFECTION IS
SUSPECTED

The reluctance of lay people and medical personnel to perform CPR and especially
mouth-to-mouth ventilation in hospital and community settings has been docu-
mented in several studies (38, 80–83) (Table 3). This hesitancy arises from a remarkably
high level of fear of contracting infectious diseases, mainly HIV infection, during CPR;
unfortunately, these concerns remain an unsurpassed obstacle despite the continuous
reassurance that CPR-acquired infections are extremely rare (2). On the other hand, any
delay in commencing ventilation and chest compressions will compromise both sur-
vival rates and neurologic outcomes of the patients, as supported by a considerable
body of data (38).

In 1990s, shortly after the onset of the AIDS pandemic, 40% of basic life support
(BLS) instructors hesitated to provide mouth-to-mouth ventilation in patients with epi-
demiological risk factors for HIV infection (84). Only 10% of the instructors would not
be reluctant to perform CPR on a person with a heroin overdose, while 97% would
readily perform CPR on a drowning child (84). The unwillingness of BLS trainers to per-
form CPR under these circumstances may not only lead to loss of their credibility but
might also serve as a wrong example to other people to avoid performing CPR in cer-
tain instances.

A series of studies, have demonstrated an unwillingness of HCWs to perform CPR
and, in particular, mouth-to-mouth ventilation (38, 80–83). More specifically, only 5%
of licensed vocational nurses, 10% of registered nurses, 16% of attending physicians,
and 21% of resident physicians were willing to perform CPR on a man living in a homo-
sexual neighborhood, whereas a considerably higher percentage of the same HCWs
groups would provide CPR on a child who collapses (82%, 75%, 81%, and 99% of li-
censed vocational nurses, registered nurses, attending physicians, and resident physi-
cians, respectively) (83). Moreover, only 16% of HCWs would provide CPR on a stranger,
but 74% of them would do it on a friend or a relative (80). In addition, a study reported
that 57% of HCWs would refuse to perform mouth-to-mouth ventilation on a man liv-
ing in a homosexual neighborhood and more surprisingly, only 32% of the medical
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staff and none of the paramedics would provide CPR to the same patient. Similarly,
23% of medical staff and 37% of paramedics would also refuse to carry out mouth-to-
mouth ventilation on a child as well (38). In another study, less than half of HCWs sur-
veyed were willing to do mouth-to-mouth resuscitation to an unknown adult, but if
the patient was known to them, such as a neighbor or a relative, 84 to 94% of them
would unrestrictedly provide CPR (5). On the other hand, only one-third of HCWs
would do CPR if the HIV status was unknown, while two-thirds would do so if the
patient was HIV negative. Nonetheless, these percentages were higher when the
patient was a child (57% and 79%, respectively) (5). Conclusively, this survey showed
that HCWs’ eagerness to provide mouth-to-mouth resuscitation is profoundly influ-
enced by the level of familiarity with the patients and their ages, as well as their HIV
status or possibility of being exposed to HIV (5).

More recently, a study indicated that HIV infection is not the only condition
whereby rescuers hesitate to provide mouth-to-mouth resuscitation. Indeed, other
conditions may include visible evidence of substance abuse, visible body fluids and
other infections, such as herpes labialis, tuberculosis and Ebola (85). The age and the
level of experience tend to reduce the propensity to engage in mouth-to-mouth resus-
citation, while parental propensity to ventilate one’s own child was undeniably stron-
ger than any other motivator (85). To our knowledge, there are no data regarding
HCWs willingness to provide CPR on patients with SARS-CoV-2.

Less than 5% of HCWs would perform mouth-to-mouth ventilation without a bar-
rier, excluding cases involving pediatric drowning patients (86). The availability of bar-
rier devices decreased substantially this reluctance, although only 25% of HCWs carry
such devices on a regular basis (86). Therefore, the widespread availability of such devi-
ces could result in increased readiness to do CPR, that will invariably raise the numbers of
resuscitated patients with cardiac and/or respiratory arrest (86). Finally, all HCWs and
potential CPR providers should be educated about the low risk of contracting HIV infection
through CPR in order to reduce the refusal rates and the reluctance to perform mouth-to-
mouth resuscitation.

CURRENT GUIDELINES ON PROTECTION OF CPR PROVIDERS

The level of PPE recommended during CPR depends on the risk of infection trans-
mission via droplet, contact or airborne spread. There are two main levels of PPE: the
“level 2” or droplet PPE, which consists of gloves, gown or apron, fluid-resistant surgical
mask, and eye and face protection and the “level 3” or airborne PPE, which consists of
gloves, long-sleeved gown, either filtering face piece 2 or 3 (FFP2/FFP3) or N95 or N99
mask respirator, and eye and face protection (Fig. 1). The level 2 PPE reduces the risk of
transmission of droplet-induced infections, while the airborne PPE is recommended for
HCWs who are involved in aerosol-generating procedures, such as intubation, when an
airborne disease is suspected or known (87).

Guidelines on prevention of respiratory infections or infections transmitted via re-
spiratory tract during resuscitation have been recently published by many interna-
tional societies due to the COVID-19 pandemic in order to protect both HCWs and
patients, minimize aerosolization, and reduce potential delays in performing CPR (Fig.
2). Several controlled trials comparing N95 respirators with surgical masks have been
reported, but most of them revealed no statistically significant difference, suggesting
that the surgical mask was sufficiently protective for influenza virus (88–90). In contrast,
one study showed that N95 respirators do not provide adequate protection against re-
spiratory infections during chest compression (91). Therefore, all current guidelines rec-
ommend the use of N95 respirators during resuscitation procedures along with face
shields covering the entire face and, preferably, equipped with FFP3 class filters (Fig. 2)
(92, 93).

Chest compressions and CPR have the potential to generate aerosols according to
the recommendations issued by the International Liaison Committee on Resuscitation
(ILCOR) (94). Consequently, the ILCOR proposes a compression-only resuscitation
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approach and a public-access defibrillation (where applicable) for lay bystanders;
mouth-to-mouth ventilation is suggested only if the provider is willing and able to do
so, and in case of a child or a household member, especially during the COVID-19 pan-
demic. For infants and children, the bystander rescuers are usually family members or
persons that are responsible for their care. The risk of infection through ventilation is
greatly outweighed by improved outcome in this population, who are commonly in
asphyxial cardiopulmonary arrest (94). Moreover, the ILCOR suggests the use of PPE by
HCWs during CPR procedures and the consideration of defibrillation before PPE don-
ning, where the provider assesses the benefits may exceed the risks (94).

The guidelines published by the European Resuscitation Council (ERC) suggest the
following measures for outpatient CPR performed by non-HCW bystanders: chest com-
pressions and defibrillation with an automated external defibrillator (AED) or chest
compressions, active abdominal compression-decompression instrument, and defibril-
lation with an AED (87, 95). Regarding CPR provided by HCWs, the use of the highest-
level airborne precaution PPE is recommended for all procedures. Endotracheal intuba-
tion is advised to be performed under the guidance of visual laryngoscope or under
sedative state. Furthermore, the use of mechanical cardiopulmonary resuscitation, as
well as the limitation of the personnel in the room, is encouraged (87, 95).

The American Heart Association (AHA) recently published guidance on CPR in
COVID-19 patients (96). They propose the hands-only CPR by non-HCW bystanders,
covering the mouth of the patient with a face mask or cloth, while in case of a child,
the AHA suggests additionally mouth-to-mouth ventilation, if willing and able to do so
(96). Also, when CPR is performed in the hospital, HCWs should perform endotracheal

FIG 1 Levels of personal protective equipment (PPE).
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intubation under the guidance of visual laryngoscope, while manual ventilation with a
supraglottic airway and a bag-mask device with a high-efficiency particulate air (HEPA)
filter should be considered as an alternative means of ventilation; moreover, the AHA
suggests to leave the patient on mechanical ventilation with a HEPA filter, where possi-
ble (96).

A consensus statement by the Australasian College for Emergency Medicine recom-
mends compression-only CPR, covering the face of the patient and defibrillation, wearing
level 2 PPE (gloves, eye protection, and surgical mask or N95 if available), while further
resuscitation should be performed wearing level 3 or airborne PPE (97). Furthermore, the
Public Health England (PHE) and the Health Protection Scotland (HPS) guidelines state that
chest compressions and defibrillation can be started with level 2 PPE and, if another aero-
sol-generating procedure is required, level 3 PPE should be donned (97–99).

The guidelines of the Australasian College for Emergency Medicine, the PHE, and
the HPS are in contrast to those published by the AHA, the ILCOR, the ERC, the Royal
College of Physicians of the United Kingdom (UK), the American College of Chest

FIG 2 Suggested algorithm for cardiopulmonary resuscitation (CPR) and personal protective
equipment (PPE) in patients with airborne or droplet transmitted infection.
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Physicians and the Resuscitation Council (UK), and the Hellenic Society of Cardiology,
which recommend full airborne PPE throughout resuscitation (87, 94–96, 100, 101). A
review by Brown et al. concluded that since there is insufficient evidence to suggest
that chest compressions are not an aerosol-generating procedure, level 3 PPE should
be worn during CPR in patients with suspected COVID-19 (102).

Finally, the CDC issued recommendations in 1988 regarding the transmission of
other severe infections, such as HIV and HBV infections, during CPR, stating that every
patient should be considered HIV or HBV positive and suggested the use of gloves and
handwashing after exposure to saliva (103) (Fig. 3). Moreover, it was proposed to use
disposable devices, pocket masks and bag-valve masks to prevent direct mouth-to-
mouth contact (1, 104–107).

OTHER PROTECTIVE MEASURES PROPOSED FOR CPR PROVIDERS

In order to minimize the risk of respiratory infections during CPR, it is proposed to
perform endotracheal intubation as quickly as possible and all aerosol-generating pro-
cedures should be done in an airborne infection isolation room (92). Although CPR in
prone position has been suggested, it still remains controversial. The AHA guidelines
recommend the avoidance of turning the patients supine if advanced airway is in place

FIG 3 Suggested algorithm for cardiopulmonary resuscitation (CPR) and personal protective equipment (PPE) in
patients with bloodborne infection or infection transmitted through contact with skin or other body fluids.
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due to the risk of circuit disconnection and aerosolization; moreover, the AHA pro-
poses the placement of defibrillator pads in the anterior-posterior position and the
chest compression to be performed with the provider’s hands placed over the 7th to
the 10th thoracic vertebral bodies (96). The efficacy of CPR and ventilation in prone
position is not completely known, but it has been suggested for critically ill adults with
COVID-19 (108).

Regarding ventilation during CPR, ventilation through a supraglottic device that
limits the exposure to patient-generated droplets is recommended, while AHA pro-
poses ventilation with the tight seal bag-mask device or an oxygen high flow facial
mask (109). Furthermore, it has been demonstrated that loose-fitting powered air-puri-
fying respirators during CPR procedures leads to high degree of protection of HCWs
against infectious pathogens and reduction of transmission of respiratory infections
(110).

Although automated chest compression devices have been proposed to be used dur-
ing CPR, when these devices are not available it is recommended to reduce the duration
of CPR cycles from the current 2-min to 1-min cycle, since this approach increases signifi-
cantly the quality of chest compressions performed by rescuers wearing an airborne PPE
(111). Recently, the utilization of drones for PPE or automated external defibrillator delivery
for communication of safety instructions has been proposed as a potential strategy to en-
courage, instruct, and reassure rescuers who perform CPR during the pandemic (112).
Finally, the use of a plastic blanket as a quick and alternative PPE has been suggested in
order to offer extra protection to the lifeguards during on-boat resuscitation without any
delay of the CPR initiation (113).

Despite the fear of infection transmission during CPR, data show a suboptimal com-
pliance with basic infection control measures among HCWs, including the use of PPE,
due to the lack of knowledge and familiarization with self-protective behaviors during
resuscitation (114). Continuing educational programs for HCWs on how to minimize
the risk of exposure to infections during CPR, by decreasing the number of aerosol-
generating procedures, using a small team, and considering early termination of resus-
citative efforts, as well as how to use PPE properly, will definitely reduce concerns
about infection transmission and unnecessary delays in commencing the resuscitation
(115).

CONCLUSIONS

CPR is a selfless lifesaving endeavor that saves thousands of lives each year globally.
As with any other medical procedure, CPR can bear potential risks—not only for the
patient but also for the rescuers. Among these risks, the transmission of infections has
been one of the most compelling triggers of reluctance and fear to perform CPR among
providers. Although the risk is not ignorable, only a few cases of infection transmission
to rescuers have been attributed to CPR. Thus, strict adherence to proper self-protective
measures is a potent and highly effective way of prevention of infection transmission.
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