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ABSTRACT: Background: Health care workers (HCWs) are occupationally exposed to a multitude of biological hazards, thus they are at high risk for nosocomial infections such as Severe Acute Respiratory Syndrome (SARS), avian influenza (H5N1), swine influenza A (novel H1N1), etc., associated virus; those exposures are greater among individuals working in environments such as infectious diseases wards, microbiology laboratories, etc., or among individuals performing "cough-inducing" procedures like thoracic endoscopy. Objectives: The aim of this paper is to provide a general assessment of the epidemiological and scientific evidence on the effectiveness of occupational protection and infection control practices, in the prevention of occupational SARS and other respiratory pathogens infection. Methods: We conducted a systematic review to summarize the evidence on the effectiveness of occupational protection and infection control practices, in the prevention of occupational SARS and other respiratory pathogens infection. To identify relevant studies, we searched electronic databases and journals, and contacted experts in the field. Conclusion: Although most of the interventions do not confer absolute protection against SARS and other respiratory pathogens, it seems that they may lower exposure to the virus, leading to a lower risk of secondary transmission.
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1. Introduction

Health care workers (HCWs) are occupationally exposed to a multitude of biological hazards, thus they are at high risk for nosocomial infections, including viruses such as Severe Acute Respiratory Syndrome (SARS), avian influenza (H5N1), swine influenza A (novel H1N1), etc... Those exposures are greater among individuals working in environments such as infectious disease wards, microbiology laboratories, etc., or among individuals performing "cough-inducing" procedures like thoracic endoscopy. For example, the 2003 SARS outbreak that resulted in a total of 8,422 probable cases and 916 deaths was reported in 29 countries (1); this was tragically higher due to the fact that hospitals acted as an amplifier of the outbreak, with reports of attack rates in HCWs of more than 30% (2). Recently, 48 probable or confirmed cases of infection with the novel H1N1 influenza virus in HCWs were reported to the U.S. Centers for Disease Control and Prevention (CDC). Since May 13, 2009, 33 additional cases have been reported (3); detailed reports were available for 26 of these cases (18 confirmed, 8 probable) revealing that 13 (50%) of the infected HCWs contracted the virus at their place of work. Patient-to-HCW transmission was suspected in 12 of the cases and HCW-to-HCW transmission was suspected in 1 case. Half of the HCWs for whom vaccination status was available had reported the seasonal flu vaccine (4).
Soon after the identification of H1N1 virus infections in the United States in mid-April 2009, CDC provided interim recommendations to reduce the risk for transmission in health-care settings. These recommendations included use of personal protective equipment (PPE), management of HCWs after unprotected exposures, and instruction that ill HCWs not report to work (5). 
It is of particular interest that, on May 21, 2009, the California Division of Occupational Safety and Health Administration approved its first-in-the-nation workplace standards for aerosol transmissible disease (ATD) and for zoonotic diseases. Those standards include respiratory protection, fit-testing, disease exposure control plans, medical surveillance, and communication procedures against ATD (6). 
These events have increased our concern about occupational protection of HCWs against SARS and other respiratory pathogens. However, expert opinions vary on the effectiveness of PPE and some infection control practices (ICPs) or interventions such as hand washing and physical space separation, etc., in preventing the transmission of respiratory infections in clinical practice. 

The aim of this paper is to provide a general assessment of the epidemiological and scientific evidence related to the effectiveness of occupational protection and ICPs or interventions, in the prevention of occupational SARS and other respiratory infections.

2. Risk factors and behavior for SARS and other respiratory pathogens in HCWs
Risk factors and behavior for SARS and other respiratory pathogens in HCWs were described in a number of studies. Chan-Yeung reported that risk factors for SARS infection in HCWs included: a lack of awareness and preparedness when the disease first struck; poor institutional infection control measures; a lack of training in infection control procedures; poor compliance with the use of PPE; exposure to high-risk procedures such as intubation and nebulization; and exposure to unsuspected SARS patients (7). In a retrospective study that included the performance of high-risk patient care procedures, the inconsistent use of PPE, fatigue, and a lack of adequate infection control training, Agostini found that multiple factors were likely responsible for SARS in the infected HCWs (8). In sharp contrast, the study by Lau and coworkers revealed no association between infection risk and high-risk procedures (9). 
In a retrospective cohort study, Shigayeva reported significant deficits in knowledge about self-protection, which were partially corrected by education programs during the SARS outbreak. HCWs' adherence to self-protection guidelines was most closely associated with whether they provided care to patients who had received a definite diagnosis of SARS. Two factors were associated with significantly lower rates of consistent adherence: the provision of care for patients with higher Acute Physiology and Chronic Health Evaluation (APACHE) II scores (OR 0.4; 95% CI, 0.28-0.68), and work on shifts that required more frequent room entry (OR for 6 or more entries per shift 0.5; 95% CI, 0.32-0.86) (10). 
Nishiyama investigated a 2003 nosocomial SARS infection in Vietnam, and reported that the SARS epidemic resulted in numerous secondary infections due to its unknown etiology and delayed recognition at the beginning of the epidemic (11). In a nested case-control study, Reynolds reported that the highest SARS attack rates occurred among nurses who worked in the outpatient and inpatient general wards (57.1% and 47.4%, respectively). The behaviors associated with the highest risk for infection by univariate analysis were: entering the index patient's room, and having seen the patient (OR 20.0, 14.0; 95% CI, 4.1-97.1 and 3.6-55.3, respectively) (12). L Y Pei reported, in a case-control study, that tracheal intubation (OR 30.793) was a significant risk factor (13). Teleman reported, also in a case-control study, the strong role of contact with respiratory secretions as the highest risk for SARS infection (adjusted OR 21.8; 95% CI, 1.7-274.8) by multivariate analysis (14).However, the study, is limited by wide confidence interval based the small sample size. In a Hong Kong case-control study, J T Lau found that the inconsistent use of goggles, gowns, gloves, and caps was associated with a higher risk for SARS infection (unadjusted OR 2.42-20.54, p < 0.05). The likelihood of SARS infection was strongly associated with the amount of PPE perceived to be inadequate, having less than 2 hours of infection control training, and not understanding infection control (9).
There is no doubt that certain procedures, a lack of training in infection control procedures, and poor compliance with the use of PPE increase the risk of infection for HCWs. How to turn these observations into infection control policies is the real question. 
3. Effectiveness of the use of PPE for workers exposed to SARS and other respiratory pathogens
The effectiveness of PPE (gloves, gowns, masks or respirators, and eye protection) remained a controversial issue during the SARS crisis. Do N95 respirators provide a 95% protection level against airborne viruses? How effective is eye protection? How effective is the use of gloves and gowns? Expert opinions varied, and several articles describing outcomes from the use of these protective items were published.

3.1 Eye protection

The World Health Organization (WHO) has recommended protective eyewear for the HCWs who provide care for confirmed or suspected influenza A (H1N1) patients. The CDC also has issued multiple guidelines that included recommendations for the use of protective eyewear for healthcare and emergency medical services workers who provide care for confirmed or suspected H1N1 influenza patients, and for laboratory workers. These guidelines specify goggles and face shields as appropriate eyewear for infection control and laboratory activities (15). Several studies relating to eye protection were concerned with reducing the risk of blood splashes (16, 17) or from physical or chemical trauma (18, 19). In a prospective study, Davies CG reported a high incidence (45%) of blood and body fluid splashes found on protective glasses and masks, and a very high incidence (79%) during vascular surgical procedures (20). 
However, the effectiveness of eye protection in decreasing the risk of acquiring disease remains to be tested. Parker reported that eye protection was perceived as only moderately effective in protecting against the spread of SARS (21).Wearing masks or eye protection did not markedly reduce infection with some respiratory viruses (e.g., influenza A and influenza B) among the dentists studied compared with those who did not wear a mask or eye protection (22). Another study found that Fiberoptic bronchoscopic intubation using the eyepiece was particularly difficult when using goggles or face shields due to the distance of the subjects' eye from the eyepiece (23). Park reported, in a retrospective study, that 70% (72/102) of HCWs in the United States who cared for SARS patients did not use eye protection, but no documented transmission of SARS-CoV was reported, even among those who had been within 3 feet of a confirmed case (24).
Overall, the importance of the transocular route in disease transmission and the degree of risk reduction on HCWs from eye protection is not understood. Few studies have assessed the relative importance of the transocular route as a means of transmission of disease by respiratory pathogens. 

3.2 Respiratory protection

The burdensome nature of wearing a respirator has made the effectiveness of respiratory protection for HCWs a controversial topic. Still, respirators have played an important role in personal protection for HCWs, The CDC and the National Institute for Occupational Safety and Health (NIOSH) recommended the use of N95 respirators for workers who may be exposed to SARS, H5N1, or H1N1. 
AS for the filtration efficiency of the N95 respirator, two substantial bodies of laboratory evidence demonstrate that NIOSH-approved N95s provided expected levels of laboratory filtration performance against nanoparticles (25, 26). Willeke found that the filter materials of N95 respirators provided good protection against TB bacteria (27). In sharp contrast, Balazy and coworkers evaluated the protection level of two types of N95 half-mask filtering face-piece respirators, using MS2 virus. The results indicate that the penetration of virions through the NIOSH-certified N95 respirators can exceed an expected level of 5%, and that the N95 filtering face-piece respirators may not provide the expected protection level against small virions (28). Another study by Balazy confirmed those findings (29). But we must evaluate the accuracy of the test methods; for example, Coffey found that three fit test methods (Bitrex, saccharin, and TSI PortaCount Plus with the N95-Companion), which were evaluated for their ability to identify wearers of respirator, had different error rates when assessed with filtering face pieces and when assessed with elastomeric respirators (30). Although laboratory studies have been immensely helpful, they are often limited by their practical applicability. Yet, respiratory protection is a complex field involving many factors, such as the efficiency of respirator filter material; face-piece fitting; and maintenance, storage, and reuse of respirators. The relationship between microbial penetration through respirator filters and the aerodynamic diameter, length, or other physical characteristics of microorganisms remains controversial (31). It is especially important to keep in mind that overall performance of any face piece for particulate filtering depends first on good filter performance. A face piece or mask that fits well on the face, but has a poor filter, will not be able to provide a high level of protection (32).
With regard to the effectiveness of use of N 95 respirators in health setting, Loeb found that consistent wearing of a respirator type N95 while caring for a SARS patient was protective for the nurses (33). However, some HCWs were infected with SARS following exposure to aerosol- and droplet-generating procedures, despite wearing full (N95) PPE (34, 35). Roberge conducted an investigation to evaluate respirator effectiveness: the study focused on whether wearing an N95 respirator with a powered air-purifying respirator (PARR) enhanced the protection, compared to N95 alone. They found that the burden imposed by additional respiratory protective equipment should not be discounted, and that the potentially minor contribution to protection may be offset by the negative impact on personal performance (36). It is extremely important that HCWs who are in close contact with individuals with nH1N1 influenza or influenza-like illnesses should use fit-tested N95 respirators or other respirators. We must pay attention to whether respirator use was within the context of a complete respirator program including fit testing (because if respirators are not fit-tested and users are not well-trained, one would not expect respirators to be effective at controlling exposure). 

There is some debate about whether surgical masks offer HCWs sufficient protection, especially if influenza, or another infectious agent, is spread via large droplets instead of small airborne particulates (often called droplet nuclei). Compared to an N95 respirator, a surgical mask is less expensive, less cumbersome to wear, doesn’t require fit testing, and can be worn over facial hair (e.g., beard, moustache, or long sideburn).
It is important that we should understand the significant differences between N 95 respirators and surgical masks. The decision whether or not to require HCWs to use either surgical masks or respirators must be based upon a risk analysis of the work environments and the different protective properties of each type of PPE. To offer protection, both surgical mask and respirators must be worn correctly and consistently. If used properly, surgical masks and respirators both have a role in preventing different types of exposures. 
However, respirators and surgical masks are very different in intended use, fit against the face, wear time, testing and approval. The biggest difference between a respirator and a surgical mask is the intended use. Respirators are designed to help reduce the wearer’s respiratory exposure to airborne contaminants such as particles, gases or vapors. Particulate respirators may be used to reduce exposure to particles that are small enough to be inhaled - particles less than 100 microns (μm) in size. This includes airborne particles that may contain biological material, e.g. Mycobacterium tuberculosis, the virus that causes SARS, influenza, etc. Surgical masks do not have either adequate filtering or fitting attributes to provide respiratory protection for the wearer. They are just designed to help prevent contamination of the work environment or sterile field from large particles generated by the wearer (e.g. spit, mucous). Surgical masks may also be used to help reduce the risk of splashes or sprays of blood, body fluids, secretions and excretions from reaching the wearer’s mouth and nose. Fit against the face is also an important differentiator. Respirators such as N95 filtering face pieces are designed to seal to the face of the wearer. Therefore most of the inhaled air is drawn through the filter media and not through gaps between the respirator and the wearer’s face. To determine proper fit, wearers must be fit tested to make sure they have selected the appropriate model and size. The wearer must also perform a ‘”user seal check” each time the respirator is worn prior to entering the contaminated environment to check the respirator-to-face seal. Surgical masks are not designed to seal against the face and are not fit tested since the main goal is to help capture large particles expelled by the wearer and to help reduce the wearer’s exposure to splashes. During inhalation, much of the air passes through gaps between the face and the surgical mask. Data about the effectiveness of the surgical mask compared with the N95 respirator for protecting HCWs against ATD are sparse. A new study was just published on November 4 in JAMA. Mark Loeb and colleagues conducted a randomized controlled trial of 446 nurses in eight Ontario hospitals to compare the surgical mask with the N95 respirator in protecting HCWs against influenza. It found that surgical masks appear to be nearly as effective as N95 respirators in preventing influenza in HCWs (37).During the SARS outbreak, public health authorities recommended the use of multiple surgical masks when N95s are not available. However, this recommendation must be evaluated systemically in clinical studies.

In summary, while we hope to underline that laboratory investigations should not be discounted, we conclude that decisive clinical trials hold an important role in an era of evidence-based medicine.

3.3 Others (glove and gown)

Not much research has specifically tested the usability of personal protective clothing (PPC) or gloves for HCWs exposed to SARS, H5N1, H1N1, etc., and ATD-associated virus. We searched PubMed and found that only T K Wong carried out a study to evaluate the effectiveness of using PPC for HCWs exposed to SARS (38). The PPC came from Hong Kong. The study included three stages: first, the PPC were sorted by their physical properties.  Next, a single-blinded study examined the different usability aspects of the PPC. In the third stage, a simulated viral load test was conducted. The study found that type A PPC is effective in providing a desirable level of protective against droplet splash—if a disposable PPC is required. Type C PPC, the surgical gown, is also appropriate, as the cost is low, air permeability is fair, and the level of possible hand contamination is lowest among the four groups.

As for the effectiveness of gloves, Goldman found that 24 HCWs infected themselves by rubbing their eyes or nose with contaminated hands, thus becoming vectors in the transmission of respiratory syncytial virus (RSV) to patients under their care (39). However, compliance with contact precautions, which requires the use of gloves and gown, dramatically reduces the incidence of nosocomial RSV infection. Lau conducted a case-control study of 72 hospital workers with SARS and 144 matched controls, and found that inconsistent use of goggles, gowns, gloves, and caps was associated with a higher risk for SARS infection (unadjusted OR 2.42 - -20.54, p <0.05) (9). However, Teleman found, in a case-control study with 36 cases and 50 controls, that gowns and gloves had no effect on nosocomial SARS transmission (14). 

In summary, it is very difficult to assess the effectiveness of glove and gown alone based on the combination of PPE use, but not on the use of glove or gown alone. We need more clinical trials or laboratory evidence to assess this issue. 

4. Effectiveness of infection control practices or intervention measures
ICPs can be grouped into two categories: 1) standard precautions and 2) additional (transmission-based) precautions. Here, we talk about the additional (transmission-based) precautions relating to ICPs, which are specific to modes of transmission (airborne, droplet, and contact). Additional (transmission-based) precautions are taken while ensuring standard precautions are maintained. Additional precautions include airborne, droplet, and contact.

There is some evidence that appropriate ICPs could be effective in preventing nosocomial SARS infection, and were associated with a decreased risk of infection.

Lai administered a questionnaire and collected serum samples for SARS-associated coronavirus (SARS-CoV) antibody, and found that only one asymptomatic nurse, among 688 HCWs, had a positive serological test. The result demonstrates the low rate of subclinical SARS-CoV infection in hospital HCWs, and that ICPs were highly effective against SARS in Hong Kong hospitals during the outbreak (40). Leung conducted a retrospective study to evaluate the effectiveness of a triage policy and risk-stratified infection control measures (ICMs) in preventing nosocomial SARS infection among paediatric HCWs at the Prince of Paediatric Hospital in Hong Kong. The acute pediatric wards were stratified into three areas according to different risk levels of nosocomial SARS transmission: an ultra high-risk area, a high-risk area, and a moderate-risk area. The implementation of different levels of infection control precautions was guided by this risk stratification strategy. It found that none of the HCWs developed clinical features suggestive of SARS. In addition, there was no nosocomial spread of SARS-associated coronavirus to other patients or visitors during the SARS outbreak. Thus, stringent infection control precautions, appropriate triage, and prompt isolation of potential SARS patients may have contributed to a lack of nosocomial spread and HCW infection of SARS (41).

Dwosh collected clinical and epidemiological data about patients and HCWs at their institution, who had a potential unprotected exposure to two patients, identified as probable SARS cases. During the surveillance period, 15 individuals (10 hospital staff, three patients, and two visitors) were identified as probable or suspected SARS cases. All but one individual had had direct contact with a symptomatic patient with SARS during the period of unprotected exposure. But no additional cases were identified after infection control precautions had been implemented for eight days. No cases of secondary transmission were identified in the 21 days following the implementation of these precautions. Dwosh found that the implementation of aggressive ICMs is effective in preventing further transmission of this disease (42). 

Gomersall reported, in an intensive care unit (ICU) in which infection control procedures are rigorously applied, that the risk to staff of contracting SARS from patients is low, despite long staff exposure times and a sub-standard physical environment (43). The author conducted a retrospective observational cohort study to evaluate the effectiveness of infection control procedures involved in an ICU of 35 doctors, 152 nurses, and healthcare assistants, during the SARS epidemic. Sixty seven patients with SARS were admitted to the ICU; four nurses and one healthcare assistant contracted SARS, three of whom developed symptoms within 10 days of admission of the first SARS patient. Doctors were exposed to patients with SARS for a median (IQR) of 284 (97-376) hours, while nurses and healthcare assistants were exposed for a median (IQR) of 119 (57-166) hours; yet, the ICU did not meet international standards for physical space or ventilation. 

Chen evaluated how emergency departments (ED) of different levels and types cope with a large-scale contagious infectious disease, using a retrospective study relating to 100 ED during the SARS outbreak in Taiwan. The study found that ED workers in large hospitals were more severely affected by the epidemic. Small hospitals implemented more restrictive ICMs. However, the difficulty of implementing ICMs was significantly negatively correlated with their effectiveness. Because the ability to prepare for, and respond to, emerging infectious diseases varies among hospitals, grouping infectious patients in a centralized location in an early stage of infection may reduce the extent of epidemics (44).

In contrast; Caputo investigated the HCWs who performed tracheal intubation in 10 Toronto hospitals during the SARS outbreak. A questionnaire was used to collect information from the HCWs; it was found that protection guidelines failed to completely prevent the transmission of SARS to HCWs. Nine percent of the interviewed HCWs who intubated patients contracted SARS (45). 

4.1 Physical space separation
There is some evidence demonstrating that the risk of SARS infection was associated with being in close contact to an existing case (46, 47, 48, 49). Varia found that the risk of developing SARS for HCWs and their family members in Toronto was graded by distance, with exposures less than 1 meter from a case being the highest risk. Risk decreased sequentially, with exposures less than 3 meters from a case or greater than 3 meters, and depending on whether they took place with or without cough-inducing or aerosol-generating procedures (46).
Varia’s study suggests that physical separation of a SARS case from HCWs, hospital visitors, and other patients should reduce the risk of SARS transmission. A number of different physical space interventions were applied in some countries and areas during the SARS outbreak, including: separating triage patients in waiting rooms for emergency wards and other hospital departments; isolating suspected SARS patients in single rooms of emergency departments, general medical wards, and ICUs; and using anterooms to separate donning and doffing of PPE from patient care activities (50, 51, 52). 

This implies that physical separation of SARS patients from other patients and staff members indeed has some effect on preventing transmission of SARS. Ha found significant differences in transmission rates of SARS in two Vietnamese hospitals. Both hospitals didn’t have negative-pressure rooms. Hospital A was a more modern facility. Hospital B had designated SARS isolation wards and large spacious rooms with high ceilings, ceiling fans, and large windows that were kept open for cross-ventilation. In contrast, hospital A’s rooms were smaller, and individual air-conditioning units were in use early during the outbreak. Nosocomial clusters occurred in hospital A but not in hospital B. The fact that hospital B had larger rooms and that symptomatic patients were physically separated from other patients may have played an important role in decreasing SARS transmission (51). Scales also reported that HCWs who provided care for a patient with unrecognized SARS, and those who had sustained close contact or participated in high-risk procedures had a higher risk of developing SARS than those who did not (53). However, this intervention has not been evaluated systematically. We need more clinical trials to assess this issue. 

4.2 Hand hygiene
 Hand washing can be viewed as a type of environmental decontamination, or non-pharmaceutical intervention like hand hygiene (HH). Seto found that HCWs who reported hand washing during patient care experienced a lower risk of developing SARS in univariate analyses; however, this was not significant in multivariate analysis (54). In contrast, in a case-control study with 36 cases and 50 controls, Teleman found that hand washing remained strongly protective in decreasing the SARS nosocomial transmission (adjusted OR 0.07, 95 % CI, 0.008-0.66, P 0.02) (14). We can not find another evaluation of hand washing being reported directly related to SARS, but a number of studies have shown HH to be effective in decreasing the transmission of other common respiratory viruses, including human coronaviruses (55, 56, 57).

Backman found in a systemic review that there is a lack of rigorous evidence linking specific HH interventions with the prevention of health care-associated infections (HCAIs). The author especially pointed out that the varied nature of the interventions used and the diverse factors affecting the acquisition of HCAIs make it difficult to assess the specific effect of HH alone. Also, most studies relating to this topic are before and after observational studies (self control), but without a separate control comparison group. The author recommends that researchers use a modified version of Larson's 2005 criteria to guide the design and conduct of future, before and after observational studies in this area (58).

It is of particular interest that we found a study assessing the specific effect of HH alone. Grayson conducted a study evaluating the effectiveness of routine HH protocols against pandemic and avian influenza. Twenty vaccinated, antibody-positive HCWs had their hands contaminated with 1 mL of a 10(7) tissue culture infectious dose of (TCID)(50)/0.1 mL live human influenza A virus (H1N1; A/New Caledonia/20/99) before undertaking one of five HH protocols( no HH control), soap and water hand washing [SW], or use of one of three alcohol-based hand rubs [61.5% ethanol gel, 70% ethanol plus 0.5% chlorhexidine solution, or 70% isopropanol plus 0.5% chlorhexidine solution]. H1N1 concentrations were assessed before and after each intervention by viral culture and real-time reverse-transcriptase polymerase chain reaction (PCR). The natural viability of H1N1 on hands for >60 min without HH was also assessed. The study found there was an immediate reduction in culture-detectable and PCR-detectable H1N1 after brief cutaneous air drying—14 of 20 HCWs had H1N1 detected by means of culture (mean reduction, 10(3-4) TCID (50)/0.1 mL), whereas 6 of 20 had no viable H1N1 recovered; all 20 HCWs had similar changes in PCR test results. Marked antiviral efficacy was noted for all 4 HH protocols, on the basis of culture results (14 of 14 had no culturable H1N1; (P< .002) and PCR results (P< .001; cycle threshold value range, 33.3-39.4), with SW statistically superior (P< .001) to all 3 alcohol-based hand rubs, although the actual difference was only 1-100 virus copies/microL. There was minimal reduction in H1N1 after 60 minutes without HH (59). But finding out how this fact can be translated into real health care settings is an important issue.
An issue to which we must pay close attention is that hand washing compliance among HCWs is poor (7): in an anonymous, online infection control questionnaire, only 19% of 3,019 HCWs from the US Society of Interventional Radiology reported routine hand washing between glove applications (60). How do we improve HCWs’ compliance with HH? Richard advised that hand washing rates should become an issue for the annual evaluation of HCWs and a necessary component for continued employment (61). In an interventional randomized cohort study, Harbarth reported a statistically significant, modest improvement in compliance, after the introduction of an alcohol-based hand gel, hence alcohol-based HH may be effective in improving compliance (62). The CDC also recommended that if HCWs’ hands are not visibly soiled, an alcohol-based hand rub could be used for routine decontamination, because this is as effective as hand washing and saves time (63). But HCWs must dry their hands thoroughly after using an alcohol-based hand rub before putting on gloves, because any residual alcohol may increase the risk of glove perforation (64).
4.3 Vaccination 

It cannot be overemphasized that good intervention measures such as universal precautions, good hand-washing techniques, and appropriate personal protection is the mainstay of reducing the risk of nosocomial infections to HCWs. Vaccines also are safe and effective in reducing risks of nosocomial infections, and must be promoted through educational campaigns and made easily available to all HCWs.

Two diseases for which aerosol transmission is widely acknowledged, measles and tuberculosis, have been largely controlled with vaccination. However, we found that few specific data exist on the effectiveness of vaccination for reducing nosocomial infection with SARS, avian influenza, swine influenza A, etc. And we only found several studies relating to the effectiveness of season influenza vaccination. A widespread Highly Pathogenic Avian Influenza (HPAI) vaccination campaign that started at the end of 2005 in Vietnam resulted in the cessation of poultry and human cases, but in 2006-2007, severe HPAI outbreaks re-emerged (65). Thomas found that, in two cluster randomized controlled trials (C-RCT) and one cohort study, staff vaccination appears to have significant effect against influenza-like-illness (ILI) (absolute vaccine efficacy (VE) 86%, 95%CI 40%to97%), but only when patients are vaccinated too. On the basis of a small number of observations from two C-RCTs, the vaccines have no efficacy against influenza (OR 0.86, 95% CI, 0.44-1.68) or lower respiratory tract infections (OR 0.70, 95% CI, 0.41-1.20), but were effective against deaths from pneumonia (VE 39%, 95% CI, 2%-62%) and deaths from all causes (VE 40%, 95% CI, 27%-50%) (66). However, the author thinks that all findings must be interpreted with caution, given the presence of selection bias. 

We must pay close attention to the issue. How do we elevate the rate of vaccination among HCWs for future outbreaks? Tam found that the overall influenza vaccination rate for nurses in Hong Kong was about 50% and that it was affected by the perceived threat of an impending outbreak. The attitude of nurses toward the effectiveness of, and their rationale for, vaccination was a major barrier to increasing the rate of vaccination (67). Chor found in a repeated cross-sectional study involving 2,255 HCWs, that the overall willingness to accept pre-pandemic H5N1 vaccine was only 28.4% in the first survey (WHO influenza pandemic alert phase 3). There were no significant changes in acceptance despite the escalation to alert phase 5. The willingness to accept pre-pandemic H1N1 vaccine was 47.9% among HCWs when the WHO alert level was at phase 5. The major barriers identified were fear of side effects and doubts about efficacy (68). The most frequent adverse reaction after vaccination was soreness at the injection site in 33.4% of cases, followed by skin redness in 18.1%, myalgia in 17.7%, fatigue in 17%, and febrile sensation in 15.2 % (69). 

5. Discussion
Although most of the interventions do not confer absolute protection against SARS and other respiratory pathogens, they may lower exposure to the virus, leading to a lower risk of secondary transmission. It is important that hospitals should provide all interventions but not one or two measures for HCWs regardless of whether the patient has or is suspected of having related viruses’ infection, this is remarkable especially while confront the novel disease.
An important challenge remains how policy planners or management elevate the adherence rate of intervention measures among HCWs. Turnberg implemented a self-administered questionnaire to examine HCWs’ adherence to CDC’s recommended respiratory infection control practices in the primary care clinics and emergency departments of five medical centers in King County, Washington; 53% (653) of HCWs responded. The survey revealed important shortcomings in overall personal and institutional use of CDC’s recommended practices, including deficiencies in posted alerts, patient masking and separation, HH, PPE, staff training, and written procedures. Use of recommended measures was generally higher among nursing staff than other medical practitioners (70). Practical strategies are needed to identify and reduce barriers to implementation of recommended practices for control of secondary transmission. At the same time, ongoing intervention measures should not only be offered to those at highest risk such as ED or ICU HCWs, but also to non-front line workers, as SARS or any other respiratory infection may arise at places where they are least expected. Regular auditing on wards would ensure that infection control measures are maintained.

Mental well-being of HCWs is another big issue. Concern about transmission and uncertainties about SARS and other respiratory pathogens can cause HCWs to experience anxiety, stress, and poor morale. We must pay attention to not only “body safety,” but also “psychological and psychosocial health” of HCWs. Wu reported that 10% (among 549) of the respondents had experienced high levels of posttraumatic stress (PTS) symptoms since the SARS outbreak, and that they were two to three times more likely to have high PTS symptom levels than those without these exposures (71). Wong performed an anonymous, self-administered questionnaire to 2,459 HCWs working at 18 public clinics (PCs) and a tertiary hospital (TH) (response rate of 74.6% and 76.7%, respectively). Among the respondents, 25.5% felt that they should not be looking after H5AI patients and 15% consider resigning. HCWs also felt that people would avoid them (63.5%) and their families (54.1%) during a pandemic (72). Taiwan Shiao also reported in a questionnaire survey that 7.6% of the nurses not only considered that they should not care for SARS patients, but that they were looking for another job or considering resignation; 32.4% of them thought that people avoided them because of their job. The main predictors for potential resignation were shorter tenure, increased work stress, perceived risk of fatality from SARS, and affected social relationships (73). In a cross-sectional study, Butsashvili reported a 23% rate of worker (288 HCWs) absenteeism, predominately among women and nurses, during the avian influenza pandemic (74). These findings are important in view of potential impending threats of future pandemics such as avian influenza, as the rate of work absenteeism suggested represents a significant workforce reduction. The policy planners must target these specific groups for education, mental intervention, and social support services to encourage a greater inclination to clinical duties.
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