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 T he ILO’s primary 
goal is to promote 
opportunities for 
women and men to 

obtain decent and productive 
work in conditions of free-
dom, equity, security and dig-
nity. In this formulation of 
decent work in the context of 
ILO action, the protection of 
workers against work-related 
sickness, disease and injury, as 

embodied in the Preamble to 
the Constitution of the ILO, is an essential element of security and 
continues to be a high priority for the ILO.

The health and safety of the world’s workforce periodically at-
tracts the attention of the national and international media. Indus-
trial disasters, especially those resulting in multiple fatalities, make 
global headlines. But the reality is that throughout the world, many 
thousands of people die from their work activities every day, and 
numerous fatalities are unreported or ignored. Globally, an estimat-
ed 2.3 million workers die every year from occupational accidents 
and work-related diseases. In addition, many millions of workers 
suffer non-fatal injuries and illnesses.

Over the years, the ILO has multiplied the number of tools and 
activities in the area of occupational safety and health (OSH) in 
which it is engaged in order to carry out its mission. The promotion 
of standards in the field of OSH is thus a fundamental task, and an 
indispensable complement to the process of developing them. 

At the First Session of the International Labour Conference 
in 1919, the ILO adopted the White Phosphorous Recommenda-
tion 1919 (No. 6). This instrument invited ILO member States to 
ratify the Berne Convention of 1906. This is one of the earliest in-
ternational conventions on occupational safety and health and 
it was aimed at banning the use of white phosphorous. Since the 
mid-nineteenth century white phosphorous was widely used in the 
match-making industry, however it caused matchmakers – mostly 
children – to contract the dreaded, disfiguring “phossy jaw”. 

What compounded the tragedies caused by this occupational 
hazard was that they were avoidable. Another non-hazardous form 
of phosphorus, red phosphorus, worked just as well for making 
matches. However, the abundance of cheap labour and the absence 
of industrial health regulations made a shift in production patterns 
slow. It took legal compulsion, along with international action, to 
eventually eliminate the problem. This example illustrates the issues 
that are still today at the heart of ILO work and of the decent work 
paradigm in terms of worker protection, economic constraints and 
the role of regulatory mechanisms in maintaining compliance with 
ethical principles, rights and obligations. 

Since the turn of the twentieth century when the first legal rela-
tionships between exposure to hazards and the world of work were 
being established, OSH has grown into a multifaceted discipline. 
This discipline has implications not only for human lives, enter-
prise development and national efforts to increase productivity and 
alleviate poverty, but also for the human environment. It is also rec-
ognized today as an essential component in the global efforts to de-
velop production and consumption patterns which are sustainable 

and which respect the global environment in the face of increasing 
demographic pressures.

Taking this into account, and to further reinforce the work un-
dertaken by the Labour Administration, Labour Inspection and 
Occupational Safety and Health Branch (LABADMIN/OSH), the 
ILOs focal point for OSH, I am pleased to announce that one of 
the new five ILO “flagship programmes” will be focussed to tackle 
the challenges in this field. The flagship programme “OSH Glob-
al Action for Prevention” is built on numerous ILO instruments in 
the field of OSH and responds to an urgent need to step up action 
in this area of work at country level.  Complementing the work of 
LABADMIN/OSH, the flagship programme will design and deliver 
country-specific strategic interventions to:
•	 improve	national	regulatory	frameworks	on	OSH	and	strength- 
 en capacity to develop and implement compliance strategies 
 and inspection practices;
•	 enhance	national	institutional	capacities	to	acquire	and	use	
 OSH knowledge and information to develop effective preven-
 tion policies, strategies, systems and programmes;
•	 encourage	and	facilitate	consultation,	collaboration	and	 
 cooperation in OSH between governments, employers and 
 workers through effective dialogue;
•	 strengthen	national	employment	injury	compensation	legisla-
 tion and administrations to interact with OSH systems and 
 programmes through integrated functions, where appropriate, 
 and economic incentives for investment in prevention and 
 compliance.

The programme will respond to multiple challenges in a struc-
tured and integrated manner making use of the ILO’s multidiscipli-
nary expertise, working at the global, regional and national levels, 
building on existing initiatives and networks and bringing together 
the key stakeholders in an inclusive approach to improve the work-
ing conditions of workers, as well as promoting a preventative safe-
ty culture for all.

I would also like to take this opportunity to thank the govern-
ment of Finland for its continued support to the ILO efforts in the 
field of OSH, including support to this flagship programme. Being 
a global leader in the field of OSH, Finland’s continued support is 
highly valued and greatly appreciated by the ILO.

Hence, I welcome you to join the ILO in taking action to build-
ing a worldwide culture of prevention, a world that has zero toler-
ance for work-related hazards that result in injuries, disease and 
death.

Mr. Guy Ryder, Director-General 
International Labour Organization

Copyright @2015 
International Labour Organization
Reproduced with permission
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Marie-Paule Kieny
WHO

In a world where people, goods and information are 
constantly on the move, infectious disease outbreaks in 
one country can easily become terrifying global threats.  
However, health emergencies due to infectious disease 
outbreaks are not inevitable events.  The recipe for epi-
demic or pandemic prevention, nationally and globally, 
is a mix of ingredients we know well and have promoted 
for many years.  These include surveillance and response 
capacity in all countries, effective health systems, and 
the ability to identify potential problems and solutions 
to stimulate the necessary research and development.  
However, there are two elements the global community 
has often left out of some of the conversation – govern-
ance and leadership.  In addition, collaboration between 
countries, both at regional and global levels, must be 
strengthened.

In the 2014–2015 Ebola outbreak in West Africa we 
saw the culmination of a situation that had long been 
incubating.  The catalyst happened to be Ebola, a fierce 
virus that engenders great anxiety and which, until now, 
was unknown to the populations of West Africa.  But 

Governance and leadership 
at the heart of preventing 
health emergencies

the conditions of the health sector in the three stricken 
countries, and the lack of an efficient regional and glob-
al alert and response mechanism, meant that any other 
disease epidemic would have wreaked similar panic and 
tragedy.  The fact that these systems were extremely frag-
ile not only caused thousands of avoidable deaths, but 
also made it difficult for international teams to assess the 
extent of the epidemic and intervene in a timely way to 
stop it from spiralling out of control. 

In order to have functioning health systems in place, 
including surveillance and response capacity, and the 
ability to identify imminent outbreaks and potential so-
lutions, governments must have legitimacy with their 
populations and the leadership capacity to mobilize 
health staff, resources and communities towards the res-
olution of a common problem.  However, when the out-
break started in West Africa, the limited public health 
services available were already struggling to deal with 
routine health conditions, let alone have the capacity to 
address a vicious virus.

For many years the populations of Guinea, Liberia 
and Sierra Leone have relied on themselves to look af-
ter their health problems – either by going to tradition-
al healers or, for those who could afford it, by turning 
to the private sector, where healthcare is more available 
but paid for out of pocket.  Years of war, but also subse-
quent neglect of the health sector, had already corroded 
people’s confidence in the system and driven them away 
from the hospitals and health facilities.  Even the medi-
cal profession itself had abandoned ship for better fu-
tures abroad.  And those few who remained worked in 
dire conditions and were rarely remunerated. 

Professor Cheikh Ibrahima Niang, a Senegalese so-
cio-anthropologist who has assisted WHO in under-
standing the behaviour and attitudes of communities 
in West Africa, argues that trust and confidence are the 
strategic tools for ending the epidemic and rebuilding 
the countries.  To achieve that, governments, which are 
best placed to understand their populations’ needs and 
reactions, must take leadership and initiate open and 
fruitful dialogue with their communities in order to re-
gain their trust and the legitimacy to finally close the Eb-
ola chapter and enact effective reforms.  

The Ebola outbreak placed an unconscionable bur-

© World Health Organization / Garry Smith 

Vaccination campaign against yellow fever in villages. 
A woman receives the shot.
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den on the already fragile health systems 
of Guinea, Liberia and Sierra Leone, but 
also on their economies and on the very 
fibre of social life, reversing small but 
hard-earned development achievements 
of recent years.  What Ebola has shown 
most of all is that a top-down approach is 
not the optimal way to go.  Even now, af-
ter more than a year of efforts, we see that 
many people in West Africa are still re-
sisting medical help and are hiding infect-
ed loved ones, opening the door to more 
transmissions.  In the words of Professor 
Niang, “Many of these people may be illit-
erate, but they are not stupid.  They do not 
want to be passive recipients, they want to 
be actors in their own response to the cri-
sis.”  Ending the Ebola epidemic, recon-
structing the health systems and prevent-
ing another such crisis from occurring 
will demand an ownership on the part of 
communities and a gradual improvement 
in the governance of the health sector.  

But good governance is not just the 
duty of the Ebola stricken countries.  Be-
cause of increased connectedness between 
states, ensuring that all national health 
systems are adequate and prepared for 
health crises is an international concern, 
and not just the concern of low-resourced 
countries.  The international community 
has an interest in directing funds and de-
velopment assistance where they will have 
a lasting effect.  The challenge for global 
health now – beyond Ebola – is to ensure 
that international health aid and strate-
gies work to achieve sustainable health 
systems, equitable access to health prod-
ucts and services and collaborative ap-
proaches to epidemic prevention, includ-
ing R&D into diseases for which no mod-
ern line of defence exists.  In parallel, 
countries needing to reform or strengthen 
their systems must invest in the task fi-
nancially and through effective reform, 
including by establishing a well trained 
and remunerated health workforce, func-
tioning health infrastructure, social secu-
rity schemes and processes to ensure that 
populations have a stake in their health 
system, and a say in the health decision-
making process.

Dr Marie-Paule Kieny 
Assistant Director-General
Health Systems and Innovation
World Health Organization

Mary H Ross 
South Africa

Introduction
Any infectious agent affecting humans 
can potentially cause an occupational in-
fection. Thus, the range of these infec-
tions covers the spectrum of organisms, 
while the span of affected occupations 
continuously increases as infections are 
recognized as being work-related (1). In-
fectious diseases traverse boundaries be-
tween public health, clinical medicine, 
travel medicine and occupational health. 
Although work-related infectious diseases 
involve a wide variety of infectious agents 
across various occupational groups, it is 
difficult to determine either the morbid-
ity or mortality from occupationally-ac-
quired infections per se; the diseases of-
ten occur in the community and any asso-
ciation with exposure in the workplace is 
not always recognized (2,3). It is, however, 
estimated that globally, over 300 000 em-
ployees die from work-related infectious 
disease (2). In their comprehensive review 
of the 13 million new cases of cancer that 
occurred globally in 2008, de Martel and 
colleagues estimated that approximately 
2 million or 15% were caused initially by 
viral infections, bacteria, or parasites with 
as much as 30% attributable to infections 
in the less-developed areas (4).  

Infectious diseases are of internation-
al concern in the workplace. The Inter-
national Commission on Occupational 
Health (ICOH) established a Working 
Group on Occupational Infectious Agents 
(WGOIA) which is mandated to advise 

Guidance to workplaces 
and occupational health 
professionals in preven-
tion of occupational  
infections

and to assist ICOH to identify the most 
important issues and to gather or develop 
relevant material for occupational health 
professionals. The goal is to provide prac-
tical guidance on health surveillance and 
reporting of infectious diseases in the 
workplace, risk assessment and preven-
tion, and assessment of fitness to work 
(1). The WGOIA has explored networks 
for sharing information that its mem-
bers have reviewed and developed.  In ad-
dition, the World Health Assembly has 
identified the workplace as well-suited to 
prevention and control of global health 
threats, such as tuberculosis, HIV/AIDS, 
malaria and avian influenza (5). 

Despite miners’ ‘consumption’ (sili-
cotuberculosis) being one of the earliest 
documented occupational diseases, occu-
pational infections have been under-rec-
ognized, under-reported and under-re-
searched (1). However, the advent of the 
HIV epidemic, particularly in Southern 
Africa, has created a resurgence of inter-
est in and research on occupational infec-
tions from healthcare workers to itinerant 
professional drivers and migrant miners, 
who are exposed through working-related 
lifestyle. Co-existing HIV and silicosis in 
miners increases multiplicatively the risk 
of developing tuberculosis and, before the 
advent of antiretroviral treatment, led to 
incidence rates of tuberculosis in South 
African gold miners of over 5% per an-
num (6). Likewise, pandemics of SARS, 
avian influenza and H1N1 influenza pre-
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cipitated a response from the occupation-
al health fraternity, not only in relation to 
healthcare workers, but also among em-
ployers who clamoured for policies and 
procedures to protect and manage infec-
tion in the workplace.

The role of occupational health 
professionals
Occupational health professionals (OHPs) 
are consulted by workers and manage-
ment regarding actual and potential in-
fections, be these occupational or com-
munity-acquired. Nevertheless, it appears 
that occupational infections that are le-
gally notifiable are more likely to be diag-
nosed and notified by primary care pro-
viders than OHPs (2). Once recognized, 
unlike most other occupational diseases 
that have a long latency period from ex-
posure to manifestation and are non-
communicable, infectious diseases tend to 
create a higher level of concern and more 
urgent response in terms of both manage-
ment and prevention. The recent devastat-
ing Ebola epidemic in Africa epitomizes 
the overlap between workplace and public 
health as well as the effects of cross-bor-
der transmission on occupational infec-
tions and the far-reaching impact of both 
a community and workplace-acquired in-
fection. In discussing international health 
assistance, Gostin emphasized that, ‘most 
funding is driven by emotional, high-vis-

ibility events; diseases that capture the 
public’s imagination such as the human 
immunodeficiency virus and AIDS; or 
diseases with the potential for rapid glob-
al transmission such as haemorrhagic fe-
ver, severe acute respiratory syndrome, or 
pandemic influenza’ (7). In their excellent 
review of globalization and infectious dis-
eases, Saker et al. provide guidance on the 
influence of globalization on the spread, 
control and prevention of infections in 
both industrialized and developing coun-
tries; they highlight that the acute and 
epidemic infections receive a dispropor-
tionate focus in the workplace from man-
agement and the occupational health pro-
fessionals (8). 

While the running of occupation-
al health services may not be influenced 
as much as other health care services, we 
are in the age of intense media coverage 
that certainly focuses both employer and 
worker attention on high-visibility infec-
tions, potentially at the expense of actual 
priority infections in the workplace. The 
prevention and management of many in-
fectious diseases in the workplace are de-
pendent on well-functioning health ser-
vices that, among other activities, pro-
mote herd immunity against a variety of 
vaccine-preventable diseases, and prevent 
water-borne and vector-borne infections. 
Workplace health professionals can play 
an important role in preventing infectious 

diseases for groups that may not con-
sult other preventive health care, such as 
healthy adult males, through targeted im-
munization, health promotion, peer-edu-
cation and screening and treatment pro-
grammes. Disease programmes of public 
health importance, such as for tuberculo-
sis and HIV, need to be synergistic with 
the local health services.

Since only a small proportion of work-
ers have direct access to OHPs in the larg-
er formal industries (5), there is a great 
need for recognition of occupational in-
fections by primary health care providers. 
Thus, there is an important role for aware-
ness through education and training by 
OHPs through their national societies and 
in training institutions. 

It is vital for occupational health prac-
titioners to become familiar with rele-
vant infectious diseases in the industries 
and geographical areas they serve and, in 
particular, with those infections that can 
be prevented by effective environmental 
or medical interventions, such as vector 
and water management, or immunization 
and chemoprophylaxis (1).  It is also im-
portant for OHPs to remain updated on 
infectious diseases of relevance to their 
worker demography and exposure since 
advances in fields such as screening, vac-
cines, and both preventive and curative 
medication are ongoing. Thus identifica-
tion of accessible international and na-

© World Health Organization / Isadore Brown

Medical visit; 
influenza illustration 
in South Africa.



Afr Newslett on Occup Health and Safety 2015;25:5–8  •   7

tional resources and support of local in-
novation are vital to maximizing preven-
tive interventions.

Stakeholder involvement cannot be 
overemphasized. Saker et al. state that it 
‘needs to be understood that resources 
committed to infectious disease preven-
tion, treatment and control is a worth-
while investment’ (8). The role of OHPs 
is not only to inform, counsel and protect 
employees, but also to involve manage-
ment in the risk assessment and formu-
lation of solutions. With the competing 
priorities in the workplace, the economic 
and humanitarian case for prevention and 
treatment may be required for funding 
from the employer. OHPs should assist 
the employer in formulating workplace 
policies and programmes for priority in-
fections, such as HIV and tuberculosis in 
high burden countries. 

Prioritizing infections in  
the workplace
The initial requirement for the OHP is 
to prioritize, using public health princi-
ples, the infectious agents in any particu-
lar workplace, focussing on conditions 
that are important and preventable. These 
should include, whenever feasible, work-
related infections plus community infec-
tions that may affect health and produc-
tivity. There are numerous variables such 
as: the exposures specific to the processes; 
the pathogenicity of the infectious agent; 
the demography and susceptibility of the 
workforce, including gender; personal 
and occupational hygiene; endemicity of 
infections according to the geography and 
other environmental conditions; available 
cost-effective interventions; and local re-
sources and preventive programmes.

There are excellent resources available 
in ‘open’ journal articles that categorize 
the most important occupational infec-
tions by organism, industry and occupa-
tion, primary source and the route of in-
fection. (2,3,9) These generic resources 
should be supplemented by targeted lit-
erature review, personal experience and 
medical surveillance in the workplace 
plus consultation with local stakeholders, 
such as state health services and clinical 
microbiologists who have an understand-
ing of the workplace exposures and ac-
tivities. Although the literature indicates 
that occupational infections mainly af-
fect healthcare workers, those with animal 
contact, and laboratory and waste workers 

(2), infections of occupational origin may 
occur in many other occupations, often 
not widely recognized. For example, the 
incidence of skin infections from herpes 
gladiatorum is quoted as being as high as 
40% in wrestlers from skin-to-skin con-
tact in the ‘lock-up position’(10), while 
professional drivers who pass through 
polluted industrial areas with their win-
dows open may be at increased risk of 
contracting legionellosis (11).  

Once the potential infections have 
been identified, the next step is to inves-
tigate the intervention options with an 
emphasis on primary prevention. Again, 
there are many readily available generic 
and disease-specific resources, such as the 
websites of the World Health Organiza-
tion (www.who.int) and the Centers for 
Disease Control and Prevention (www.
cdc.gov  and www.cdc.gov/niosh ) which 
are frequently updated. 

Uptake of preventive care by the 
workers and their families or community 
may require additional health promotion 
activities and interdisciplinary collabora-
tion is important inside and outside the 
workplace. The Faculty of Occupational 
Medicine in the United Kingdom has a 
valuable model for promoting stakeholder 
awareness by producing specific material 
on each topic such as pandemic influenza 
for employers, workers and health profes-
sionals (www.fom.ac.uk ). Material de-
signed elsewhere for specific targets, such 
as for health care workers in industrial-
ized countries, may require adaptation, 
and for this OHPs need to harness the lo-
cal expertise to produce suitable material 
and appropriate programmes.

Prevention and management  
of work-related infections
In 2007, the World Health Assembly stat-
ed that ‘primary prevention of occupa-
tional health hazards should be given pri-
ority’ and that ‘protecting health at the 
workplace  requires enacting regulations 
and adopting a basic set of occupational 
health standards to make certain that all 
workplaces comply with minimum re-
quirements for health protection (5). Na-
tional legislation and surveillance sys-
tems, where they exist, provide guidance 
to OHPs in relation to notification, com-
pensation and prevention of occupational 
infections and the implementation of ob-
ligatory programmes. These requirements 
can be the basis for OHPs developing 

cost-effective interventions tailored for a 
specific workplace.

Primary prevention interrupts the 
spread of micro-organisms to suscepti-
ble human hosts and comprises a variety 
of possible interventions that are imple-
mented concurrently rather than in a hi-
erarchy of control (8, 12):  
•	 Basic	public	health	activities	e.g.	 
 provision of clean water, sanitation
•	 Environmental	intervention	e.g.	 
 eliminate vectors or intermediate  
 hosts
•	 Barriers	reducing	exposure	e.g.	 
 window screens, bed nets
•	 Promotion	of	healthy	personal	 
 behaviour e.g. cough etiquette,  
 insect repellents
•	 Some	forms	of	chemoprophylaxis	e.g.	 
 anti-malarial medication 
•	 Immunization	of	susceptible	persons
•	 Screening	for	undiagnosed	infections	 
 e.g. respiratory questionnaire for TB
•	 Isolating	infectious	workers	if	the	 
 disease is spread from person-to- 
 person.

Of all interventions, immunization is 
likely to be the most effective. Unfortu-
nately, the expense may render all recom-
mended protection unattainable, particu-
larly in small and medium-sized work-
places. However, regulations and work-
place standards may require workers to be 
offered testing and immunization against 
potential occupational infections such as 
hepatitis A and B, rabies, tetanus and yel-
low fever, depending on the risk of expo-
sure and the consequences of the infec-
tion. An invaluable resource for OHPs 
with regard to immunizations is the an-
nually updated list of recommendations 
for adult immunization from the Centers 
for Diseases Control and Prevention (13). 
OHPs should consider immunization pro-
grammes related to the relevant risk, the 
feasibility, the availability and cost of the 
vaccine, and the likely uptake. 

Infectious diseases are the only occu-
pational diseases that can be transmitted 
from one worker to another. Thus, unlike 
many other occupational or work-related 
diseases, treatment of infected individu-
als, or so-called secondary prevention for 
the affected individual, can also serve as 
effective primary prevention for others by 
breaking the transmission cycle.

The ECHO (Extension for Communi-
ty Healthcare Outcomes) model for treat-
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ing and thus reducing transmission of 
hepatitis C in underserved areas and pris-
ons in New Mexico provides an excellent 
prototype for any workplace programme 
(14). The objective of the ECHO model 
is to expand the capacity to provide best-
practice care in underserved areas, mon-
itor outcomes and set up a knowledge 
network. Arora and colleagues created a 
protocol for treating chronic hepatitis C 
infection for everyone to use with stand-
ardized care supported by video confer-
encing and training of primary physicians 
and nurses on HCV infection. Within the 
prisons, 40% of prisoners were infected 
and a prisoner-teaching-prisoner educa-
tion programme was established to com-
plement the treatment programme (14). 
A similar model is already being used in 
South African workplaces which have es-
tablished HIV Counselling and Testing 
(HCT) programmes in which OHPs col-
laborate with trained peer educators to 
involve the workforce, families and com-
munities to increase testing and treatment 
for HIV.

There are initiatives to investigate the 
burden of occupational infectious diseas-
es to define and then address the prob-
lem. It is reported from South Korea that 
occupational disease resulting from bio-
aerosols has become the third most com-
mon occupational disease reported after 
pneumoconiosis and hearing loss (15). A 
review of over 1000 compensated cases 
of occupational infections in South Ko-
rea indicated that forestry workers fol-
lowed by health care workers were most 
frequently affected with over 50% of cases 
caused by Scrub typhus (16). The study 
highlighted the need for both surveillance 
systems and preventive measures in the 
workplace (16). Saker et al. maintain that 
infectious diseases present a considerably 
higher burden in low-income than high-
income countries and that there is a ‘need 
to develop surveillance systems that can 
be used effectively in low-tech developing 
world contexts’ (8). OHPs in industry, ac-
ademia and government should lead the 
development of such systems and devel-
oping innovative solutions.

Conclusion and future action 
in prevention of occupational 
infections
Occupational health professionals can 
contribute significantly to the preven-

tion of occupational infections through 
risk assessment, prioritization of infec-
tions, and implementing appropriate pro-
grammes for surveillance and prevention 
in the workplace. However, while this is 
feasible in formal worksites, only an es-
timated 10–5% of workers have access to 
occupational health services (5, 12). Since 
‘workers represent half the world’s popu-
lation and the growing informal economy 
often involves such vulnerable groups as 
children, pregnant women, older persons 
and migrant workers’, the World Health 
Assembly urges member states to include 
‘those in the informal economy, small- 
and medium-sized enterprises, agricul-
ture, and migrant and contractual work-
ers’ and also promotes the inclusion of 
‘workers’ health in the training of primary 
health care practitioners’ (5). 

In Africa, the focus for OHPs be-
yond the workplace should be collabora-
tion with public health care professionals 
to promote prevention, recognition and 
management of occupational infectious 
diseases, and their ongoing knowledge 
update through reliable websites and jour-
nals; internet access has become a sine 
qua non.

Mary H. Ross
Honorary Professor, 
School of Public Health, 
University of the Witwatersrand, 
Johannesburg, South Africa
Chair of Working Group on 
Occupational Infectious Agents, 
International Commission 
on Occupational Health



Dingani Moyo 
Zimbabwe

The workplace as an arena 
for raising awareness of 
infectious diseases
Occupational or work-related infectious diseases ac-
count for an estimated 320 000 deaths of employees an-
nually around the world (1). Moreover, lost productivity 
due to sickness absenteeism caused by infectious diseases 
is a major concern for workplace dynamics. It is impor-
tant to note that the increased risk of infectious diseases 
tends to be concentrated in specific occupations: health 
care workers, workers in contact with animals, labora-
tory workers and refuse workers are at the highest risk of 
infection from a variety of organisms (1, 2, 3). It is thus 
prudent to set up robust preventive strategies to curb the 
risk of occupational or work-related infections within the 
workplace. The most fundamental step in any preven-
tive programme is to raise awareness of the risks at stake. 
Since most control programmes are dependent on an in-
dividual’s behaviour, organizational culture plays a piv-
otal role in raising awareness of infectious diseases at the 
workplace.

Occupational infections are human diseases caused 
by work-related exposure to microbial agents, which 
range from toxins to allergens that may be harmful to 
health (1, 3, 4, 5). Exposure to occupational infections 
may be the result of intentional use of certain organisms, 
especially in the laboratory, or to accidents in, for exam-
ple, health care settings or animal handling. The preven-
tion of occupational infections in the health care setting 
is of considerable public health importance (2).

In the health care sector, the main blood borne infec-
tious diseases are HIV, Hepatitis B and Hepatitis C (2, 3).  
Very few occupations and work tasks have the potential 
to transmit HIV to a worker, but the main occupations 
with such a risk include sex workers and healthcare work-
ers (6). 

In most health care workplaces, there has always been 
an emphasis on the prevention of needle stick injuries 
through the safe use and disposal of sharps (3, 7, 8). In 
addition, the Post-exposure prevention of the spread of 
HIV and Hepatitis B has been strongly advocated in most 
settings. 

However, although it is not extensively recognized, it 
would be critical that preventive measures begin with or-
ganizational cultural transformation. Organizational cul-
tural transformation is a pivotal stage in the creation of 

strong initiatives developed to manage workplace infec-
tions, blood borne infections in particular. It is thus im-
portant to address organizational culture well ahead of all 
other relevant instruments such as policies, health pro-
motional activities, health and safety slogans, and protec-
tive personal equipment.

Corporate culture is one of the main drivers of em-
ployee commitment and engagement (9). Hence, in any 
occupational safety and health management system, com-
mitment to workplace programmes will depend on the 
prevailing organizational cultural climate. Organizational 
culture relates to the basic pattern of shared assumptions, 
values and beliefs that govern the way employees within 
an organization think about and act on problems and op-
portunities (9). It defines what is important or unimpor-
tant in an organization.  Reason, J (1997) defines culture 
as the shared values (what is important) and beliefs (how 
things work) that interact with an organization’s struc-
tures and control systems to produce behavioural norms 
(‘the way we do things around here’) (10). Creating val-

The increased risk of infectious diseases tends to be concentrated in 
specific occupations: health care workers, workers in contact with 
animals, laboratory workers and refuse workers are at the highest risk 
of infection.

© World Health Organization / Fid Thompson. Cholera outbreak in Sierra Leone. 
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ue and commitment to workplace pro-
grammes targeted at the prevention of 
workplace infections will largely depend 
on culture transformation.

In order to put this into perspective, it 
is important to understand the elements 
of organizational culture. Assumptions, 
values and beliefs that represent the or-
ganizational culture are not obviously vis-
ible or directly observed, as they operate 
below the surface of organizational behav-
iour (9). These elements guide individual 
decisions and behaviour at the workplace. 
In a workplace situation, an organization-
al culture is seen indirectly through arte-
facts. Von Glinnow and McShane (2005) 
describe artefacts as the observable sym-
bols and signs of an organization’s culture 
(11). These include physical structures, 
language, rituals, ceremonies, stories and 
legends.

In the health care sector, the preven-
tion of blood borne infections includes 
care in the use of sharp instruments; the 
use of gloves for surgical, obstetric and 
dental procedures and phlebotomy; the 
safe disposal of sharp instruments in well-
designed containers; and paying atten-
tion to safe work systems, especially dur-
ing the performance of exposure-prone 
procedures (8). Health promotion activi-
ties usually take place in the context of 
wellness programmes or villages of learn-
ing, in a quest to raise awareness among 
employees. These are good activities that 
normally result in some improvement in 
occupational health and safety (OH&S) 
performance. The dilemma is usually the 
result of the dependence of these strate-
gies on individual behaviour, which more 
often than not is amenable to short cuts 
and memory loss, and dependent on an 
individual’s personality and behavioural 
characteristics.

The fundamental approach to the pre-
vention of occupational infections lies 
in moving on from the traditional ap-
proach to occupational health and safety. 
Simple, religious adherence to the above 
mentioned strategies, even in the strict-
est of terms, is a futile exercise in prevent-
ing workplace infections if the health and 
safety culture has not been transformed. 
An organization’s cultural transformation 
is the starting point that guides an organi-
zation’s OH&S management system to the 
greater echelons of organizational effec-
tiveness in the prevention of workplace 
infections. Stone (2002) asserts that with-

out a culture that values the well-being of 
everyone in the workplace and believes 
that illnesses can be prevented, people will 
continue to be ill, injured and killed. (12)

Thus the prevention of occupational 
infections in any workplace setting first 
starts with a cultural transformation in 
health and safety issues in the organiza-
tion. This transformation should focus on 
the integral elements of culture, i.e. as-
sumptions, values and beliefs. In this re-
gard, it has to start by aligning the as-
sumptions, values and beliefs with the or-
ganization’s preferred OH&S management 
system. Through values, an atmosphere in 
which the behaviours and perceptions of 
preventive approaches to workplace in-
fections are in line with the preferred sys-
tem can be created. Once the shared men-
tal models that guide the ideal health and 
safety behaviours have been created, and 
common health and safety values have 
been cultivated, it becomes easy to im-
plement all the other routine preventive 
strategies in the organization. Creation 
of the right beliefs in the importance and 
management strategies of occupational 
infections ensures that the employees op-
erate on the same plane as regards preven-
tive strategies. A transformed health and 
safety culture will manifest itself through 
different aspects, as next described.

Improvement in physical structures 
will show in the standard of housekeep-
ing and maintenance of equipment at the 
workplace; for example, in a health care 
facility, proper sharps disposal, and ad-
herence to policy and standard operat-
ing procedures. A transformed culture 
will also show through in the organiza-
tion’s safety language and slogans that il-
lustrate its culture. Rituals manifest them-
selves in the way in which workers induct 
new employees on safety issues in the or-
ganization, management’s commitment 
to health and safety issues as evidenced 
by planned task observations at the work-
place, routine walk-through assessments 
and various other planned health and 
safety activities that are meant to prevent 
infections at the workplace. 

Following the cultural transformation 
phase, the focus should turn to the rou-
tine hierarchy of controls. In the health 
care sector this would include the follow-
ing areas, as referred to by Palmer, Brown 
and Hobson (2013) (6): the adherence 
to standard precautions, the hierarchy of 
controls, regular and effective training in 

safe work systems, and the reduction of 
invasive techniques.

In summary, the key to safe and 
healthy workplaces is a cultural transfor-
mation in OH&S management systems. 
This begins by transforming values, be-
liefs and assumptions, so that individual 
behaviour is in line with the organization’s 
desired, envisaged and preferred OH&S 
management system. After this, the adop-
tion of the hierarchy of controls becomes 
a reality, which will bear long-lasting fruit.

Dr Dingani Moyo
Baines Occupational and Travel Medicine 
Centre
27 Baines Avenue, Dutton Court
Box 1008
Harare, Zimbabwe
moyod@iwayafrica.co.zw and 
bainesoccmed@gmail.com 
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South Africa

Protecting frontline health care 
workers: practical Ebola virus 
disease prevention and control
Outbreaks of infection due to the African viral haem-
orrhagic fever (VHF) viruses are frequently recognized 
and diagnosed too late due to their occurrence in re-
mote geographical areas, non-specific signs, symptoms 
that may mimic those of many common tropical infec-
tions, poor accessibility of definitive diagnostic tests 
and under-resourced health facilities. Poor infection 
control practices also make health workers particular-
ly vulnerable to infection. There is a broad differential 
diagnosis of acute febrile illnesses in Africa, many of 
which are clinically indistinguishable. However, a clus-
ter of health workers in Africa with unexplained acute 
febrile illness and high mortality is often what is re-
quired to trigger consideration of a VHF as a possible 
cause of disease. 

Since the first Ebola virus disease (EVD) outbreaks 
reported in 1974 in the Democratic Republic of Congo 
and Sudan, about 20 outbreaks of the disease have oc-
curred in equatorial Africa (1). Evidence for the main-
tenance of Ebola viruses in specific species of arboreal 
bats are mounting, but the full picture of the ecology of 
the virus and the exact mechanisms of the spillover in-
to animal and human populations are not fully under-
stood (2–4). The role of bushmeat in the initial expo-
sures of index patients in EVD outbreaks has been im-
plied on various occasions (examples 5–6). Once the vi-
rus has spilled over to humans, outbreaks are perpetu-
ated by direct contact with infected bodily fluids, secre-
ta and excreta. This mode of transmission predisposes 
health care workers (HCWs), relatives and friends car-
ing for the sick (7–9). Burial ceremonies have also been 
recognized as a major transmission risk factor (7–9).

Since December 2013, the largest EVD outbreak to 
date has resulted in 24 782 cases in Guinea, Liberia and 
Sierre Leone, and 10 311 deaths as of 25 March 2015 
(8). Ebola has been diagnosed in 852 HCWs to date, 
with 492 deaths reported (CFR: 58%). The CFR among 
HCWs ranged from 48 to 73%, the highest being re-
ported in Sierra Leone. (10)

This article will look at some practical guidelines for 
protecting front-line health workers from infection by 
the haemorrhagic fever-causing viruses, and will focus 
more specifically on EVD. 

Nosocomial transmission of the Ebola virus 
Many outbreaks of EVD have been centred in hospitals, 
due to poor infection control procedures, lack of required 
equipment (including personal protective equipment), 
but also due to the close contact of HCWs with their pa-
tients (8). Nosocomial transmission may occur through 
contact with the bodily fluids (e.g. blood, urine, vomitus, 
faeces) of an Ebola virus-infected person. The mecha-
nisms of direct transmission include bodily fluid splash-
es to the HCWs mucous membranes or non-intact skin, 
accidental cuts, and needle-stick injuries. Indirect trans-
mission can occur through contact with a contaminated 
object; for example, medical devices, protective equip-
ment or environmental surfaces, with subsequent inocu-
lation of the HCWs mucous membranes (through touch-
ing) (11).

Risk of Ebola virus transmission to HCWs
The risk of transmission to HCWs is high when the possi-
bility of an EVD or VHF diagnosis is not considered. Fail-
ure to follow standard infection control precautions (12) 
and the recommended procedures for the use of person-
al protective equipment (PPE) (13) also places HCWs at 
high risk. Clinical scenarios with a very high risk of trans-

Ebola outbreak control measures in Nigeria.

© World Health Organization /Andrew Esiebo 
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mission include close contact with criti-
cally ill EVD patients or corpses (owing 
to high viral loads) and cleaning of con-
taminated equipment, surfaces and blood/
body fluid spills.  

Health care facilities and Ebola 
(VHF) preparedness
It is critical that all health care facilities 
have written plans for the management 
of potential or confirmed EVD cases and 
other VHF. All front-line staff (particular-
ly in hospital emergency departments and 
clinic triage areas) should undergo ‘VHF 
preparedness’ training. As highlighted in 
the current EVD outbreak, transmission 
to personnel can occur anywhere, even in 
well-resourced facilities if they are unpre-
pared. Several comprehensive checklists 
are available to guide health care man-
agers and infection control personnel 
through the process of institutional VHF 
preparedness (14).

Identification and triage of 
suspected Ebola cases
To reduce their risk of infection, all 
HCWs should routinely apply standard 

infection control precautions in all cir-
cumstances (12). These precautions (in-
cluding hand hygiene, protective equip-
ment usage and sharps safety) are actions 
that reduce the chance of infection trans-
mission from both known and unknown, 
unrecognized sources of infection. In ad-
dition, health care facilities should imple-
ment patient screening at presentation 
(15) (using a standard case definition). 
This approach will rapidly identify pa-
tients at risk of EVD who should be im-
mediately removed (triaged) from waiting 
areas to a separate isolation room. Con-
tact with suspected EVD cases should be 
restricted to essential, trained staff only, 
to reduce the number of workers exposed. 
If EVD is suspected on the basis of his-
tory, healthcare workers examining and 
obtaining laboratory specimens from the 
patient should use full PPE [Table 1] (13). 
The PPE recommendations for EVD will 
vary depending on the organization or in-
stitution, and on which items are available 
at any particular time. The most impor-
tant principle is that the PPE used should 
cover all of the HCWs mucous mem-
branes and skin. Special care and a formal 

Equipment Recommendation

Head and neck 
cover

The purpose of head covers is to protect the skin and hair from contamination by virus 
and possible subsequent unrecognized transmission to mucosal surfaces. A head cover 
that also protects the neck and sides of the face is preferred. Hair/hair extensions should 
fit inside the head cover.

Eye cover Any eye cover that adequately protects the conjunctival mucous membranes from 
splashes is acceptable e.g. goggles or face shields (visors). Normal reading glasses are not 
acceptable, as fluid splashes can still reach the wearer’s eyes. 

Mouth and 
nose cover

A surgical mask or N95 respirator is acceptable. The WHO recommends a structured 
mask, e.g. a cup-shape or duckbill (so-called ‘face-off’ mask) and face-shield. 

Body cover Cool, comfortable ‘underclothes’ should be worn under a waterproof (fluid-resistant) 
disposable gown or coverall. The type of body cover used will depend on local policy 
and availability, although gowns are cooler and easier to remove than coveralls. Gowns 
should be long enough to cover the top of the worker’s boots. 

Aprons Aprons must be worn over gowns/coveralls to reduce contamination levels of the PPE 
by blood and body fluids. Thin plastic aprons are disposable, whereas heavy duty, thick 
plastic aprons may be reused if safe disinfection is ensured.

Foot cover Ideally the HCW should wear correctly sized gumboots. Boots are preferred over closed 
shoes with shoe covers, because they are easier to disinfect, non-slip and provide protec-
tion from sharps injuries. 

Hand covers Two layers (double gloving) of correctly sized non-sterile latex or nitrile gloves should 
be worn. If damaged, torn or heavily contaminated during use, the gloves should be 
replaced and a new pair of (outer layer) gloves should be used for each patient. Alcohol 
hand rub should be applied to the inner gloves before putting on a new pair of outer 
gloves. For environmental cleaning or waste management, heavy-duty rubber gloves 
should be used.

Table 1. Recommended personal protective equipment (PPE) for Ebola. Adapted from Dramowski and 
Mehtar, 2014 (16).

sequence of PPE removal are followed to 
avoid contamination of the worker with 
blood and/or body fluids. The putting on 
(donning of PPE) and removing (doffing 
of PPE) procedures should be supervised 
by a trained HCW. This person, known 
as a ‘PPE buddy’, helps with the dressing 
procedure to ensure that there is maxi-
mum skin coverage (preferably with no 
skin left exposed) and that all PPE has 
been correctly fitted.

Infection control precautions 
for EVD
The infection control precautions recom-
mended for the management of EVD and 
other VHF are provided in Table 2. In ad-
dition to standard precautions, contact 
precautions are recommended for EVD, 
as virus can be transferred to a HCW’s 
mucous membranes by a coughing or 
vomiting patient. Unlike tuberculosis, 
Ebola virus is not spread through the air-
borne route. For this reason airborne pre-
cautions and negative pressure ventilation 
are generally not required (except when 
performing aerosol-generating proce-
dures, e.g. intubation, bronchoscopy). 

Risk reduction for HCWs managing 
EVD patients
Any observations that require invasive 
procedures, for example, blood glucose 
estimation, could potentially result in 
needle-stick injury to HCWs (with in-
oculation of the virus). For this reason, 
all invasive procedures should be care-
fully considered and limited to absolute-
ly essential investigations and procedures 
only. Phlebotomy and medical proce-
dures should be conducted with adequate 
staff, good lighting, and sharps containers 
within arm’s reach, and preferably with 
the use of safety-engineered devices. In 
the countries worst affected by EVD, there 
are no facilities to provide intensive care. 
In addition, there is an extremely high 
risk of Ebola virus transmission to HCWs 
during resuscitation attempts. For both 
these reasons, active attempts at patient 
resuscitation are not widely supported. 
In well-resourced settings, with ability to 
provide intensive care, resuscitation may 
be considered.

Hand hygiene reduces  
transmission risk
Effective hand hygiene is an extreme-
ly important way to reduce transmission 
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risk (18). By washing hands after all con-
tact with patients, the patient environ-
ment, medical items/equipment and per-
sonal protective equipment (using the 
WHO 5 moments for hand hygiene indi-
cations), HCWs reduce the risk of intro-
ducing the virus to their mucous mem-
branes. Routine hand washing with ordi-
nary soap or antimicrobial soap and wa-
ter should be performed for at least 40–60 
seconds when hands are visibly dirty or 
contaminated with blood and/or body 
fluids. Alternatively alcohol-based hand 
rub can be used if hands are not visibly 
soiled, ensuring that hands remain wet for 
at least 15 seconds and are then allowed 
to dry completely (20–30 seconds alto-
gether). Chlorine has not been shown to 
be as effective as hand washing with soap 
and water or alcohol hand rub, as it needs 
a longer skin contact time to be effective. 
Importantly repeated washing with chlo-
rine (0.05%) can irritate and/or damage 
the skin, which may increase the chance 
of Ebola virus entering the body through 
broken skin. However, chlorine (at a con-
centration of 0.5%) is very useful for dis-
infecting contaminated surfaces (at least 
daily) and equipment, and guidelines for 
preparation of solutions are available (11).

Dealing with blood and  
body fluid spills
The spillage should be covered with pa-
per towels or an absorbent cloth. The spill 
can be cleaned up using domestic gloves. 
Glass and solids should be removed us-
ing a brush and pan, and discarded in a 
sharps container, or if too large, wrapped 
in newspaper before safely disposing 
in medical waste. The remaining fluids 
should be blotted using as many paper 
towels as needed; these should be discard-
ed in the clinical waste. Water and de-
tergent should be used to remove all vis-
ible blood. The area should be wiped over 
with a chlorine-based solution (at a con-
centration of 1000 parts per million or 
1%) and allowed to dry. Every healthcare 
facility (but especially those dealing with 
EVD (or VHF) requires a written, easily 
understandable and accessible standard 
operating procedure for managing blood 
and body fluid spills.

Monitoring exposed HCWs 
EVD is not infectious in the incubation 
period. As long as an individual remains 
healthy, they do not pose a danger to their 

families or colleagues. HCWs with known 
EVD exposure/s should carefully monitor 
their own health for possible EVD symp-
toms and record their body temperature 
twice daily (for 21 days after exposure). 
Should a HCW have fever or any symp-
toms of EVD they should avoid all physi-
cal contact and report for EVD testing 
as soon as possible. Comprehensive test-
ing is required to confirm and/or exclude 
EVD diagnosis in patients. The results of 
tests should be interpreted with cogni-
sance of the time of collection of the spec-
imens (i.e. early disease), as PCR tests, for 

Precaution Recommendation

Standard 
precautions

For all patients at all times.

Contact 
precautions 

Gloves and meticulous hand hygiene is needed as virus can be acquired by direct 
contact with blood and/or bodily fluids or indirect contact with virus-contami-
nated surfaces, items or equipment.

Droplet 
precautions

Virus (in respiratory droplets) can be generated by forceful coughing or vomit-
ing and may gain entry via HCWs’ mucous membranes or contaminate nearby 
surfaces resulting in indirect transmission. 

Risk-prone 
procedures

Personal protective equipment should be worn whenever touching the patient/
blood/body fluids/contaminated items/equipment. Very high-risk procedures 
would include insertion/suctioning of endotracheal tubes, nasogastric tubes and 
surgical procedures. For aerosol generating procedures e.g. intubation/suctioning, 
airborne precautions are advised.

Patient placement Ideally single rooms with en-suite bathroom/toilet are required, but in an outbreak 
setting, cohort isolation is used (where two or more patients with confirmed 
Ebola virus disease are placed together in a single room/area). For suspected (but 
as yet unconfirmed Ebola cases) the same precautions apply, but these patients 
should be cohorted in a separate location to patients with confirmed disease. Ide-
ally, isolation areas should be access-controlled, with a security officer recording 
the names of HCWs and the times they entered the isolation area.

Patient Care 
Considerations

Keep all procedures (phlebotomy etc.) to an absolute minimum required for care. 
Handle contaminated needles and sharps with extreme caution, and dispose all 
types of contaminated sharps in a puncture-proof, sealed container located at the 
point of care.

Equipment and 
Personal Protective
Equipment (PPE)

All entry to Ebola patient care areas must be restricted to trained staff wearing 
full PPE. When assessing potential Ebola suspect patients, precautions should be 
applied when within one metre (three feet) of a patient, including, as an absolute 
minimum: alcohol hand rub, non-sterile gloves, disposable aprons, waterproof 
masks/ respirators and eye protection. All disposable PPE items, whether visibly 
contaminated or not, should be discarded immediately after removal. Do not be 
tempted to ‘save’ or ‘recycle’ single-use (disposable) items. 

Patient 
equipment 

Dedicated items/equipment or adequate cleaning with appropriate disinfection of 
shared equipment.

Medical 
(clinical) waste

Put in clinical (infectious) waste box and label as biohazardous waste. Follow ac-
cepted methods of waste disposal (see WHO recommendations). (17)

Ventilation No special requirements.

Environmental 
cleaning

Thorough cleaning of all surfaces (worktops, trolleys, matresses) should be per-
formed with chlorine 0.5% at least daily, with full PPE worn by staff.

Discontinue 
precautions

Only once the patient is discharged.

Table 2. Recommended isolation precautions for EVD. Adapted from Dramowski and Mehtar, 2014 (16).

example, have been reported to test false 
negative during the first 72 hours of onset 
of disease. Any known accidental expo-
sure incident, occupational or otherwise, 
of a HCW should be reported immedi-
ately to the authorities and recorded in an 
incident register.

Protecting HCWs in the community 
Mobile community-based surveillance 
teams have been used in current and pre-
vious outbreaks to conduct field epidemi-
ology: active case finding, contact tracing 
and follow-up. In addition, HCWs and 
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ambulance service staff enter the com-
munity to provide care and to transport 
suspected EVD patients to treatment cen-
tres. All HCWs with direct physical or 
close (< 1 metre) contact with suspected 
EVD patients should wear PPE (includ-
ing coveralls or gowns, aprons, gloves, vi-
sors or goggles, respirators and boots or 
shoe covers). All transport vehicles (pri-
vate cars and ambulances) should be thor-
oughly cleaned with soap and water, fol-

with extreme caution (inside specialized 
safety cabinets); wearing full PPE; caution 
when removing PPE; safe discarding of all 
used disposable PPE; immediate disinfec-
tion of reusable items; meticulous atten-
tion to hand hygiene and thorough disin-
fection of  specimen containers and work 
surfaces with an effective disinfectant, e.g. 
70% alcohol or a 0.5%  chlorine solution. 
Safety checklists for laboratories process-
ing specimens are available from WHO 
(19).

Protecting support service 
personnel
The work of the support service teams is 
absolutely critical to the smooth opera-
tion and safety of patients and HCWs in 
outbreak settings. They provide a safe en-
vironment in a busy and potentially high-
ly infectious work setting. During EVD 
outbreaks, there is excessive use of PPE, 
water, electricity, medical equipment, lin-
en, and disposal of infectious waste. Well-
trained support staff will ensure a safer 
work environment for themselves, HCWs 
and patients, particularly when handling 
laundry and infectious waste. Intensive 
training in infection control is required 
particularly for personnel involved in the 
cleaning and disinfection of Ebola patient 
areas and equipment, as these are very 
high risk tasks. Standard operating proce-
dures must be in place as visual reminders 
to reduce occupationally acquired expo-
sure in support service staff. 

Protecting mortuary workers and 
burial teams
Bodies of EVD victims are most infec-
tious around the time of and just after 
death, because of high viral loads and 
the extravasation of blood and body flu-
ids. For this reason, infection of family 
members who perform traditional buri-
al rites on EVD victims has been a major 
source of secondary transmission. Only 
adequately trained workers should be al-
lowed to handle infected human remains 
and strict protocols should be followed to 
minimize the risk of nosocomial infection 
(20). Personal protective equipment (pref-
erably coveralls) should be used before 
contact with the body, both during col-
lection and placement in body bags. The 
PPE should be removed with care not to 
contaminate the wearer, discarded appro-
priately and hands should be washed with 
soap and water (if hands visibly soiled) or 

lowed by disinfection with a 0.5% chlo-
rine-based solution (while wearing PPE 
to avoid mucous membrane splashes).

Protecting laboratory workers
Transporting and processing potential 
EVD or VHF specimens poses a serious 
biohazard risk. Basic principles of  infec-
tion control in the laboratory include: us-
ing only experienced, VHF trained virol-
ogy personnel; processing of all samples 
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with 70% alcohol-based hand rub (if not 
visibly contaminated). 

Other issues facing HCWs in the 
current EVD outbreaks
All HCWs (whether local or foreign vol-
unteers) remain at risk of other infec-
tious diseases that occur in the outbreak 
area, e.g. malaria and diarrhoeal diseas-
es in West Africa. Adequate precautions 
(vaccines and/or prophylaxis) should be 
taken as indicated. The management of 
non-infectious issues, for example, road 
traffic accidents and non-communicable 
diseases in health care staff may also be 
challenging, as health systems are often 
overwhelmed in outbreak situations. An-
other risk to HCWs in the current EVD 
outbreak has been physical violence and 
intimidation, although this has been spo-
radic.

Conclusion
Where the next VHF outbreak will occur 
cannot be predicted, and HCWs will un-
fortunately always be vulnerable to infec-
tion. However maintaining a high index 
of suspicion for VHF and implementing 
simple infection control measures may 
prevent VHF transmission to HCWs.  
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A.P. Ayelo, F. Gounongbe, B. Aguemon, A. Hinson, B. Fayomi
Benin

Introduction
The World Health Organization (WHO) 
estimates that since the beginning of the 
Ebola outbreak in West Africa in Feb-
ruary 2014, over 830 health care work-
ers have been infected with the Ebola vi-
rus disease. WHO also estimates that 488 
health care workers have already died in 
Guinea, Sierra Leone and Liberia since 11 
February 2015 (1,2). Ebola is a real danger 
for both the health system and the econo-
my of developing countries (3). 

Although Benin currently has no re-
corded cases of Ebola fever, its threat has 
been keenly felt because of the presence of 
the epidemic in neighbouring Nigeria.

This work aims to report the preven-
tive measures taken by the occupational 
health department of a bank with offices 
at the frontiers, port and airport.

Preventive measures
When the media announced the out-
break of Ebola in Nigeria, an emergency 
meeting was convened by the Health and 
Safety Committee of this bank. The rec-
ommendations arising from this meeting 
were immediately followed.

Personal protective equipment 
(gloves, masks and antiseptic gel pock-
ets) were acquired and made available to 
workers. In terms of collective measures, 
antiseptic liquid soap kits were deposited 
in toilets for regular hand washing. Auto-
matic hand sanitizer dispensers were also 
set up at service entrances for routine dis-
infection of the hands after contact.

All these recommended hygiene 
measures are continually reinforced 

How to protect enter-
prise workers against 
the threat of Ebola 
fever in Benin

through training and supervision of 
workers, and are monitored closely.

Results and comments
Means of prevention
All workers have been sensitized and 
placed under maximum alert. Kits were 
made available for washing and system-
atically disinfecting the hands before and 
after each contact (Photo 1). Gloves and 
masks (Photos 2 and 3) were also intro-
duced, mostly at the borders, port and air-
port.

These devices are attached to walls of 
service entrances, especially toilets. Dis-
infection should complement, not replace 
routine hand washing.

Photos 2 and 3 show the use of gloves 
and masks by workers notably those 
working in the borders, port and airport. 
At these workstations, the physical barri-
er has been strengthened not only for se-

Photo 1. Hydro-alcoholic gel dispenser

Photo by A.P. Ayelo
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curity in general, but also to avoid physi-
cal contact with clients, which is strictly 
not recommended due to the threat of the 
Ebola virus.

The occupational health physician and 
occupational nurse of the bank conduct-
ed unannounced checks to reassure staff, 
and to evaluate and strengthen the safety 
measures.

The observed risk prevention behav-
iour of the workers was quite reassuring 
in the offices. But outside the offices, par-
ticularly in public transport, the risk is 
still fully unavoidable.

Awareness posters 
Some posters were placed at workstations 
and in places crowded by workers, includ-
ing the occupational health service unit.

Conclusion
The threat of Ebola is a real danger for 
companies. The work involved in prevent-
ing and managing such large-scale emer-
gencies is straining the capacity of health 
professionals. While stress in the real epi-

Photos 2 and 3. Individual protection of workers (mask and gloves mandatory).

Photo 4. Hand-washing awareness poster.
demic situation is higher, the risk of a po-
tential epidemic also causes stress, given 
the rapid spread of the virus and its high 
lethality.
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Photo 5. Ebola-
virus awareness 
poster. The mes-
sage of this post-
er indicates the 
severity of Ebo-
la, its routes of 
transmission and 
how to behave to 
avoid it.

This poster shows the most reliable method of 
hand washing. Washing of the hands is a hygienic 
measure recommended by WHO to reduce the 
risk of contamination by and the spreading of the 
Ebola virus. This measure is preceded by rubbing 
the hands with hydro-alcoholic gel (Photo 1).

Photos by A.P. Ayelo
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Although respirators provide protection against the in-
halation of harmful and infectious agents, in the occupa-
tional hygiene hierarchy of controls, their use is listed as 
the least effective and inferior means of exposure or infec-
tion control. The hierarchy of infection controls recom-
mended by the WHO consists of facility-level measures, 
administrative controls, ventilation, and lastly, the use of 
personal protective equipment including particulate res-
pirators (1). However, the use of respirators is often the 
primary means of protection in many resource-limited 
workplaces in which employees are exposed to a large 
range of chemicals, dust, and infectious agents such as tu-
berculosis (TB) and Ebola. 

Protection is, however, only achieved if the correctly 
selected respirators function correctly and fit adequately. 
The use of poorly fitting respirators could create an im-
pression of false protection at a workplace in which em-
ployees are possibly exposed to infectious agents. Leak-
age of contaminants through face seals has long been rec-
ognized as a major limitation of the degree of protection 
provided by respirators (2). To reduce leakage,  the respi-
rator selected must be appropriate for the specific individ-
ual, and take into account factors affecting fit, such as face 

The importance of respirator 
fit testing and proper use of 
respirators

size and shape, as well as the presence of facial hair (2).

Design of respirators 
It is well recognized that manufacturers need to consid-
er the population’s facial shapes and sizes when design-
ing respirators (2). Respirators are designed to fit as many 
people as possible, but due to variation in face sizes and 
shapes, there is no single size that fits everyone. The cur-
rent designs are based on facial anthropometric (human 
facial size and shape) data, obtained from large groups of 
people who have participated in projects that design res-
pirator fit test panels (3, 4). These test panels provide an 
objective tool for selecting representative human test sub-
jects on the basis of their facial characteristics, that can be 
used in the research, product development and certifica-
tion of respirators (5). 

Currently in South Africa, the public literature avail-
able on South African face shapes and sizes for design-
ing and testing respirators for our workforce is limited. 
Therefore respirators supplied to the South African work-
force are based on anthropometry from other countries, 
and their designs do not necessarily consider the facial 
characteristics of South Africans. 

Quantitative fit testing (moving the head up and down exercise) conducted by Danisile Wuma.

Photo by Jeanneth Manganyi Respirator fit testing
Respirator fit testing is 
important for checking 
if the selected respira-
tor adequately fits a spe-
cific individual. There are 
two types of respirator fit 
testing methods, namely 
qualitative and quantita-
tive. The quantitative res-
pirator fit test is the most 
accurate and has been 
shown to give a meaning-
ful approximation of actu-
al protection in the actual 
workplace environment 
(6, 7).  The qualitative res-
pirator fit test, which is 
affordable and available 
from local PPE suppliers, 
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can be used in under-resourced areas in 
particular. 

Respirator fit testing in South Africa 
is not regulated, therefore it is perceived 
as an optional responsibility. A South Af-
rican pilot study on respirator fit testing 
by Spies et al. in 2011 found a large per-
centage of South African workers failed fit 
tests using a common medium respirator, 
and concluded that reliance on medium-
sized respirators is likely to be a problem, 
and can cause many employees a false 
sense of protection (8). In order to im-
prove workers’ health, a respiratory pro-
tection programme is essential before is-
suing respirators, and more than one res-
pirator type or shape and size should be 
available.  “One size does not fit all” (8). 

In the absence of respirator fit testing 
methods, employees should be trained to 
perform a daily seal check to ensure that 
respirators are worn properly. It should, 
however be noted that a seal check does 
not replace proper fit testing. Respirator 
fit testing also ensures that an individual 
knows how to don and wear the respirator 
properly (9, 10). Although respirator fit 
testing is an important element of a res-
piratory protection programme, it is not, 
however, the only aspect (11). 

Respiratory Protection Programme 
(RPP)
An effective RPP should include the fol-
lowing constituents (12):
•	 A	policy	on	respirator	use	by	men	
 containing a clear statement, along 
 with an understanding of the implica-
 tions of religion and culture 
•	 Risk	assessment	–	to	identify	potential	
 inhalation exposure, the employees 
 requiring respirators, and the correct 
 types 
•	 Medical	evaluations	of	employees	–	
 ensuring employees are physically fit 
 to wear respirators
•	 Selection	of	correct	size	and	style	of	
 respirators 
•	 Training	and	information	on	the	use	
 and limitations of respirators
•	 Respirator	fit	testing		
•	 Respirator	maintenance	and	care,	in-
 cluding the safe disposal of respirators 

Knowledge gaps in South Africa
Individual
•	 The	majority	of	respirator	users	are	
 not aware of information relating to 

 their proper use 
•	 Not	all	employees	required	to	wear	
 respirators are given formal training 
 on the proper fitting, wearing and 
 limitations of respirators 
•	 The	majority	of	employees	are	not	
 aware of the different respirator sizes 
 and styles available
•	 Most	respirator	users	are	not	able	to	
 differentiate between respirator sizes 
 of the same style
•	 Employees,	especially	men,	have	no	
 idea of the effect of facial hair on the 
 effectiveness of the seal
Workplace
•	 Few	organizations	in	South	Africa	
 implement a full respiratory protection
 programme
•	 Most	organizations	are	not	aware	of	
 the benefit of conducting respirator fit 
 testing
•	 The	current	perception	in	many	work-
 places in South Africa is that one respi-
 rator size fits all employees.

Recommendations
It is recommended that where respira-
tors are used, workplaces should compile 
and implement a respiratory protection 
programme. It is vital to provide protec-

tion against inhaled hazards, and where 
respirators are chosen, employees need to 
be fit tested. This testing is required pri-
or to placement, to ensure that employ-
ees are protected by their supplied respi-
rators. Research is needed to identify and 
conduct cost benefit analyses on exposure 
controls at source, which can reduce reli-
ance on respirators.

Future research is needed to investi-
gate African face sizes and shapes to allow 
a comparison with the models used to de-
sign respirators in other countries. Infor-
mation on this important aspect will al-
low rational decisions to be made by sup-
pliers, importers, purchasers, and employ-
ers regarding the styles of respirators that 
fit the majority of African employees. 
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Introduction
Infectious diseases continue to attract global attention 
despite significant achievements by epidemiologists and 
other public health practitioners over the years in this 
field. The incidence and prevalence of infectious dis-
eases such as HIV/AIDS, malaria, tuberculosis, SARS, 
H1N1 and Ebola (most recent outbreak in West Africa, 
2014) remain a constant global burden.  In many devel-
oping countries, critical concerns have been raised about 
inadequate healthcare facilities and workers, and other 
healthcare logistics, which are essential during outbreaks 
of infectious diseases.

The agents of infectious diseases, which include bac-
teria, viruses, fungi, protozoa, helminthes and arthro-
pods, constantly feature in global etiologic work involv-
ing infectious diseases. The global estimation of mor-
talities due to infectious diseases per year is 15 million, 
with over 80% of these reported in Africa (1). Due to in-
creasing world travel, a deadly or rare infectious disease 
can be transmitted from a remote corner of the globe to 
a crowded city within the time span of a long-distance 
plane flight (2). Of the epidemiologically significant in-
fections at workplaces, foodborne infections are those 
that are considered as emerging due to the incidence, in-
crease in prevalence, and association with pathogens in 
new food vehicles.

Importantly, infectious diseases at workplaces have 
often been associated with the economic burden, which, 
when translated as absenteeism, low productivity, disa-
bility and death attracts the attention of the government 
and employers alike. A number of infectious diseases 
can be associated with different workplaces and have 
various effects on health at different levels: departmen-
tal, organizational, community, national, and even glob-
al. Although point-source infections (often related to 
foodborne diseases) may not be associated with the rela-
tively high number of cases of mortality, the frequency 
and distribution of foodborne infections at workplaces 
have attained global concern due to the associated eco-
nomic burden. 

Foodborne infections
Foodborne infections are acquired when foods are con-
taminated by disease-causing agents. The pathways 

Foodborne illnesses 
at workplaces

to contamination may be via types of food or prepara-
tion and handling. Locations and events at which foods 
are served also significantly affect the contamination of 
foods by disease agents. Foodborne illnesses such as gas-
troenteritis, diarrhea, and cholera have often been asso-
ciated with groups of individuals eating from a common 
point/source of meal preparation and serving. Cases of 
these infections have also been reported at luncheons, 
picnics, parties, and school or workplace canteens. How-
ever, foodborne infections have particularly increased in 
organizations with camped residential facilities and can-
teens (where employees have common residential and 
dining facilities). (Figure 1).

Exposures to foodborne pathogens at workplaces are 
direct sources of infection; exposures increase with exter-
nal/third-party engagement (kitchen attendants, techni-

Photo 1. Poor storage of poultry products in a freezer. 

Photo by Joe Afihene
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cians, artisans, etc.). Workers’ increased 
movements and travel (in and out) from 
occupational locations particularly tend 
to increase the exposure of the workers 
to infections, because of susceptible envi-
ronments and contact with infected pas-
sengers. Poor storage of foods, in the case 
of ready-to-eat (RTE) salads, and inap-
propriate packaging of foods before re-
frigeration have also been noted as pro-
viding convenient conditions for the pro-
liferation of and contamination by dis-
ease-causing agents. (Photo 1) Food that 
causes pathogens such as Escherichia coli 
O157:H7, Salmonella spp., and Listeria 
monocytogenes have been commonly as-
sociated with contaminated leafy green 
vegetables (3). Strict, rigid working peri-
ods, as well as production schedules that 
are related to camped workers are consid-
ered a source of time constraint by kitch-
en and canteen attendants. Thus, process-
ing or preparation failure may lead to the 
survival of microorganisms or toxins, and 
time-temperature abuse may allow the 
proliferation of pathogenic bacteria. 

Who is at risk?
From the perspective of managing occu-
pational health, camped workers are more 
likely to eat from a common canteen with 

foods prepared in and served from a com-
mon kitchen. Typically, work schedules 
and the structure of industries such as 
mining, coal, plantations, oil and gas en-
courage the camping of workers, in or-
der to reduce the idle time associated with 
shift change-overs and productivity. The 
locations of occupational camps and pro-
ject sites are usually isolated from com-
mercial towns and cities. Therefore, inci-
dents related to the poor, unhygienic han-
dling and storage of food items often re-
main a challenge. 

Risk factors
Current food distribution systems are 
able to move contaminated food products 
throughout a given locality or region in 
the world within days of processing. The 
contamination of foods from local mar-
kets and poor handling and storage, even 
in canteens, is a source of exposure for 
susceptible workers. Risk factors include 
the following:
•	 Foods	such	as	fruits	and	vegetables,	
 which are not usually cooked before 
 serving.
•	 Poor	preparation	and	handling	of	
 prepared food.
•	 Lack	of	proper	hygiene	and	sanitation	
 in kitchens and canteens.

Figure 1. Relationship model for foodborne illnesses at workplaces. 

Preventing and controlling exposure 
to foodborne illnesses
In addition to caterers’ training in basic 
food hygiene, rapid reporting of local out-
breaks on national and international lev-
els can improve the surveillance and con-
trol of foodborne diseases. Rapid report-
ing also helps to quickly identify defects 
associated with infection control systems. 
(4). Frequent inspections of kitchens and 
canteens improve monitoring, and are 
helpful in controlling disease-causing 
agents. 

Reporting and bias 
Outbreak investigations with high values, 
reporting the strength of association (risk 
ratios), have been skewed towards biases. 
Typically retrospective in nature, study 
designs tend to influence risk ratios more 
than the measures of frequency and dis-
tribution of infections. Reliable surveil-
lance systems at workplaces as part of the 
occupational health system are also a pos-
sible means of ensuring accurate report-
ing of foodborne illnesses.
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Airborne infection control in health 
care facilities: effecting change
Introduction
Airborne transmission of hazardous biological agents 
(e.g., viruses, bacteria and fungal spores) remains both 
a social and occupational health hazard, particularly in 
crowded and resource-limited health care settings. Health 
care facilities face the unique challenge of high density 
populations of potentially contagious and immunocom-
promised people, which poses a problem for acquired 
infections (1–2).  However, the extent to which airborne 
transmission contributes to the overall infection rate 
in hospitals continues to be debated (3). Infectious risk 
should be defined not only by the frequency of transmis-
sion and number of people infected, but also by the sever-
ity and consequences of these infections. Therefore im-
plementing infection prevention and control measures is 
fundamental to mitigate the burden of airborne infectious 
diseases. 

Origins of airborne pathogens in health care 
facility environments
The origins of airborne contaminants may be infectious 
people, heating, ventilation, air conditioning (HVAC) sys-
tems, or cooling tower water in hospitals (4–7). Fungal 
aerosols and their spores (e.g., Aspergillus sp., Blastomy-
ces sp., Coccidioides sp., Cryptococcus sp. and Histoplas-
ma sp.) can also enter through open windows and doors 
and can be potentially life-threatening to immunocom-
promised patients (8). Aerosolized particles from an in-
fectious or contaminated source can remain suspended 
in the air for extended periods of time and ultimately be 
inhaled by susceptible individuals (9–11). Transmission 
of these contaminants is dependent on particle proper-
ties and environmental factors (12). Microorganisms al-
so vary in how they respond to changes in environmental 
stresses such as temperature, relative humidity and ultra-
violet radiation, as some are more resilient than others, 
(13) leading to either desiccation or hygroscopicity (i.e. 
moisture retention) of the particle (14). The ability of in-
fectious particles to cause an infection depends on the 
concentration and virulence of the pathogen and the hu-
man infectious dose which differs by pathogen (12).

Airborne infection control strategies
Health care facilities are subject to the Occupational 
Health and Safety Act as well as to regulations relating to 
Hazardous Biological Agents (15) and their HVAC sys-

tems (16) and compliance thereof is the cornerstone to 
disease prevention and control. The World Health Or-
ganization (WHO), the Centre for Disease Control and 
Prevention (CDC), the International Labour Organiza-
tion (ILO) and the International Union of Tuberculosis 
and Lung Disease has guidelines regarding the control of 
airborne infection in both developed and developing na-
tions (17). Addressing infection control in hospitals is 
a multifaceted approach unique to each facility, and the 
suggested measures from the regulations and guidelines 
include an integrated three-pronged approach, namely 
administrative, environmental or engineering, and per-
sonal controls as described below (17–18). A framework 
for approaching airborne infection control strategies is il-
lustrated in Figure 1.

Best practice and robust technology have several in-
dications, the most important being the reduction of the 
transmission of airborne infections in high-burden set-
tings, especially those dealing with epidemics of drug-re-
sistant disease. For the effective airborne infection con-
trol of a health care facility, one needs to be able to un-
derstand and predict the airborne infection risk, which 
will involve knowing the aerosol’s generation, pathogen 
transport, infectivity loss and inhalation and deposition. 
A low-cost, low-maintenance, effective solution is needed 
to support the use of engineering controls, as identified 
by the facility risk assessment in developing countries and 
countries with significant airborne infection rates.

Administrative controls
Administrative control measures take first priority over 
other controls and include education and training on in-
fection control procedures for staff, patients and visitors. 
This aims to control the transmission of pathogens by ap-
plying source control measures such as respiratory hy-
giene and cough etiquette; segregation of infectious from 
non-infectious sources through infection detection, triage 
and communication; control transmission through activ-
ity management ensuring that buildings are used in the 
way that they were designed for; as well as strengthening 
technical controls (engineering and personal) (19).

Engineering and environmental control measures 
These are recommended mainly for reducing the concen-
tration of infectious particles; ensuring effective venti-
lation at all times; and giving special attention to “high-
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Photo 1:  Illustration of non-func-
tional UVGI fixtures in an ICU ward at 
a regional hospital in South Africa.  

Photo 2: Photo illustrating non-compliance of respiratory 
protection of health care workers. 
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risk” areas, as identified through the fa-
cility risk assessment (e.g. anti-retroviral 
therapy centres, outpatient and inpatient 
departments, bronchoscopy procedure 
rooms, and multidrug resistant tubercu-
losis wards, waiting areas). Strategies such 
as ventilation and filtration to reduce air-
borne pathogens and upper room ultra-
violet germicidal irradiation (UVGI) to 
decontaminate the air have been shown 
to be effective if designed and maintained 
appropriately (20).

Ventilation
The choice of ventilation for environmen-
tal controls (natural, mechanical or hy-
brid of both types) depends on local con-
ditions, building site (location, layout, ori-
entation, and landscaping) and building 
design (type of building, functions, form, 
envelope, internal distribution of spac-
es, and thermal mass) analysis, and vent 
opening design (position, type, size, and 
control of openings) (10). Overcrowd-
ing often correlates with increased rates 
of infection, therefore occupant density is 
an important factor to consider, because 
thermal load affects airflow distribution, 
and infectivity status influences airborne 
pathogen concentration (19, 21). These 
conditions in turn need to be tailored to 
local climate, regulations, culture, socio-
economic conditions, and outdoor air 
quality. While the concentration of air-
borne infectious particles decreases with 
increased air changes per hour (ACH) 
through natural and mechanical ventila-
tion, even very frequent air changing does 
not radically reduce the airborne infec-
tious particle count (22).  At 12 air chang-
es per hour (80 litre/second/patient for a 
room size of 24m3), which is the recom-
mended minimum for hospital isolation 
rooms (23), it would take about 23 min-
utes to reduce the load by 99% and about 
35 minutes to reduce the load by 99.9%, 

assuming perfect mixing of air, which 
does not often occur in practice. Indeed, 
simple natural ventilation (opening win-
dows and doors) has been shown to be a 
very useful approach to combating trans-
mission in health care settings (24). How-
ever, it must be borne in mind that natu-
ral ventilation depends on climatic con-
ditions that are inherently changing and 
unpredictable (19). In addition, windows 
are often closed when temperatures drop, 
for comfort, and even in warm climates 
for security reasons. 

Mechanical ventilation systems re-
quire correct design, have high installa-
tion costs, and require ongoing mainte-
nance. This requires both resources and 
expertise, and is an obvious limitation. 
It is also important to know that rooms 
with short circuited airflow patterns will 
have very high ventilation effectiveness in 
some areas while stagnant air in other ar-
eas resulting in low ventilation effective-
ness (19). Due to the unpredictability of 
patient volumes and infectivity status, nei-
ther natural nor mechanical ventilation 
(working properly) can reliably achieve 
the high levels of room air changes rec-
ommended for airborne infection control. 
It may also not be feasible to reengineer 
or retrofit existing buildings for optimal 
ventilation.

Filtration
Filtration can be applied to refresh indoor 
air and reduce the pathogen load. High ef-
ficiency air (HEPA) filtration remains the 
most widely deployed technology for re-
moving infectious particles from air, (22–
23) due to a lack of industry standards for 
evaluating new technologies that attempt 
to solve airborne particle transmission. 
HEPA filtration systems can be expensive 
to operate and may be prone to leakage 
and bypass problems that compromise the 
overall effectiveness of the system. This 

requires ongoing maintenance to ensure 
that filters are not blocked, and validation 
of the desired performance when filters 
have been changed (22).

Ultraviolet Germicidal Irradiation 
(UVGI)
Engineering controls to reduce airborne 
contamination can be expensive; there-
fore there has been renewed interest in 
ultraviolet germicidal irradiation (UV-
GI) to remove airborne infectious agents 
from indoor air (19, 25). UVGI is an im-
portant technology in a multi-tiered ap-
proach to reducing airborne contamina-
tion and improving indoor air quality, and 
it is essential that the appropriate devices 
have been selected with its performance 
data, and that the installation has been 
correctly designed for specific areas, good 
air mixing (use of relatively inexpensive 
low-velocity ceiling fans) and maintained 
regularly (26). As upper-room UVGI usu-
ally cannot be applied throughout health 
facilities, institutions need to prioritize 
their use on the basis of a risk assessment, 
in consultation with transmission control 
experts. UVGI can be considered in these 
cases, although it should complement 
rather than replace a ventilation system. 
Appropriate procedures for the monitor-
ing, validation, maintenance and dispos-
al of lamps need to be implemented, and 
health care workers must be trained in the 
safe use of UVGI. If not maintained prop-
erly, UVGI can provide little or no ‘pro-
tection/control’, creating a false sense of 
biosecurity for health care workers, pa-
tients and visitors.  UVGI can reliably 
and safely add the equivalent of 10–20 
room air changes per hour (EqACH) to 
whatever natural or mechanical ventila-
tion already exists (27). The number of 
facilities currently using these technolo-
gies, of which most are non-functional, is 
thought to be a very small fraction of the 
total buildings and hospitals in Africa that 
could benefit (27–28). International appli-
cation (dosing) guidelines are needed, as 
are safety standards and commissioning 
procedures (29, 30). There is a scarcity of 
reports on UVGI overexposure (e.g., eye 
and skin injury), and those reported have 
mostly been through accidental exposure 
through incorrect installation. However, 
many practical barriers to the broad im-
plementation of upper-room UVGI re-
main. Operating and maintenance costs 
of upper-room UVGI are considerably 
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Figure 1. Framework for approaching airborne infection control strategies

lower than mechanical ventilation, but 
still an important factor, and electricity is 
intermittent and costly (28, 30) in some 
countries. While the use of portable UV-
GI lamps to disinfect unoccupied rooms 
is not new, more research is needed on 
these applications of UVGI. 

Personal protection controls
An essential personal protective practice 
is the regular, proper wearing of a respira-
tor such as a N95 respirator during aero-
sol-generating procedures associated with 
a high risk of airborne pathogens, such as 
TB transmission (e.g. bronchoscopy, intu-
bation, sputum induction procedures, as-
piration of respiratory secretions, autop-
sies or lung surgeries with high speed de-
vices); and when providing care to infec-
tious patients or people suspected of hav-
ing an infection. However, there is great 
concern for the unsuspecting infectious 
individual, particularly in high airborne 
disease burden countries. It would be ap-
propriate to make the distinction here 
between a surgical mask and a respirator. 
A surgical mask is a loose fitting dispos-
able mask that covers the nose and mouth 
and as such only offers partial protection 
due to a poor seal against the face. A res-
pirator, in turn, is designed to protect the 
worker from inhaling airborne contami-
nants by forming a proper seal between 
the face and the respirator, offering 95% 
filter efficiency. Ultimately, the selection 

will be driven by the facility risk assess-
ment and the personal characteristics of 
the wearer. Respirators can provide the 
necessary protection if the filtering effi-
ciencies are selected for the specific task, 
training is conducted periodically, fit test-
ing is performed periodically, seal checks 
done before each use, and compliance 
with respirator use is improved (31). 

Variation in face size and shape and 
different respirator designs mean that a 
proper fit is only possible for a minor-
ity of health care workers for any particu-
lar respirator. Winter et al. reported that, 
for any one of three widely used respi-
rators, a satisfactory fit was achieved by 
fewer than half of the health care work-
ers tested, and that for 28% of the partici-
pants, none of the masks gave a satisfac-
tory fit (32). Fit-testing is a costly, labori-
ous task, taking around 30 minutes to do 
properly, and needs to be done periodi-
cally. Hence it is likely to remain prob-
lematic for health care organizations in 
the foreseeable future. Selecting a respira-
tor that fits a health care worker is not the 
only challenge; many health care work-
ers find that respirators are uncomfortably 
hot and interfere with breathing and com-
munication. In addition, previous stud-
ies have found self-checking of a seal to be 
a highly unreliable technique (32). Since 
the use of respirators is subject to per-
sonnel’s behavioural issues, limitation of 
available sizes for the variety of face sizes 

and shapes and staff turnover, it is benefi-
cial to have a primary infection preven-
tion and control system in place, which is 
used in conjunction with respirators.  A 
recent South African study demonstrated 
poor compliance of respirator use, despite 
staff being trained and being exposed to 
coughing patients (27). Although the ul-
timate effectiveness of these respirator 
masks is debated, they are believed to be 
the best currently available method of 
guarding against inhalation of highly in-
fectious airborne particles from known 
and unsuspecting individuals or sources 
(17).

The use of a mask by visitors is a con-
tentious issue, and should be decided on 
the basis of the level of interaction be-
tween them and the patient, i.e. during 
contact with a patient with known or sus-
pected infection through airborne trans-
mission (31). However, the questions then 
arises about unsuspecting infectious in-
dividuals. Considering the risk of stigma 
that the use of respirators may generate, 
there should be a strong focus on behav-
iour-change campaigns for health work-
ers, patients, and communities. 

Alternative air cleaning 
technologies
There are several alternative technologies 
that claim to reduce levels of air contami-
nation. The most promising include ozo-
nation, photocatalytic oxidation, plasma 
or corona technologies, pulsed light, pas-
sive solar exposure, ionization, vegetation 
air cleaning, and antimicrobial coatings. 
However, evidence-based reduction data 
are quite limited for these technologies, 
and should be carefully considered before 
implementation (28).

Monitoring the environment for 
airborne microorganisms (air 
sampling)
Microbiological testing methods includ-
ing animal tests, culture, molecular and 
plaque assay methods are a reliable means 
of identifying the microbial contamina-
tion of hospital air. Although sampling is 
only used on a needs basis in health care 
facilities, and regular sampling is gener-
ally not recommended, sampling provides 
the only means of investigating the effi-
cacy of intervention controls; apart from 
well-designed epidemiological studies, 
which take time and can be more costly. 
Knowledge of airborne concentrations in 
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different areas, and the species detected, 
can be invaluable in identifying potential 
problems and determining the success of 
decontamination efforts (28). The true via-
bility and infectivity of airborne pathogens 
depend on complex physical and biologi-
cal mechanisms, which affect the survival 
of pathogens while suspended in air, their 
deposition onto susceptible sites in the 
host, and their ability to defeat the defence 
mechanisms of the host. None of the exist-
ing measurement techniques are standard-
ized or accurately account for all of these 
mechanisms. As a result, it must be under-
stood that any measurement technique, at 
best, approximates true viability and infec-
tivity by focusing on only limited aspects 

of viability or infectivity (19).

Conclusion 
Regardless of the challenges to imple-
menting preventive control strategies, the 
high rate of infection in low resourced 
health facilities reinforces the need to re-
consider how protection can be strength-
ened. Airborne transmission of infectious 
disease is a major public and occupational 
health concern, advocating a multi-sec-
toral rather than an individual approach 
for optimal control. This can be achieved 
through incremental steps with positive 
outcomes, by linking infectious disease 
risks and evidence-based solutions and 
sharing best practices.
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Surgeons are exposed to the risk of needle stick injuries at 
work, which may lead to infection by blood borne virus-
es. According to a recent Cochrane review (1), the use of 
blunt suture needles instead of sharp needles reduces the 
risk of needle stick injury by over 50%.

Health care workers are at risk of acquiring infectious 
diseases through exposure to needle stick and cut injuries 
at work. Exposure to blood or bodily fluids from infect-
ed patients can lead to, for example, Hepatitis B (HBV), 
Hepatitis C (HCV) and HIV infection. These are serious 
viral infections that may cause a chronic disease process 
and eventually lead to death. Infections or suspicions of 

Jani Ruotsalainen, Jos Verbeek
Cochrane Work, Finnish Institute of Occupational Health

Use of blunt suture needles halves 
the risk of needle stick injuries 
among surgeons

Figure 1.  Forest plot of meta-analysis summarising results of ten studies comparing blunt versus sharp suture needles (on glove perforations).
A forest plot describes the results of all included studies (little red boxes) relative to the line of no effect. The horizontal position of the box in-
dicates the magnitude of effect, whereas the size of the box refers to the weight ascribed to the study in the meta-analysis due to its size. The 
horizontal lines through the boxes show the 95% confidence intervals around the means, which in this case are rate ratios. At the bottom, the 
little diamond figure is the result of meta-analysis, i.e. the pooled result obtained by combining all the individual rate ratios.
The I² test is a way to quantify how much the individual studies differ from one another statistically. Here the result is zero, meaning no differ-
ence, so we can be sure that the summary effect is truly meaningful.

infection also cause stress and absenteeism from work. A 
significant proportion of these injuries and close calls re-
main unreported. Worldwide it is estimated that nearly 
three million health care workers suffer from needle stick 
injuries annually. 

Surgeons and their assistants are especially at risk of 
exposure to blood due to glove perforations and needle 
stick injuries during operations. The use of blunt needles 
can reduce this risk because they do not penetrate the 
skin so easily, but still sufficiently penetrate other tissues. 
This hypothesis was tested in a Cochrane review (1) by 
summarizing the results of ten different studies. The to-
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Health care workers (HCWs) are gener-
ally at risk of developing life-threatening 
infectious diseases from contact with pa-
tients. However, the current Ebola epi-
demic has made it clear that these risks 
can be enormous, and have highly seri-
ous consequences. The Centre for Disease 
Control and Prevention (CDC) estimat-
ed the relative risk of HCWs contracting 
Ebola to be 100 times that of the general 
population. Not only nurses and doctors 
are at risk, but also staff engaged in the 
transportation, washing and burial of pa-
tients. Unprecedented numbers of HCWs 
have died in the epidemic areas. 

Infection occurs when splashes or 
droplets of contaminated body fluids land 
on the mucous membranes in the eyes, 
mouth or nose, or when the same mu-
cous membranes come into contact with 
contaminated skin, such as when rubbing 
one’s eyes with one’s hand, which carries 
pathogens after shaking hands with a pa-
tient. Infection can also occur through 
needle stick injuries. 

In order to prevent occupational in-
fections, health services should be organ-
ized in such a way that exposure to infect-
ed patients is minimized. An effective pol-
icy to prevent needle stick injuries should 
also be implemented. We have firm evi-
dence that blunt needles and other safe 
devices, for example, help prevention, as 
does using two pairs of gloves. Since the 
exposure of HCWs cannot be avoided, 
the main strategy for reducing it is per-
sonal protective equipment (PPE). Choos-
ing the right type of PPE is made easier by 
the use of standards. Unfortunately, there 
is no single standard for Ebola-resistant 
PPE. To understand, one has to delve a bit 
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Figure 1. 
biohazard symbol

deeper into the 
PPE classification 
systems. 

First there is 
the global stand-
ard for protective 
clothing against 
chemical hazards, 
ISO 16602, which 
classifies PPE in-
to six categories. 
Class 3 clothing protects against high liq-
uid volumes under pressure. Class 4 pro-
tects against liquid sprays. For Ebola, the 
PPE most often currently used is class 3. 
However, the problem is that it also great-
ly reduces breathability and thus increas-
es heat stress. There are no strong argu-
ments as to why class 4 would not provide 
sufficient protection, and it would have 
the great advantage of being more breath-
able (1). In addition to being liquid spray 
proof, the fabric of the clothing should 
comply with the standard for protection 
against biohazards, EN 14126. The US has 
a slightly different but comparable stand-
ard: ANSI PB70. The biohazard symbol 
(Figure 1) indicates that clothing is meant 
to protect against biohazards. This stand-
ard again has six different levels of protec-
tion, depending on how resistant the fab-
ric is to viral permeation under pressure, 
with 6 being the highest and 1 the lowest 
level. WHO recommends using level 3 or 
2. (2).

Several guidelines for choosing proper 
PPE are available. Even though all guide-
lines propose using more or less similar 
protective clothing, there are also notice-
able differences. For example, WHO does 
not recommend taping but the European 
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tal number of operations in these studies 
was 2961. Six of the studies concentrat-
ed on abdominal surgery, two on hip re-
placement, and two on vaginal repair. On 
average, a surgeon who used sharp nee-
dles sustained one glove perforation per 
three operations. The use of blunt needles 
reduced the perforation rate by 54%. The 
surgeons mainly rated blunt needles as 
acceptable for use even though the force 
needed in their use was higher. It is un-
likely that future research will change this 
conclusion.

In conclusion, we can say there is high 
quality evidence that blunt suture nee-
dles lead to fewer perforations of surgical 
gloves than sharp needles. There is also 
moderate quality evidence that blunt nee-
dles reduce the number of needle stick 
injuries. The results were not influenced 
by the quality of the studies, albeit that in 
abdominal closure, the effect may be more 
noticeable than in vaginal repair opera-
tions.
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CDC does (2, 3). Overprotection can be 
a problem. Some propose using three lay-
ers of gloves because this is best practice 
according to their experience. However, 
this may also make work more difficult 
and eventually lead to an increased rather 
than a decreased risk of infection. 

Probably the highest risk of infec-
tion, despite the use of proper PPE, is as-
sociated with taking the PPE off (also 
called doffing) incorrectly in such a way 
that HCWs may contaminate themselves. 
How contamination of PPE occurs has 
also been clearly illustrated with a sim-
ulation study on cleaning up vomit (4). 
The results of such simulation studies can 
be used to underpin choices for the saf-
est procedures. Several NGOs and WHO 
have developed specific guidance for don-
ning and doffing PPE, but again there is 
no consensus on the ideal procedure. The 
procedures are so complicated that in-
structions, training and supervision are 
necessary. There is also no consensus on 
the best training or the amount needed 
before this can be safely practised.

Compliance with the guidance on cor-
rect PPE use in health care is historically 
poor. HCWs sometimes distrust infection 
control and the stress on PPE. As regards 
respiratory protection, such as masks and 
respirators, compliance has been report-
ed to be around 50% on many occasions. 
Hand hygiene reports also reveal a great 
deal of room for improvement, and WHO 
guidelines recommend education and 
training in combination with other imple-
mentation measures.(5).

We conclude that uncertainty pre-
vails as to the optimal type, composition, 
amount and way of using full body PPE to 
prevent skin and mucous membrane con-
tamination of HCWs while they treat pa-
tients with highly infectious diseases such 
as Ebola. This is also reflected in the dif-
ferent ways in which guidelines for PPE 
are implemented in Europe (6) and ac-
knowledged in current WHO guidelines 
(2).

Therefore we have set out to col-
lect all evidence available to help deter-
mine the best protective equipment, how 
to best put it on, take it off and use it, 
and how to achieve the highest compli-
ance with guidelines. A protocol for such 
a Cochrane Review of the literature is 
available. (http://onlinelibrary.wiley.com/
doi/10.1002/14651858.CD011621/ab-

stract ) Simulation studies or reports of 
training sessions may go unpublished in 
the heat of an epidemic. We believe that 
they could add to the evidence base. New 
epidemics of highly infectious diseases 
will emerge, and we have to make sure 
that we better protect HCWs. Therefore, 
we call on anybody who has or knows 
of evidence of the effectiveness of PPE 
against highly infectious diseases such as 
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Ebola, which is not available in the regu-
lar medical literature, to send this infor-
mation to us. 
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ILO SafeDay
The ILO celebrates the World Day 
for Safety and Health at Work on 
the 28 April to promote the preven-
tion of occupational accidents and 
diseases globally. It is an aware-
ness-raising campaign intended 
to focus international attention 
on emerging trends in the field of 
occupational safety and health 
and on the magnitude of work-
related injuries, diseases and fa-
talities worldwide.
Please visit the SafeDay web-
site with new and useful infor-
mation including a campaign 
kit; a PPT presentation with 
notes, the poster and the bro-
chure.
For further information 
contact SafeDay Team:
safeday@ilo.org
www.ilo.org/safeday
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