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One hundred fifty-two years ago, Ignaz Semmelweis (18 18-1865) introduced the concept of person toperson transmission of microbes and the role of handwashing prior to examining patients by medical
staff, as a barrier to such transmission. 1,2 Since then, it has been shown to be among the most important
measures for preventing and controlling nosocomial infection3-11. Several articles in literature give
ample evidence on multiple aspects of handwashing, such as health care worker (HCW) hands acting as
vectors and transmitting pathogens from patient to patient, rates of nosocomial infection proportional to
the lack of handwashing practices, review of handwashing techniques and materials used and
suggestions on how the situations can be addressed and improved. This paper seeks to cover some of
the salient points from several studies highlighting important issues linked with handwashing and its
relationship to nosocomial infections with a special focus on the situation in Pakistan, an
underdeveloped South-East Asian country of a population of about 135 million, which like most
developing and under-developed countries sadly lacks the awareness of this issue.
Historical Background
Historically the idea of handwashing has been handed down as a means for not only removing dirt, but
also to symbolically protect people from physical and moral evils such as illness and sin. Once
medicine began to adopt scientific ways of thinking, the idea to the role of hands in transmission of
infectious diseases took its roots. Hands were recognized as transmitters of disease even at a time when
microorganisms were not yet recognized as a source of infection. The first formal evidence however is
the work of a Hungarian obstetrician lgnaz Semmelweis who made his analytical observations on the
horrifying spread of puerperal fever that caused maternal mortality rates of up to 18% in some months
at a Vienna Lying-in hospital in 18462,12,13. Semmeiweis applied epidemiological rather than
microbiological methods to test the hypothesis and proved that preventing hands from introducing
something fatal into the maternal birth canal during vaginal examination would also end the
hyperendemic situation of puerperal fever in his hospital. A little later, Joseph Lister a Scottish surgeon,
in 1860s tested and proved Louis Pasteur’s hypothesis that microorganisms not only cause fermentation
and putrefaction but may also initiate suppuration on living tissues14. By inactivating and keeping the
causative organisms away from the surgical sites, he prevented postoperative infection. Among other
vehicles and sources, he also recognized the importance of hands of the surgical team as carriers14.
Between 1867 and 1881, he published 80 papers which coined the terms “Listerism” and “antisepsis”.
In the proceeding months, many authors attributed a dramatic reduction in post-surgical mortality to the
development of antisepsis. Gakabin, between 1885-1890 demonstrated a decrease in rates of septic
fever from 40% to 2.5% respectively, and attributed this to the introduction of antiseptic
handwashing15. In the US, in 1898, Shoemaker also reported a steady decline in mortality due to
puerperal fever16.
In the l950s and 1960s antimicrobial agents were added to commercial hand and bath soaps. Their
purpose was to inhibit odor-causing microorganisms on the skin17. A study by Larson examined 423
published articles specifically related to handwashing from 1879 to 1986 and demonstrated very
elegantly the evidence of the causal link between handwashing and risk of infection18.

Table 1 summarizes some of the studies and their respective findings.
Pathogenesis
For simplicity purposes, three groups of microorganisms may be distinguished on the skin: organisms
that reside on the skin or “resident flora”, those that happen to be there as contaminants or “transient
flora” and pathogens that actually cause infections on the hands, which may be called “infectious
flora”19. The resident flora reside mainly on the uppermost part of the stratum corneum, on corneocytes
and is embedded in a mass of lipids and cell detritus of the pars disjuncta. They multiply in the upper
regions of the hair follicle. The composition of the skin flora varies considerably with age, body site,
sex, health condition, hospitalization and season. Except regions with large numbers of sebaceous
glands where prionibacteria prevail, the main portion of the skin is made up of micrococcaceae, such as
staphylococcal species (S. epidermidis., S. homonis, S. capitis, etc.) and micrococci. Although the
ecological niche for S. aureus is the flares, it may temporarily colonize the skin, especially the perineal
region, as well as the hands, face and neck. This happens often with children but HCW are more prone
to it. Larson and colleagues reported the prevalence of colonization by S. aureus in HCW to be around
18% and Hofmann et al. demonstrated that 18.4% of the nurses and 36% of doctor’s hands were
colonized by S. aureus20,1. Gram negative bacteria, such as Acinetobacter and Enterobacter spp. may
be isolated mainly from moist skin areas and hands where they may be regarded as residents. Larson
found 21% of hospital personnel persistently carried Acinetobacter and KiebsiellaEnterobacter group22.
Male HCW compared to female HOW were more often carriers and washing hands less than 8 times
per day was found tcr be a significant risk in terms of becoming a carrier.
The normal skin flora acts as a barrier and resists colonization by pathogenic microorganisms and
unless introduced into body tissue by trauma or together with foreign bodies such as catheters or
implants, their pathogenic potential is low. It is difficult to reduce resident flora by mechanical means
as handwashing by soap and water only diminishes the release of skin bacteria every 5 minutes by only
50%23.
Transient flora is characterized by its inability to multiply on the skin and occurs as skin contaminants.
Among transient flora, microorganisms with high pathogenic potential may also be found but usually
do not survive for very long. Moreover, in contrast to resident flora, transient flora is removed rather
easily by mechanical means such as handwashing. Just rubbing hands with water alone has shown to be
effective and washing hands for I minute with soap and water has been demonstrated to reduce the
bacterial release by two or three orders of magnitude24-26.
The third group referred to as infectious flora is associated with abscesses, panaritium, paronychia, or
infected eczema on the hands. The etiological agents are proven pathogens and the species most often

encountered are S. aureus and group B-hemolytic streptococci27.
Epidemiology
Nosocomial infections result in substantial morbidity and are estimated to contribute to 80,000 deaths
annually in the United States28. Evaluating the independent effects of handwashing alone is difficult
because handwashing is one of the myriad practices that form the armamentarium of strategies to
prevent the transmission of infection. However, several studies have shown an association, if not a
causal link between handwashing and the rate and transmission of nosocomial infections. In a review
done by Bryan and colleagues, 13 non-experimental studies between 1986 and 1995 established the
link between handwashing and infection29. In two case-control studies conducted in rural Bangladesh
and Senegal the incidence of neonatal tetanus was linked to the contaminated hands of the birth
attendants30,31. In the Bangladesh study, the birth attendant washing hands and using a cleaned cordcutting tool reduced the risk of neonatal tetanus. In Senegal, failure to wash hands with soap and water
before cutting cord was associated significantly and independently with higher risk of neonatal tetanus
(OR 5.22; p=0.0001). Rubio studied 3480 surgical cases over an 8-year period; his surgical team used
an agent containing 0.23% hexachlorophene in a 46% ethyl alcohol base, the rate of postoperative
infection was only 0.3%32. In an outbreak of Hepatitis A virus among neonatal intensive care unit staff,
reviewing records and administering a questionnaire to the staff, ascertained infant-to-staff
transmission. Among the staff exposed to the index infant, HAV occurred in 8 (57.1%) of the 14 NICU
staff members. The risk of illness was greater for staff that did not routinely wash their hands after
treating index infants (RR 4.9; p=0.02)33. Ehrenkranz and staff conducted a case-control study to
determine the cause of an excess frequency of deep sternal wound infections. The rate in hospital A and
B were 4% and 0.48% respectively. The same surgeons served the two hospitals over the same period
of time. Inspection of the two hospitals showed important differences in handwashing sink locations,
use of antimicrobial soap and isolation practices. Over the next 9 months, interventions were
implemented which included enforcement of handwashing, use of alcohol antiseptics by the surgical
1CU personnel before manipulation of catheters and other infection control practices. Results showed
that post intervention rates of deep sternal wound infections were equally low at both the hospitals. The
authors attributed this result to improved infection control practices, especially handwashing34.
Until now we have been broadly using the term ‘healthcare workers’. The frequency of handwashing
varies between different categories of HCW. A one-year prospective study in a pediatric ICU to
determine whether the rate of breaks in handwashing was different between medical professional found
that physicians did not wash their hands in 79%, nurses 63%, occupational therapists 62%, respirator
therapists 78% and radiology technicians 78% of the time after contact with a patient. Nurses used
notably better techniques than physicians. Also, gown usage did not affect the overall breaks in
handwashing. This study demonstrated how handwashing continues to be a neglected method of
disrupting nosocomial transmission35.
Strategies of Hand Hygiene
Strategies for prevention of hand associated microbial transfer must take into consideration that it is
easier to reduce the release of transient flora from the hands than resident flora and infectious lesions
must heal before hands are regarded safe. If contamination is expected, the strategy to keep hands clean
is much easier that to make them clean. If used intelligently, the no-touch technique (use instruments
only) and protective gloves are suitable remedies, provided they are discarded after use. Unfortunately
this might not be a practical undertaking.
If hands are known to be or suspected of being contaminated, the undesired microflora must be
eliminated to render the hands safe for the next patient. Washing or disinfecting the hands may achieve
this. Furthermore, in contrast to ordinary handwashing, post-contamination treatment of hands involves
the application of antimicrobial preparations. Different methods of rendering hands clean are discussed

below.
Type of Handwashing Agent
For ideal post-contamination treatment, the detergent and technique used should be safe and effective.
“Effective” refers to efficiently reducing the release of transient flora and “safe” means that treatment
should not disseminate pathogens to be eliminated onto other sites. Often, the choice is made, not for
any specific reason but for practical purposes, such as availability, cost and the simplicity of their
application36. Moreover, the antimicrobial spectrum necessary for hygienic hand rubs depends on
intended use. Commonly, the antimicrobial spectrum required includes bacterial and fungal pathogens.
There is no need for sporicidal activity in hand disinfectants. Activity against mycobacterium is
required while dealing with immunocompromised patients, such as those with tuberculosis, AIDS,
transplanted and on chemotherapy.
In theory, possible agents for hand rubs are alcohol, used alone or mixed with other antiseptics;
aqueous solutions containing halogens such as chlorine or iodine; chiorhexidine; quaternary ammon
ium compounds; phenolics; triclosan; aldehydes; metal lo-organic compounds and oxidizing agents
such as peracetic acid. There is no doubt that alcohols are much more comfortable to rub onto skin than
aqueous solutions because of specific features such as excellent spreading and quick evaporation.
Agents most commonly employed today for general antibacterial efficacy37,38 are summarized in Table
2.

Although not significant, chlorhexidine has shown to be better than soap. In a study by Wade et al, an
outbreak strain of enterococcus faecium bearing plasmid mediated vancomycin resistance, and an
epidemic multi drug resistant strain of Enterobacter cloacea were inoculated on fingertips of three
volunteers and tested with different handwashing agents. Hand disinfection with 60% isopropyl alcohol
or with alcoholic chlorhexidine was found to be most effective, giving a 4-loglO reduction of both test
organisms followed by chlorhexidine digluconate and povidine-iodine solutions39. This study
demonstrates that alcoholic hand rubs are, at present, the most effective measure to quickly reduce the
release of transient flora from the hands. Washing hands with ordinary soap and water was the least
reliable method.
Technique
The efficacy of the handwashing depends on the time taken and the technique used. Unfortunately, this
period is too short in normal hospital setting. The average duration reported by several authors to be

between 8 and 20 seconds, whereas experiments show that the greatest reduction is achieved in the first
30 seconds20,40, as shown in Table 3.

Extending it to 1 minute further reduces the release of bacteria from hand. Hands should be first
properly soaked with water and then soap or disinfectant applied which should be rubbed properly and
evenly on both hand surfaces followed by proper rinsing and drying to get the best results.
Discussion
Corn pliance
In spite of the emphasis on the importance of handwashing, compliance with the practice remains low.
In 1980s, the U.S. Centers for Disease Control published guidelines that included recommendations on
handwashing, which are seldom followed in practice. Educational programs and persuasion have not
shown to lead to sustained improvement41. Physicians have been particularly refractory. In a recent
observational study, 230 staff-resident interactions were recorded and evaluated for compliance with
handwashing recommendations. Results showed that hands were washed when needed before an
interaction in 27%, during an interaction in 0% and after an interaction in 63%. Gloves were worn in
82% interactions where indicated and changed appropriately in 16% of the interactions42. Attempts to
improve compliance, e.g., by in-service education, distribution of leaflets, lectures, automated

dispensers and feedback on handwashing rates have been associated at best with transient
improvement43-45. The most effective measure has been routine observation and feedback, but no
intervention has had a long-term impact on handwashing practice. Reasons for the poor compliance
have been excuses such as being too busy, skin irritation, wearing gloves, or not thinking about it43.
Experts in infection continue to cajole, plead and threaten, but their colleagues still neglect to wash
their hands. Multi-resistant pathogens are increasing in frequency and are now a threat to public health.
These organisms have been isolated from the environment around the infected patient and from the
hands of health care personnel looking after them.
Handwashing Facilities
Kesavan and colleagues in an elegant study looked at the adequacy of handwashing facilities on elderly
care wards in seven hospitals of UK. They found 10.9% of the sinks were inaccessible, 12% of sinks
did not have any cleansing agent, and 9.3% of ward sinks and 79% of treatment room sinks did not
have any antiseptic solution. These results show the inadequacy of the facilities and the need to develop
a standard checklist for hospital sinks46.
Recommendations
It is essential that all hospitals be aware of handwashing recommendations listed in Table 4 and
develop a standardized checklist for each ward, unit or facility in their hospital, such as the one
presented in Table 5.

Other solutions to the problem include education in the form of “performance feedback”, as suggested
by Tibballs47. In this study 939 patients contacts were observed. After overt observation, the rates of
handwashing before patient encounter rose from 12.4% to 32.7% and after patient encounter rose from
10.6% to 33.3%. These rates increased further to 68.3% and 64.8% during the period of performance
feedback. The residual rate seven weeks after cessation of the program were 54.6% before and 54.9%
after patient encounter, showing the moderate effectiveness of this technique47.
After tolerating poor handwash-ing compliance for 150 years, it is time for hospitals and health care
professionals to get serious about improving hand hygiene in hospitals. If this trend of non-compliance
with handwashing practices does not change over the next few years, we could be considering teaching
patients the importance of handwashing and the techniques, so that before or after a medical personnel

sees them, they ask them to wash their hands first!
Situation in Pakistan
In terms of awareness, implementation and action on the message of Semmeiweis, Pakistan is several
decades behind. There are several issues it faces. According to the World Development Report, in 1999,
Pakistan had a total population of 134,790,000, with an average per capita yearly income equivalent to
US$470. In 1991, the infant mortality rate was 97 per 1,000 live births and roughly 57% of children
under the age of 5 years were malnourished by World Health Organization (WHO) standards. With one
of the highest growth rates in the world of around 3% per year, it is estimated that Pakistan’s population
by the year 2025 will be 244 million. The life expectancy at birth for both men and women was 59
years48.
Being a country with a GNP of around 67 billion dollars per year, between 1-2% of its GDP is spent on
health. Perhaps the first and foremost issue is the allocation of funds for public health. The country is
unable to provide enough hospitals and health care facilities to meet the need of its burgeoning
population, let alone control the quality if the ones that exist. The significant cost of installing sinks,
water supply, soap dispensers and paper towels does not make it a priority with decision makers in the
face of other serious health care issues. Moreover, the feasibility of installing sinks is compromised in
places where water supply is limited.
There seems to be a paradox review of medical literature shows that there is a dearth of research and
data on issues of quality control and compliance with infectious disease guidelines in Pakistan, whereas
several studies indirectly point towards the fact that infectious diseases are the major source of
morbidity and mortality and need to be controlled through education, awareness and better practices
and policies. In a literature search to identify the priority health problems in Pakistan, those with high
disease burden and with cost effective interventions. Khan found the major causes of sickness to be
communicable diseases (diarrhea, respiratory infections, malaria, tuberculosis) and pregnancy related
problems49. Factors contributing to these were malnutrition, poor sanitation and water supply, low level
of education and poverty. Maternal mortality remains high and its main cause is infection50. During a
one-year review of 377 obstetric cases at the Jinnah Postgraduate Medical Center maternal morbidity
was 4.4% of total deliveries and infections was its major attribute51. Another study reported maternal
mortality ratio, combining data from different sites, to be 433 (range 28 1-673) per 100,000 live births,
hemorrhage (52.9%) and puerperal sepsis (16.3%) were the leading causes52. Perinatal mortality in
Pakistan is estimated to be between 60-90 per thousand births, virtually 60% of which occurs in the
neonatal period, this is mainly attributed to inadequate attention to programs of maternal and newborn
care53.
The health care practices in Pakistan need much revamping. Indeed, more money needs to be spent on
public health. Still, research has demonstrated that even in environment lacking in general hygiene
practices handwashing reduces infections and helps reduce nosocomial infections among the high-risk
population, such as the critically ill and the neonates. Indeed, if one takes into account some of the
direct and indirect costs associated with nosocomial infections, such as number and the cost of extra
hospitalized days; cost of additional medications; number of patients requiring critical care; grave
prognosis associated with prolonged hospital and critical care unit stay, dearth of critical care units,
inability of the common man to afford stay in critical care and mortality from uncontrolled sepsis; even
a token contribution from hand washing can have a tremendous impact in a country with limited
resources like Pakistan.
The collective evidence of years of research has beyond doubt demonstrated a very strong association
between handwashing and infections and evidence suggests a strong link between handwashing as the
most important practice among all personal practices for a positive patient outcome. In terms of type of
hand washing agents particularly in developing and under-developed countries, evidence suggests that
handwashing using plain soap and an adequate volume of water reduces fecal-oral transmission in turn

reducing diarrheal disease mortality by 30-50%54-56.
In summary, as infectious diseases remain the major challenge particularly in developing countries such
as Pakistan; implementation and compliance with infection control guidelines should be a high priority.
When Semmelweis died clinicians disregarded his beliefs. We are still not wiser about infection. For
the safety of patients as well as HCW it is pertinent that handwashing is practiced with rigor. Improved
hygiene, including handwashing, is the main available m.ode of preventing spread of the disease.
Handwashing is the simplest, most cost-effective and efficacious preventive measure that can make a
significant difference against the challenge of infectious diseases faced by the country.
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