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Lack of or inadequate hand washing is a risk factor in the development of contact lens related microbial keratitis
and corneal inﬂammatory events. In the public health domain there is compelling evidence that proper hand
washing with soap can save lives. The purpose of this review is to draw attention to some of the public health
literature in support of hand washing and how education can inﬂuence patients’ hand hygiene behavior. Contact
lens wearers are also guilty of poor hand washing behavior but there is scant evidence that education of hand
washing procedures of lens wearers alters patient non-compliance. It is well known that pathogenic microbial
contamination of contact lenses, lens cases, care solutions and anterior ocular components have been found with
contact lens wear. However while the originating source may be hands or water, it is most likely both of these.
Besides proper hand washing this paper will include mitigating strategies for avoiding microbial contamination.

1. Introduction
Arguably, there are relatively few remaining major obstacles affecting the growth of contact lens use. These include end-of-day discomfort, visual compromise of the presbyopic contact lens wearer, and
microbial keratitis (MK) and corneal inﬂammatory events (CIEs). Of
these, prevention of MK and CIEs may be the easiest to impact, as
several modiﬁable risk factors of these two conditions have been
identiﬁed and they are often associated with poor compliance.
Modiﬁable risk factors are those that a wearer has some control
over, as opposed to non-modiﬁable factors such as age and sex. The
most commonly cited modiﬁable factors for MK and CIEs are extended
wear [1–4], poor hygiene [1,3,5–8] and non-compliance. [6,7,9].
It is well established that microbes are essential etiological components of soft contact lens related MK and CIEs. Not coincidently, the
sources of the microbes that are isolated from contact lenses are purported to have originated from the lid margins, conjunctiva, hands, lens
cases, care solutions and the water supply. [7,10–13] The conjunctiva
and lid margin harbor normal or commensal microbes. When contact
lenses are worn that are contaminated with a bioburden, (deﬁned as the
number and types of microorganisms contaminating an object such as a
contact lens or ocular component e.g the conjunctiva), there is an associated increase in bioburden of the conjunctiva and lids. Bioburden
can comprise of commensal and pathogenic microorganisms. The
amount of bioburden diﬀers for daily and extended wear, [14], but
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Szczotka-Flynn has reported that some studies show an increase with
contact lens wear whereas others do not [15]. More importantly, pathogenic organisms are associated with MK and CIEs, and it is reasonable to assume that if the lid margins, conjunctiva, tear ﬁlm, the contact
lens case, solutions and patients’ hands are contaminated with these
pathogens, the risk of developing MK and CIEs increases. An even more
important question is whether patients’ unwashed hands are a primary
source (or not) of microbial contamination of the lid margins, conjunctiva, tear ﬁlm, contact lenses, solutions and cases.
The purpose of this paper is to draw attention to poor hygiene associated with contact lens wear, and in particular how hand washing
(or lack thereof) could aﬀect the development of MK and CIEs in contact lens wearers.
1.1. Public Health concern of hand hygiene
This will not come as a surprise to eye care practitioners (and should
serve as a useful reminder for their patients) that “hand washing halts
the spread of infection and is eﬀective in preventing the spread of some
diseases”, according to the Global Burden of Disease Study 2015. [16]
Proof of this dates back 150 years, when Ignaz Semmelweiss published
in 1861 that implementing a hand hygiene program amongst healthcare
workers greatly reduced infections in newborns in a paper on the
Etiology, Concept and Prophylaxis of Childbed Fever. Organizations
such as the Global Handwashing Partnership (GHP) and the World
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colleagues also conducted a meta-analysis of 30 hand hygiene articles
and concluded that multiple interventions were better than any single
option and were required to sustain signiﬁcant behavior change [29].

Health Organisation (WHO) continue to espouse handwashing’s beneﬁts. The GHP is a coalition of national and international organizations
committed to promoting handwashing with soap on a large scale. The
GHP has proclaimed “handwashing with soap improves health and
saves lives by preventing infections”. The WHO has published a brochure on “Hand Hygiene: Why, How & When.” [17] The message of the
document is very clear: “Clean hands saves lives”. The message is directed towards health care workers because “thousands of people die
every day around the world from infections acquired while receiving
health care” and “hands are the main pathways of germ transmission
during health care”. The brochure also provides information on how to
clean hands (washing with soap and water or using alcohol based
products) with excellent diagrams. Eye care practitioners would do well
to incorporate these hand hygiene procedures in written instructions for
their patients.
It appears that only about two thirds of people in the general population practice any sort of hand hygiene. Studies to determine the
frequency of hand washing by the public after using the toilet or before
food preparation are particularly diﬃcult to interpret because they rely
on subjective reporting by people who may be reluctant to confess their
habits. However, a report was published in the UK Daily Mail in 2016 of
a survey that was carried out in Europe on 100,000 people by a
washroom services company. They found that 62% of men did not wash
their hands after using the bathroom compared to 40% of women. In a
2003 study sponsored by the American Society of Microbiology conducted by Wirthlin Worldwide, 7541 people were observed using public
washrooms at ﬁve American airports. This report found that 31% of
males and 21% of females did not wash their hands after using the
washrooms. [16] To illustrate the point made earlier, Wirthlin conducted a telephone survey of 1000 Americans in 2003 and 95% answered that they did wash their hands after using public washrooms,
which is in stark contrast to the observational study. [18]

1.3. Hand washing behavior of contact lens wearers
Intuitively, contact lens wearers should be more compliant than
non-wearers with regards to hand washing, as they have been instructed on lens care, insertion and removal procedures, which include
the importance of hand hygiene. However, there is substantial evidence
that many contact lens wearers are not compliant with hand washing
procedures, up to 50% in some reports, [30–33] and this increases the
risk of microbial contamination of contact lenses [34], which in turn
may increase the risk of developing MK and CIEs [35–37].
A recent survey was conducted to evaluate the typical behavior of
hand washing and/or drying as it relates to inserting contact lenses, and
to assess beliefs about transferring bacteria to eyes during contact lens
insertion [38]. This CooperVision-sponsored Internet survey was conducted by Decision Analyst, an independent market research service,
from April 19–May 1, 2017. Self-described daily disposable (DD) contact lens wearers, 14 years or older and living in the U.S., were surveyed. The sample was drawn from Decision Analyst’s American Consumer Opinion® panel and the agency’s trusted partner panels. A total
of 950 patients were surveyed (63% female and 37% male, average age
35 years). With respect to hand hygiene practices, 41% of DD contact
lens wearers do not wash their hands with soap immediately before lens
insertion, 15% rarely or never wash their hands or do so without soap,
and 65% do not utilize a sanitary drying option after washing their
hands. Eighty-eight per cent of those surveyed believe that bacteria on
their ﬁngers can transfer to their eyes during lens insertion, with 86%
indicating the amounts of bacteria are ‘A little’ to ‘some’, and 7% indicating ‘A lot’.
It has been proposed that employment of education strategies
should improve hand-washing behavior, but there is little research to
substantiate the claim. Yung’s study did show an improvement in hand
hygiene performance following a compliance enhancement strategy,
[30] but Bui et al. concluded that education alone is not a suﬃcient
strategy to improve behavior [39]. Claydon et al studied the eﬀect of
education on non-compliant behaviour in contact lens wear (but did not
include handwashing as a variable) and found little eﬀect from the
compliance enhancement strategy. [40] Clearly more research is required to study handwashing behavior in contact lens wearers and the
eﬀect of education/reinforcement of handwashing frequency and procedures.
There is as yet no evidence of a cause (poor or no hand washing
prior to handling/inserting contact lenses) and eﬀect (MK and/or CIEs)
relationship but there is unquestionable evidence of poor hand hygiene
or absence of hand washing being a signiﬁcant risk factor for developing MK or CIEs. [4,8,41] In the Stapleton et al study of DD contact
lens wear, they found that 90% of the disease load was associated with
wearers who failed to wash their hands [41] and the case control study
by Lim at al in Singapore revealed that the risk of developing microbial
keratitis was 13X higher for patients who did not wash their hands prior
to handling lenses. [4] Poor hand hygiene (not always washing hands)
was a signiﬁcant risk factor for developing sterile keratitis in the case
control study by Radford et al (an Odds Ratio of 1.9) [8]. Although
statistically signiﬁcant, this was not as strong an association as the
studies mentioned above.
Handling is a microbial source of contamination of contact lenses
and ensuring that patients’ hands and ﬁngers are sterile prior to lens
handling is virtually impossible. However hand washing with soap is
essential to minimize microbial contamination of hands [42] and resulting transfer of the contaminants on to contact lenses as discussed
above and this also applies to the reduction of contamination of contact
lens cases [43]. There are two papers that show contradictory results
with hand washing. The ﬁrst is by Mowrey-McKee [44] in a prospective

1.2. The relationship between hand hygiene education and behavior
modiﬁcation
Hand washing prevents the transmission of diseases such as pneumonia, diarrhoea and eye infections, and many researchers have studied the eﬀects of education and other intervention strategies on
modiﬁcation of hand washing behavior. Hand hygiene promotion has
been studied extensively, but the success of the procedures is questionable. Understandably, success of the process will vary signiﬁcantly,
but the primary outcome to be assessed is healthcare-associated infections as far as public health is concerned. For that reason, most of the
research on hand washing has been conducted in association with
healthcare facilities and/or through institutions. While it is of interest
to study the frequency of hand washing in the general public, the dearth
of information on the subject suggests that it is a diﬃcult undertaking.
Many studies have shown that diﬀerent types of intervention, including education and hand washing promotion, have had a positive
eﬀect on changing behavior and reducing infections. [19,20] Stebbins
and Stark showed that students can learn and persist in positive
handwashing behaviours. [21] Others found that hand hygiene compliance improved initially following education, but that hand washing
compliance decreased over time. [22,23] Zolnierek and DiMatteo’s
meta analysis [24] found that physicians who were trained in communication resulted in signiﬁcantly higher patient adherence to their
advice, or conversely there is a higher risk of non-adherence by patients
whose physicians communicate information poorly.
While the evidence above shows support for the impact that education has on hand hygiene behavior, there are a substantial number of
papers that conclude that education has little or no eﬀect. [25–27] A
review of the handwashing behavior literature by Vindigni and colleagues in low to middle-income countries concluded that although the
literature on handwashing studies is vast, none have been able to deﬁnitively document long-term behavior change. [28] Cherry and
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study that found there was a signiﬁcantly higher microbial count on
unworn handled lenses after hand washing compared to worn lenses
following hand washing and lens handling. In both cases the patients
washed their hands with water and soap, rinsed with tap water and
dried their hands with a paper towel. This study did not compare the
microbial count on lenses following handling of unwashed hands. The
second had 47 patients perform diﬀerent hand washing procedures and
they found that hand washing with water, or soap and water, or soap
and water and towel drying did not reduce microbial contaminants
after lens handling compared to not washing hands [45]. A possible
explanation is that hand washing may release the microbial contaminants from ﬁnger nails and hand palms that might then lodge on
the lenses when handled. Despite this result, these authors still recommend hand washing with soap and water for removal of more pathogenic organisms.
Noncompliance is a term commonly used in association with contact
lens wear to denote that some 50% of patients may be disregarding or
neglecting to wash their hands properly whenever they use their lenses
despite the instructions and education provided by their eye care
practitioner. The consequences might be as drastic as MK.
Unfortunately the contact lens literature on the eﬀects of education of
proper hand washing is at best scant.
The consequences of neglecting ones’ health that may include
smoking or obesity (as examples) may have much more dramatic consequences. These examples cannot be used analogously with hand
washing behavior, as they may be addictive traits. However, it does
illustrate the point of public education being somewhat less than effective, or that some people simply disregard the public health messaging. The NCD Risk Factor Collaboration found that the prevalence of
obesity in 200 countries has increased substantially between 1975 and
2014; approximately 7.6% in men and 8.5% in women and the prevalence of severe obesity is also increasing [46].
Similar health hazards exist for smoking. Although the prevalence of
smoking tobacco has declined in Europe over the past few decades [47],
the WHO has recorded that Europe has the highest prevalence of tobacco smoking of adults (28%) in WHO regions [48]. This is despite the
eﬀorts of tobacco control policies [49], health warning and public information.

risk of contamination should be greatly reduced. Now there is evidence
to support that statement. Nomachi et al. [53] described a study in
which they evaluated the microbial contamination of handling a DD
contact lens removed from a novel “ﬂat pack” designed storage case.
The ﬂat pack storage container is approximately 1 mm thick and the
lens is stored with its front surface “up” so that when the lens is removed from the case prior to insertion, only the front surface of the lens
is touched thus protecting the posterior surface of the contact lens from
contamination. The results of the study showed that the DD lens from
the “ﬂat pack” had diminished microbial contamination compared to
four other DD lenses that were studied after removal from conventional
blister pack containers.
All contact lenses in blister packs are sterile but the problem is that
sterility is lost if the patient handles the lens with microbial-contaminated ﬁngers and/or hands prior to insertion. Although it is not
commonly advocated, the patient could rub and rinse the lens with a
disinfecting solution after removal from the blister-pack, thus diminishing or eliminating microbial contamination prior to placing the lens
on the eye. However, this lessens the attraction of a DD lens that is
intended to be free of auxiliary solutions and storage cases and adds an
unnecessary cost element. An alternative strategy would be to include a
disinfecting component into the blister pack solution to combat the
potential microbes from contaminated ﬁngers. George et al. [54] have
done that and in a controlled experiment found that a packaging solution containing e-poly-L-lysine (e-PL - a natural, biologically derived
compound) was eﬀective in reducing bacterial lens contamination from
handling compared to a blister pack solution without the e-PL additive.
This solution also did not appear to aﬀect biocompatibility.
Other strategies such as using sterile disposable gloves or alcohol
wipes to disinfect ﬁngers prior to lens handling are sensible procedures,
which by all accounts are not very commonly used practices. It is timely
for a study to be conducted on contact lens wearers to determine if
repeated hand hygiene education impacts the microbial load on ﬁngers
and hands prior to lens insertion and before lens removal from the eye.
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1.4. Mitigating strategies of microbial contamination
If hand contact is the originating vector causing microbes to attach
to lenses, cases, eyelids and the ocular surface then careful handwashing should greatly minimize the transfer, but other strategies
should be developed to prevent and combat the presence of microbial
contamination. Despite the contradictions mentioned above, careful
and thorough hand washing with soap and water followed by hand
drying with unused paper towel should be recommended for contact
lens wearers as this method has been adopted with success in reducing
and preventing the spread of disease (as described by the GHP the WHO
above). Unfortunately the little research that has been done on the effects of education on patients’ hand washing behavior that wear contact
lenses is equivocal but repeated reinforcement of hand washing instructions on an individual basis is common sense.
The use of DD lenses is a very good method to minimize repeated
hand/lens interactions, which reduces contamination of the lens by
disposing of the lens after each wearing period. An important indirect
eﬀect of DD lenses is that lens storage cases, a known source of microbial contamination, [10,12,50] should be eliminated unless patients
are non-compliant by reusing their DD lenses and storing them in these
cases [51] or elsewhere.
It is well established that soft lenses hardly move on the eye during
blinking, resulting in very little tear exchange under the lens during
daily wear. If microbes are entrapped in the thin post-lens tear layer
[52] or attached to the post-lens surface the risk of adverse responses
increases. By eliminating ﬁnger contact with the post-lens surface the
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