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Abstract

This paper reviewed studies that investigated the contamination of non-critical
medical devices (NCMDs) and their potential as routes for nosocomial infection
transmission. Using MEDLINE Entrez PubMed, relevant publications were identified
using “nosocomial infections” in combination with each of the following: stetho-
scopes, ultrasound transducers, tourniquets, pens, scissors, white coats, thermome-
ters, blood pressure cuffs, dermatoscopes and otoscopes. Of 258 studies identified,
51 fulfilled the study inclusion criteria and had sufficient information on microbiolog-
ical assessment of the NCMDs. All the studies reported microbial contamination of
NCMDs, with Staphylococcus species as the predominant contaminant. The studies
reported that health workers rarely disinfect NCMDs between uses with different
patients. Most studies recorded NCMD contamination rates ranging from 25% to
100%. Percentage contamination of NCMDs by methicillin-resistant Staphylococcus
aureus ranged from 2.3% to 32%. To reduce the possibility of a nosocomial infection
transmission through contaminated NCMDs, disinfection of NCMDs before using
them on each patient must be strictly adhered to.
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Introduction

Nosocomial infection or hospital-acquired
infection is a major public health safety con-
cern for patients and healthcare professionals
in both developed and developing countries
worldwide (Bagheri Nejad et al. 2011; WHO
2002). Nosocomial infections are defined as
infections that patients acquire during the
course of receiving treatment for other con-
ditions within a healthcare setting that were
not manifest or incubating at the time of
admission (CDC 2012).

In recent years, nosocomial infections have
reached epidemic proportions and are one of
the main concerns in the healthcare arena.
Consequently, global awareness has been
created about the impact of nosocomial infec-
tions, and efforts are being made in various
parts of the world towards reducing nosoco-
mial infections by using a multifaceted
approach focusing on high-level leadership
and commitment, safe practices, clean envi-
ronments and well-designed processes and
systems (WHO 2005). Among the safe practice
strategies is the surveillance of device-associ-
ated nosocomial infection (DA-NTI), which
plays a substantial role in hospital infection
control and quality assurance (Edwards et al.
2009).

Unfortunately, the primary attention to
DA-NI prevention is usually paid to high-risk
invasive diagnostic and therapeutic healthcare
tools, while the importance of non-critical
healthcare tools tends to be underestimated
(Uneke and [jeoma 2011). Non-critical
medical devices (NCMDs) are those that come
in contact with intact skin but not mucous
membranes; they are intended to make topical
contact and not penetrate intact skin (CDC
2008). These NCMDs may include but are not
limited to stethoscopes, ultrasound trans-
ducers, hand gloves, tourniquets, physicians’
and nurses’ pens, scissors, white coats, ther-
mometers and blood pressure cuffs. Although
NCMDs are among the most commonly used

devices in healthcare settings, they appear to
present a low risk of disease transmission
when reused after reprocessed by proper disin-
fection. However, they are rarely disinfected
between patient use by health workers, and
there are numerous reports of their contami-
nation by microbial agents (Schabrun et al.
2006; Treakle et al. 2009; Uneke et al. 2008;
Uneke and Ijeoma 2010; Wolfe et al. 2009). In
most healthcare facilities, sanitation of the
NCMDs is neither addressed nor practiced,
and the guidelines do not address issues with
respect to disinfection of NCMDs between
patient use (Obasi et al. 2009).

It is therefore imperative to examine the
possibility of contaminated NCMDs serving
as potential routes or vehicles of nosocomial
infections and what implications this could
have on patient safety in healthcare facilities.
This is very important because the develop-
ment of rational control methods for
nosocomial infections may require the micro-
bial evaluation of frequently used NCMDs due
to their potential of serving as reservoirs of
pathogens that can colonize patients and other
persons in the hospital environment.

The objective of this paper is to systemati-
cally review scientific information and
findings from studies that investigated the
microbiological contamination of NCMDs.
This is done with the view to highlight the
importance of contaminated NCMDs as a
potential route for nosocomial infection, the
patient safety implications, public health
policy and operational research prospects.

Methods

A MEDLINE Entrez—PubMed search was
initially performed in October 2013 and
performed again in May 2014 using the
“Advanced” search option in PubMed, and
studies reported in English that investigated
the contamination of NCMDs were
identified. The following are the search
strategies used and the publications yielded:
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stethoscopes AND nosocomial infection = 72
publications; tourniquet AND nosocomial
infection = 27 publications; ultrasound
transducer AND nosocomial infection =

11 publications; blood pressure cuffs AND
nosocomial infection = 13 publications;
thermometer AND nosocomial infection =
59 publications; white coats AND nosoco-
mial infection = 28 publications; scissors
AND nosocomial infection = 6 publications;
dermatoscope AND nosocomial infection =
2 publications; otoscopes AND nosocomial
infection = 2 publication; pens AND nosoco-
mial infection = 38 publications. Using these
search strategies, 258 studies were identified
and considered for the review. The studies
were further reviewed to exclude studies that
did not fulfill the major inclusion criteria: (1)
studies conducted in hospital environment;
(2) studies involving health personnel who
come into direct contact with patients; and
(3) studies that conducted microbiological
laboratory assessment of the NCMDs investi-
gated. Consequently, 207 studies were
excluded. The remaining 51 studies fulfilled
the study inclusion criteria and were used.

The various reports were systematically
reviewed with respect to the location, target
users of the NCMDs, prevalence of microbial
contamination of the NCMDs, prominent
bacterial contaminant and the percentage of
NCMDs contaminated by methicillin-resist-
ant Staphylococcus aureus (MRSA).
Bibliographies of all papers obtained were
checked for additional relevant information,
which was included in the review.

Results

The 38 selected studies provided scientific
information that enabled meaningful and
reasonable comparisons. The NCMDs inves-
tigated were obtained from health profes-
sionals directly in contact with patients. All
of the studies reported that the health work-
ers rarely disinfect the NCMDs between
uses with different patients. High levels of
bacterial contamination of NCMDs were
recorded in most of the studies, with
Staphylococcus species as the most
prominent contaminant. A summary of the
profile of the studies reviewed is provided
in Table 1.

Table 1. Summary of the profile of the studies on assessment of bacterial contamination of
non-critical medical devices in healthcare facilities

Total number Range of
of NCMDs Proportion (%) Most promi- proportion (%)
Number of screened inall  positive/contam- nent bacterial contaminated by

Type of NCMD studies included studies inated NCMDs contaminant MRSA
Stethoscopes 17 1,698 1,242 (73.1) Staphylococcus 0-32
Tourniquets 7 550 196 (35.6) Staphylococcus 0-25
Ultrasound trans- 4 858 214(24.9 Staphylococcus 0
ducers/probes
Blood pressure 4 405 284(70.1) Staphylococcus 2-8
cuffs
Thermometers 2 238 113 (47.5) Staphylococcus 0
White coats 8 777 316 (40.7) Staphylococcus 3.5-18
Scissors 2 235 185(78.7) Staphylococcus 0
Dermatoscopes 1 112 73(65.2) Staphylococcus 0
Otoscopes 2 95 60(63.2) Staphylococcus 0-95
Pens 4 222 173(77.9) Staphylococcus 0-7.3
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Majority of the studies (17 publications)
provided information on the potential of
stethoscopes to transmit nosocomial infec-
tions (Bukharie et al. 2004; Cohen et al. 1997;
Datta et al. 2013; Gopinath et al. 2011; Lecat et
al. 2009; Madar et al. 2005; Marinella et al.
1997; Merlin et al. 2009; Pandey et al. 2010;
Rusell et al. 2012; Sood et al. 2000; Tang et al.
2011; Uneke et al. 2008, 2010; Whittington et
al. 2009; Youngster et al. 2008; Zuliani et al.

2002) (Table 2). Of these, seven studies were
conducted in developed countries and 10 were
done in developing countries. The number of
stethoscopes screened in the various studies
ranged from 40 to 300, and the prevalence of
bacterial contamination ranged from 10.9% to
100% (Table 2). As high as 20%, 21% and 32%
MRSA contamination was recorded in studies
conducted in Slovakia, India and the USA,
respectively (Table 2).

Table 2. Outcome of studies that investigated the microbial contamination of stethoscopes
used by health professionals

Authors/

year of
publication

Country

Target users

Number
of stetho-
scopes
screened

Number (%)

contaminated
with bacteria
on diaphragm

Most promi-
nent bacterial
contaminant

Percentage
contaminated
by MRSA

Cohenetal. Israel Physicians 55 55(100) Staphylococcus 7.3
(1997)
Marinella et al. USA Physicians, 40 40(100) Coagulase-negative | 0
(1997) nurses, medical staphylococci
students
Sood et al. (2000) | India Health workers | 106 64 (60) Staphylococcus 21
Zuliani Maluf et Brazil Medical staff 300 261(87) Staphylococcus NA
al. (2002) and students
Bukharie et al. Saudi Arabia | Health workers | 100 30(30) Gram-positive 0
(2004) bacilli
Madar et al. Slovakia Physicians, 110 101(91.8) Staphylococcus 20
(2005) medical
students
Youngster et al. Israel Physicians, 43 39(86) Staphylococcus 2.3
(2008) medical
students
Uneke et al. Nigeria Medical 201 161(80.1) Staphylococcus NA
(2008) students
Whittington etal. | UK Health workers | 46 5(10.9) Staphylococcus 0
(2009)[21]
Lecat et al. (2009) | USA Health workers | 99 99(100) Staphylococcus NA
Merlin et al. USA Health workers | 50 16(32) MRSA 32
(2009)
Pandey et al. India Health workers | 80 44 (55) Staphylococcus 7.3
(2010)
Uneke et al. Nigeria Health workers | 107 84(79) Staphylococcus NA
(2010)
Tangetal.(2011) | Canada Physicians, 100 70(70) Coagulase-negative | 0
nurses staphylococci
Gopinath et al. India Health workers | 40 11(27.5) Enterococci NA
(2011)
Russell et al. USA Health workers | 141 141(100) Staphylococcus 0
(2012)
Dattaetal. (2013) | India Health workers | 80 21(26.3) Staphylococcus 50

NA = not assessed/not reported.
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All seven studies that described the micro-
bial contamination of tourniquets were
conducted in developed countries (Ahmed et
al. 2009; Brennan et al. 2009; Flhassan et al.
2012; Leitch et al. 2006; Pinto et al. 2011;
Rourke et al. 2001; Thompson et al. 2011).
The number of tourniquets screened ranged
from 20 to 200, and prevalence of bacterial
contamination ranged from 5% to 100%
(Table 3). A 25% MRSA contamination
was recorded in one of the studies (Leitch
etal.2006).

The four studies that investigated ultra-
sound transducers/probes as potential tools
for nosocomial infection transmission were
all conducted in developed countries (Kac et
al. 2007, 2010; Patterson et al. 1996; Schabrun
etal. 2006). The number of (or times) ultra-
sound transducers/probes screened ranged
from 44 to 440, and prevalence of bacterial
contamination ranged from 3.4% to 92%
(Table 4). No MRSA contamination was
recorded.

Table 3. Outcome of studies that investigated the microbial contamination of tourniquets

used by health professionals

Number

of
Authors/year of

publication Country Target users

tourniquets
screened

Number (%)
contaminated nent bacterial
with bacteria contaminant

Percentage
contaminated
by MRSA

Most promi-

Rourke et al. UK Health workers | 200 10(5) Staphylococcus 0
(2001)
Leitch et al. (2006) | UK Health workers | 131 32(25) MRSA 25
Ahmed et al. UK Health workers | 20 20(100) Coagulase- 10
(2009) negative staphy-

lococci
Brennan et al. Ireland Health workers | 15 15(100) Staphylococcus NA
(2009)
Thompson et al. UK Health workers | 34 23(67.6) Coagulase- NA
(2011) negative staphy-

lococci
Pinto etal.(2011) | Australia Health workers | 100 78(78) MROs 14
Elhassan and UK Junior doctors, | 50 18(36) Staphylococcus 12
Dixon (2012) nursing staff

NA = not assessed/not reported.

Table 4. Outcome of studies that investigated the microbial contamination of ultrasound
transducers/probes used by health professionals

Number of

(or times)

transducers/  Number (%) Most promi- Percentage
Authors/year of probes contaminated nent bacterial  contaminated
publication Target users screened with bacteria contaminant by MRSA
Patterson et al. USA Health workers | 191 175(92) Staphylococcus NA
(1996)
Schabrun et al. Australia Health workers | 44 12(27.2) Staphylococcus 0
(2006)
Kac et al. (2007) France Health workers | 183 12 (6.6) Staphylococcus NA
Kac etal. (2010) France Health workers | 440 15(3.4) Staphylococcus NA

NA = not assessed/not reported.
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Table 5 shows the outcome of studies that
investigated the potential of nosocomial infec-
tion transmission by blood pressure cuffs (de
Gialluly et al. 2006; Uneke and Ijeoma 2010;
Walker et al. 2006) and thermometers (Smith
etal. 1981; Uneke and Ijeoma 2011). The
number of blood pressure cuffs screened
ranged from 24 to 203, and prevalence of

bacterial contamination ranged from 45% to
100% (Table 4). Up to 8% MRSA contamina-
tion was recorded in one of the studies. In the
study that was conducted in Nigeria (Uneke
and Jjeoma 2011), 62% of the 58 thermome-
ters screened had bacterial contamination
(Table 5). MRSA contamination of the ther-
mometers was not assessed.

Table 5. Outcome of studies that investigated the microbial contamination of blood
pressure cuffs, thermometers and white coats used by health professionals

Number of
(or times)
transducers/

Authors/
year of
publication

probes

Country

Blood pressure cuffs

Targetusers  screened

Number (%)
contaminated
with bacteria

Most promi-
nent bacterial
contaminant

Percentage
contaminated
by MRSA

de Giallulyetal. | France Health workers | 203 95 (45) Staphylococcus 43
(2006)
Walker et al. UK Health workers | 24 24(100) Staphylococcus 8
(2006)
Uneke and ljeoma | Nigeria Health workers | 28 23(82.1) Staphylococcus NA
(2011)
Grewal et al. Australia Health workers | 150 142(94.7) Staphylococcus 2
(2013)
Thermometers
Smith etal.(1981) | USA Health workers | 180 77 (43) Staphylococcus NA
Uneke and ljeoma | Nigeria Health workers | 58 36(62.1) Staphylococcus NA
(2011)
White coats
Wongetal. (1999) | UK Physicians 100 25(25) Staphylococcus NA
Treakle et al. USA Health workers | 149 34(23) Staphylococcus 18
(2009)
Priya etal. (2009) | India Interns, grad- 51 39(76.5) Gram-positive NA
uate students, cocci
faculty
members
Pandey et al. India Physicians 130 37(28.5) Staphylococcus 7.3 (total
(2010) isolates)
Uneke and ljeoma | Nigeria Physicians 103 94(91.3) Staphylococcus NA
(2010)
Banuetal.(2012) | India Medical 100 37(28.9) Staphylococcus NA
students
Malini et al. India Medical 30 30(100) Staphylococcus NA
(2012) students
Singhetal. (2013) | Canada Staff and 114 20(17.5) MRSA 35
students of
veterinary
teaching
hospital

NA = not assessed/not reported.
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The potential of white coats to transmit
nosocomial infection was investigated by seven
of the identified studies (Banu et al. 2012;
Pandey et al. 2010; Priya et al. 2009; Treakle et
al. 2009; Uneke and [jeoma 2010; Wong et al.
1991). The number of white coats screened
ranged from 51 to 149, and prevalence of
bacterial contamination ranged from 23% to
91.3% (Table 5). Up to 18% MRSA contamina-
tion was recorded in one of the studies.

The outcome of the studies that investi-
gated the potential of nosocomial infection
transmission by scissors, dermatoscopes and
otoscopes is presented in Table 6 (Cohen et al.
1997; Embil et al. 2002; Hausermann et al.
2006; Korkmaz et al. 2013). Of the 42
otoscopes screened from physicians in
Israel, 90.4% had bacterial contamination,
of which 9.5% were MRSA (Cohen et al.
1997).

Table 6. Outcome of studies that investigated the microbial contamination of scissors,
dermatoscopes, otoscopes and pens used by health professionals

Authors/ Number Number (%) Most promi- Percentage
year of of devices contaminated nentbacterial  contaminated
publication Country Target users screened with bacteria  contaminant by MRSA
Scissors
Embil et al. Canada Health workers 232 182 (78.4) Staphylococcus NA
(2002)
Nwankwo 2012 | Nigeria Health workers 3 3(100) Coagulase- NA
negative staphy-
lococci
Dermatoscope
Hausermannet | Switzerland Health workers 112 73(65.2) Staphylococcus NA
al. (2006)
Otoscope
Cohenetal. Israel Physicians 42 38(90.4) Staphylococcus 95
(1997)
Korkmazetal. | Turkey Otolaryngologists | 53 22(41.5) Staphylococcus NA
(2013)
Pens
Bhat et al. India Physicians, nurses | 75 26 (34.6) Staphylococcus 2.7
(2009) epidermidis
Simetal. (2009) | UK Physicians 64 64 (100) Staphylococcus NA
Wolfe et al. USA Respiratory thera- | 20 17(85) Coagulase- 0
(2009) pists negative staphy-
lococei
Pandey et al. India Physicians 100 66 (66) Staphylococcus 7.3 (total
(2010) isolates)
NA = not assessed/not reported.
Four studies investigated the microbial Discussion

contamination of physicians’ pens (Bhat et al.
2009; Pandey et al. 2010; Sim et al. 2009; Wolfe
etal. 2009) (Table 5). In one of the studies,
there was a 100% contamination of the physi-
cians’ pens (Sim et al. 2009), while in another
study, of the 34.6% of the pens contaminated,
2.7% had MRSA (Pandey et al. 2010).

The high rate of microbial contamination of
the so-called NCMDs demonstrated by the
studies reviewed suggests that these devices
might be a potential route for the transmis-
sion of nosocomial infections in health facili-
ties. This is a serious public health issue espe-
cially in healthcare facilities in middle- and
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low-income settings where effective infection
control systems and standard infection con-
trol operational policies are either lacking or
non-functional. The WHO Nosocomial
Infection Fact Sheet (http://www.who.int/
gpsc/country_work/gpsc_ccisc_fact_sheet_
en.pdf) reported that most countries lack
surveillance systems for healthcare-associated
infections and those that do have systems
often struggle with the complexity and lack
of standardized criteria for diagnosing and
preventing the infections. This is a common
scenario in most health facilities in develop-
ing countries, and as standard infection con-
trol systems are not in place, it would not be
surprising if little or no attention is given to
DA-NIs.

The NCMDs reviewed in this paper are
undoubtedly among the most frequently used
healthcare devices by health workers when
attending to patients. Because they are not
usually used for invasive procedures, little
attention is paid to their disinfection between
patient care by health workers, as indicated by
the studies reviewed. For instance, in some of
the studies that investigated microbial
contamination of stethoscopes, a considerable
number of physicians admitted they never
disinfected their stethoscopes for several
months (Pandey et al. 2010; Uneke et al. 2010;
Zuliani Maluf et al. 2002). There is sufficient
evidence that showed that the lack of adher-
ence to simple nosocomial infection control
guidelines, including hand hygiene and disin-
fection of medical devices used between
patient care, might enhance nosocomial infec-
tion transmission (WHO 2002). The high rate
of non-compliance with hand hygiene, for
instance, which is a well-established phenom-
enon among health workers in most
healthcare facilities, may also be contributing
to the DA-NI burden (Pittet 2001). This is
because pathogen-contaminated hands of a
health worker not only directly transmit these
infectious agents to patients, but the patho-
gens on contaminated hands also could
colonize medical devices used on patients and

could further jeopardize patient safety.

The ability of the pathogens to attach and
establish themselves on the components or
parts of NCMDs that come into contact with
patients’ skin was demonstrated in some of the
studies reviewed, e.g., diaphragm of stetho-
scopes (Cohen et al. 1997; Zuliani Maluf et al.
2002) and fabrics of blood pressure cuffs (de
Gialluly et al. 2006; Walker et al. 2006). During
the diagnosis of infected skin, it is possible for
pathogens to be transferred to another patient
during diagnosis using the same NCMDs
without prior sterilization or disinfection
(Obasi et al. 2009). The skin surface contacted
by the NCMDs, e.g., stethoscope diaphragm,
may be broken or open due to a variety of
causes, including surgical incision, weeping
dermatitis, infected lesion, rash, abrasion,
laceration, puncture wound, needle sticks,
open and infected wounds and various tubes,
drains, ostomies, topical irritation, micro-cuts
and skin breakdown (Patent Storm 2004).

It is of public health concern that some of
the studies reviewed in this paper indicated
high percentages of MRSA contamination of
the NCMDs, including stethoscopes (32%)
(Merlin et al 2009), tourniquets (25%) (Leitch
et al 2006), blood pressure cuffs (8%) (Walker
et al. 2006), white coats (18%) (Treakle et al.
2009) and otoscopes (9.5%) (Cohen et al.
1997). There is therefore the potential of
transmitting such MRSA from one patient to
another from these contaminated NCMDs,
especially in the intensive care unit (van den
Berg et al. 2000; Whittington et al. 2009).
These MRSA and other antibiotic-resistant
organisms are capable of initiating severe
infectious epidemics in a hospital environ-
ment, and the infected patients could require
contact isolation and aggressive treatment to
prevent the spread of the organisms (Gupta et
al. 2004; van den Berg et al. 2000). Although
DA-NIs do not usually receive public attention
except when there are epidemics, it is clearly
unethical to wait until this has occurred before
taking appropriate measures to promote
patient safety. According to the WHO
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Nosocomial Infection Fact Sheet (http://www.
who.int/gpsc/country_work/gpsc_ccisc_fact_
sheet_en.pdf), healthcare-associated
infections usually receive public attention only
when there are epidemics; although often
hidden from public attention, the very real
endemic, ongoing problem is one that no
institution or country can claim to have
solved, despite many efforts.

Many basic nosocomial infection preven-
tion and control measures, such as appropriate
hand hygiene, correct application of basic
precautions during invasive and non-invasive
procedures and sanitizing of medical devices
between uses with patients, are simple and
low-cost, but require staff accountability and
behavioural change (WHO 2002). Most of the
studies reviewed in this paper demonstrated
that simply cleaning the NCMDs with disin-
fectants before using them with each patient
considerably reduces or eliminates microbial
contaminants on the devices.

Lecat et al. (2009) showed that cleaning the
diaphragm of stethoscopes with an ethanol-
based cleanser and isopropyl alcohol pads
significantly reduced the colony-forming unit
counts by 92.8% and 92.5%, respectively. In
the UK, Ahmed and colleagues noted from
their study on cleaning tourniquets with
detergent and disinfectant wipes that there
was a 99.2% reduction in contamination of
the tourniquets five minutes after cleaning
(Ahmed et al. 2009). Therefore, the develop-
ment of rational control methods for
nosocomial infections requires the considera-
tion of frequently used medical devices such as
the NCMDs. This is because the NCMDs have
the potential of serving as vectors or reservoirs
of pathogens that can colonize patients and
other persons in the hospital environment.
The need for a change in the attitudes of health
workers towards sanitation of NCMDs
between uses with different patients cannot be
overstated because of the patient safety impli-
cations. According to Burke (2003),
identification of the risk factors of nosocomial

infections permits elucidation of those that are
alterable from those that are not and facilitates
the development of targeted interventions to
reduce the risk of infection. The findings of
this review therefore make a case for the classi-
fication of contaminated NCMDs as potential
transmitters of nosocomial infection, and any
infection control policy must take their
continuous disinfection into account.

According to the WHO (2008), every
patient has the right to be treated using the
safest technology available in health facilities.
This implies freedom from unnecessary or
potential harm associated with healthcare,
including that which may be caused by
medical devices. WHO (2008) further noted
that all healthcare professionals and institu-
tions have obligations to provide safe and
quality healthcare and to avoid unintentional
harm to patients. Kohn et al. (2000), in a
report on building a safer health system, advo-
cated the need to establish processes or
structures that, when applied, reduce the
probability of adverse events resulting from
exposure to the healthcare system across a
range of diseases and procedures. This should
be applied to the control of DA-NI, paying
special attention to the NCMDs.

Conclusion

The studies reviewed demonstrated that
NCMDs can harbour potential infectious
pathogens, including antibiotic-resistant bac-
teria. It is pertinent to state, however, that
most of the studies reviewed were unable to
unequivocally demonstrate that the NCMDs
actually transmitted the microbial contami-
nants. This is a major limitation with the
studies reviewed. An exception was the study
by Gupta et al. (2004), who used multiple
logistic regression analysis to show that expo-
sure to a health worker wearing artificial fin-
gernails was associated with infection or col-
onization by a clone of extended-spectrum
beta-lactamase-producing Klebsiella pneu-
moniae in a neonatal intensive care unit.
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The inability of the majority of the studies
reviewed to clearly demonstrate that the con-
taminated NCMDs were responsible for the
transmission of nosocomial infections was
largely due to the types of study designs used,
of which the majority were cross-sectional
studies. Future studies with a more complex
design, such as randomized controlled
designs, would be required to accomplish
this. Nevertheless, all the studies did show
that the NCMDs were contaminated with
pathogenic bacteria and that poor NCMD
cleaning/disinfection practices were signifi-
cantly associated with this contamination.
Based on the findings of this review, a patient
safety initiative is urgently needed that can be
implemented in a resource-poor setting and
that must incorporate effective disinfection
and handling of NCMDs as part of policy
components. The following strategies have
been advocated by the studies reviewed: (1)
institution of policy reforms on nosocomial
infection, which must include effective disin-
fection, handling and maintenance of
NCMDs; (2) making it compulsory for
NCMD:s to be sanitized before using them on
each patient; (3) provision of disinfectants
and sanitizers at each point of patient care to
encourage compliance; (4) involving both
hospital management and the health worker
associations in promoting compliance; (5)
instituting staff education and accountability
improvement mechanisms on nosocomial
infection, including DA-NTs; (6) establishing
an audit or feedback mechanism to monitor
compliance; and (7) the use of disposable
NCMDs where possible, e.g., disposable
stethoscopes, tourniquets and thermometers,
especially for clinical high-risk environments.
Although this strategy is definitely out of
reach of most resource-poor settings, under
such clinical high-risk situations, healthcare
workers and health facilities management
should ensure strictest adherence to standard
device disinfection practices. Finally, the
management of healthcare facilities should
ensure that competent, conscientious and

safety-conscious healthcare workers are in
front-line services and receive support to
provide the safe delivery of healthcare.
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