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Pulse oximeter probes are non-critical devices, but while they may 
require either only low-level disinfection, if not soiled with blood, or 
high-level disinfection if soiled with blood,[1] they may be a source of 
infection. Pulse oximeter probes are regularly used as part of basic 
monitoring during the transport of critical patients to and from 
intensive care unit (ICU) settings, and form part of standard monitoring 
equipment within the ICU.[2] It is questionable whether the internal 
crevices that house the diodes are cleaned adequately, particularly 
in a busy hospital environment with a high patient turnover and 
limited time for adequate decontamination of equipment.[3] A patient’s 
finger can occupy a pulse oximeter probe for a long time during ICU 
admission, leading to sebum build-up and, ultimately, becoming a 
cocoon for microorganisms.[4] The internal surfaces of pulse oximeter 
probes are frequently soiled with various materials. Soiling can impede 
the inactivation of microorganisms, and inhibit the activation of 
disinfectants used.[5] Prolonged contact between pulse oximeter probes 

and patients’ skin may lead to overheating and skin injury.[6] Furthermore, 
the tight application may lead to necrosis,[6] compromising the innate 
immunity offered by the skin.[7]

Previous research has shown non-critical devices to be 
unsuspected reservoirs housing significant numbers and strains 
of microorganisms.[8-20] Studies have reported non-critical devices 
to be responsible for outbreaks of pathogens.[8,10] Most research 
on non-critical devices has come from developed countries, and 
implicated sphygmomanometer cuffs,[12] electrocardiograph leads,[13] 
stethoscopes[14] and temperature probes[15] as reservoirs. Other devices 
such as orthopaedic tourniquets,[16] sharps containers,[17] computer 
keyboards,[18] gloves[19] and telephones[20] have also been implicated. 
A few studies have found pulse oximeter probes to play a role in 
hospital-acquired  infection (HAI) transmission,[3,4,21-24] and three of 
these studies describe outbreaks traced back to pulse oximeter probes 
as unsuspected sources of HAI.[21,22,24]
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Contribution of study
•	 This study identifies internal surfaces of pulse oximeter probes as reservoirs for infection in intensive care units (ICUs), particularly in a 

burns ICU setting, pinpointing one of many sources of hospital-acquired infections within ICU cubicles. 
•	 The study emphasises the need to clean the internal surfaces of pulse oximeter probes (whether visibly soiled or not) prior to disinfection.

Background. The internal surfaces of pulse oximeter probes may be overlooked as hot spots for pathogenic microorganisms in an intensive care 
unit (ICU), thereby contributing to the high incidence of hospital-acquired infections. 
Objectives. To determine the growth and identification of microorganisms on pulse oximeter probes in the multidisciplinary ICU (MICU) at 
Charlotte Maxeke Johannesburg Academic Hospital and the burns ICU (BICU) at Chris Hani Baragwanath Academic Hospital, before and after 
decontamination.
Methods. This was a cross-sectional, comparative and contextual study, using purposive sampling. Data were collected from the internal surfaces 
of 34 pulse oximeter probes in a MICU and BICU. Each pulse oximeter probe was swabbed before and after decontamination. The endemic 
microorganism profile for the two ICUs was obtained from a laboratory database.
Results. Internal surfaces of 31 (91%; 95% confidence interval (CI) 0.76 - 0.98) pulse oximeter probes were contaminated with 9 different 
pathogenic microorganisms pre decontamination. Acinetobacter baumannii, Klebsiella pneumoniae and Pseudomonas aeruginosa were endemic 
to both ICUs, and were the most-frequently isolated microorganisms. Staphylococcus aureus was the most common microorganism endemic 
to both ICUs, isolated on the internal surfaces of only 2 pulse oximeter probes. Of the internal surfaces of pulse oximeter probes, 6  (18%; 
95% CI 0.07 - 0.35) remained contaminated post decontamination, with a microorganism growth reduction of 80% (p=0.0001).
Conclusion. The internal surfaces of pulse oximeter probes may serve as hot spots for an array of pathogens with the potential to cause infection 
and outbreaks in ICUs. Decontamination of the internal surfaces of pulse oximeter probes should be emphasised.
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Burns and HIV are two of the main causes of immunosuppression in 
patients admitted to ICUs. In South Africa (SA), burn injuries account 
for the highest number of unnatural causes of death in children.[25] 
Furthermore, HIV-associated diseases accounted for 50% of hospital 
admissions in 2011, and it is predicted that HIV-positive patients will 
account for up to 70% of hospital costs in the future.[26] The innate 
immunity offered by the skin in patients with a burn injury is markedly 
reduced,[27] and HIV-positive patients are likely to have dry skin.[28] 
Therefore, the skin of such patients is more likely to be breached by 
microorganisms, placing them at higher risk of cross-contamination 
from contaminated pulse oximeter probes.[29] Ideally, disposable devices 
should be used on these patients to avoid cross-contamination.[30] 
However, in a resource-limited country such as SA, disposable devices 
are not usually attainable in the public sector. In Johannesburg, SA, 
at Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) and 
Chris Hani Baragwanath Academic Hospital (CHBAH), the burden of 
HAI is of significance in the multidisciplinary and burns ICUs (MICUs  
and BICUs), respectively, as both ICUs are occasionally closed down 
during outbreaks of extensively drug-resistant microorganisms. No 
research could be identified that has addressed non-critical devices, or 
specifically pulse oximeter probes, as potential reservoirs for HAI in SA. 
The aim of this study was to determine the growth and identification of 
microorganisms on pulse oximeter probes in the MICU at CMJAH and 
the BICU at CHBAH, before and after decontamination.

Methods
This was a cross-sectional, comparative and contextual study. An ethics 
waiver from the Human Research Ethics Committee (Medical) (ref. no. 
W-CBP-180601-01), and approval from other relevant authorities, were 
obtained. 

The MICU at CMJAH and the BICU at CHBAH were chosen 
because they are known to experience outbreaks of Acinetobacter 
baumannii. All available pulse oximeter probes within the ICUs 
were sampled, to formulate a pool of pulse oximeter probes to meet 
sample size. The growth of microorganisms between the two ICUs 
was not compared. Each pulse oximeter probe was given a study 
number. In consultation with a biostatistician, a sample size of at least 
33 pulse oximeter probes for each group was determined to have a 
significance of 5% and statistical power of 90%, with the proportion 
of contaminated pulse oximeter probes being estimated to be 0.6 pre 
decontamination, and 0.3 post decontamination, based on proportions 
of contaminated and decontaminated pulse oximeter probes identified 
in the literature.[4,23] Group 1 consisted of pulse oximeter probes pre 
decontamination, and group 2 of the same pulse oximeter probes post 
decontamination.

The unit nursing managers confirmed that no written protocols were 
available within the ICUs regarding the decontamination of equipment. 
The ICUs’ standard decontamination practices consisted of cleaning 
soiled pulse oximeter probes with a Webcol swab (70% isopropyl alcohol) 
followed by disinfection with QualiClean (a chlorine-based disinfectant) 
(personal communication: Sr Rafu, MICU CMJAH; Sr Churu, paediatric 
BICU CHBAH; Sr Dlamini, Adult BICU CHBAH; 20 June 2017). 

The characteristics (manufacturer; type of pulse oximeter probe; 
location; cleanliness; soiled with blood; and visible cracks on diode) 
of each pulse oximeter probe were captured on a data collection sheet.

The first author was the sole data collector. Without prior warning to 
unit nursing staff, all samples were collected on 4 September 2018. The 
internal surfaces of pulse oximeter probes housing the diode sensors 
served as test surfaces. Test surfaces were swabbed in a standardised 

manner using a swabbing technique adapted from Nandy et al.[4] Strict 
barrier precautions were maintained. The data collector’s hands were 
disinfected with D-Germ hand antiseptic, and sterile gloves were 
donned. Test surfaces were swabbed using sterile, M40-compliant 
transwabs in Amies transport medium. A continuous rolling method 
from point A to point B, following the arrows as illustrated in Fig. 1, 
was used, until the entire test surface was covered. This process was 
repeated on the opposite test surface of the same pulse oximeter probe 
with the same swab. The swab was then cautiously placed back in the 
transport medium without touching the rim of the container. Old 
gloves were discarded, and new sterile gloves donned. Test surfaces were 
cleaned with a Webcol swab (70% isopropyl alcohol) vertically, from 
top to bottom, with three strokes.[4] Intermediate-level disinfection of 
the test surfaces was carried out using sterile gauze (folded 2 cm wide) 
soaked in Qualiclean (30 g sachet diluted in 10 L cold water until a 
clear solution was achieved, as per manufacturer instructions, yielding 
a chlorine strength of 250 ppm), in three vertical strokes, from top to 
bottom.[4] Test surfaces were allowed to dry for 30 seconds (exposure 
time for Qualiclean). Old gloves were discarded, and new sterile gloves 
donned. The test surfaces of the decontaminated pulse oximeter probes 
were re-swabbed using the technique described. 

Samples were labelled according to the Vermaak and Partners 
Pathologists Laboratory’s standardised form for identifying specimens, 
and transported to the laboratory in Rosebank, Johannesburg, without 
delay. Samples were processed according to good laboratory practice. 
Following the identification of microorganisms, viable counts were 
determined using a colony count, which is a semiquantitative method of 
streaking out on miniature plates. 

The laboratory defined colony count scores of 0+, 1+, 2+ and 3+ 
to reflect scanty growth, low-level contamination, medium-level 
contamination and high-level contamination, respectively. Sensitivity 
testing was not performed, owing to financial constraints.

The endemic microorganism profile for the two ICUs represented a 
4-month period around data collection. All clinical specimens received 
by the National Health Laboratory Service from the two ICUs for the 
period 1 June 2018 to 30 September 2018 were obtained from the 
National Health Laboratory Service database. Culture-positive clinical 
specimens provided a reflection of the microbiological epidemiology of 
the ICUs for this period.

Data were entered into an Excel (Microsoft, USA) spreadsheet, and 
statistical analysis was performed in consultation with a biostatistician. 

Point A

Diode

Point B

Fig. 1. Method of swabbing pulse oximeter test surface.
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Descriptive statistics (counts and percentages) were used for categorical 
data. The proportions of pulse oximeter probes contaminated before 
and after disinfection were compared using McNemar’s test. A p-value 
of ≤0.05 was considered to be statistically significant.

Results
A total of 34 pulse oximeter probes were sampled between the two ICUs. 
Of these, 26 (77%) were at the bedside and 8 (24%) were from portable 

monitors, or found in storage. Nine (26%) pulse oximeter probes were 
sampled from the MICU at CMJAH, and 25 (74%) from the BICU at 
CHBAH. Eleven (32%) pulse oximeter probes were sampled from the 
paediatric BICU, and 14 (41%) from the adult BICU. Table 1 shows the 
characteristics of the pulse oximeter probes. 

From the test surfaces of the 34 pulse oximeter probes sampled before 
decontamination, 31 (91%; 95% CI 0.76 - 0.98) were contaminated. Of 
these, 8/9 (89%; 95% CI 0.52 - 0.99) and 23/25 (92%; 95% CI 0.74 - 0.99) 
pulse oximeter probes from the MICU and BICU were contaminated, 
respectively. Twenty-five (81%) contaminated pulse oximeter probes 
isolated one microorganism each, and 6 (19%) contaminated pulse 
oximeter probes isolated two microorganisms each.

Of the test surfaces of the 34 pulse oximeter probes sampled after 
decontamination, only 6 (18%; 95% CI 0.72 - 0.35) were contaminated. 
Of these, 2/9 (22%) and 4/25 (16%) were from the MICU and BICU, 
respectively.

The results of bacterial contamination of pulse oximeter probes before 
and after decontamination are presented in Table 2. 

Microorganism growth was reduced by 80% after cleaning with a 
Webcol swab and disinfection with Qualiclean, which was statistically 
significant (p=0.0001).

The endemic microorganism profile and the microorganisms grown 
before decontamination of pulse oximeter probes in the MICU and 
BICU, respectively, are shown in Tables 3 and 4. A total of 135 and 
192 samples were cultured from the MICU and BICU, respectively, 
between 1 June and 30 September 2018. The tables represent the most 
common microorganisms isolated from pulse oximeters probes prior 
to decontamination within both ICUs.

Discussion
HAIs negatively affect patient safety.[31] SA has a high HIV prevalence, 
which increases the risk of HAI acquisition.[26] Infection control is 
important to prevent HAI transmission[32] and empirical antibiotic 
practices that could lead to antibiotic resistance.[33] A possible step 
toward reducing the risk of acquiring a HAI is the identification of 
hot spots through target-surface sampling of equipment. Hot-spot 
identification could lead to the detection of overlooked reservoirs that 
harbour pathogenic microorganisms.[21]

Table 1. Pulse oximeter probe characteristics (N=34)
Characteristic n (%)
Manufacturer

Philips 11 (32)
Mindray 9 (26)
PC-900 6 (18)
Dräger 4 (12)
BeneView T8 2 (6)
Matholo Healthcare 2 (6)

Type of pulse oximeter probe
Rubber thimble 20 (59)
Clamshell 12 (35)
Bandage apparatus 2 (6)

Location
On patient 19 (56)
Storage 5 (15)
At patient bedside 4 (12)
Open bed space 3 (9)
Portable monitor at open bed space 2 (6)
Portable monitor on patient 1 (3)

Cleanliness
Clean 23 (68)
Soiled 11 (32)

Soiled with blood
No 7 (64)
Yes 4 (36)

Visible cracks on diode
No 30 (88)
Yes 4 (12)

Table 2. Bacterial contamination on internal surfaces of pulse oximeter probes before and after decontamination

Microorganism 

Colony count, n Total positive growth, n
1+ 2+ 3+

Before After Before After Before After Before After
Acinetobacter baumannii complex* 2 0 4 1 6 0 12 1
Coagulase-negative Staphylococcus 6 3 1 0 0 0 7 3
Klebsiella pneumoniae* 1 0 1 0 1 0 3 0
Pseudomonas aeruginosa* 0 0 0 0 3 0 3 0
Paenibacillus lautus 1 1 0 0 1 0 2 1
Arthrobacter globiformis 2 0 0 0 0 0 2 0
Staphylococcus aureus* 0 0 2 0 0 0 2 0
Enterobacter cloacae complex* 0 1 0 0 1 0 1 1
Bacillus megaterium 0 0 0 0 1 0 1 0
Candida auris* 1 0 0 0 0 0 1 0
C. parapsilosis 0 0 0 0 1 0 1 0
Escherichia coli* 0 0 0 0 1 0 1 0
Enterococcus faecalis* 1 0 0 0 0 0 1 0
Enterobacter hormaechei* 0 0 0 0 1 0 1 0

*Pathogenic microorganisms.
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The internal surfaces of pulse oximeter probes may be overlooked as hot 
spots for infection, placing ICU patients at risk for HAIs. Pulse oximeter 
probes contaminated with pathogenic microorganisms in close contact 
with the skin of susceptible ICU patients are a cause for concern.[34]

In the present study, 91% of the internal surfaces of pulse oximeter 
probes were contaminated before decontamination. The literature 
shows microorganism contamination of pulse oximeter probes ranging 
from 66 to 80%.[3, 23, 24] In the present study, the higher contamination 
of pulse oximeter probes and proportion of pathogenic microorganisms 
identified are difficult to compare with previous studies, which sampled 
pulse oximeter probes from different wards and ICUs. Furthermore, no 
previous studies could be identified that sampled pulse oximeter probes 
within a BICU, which has favourable conditions (a warm environment) 
for microorganism growth and persistence on environmental surfaces.[35]

Of the contaminated pulse oximeter probes prior to decontamination 
in this study, 68% isolated 9 different pathogenic microorganisms, with 
predominantly high-level contamination, namely: Acinetobacter baumannii 
complex; Klebsiella pneumoniae; Pseudomonas aeruginosa; Staphylococcus 
aureus; Enterobacter cloacae complex; Candida auris, Escherichia coli; 
Enterococcus faecalis; and Enterobacter hormaechei. Wilkins[23] sampled 
pulse oximeter probes from various units in 15  different hospitals in 
the USA. Of the 44 pulse oximeter probes sampled, 29 (66%) were 
contaminated, of which only 4 (14%) isolated pathogenic microorganisms, 
namely: S. aureus, S. haemolyticus, Enterococcus faecalis and Klebsiella 
oxytoca. Three of these pulse oximeter probes were from ICUs.[23] Davis[3] 
sampled pulse oximeter probes in an emergency department within a 
rural hospital in Australia. Of the 15 pulse oximeter probes sampled, 12 

(80%) were contaminated, of which only 2 (13%) isolated pathogenic 
microorganisms, namely Staphylococcus aureus and Bacillus species.[3] 
Morter et al.[24] sampled various equipment from different wards in a 
hospital in the UK to isolate sources for a norovirus outbreak. Of the 
6 pulse oximeter probes sampled, 4 (67%) were contaminated with the 
norovirus.[24]

Staphylococcus aureus was the most common endemic microorganism 
in both ICUs. In this study, however, only two 2 oximeter probes 
isolated Staphylococcus aureus, each with medium-level contamination. 
Previous studies have similarly shown only a few pulse oximeter probes 
to isolate Staphylococcus aureus.[3,23] Nevertheless, considering that 
Staphylococcus aureus can persistently adhere to environmental surfaces 
with its peptidoglycan-containing cell wall,[36] and that Parer et al.[21] 
traced an outbreak-inducing heterogeneous glycopeptide-intermediate 
Staphylococcus aureus strain to the internal surface of a pulse oximeter 
probe within a trauma ICU, the mere growth of Staphylococcus aureus on 
pulse oximeter probes warrants alertness.

In this study, Acinetobacter baumannii complex was the most 
frequently isolated microorganism prior to decontamination, with the 
contamination levels ranging from low to high. This microorganism had 
a high endemic growth within the BICU (28%) and MICU (11%), and 
was present on 5 of the 6 pulse oximeter probes that isolated 2 pathogens 
each. Klebsiella pneumonia and Pseudomonas aeruginosa were among 
the most frequent pathogens endemic to both ICUs, and the third-most 
frequently isolated microorganisms on the internal surfaces of the pulse 
oximeter probes. One pulse oximeter probe soiled with blood had high-
level contamination of both of these pathogenic microorganisms. 

These 3 microorganisms have the potential to cause HAIs in 
immunocompromised patients.[35-37] Their presence on the internal 
surfaces of pulse oximeter probes is clinically significant because they 
are responsible for frequent extensively drug-resistant outbreaks in the 
BICU at CHBAH (personal communication: Dr Wadula, pathologist-
in-charge, clinical and infectious diseases, CHBAH, 6 March 2018), 
placing strain on last-resort antibiotics such as colistin, and highlighting 
the emergence of antibiotic-resistant Gram-negative bacilli within SA.[38]

In this study, 6 (19%) contaminated pulse oximeter probes isolated 
2 different pathogenic microorganisms each, pre decontamination. 
Additionally, 6 (18%) pulse oximeter probes remained contaminated post 
decontamination, of which 4 were contaminated with skin commensals, 
namely: coagulase-negative Staphylococcus and Pseudomonas lautus. Of 
note, these decontaminated pulse oximeter probes were on patients’ fingers 
pre-decontamination, 3 of which were visibly soiled with blood, and 2 of 
which had visible cracks on their internal surfaces. These characteristics 
possibly reflect the build-up of tissue residuals (sebum, blood, debris) on 
pulse oximeter probes that impede terminal decontamination processes[39] 

Table 3. Endemic microorganism profile and number of 
contaminated pulse oximeter probes in the MICU

Microorganism 

Endemic 
microorganism,
n (%)

Pulse 
oximeter 
probe, n 

Staphylococcus aureus 29 (21) 1
Klebsiella pneumoniae 19 (14) 0
Pseudomonas aeruginosa 17 (13) 0
Acinetobacter baumannii complex 11 (8) 0
Candida albicans 8 (6) 0
Escherichia coli 8 (6) 0
Enterococcus faecium 7 (5) 0
Staphylococcus epidermidis 7 (5) 0
Proteus mirabilis 3 (2) 0
Coagulase-negative Staphylococcus 0 6
Candida auris 0 1

MICU = multidisciplinary intensive care unit.

Table 4. Endemic microorganism profile and number of contaminated pulse oximeter probes in the BICU
Microorganism Endemic microorganism, n (%) Pulse oximeter probe, n 
Staphylococcus aureus 53 (28) 1
Acinetobacter baumannii complex 34 (18) 12
Pseudomonas aeruginosa 23 (12) 3
Coagulase negative Staphylococcus 18 (9) 1
Klebsiella pneumoniae 13 (7) 3
Enterococcus faecalis 9 (5) 1
Proteus mirabilis 7 (4) 0
Escherichia coli 6 (3) 1
Enterococcus faecium 3 (2) 0

BICU = burns intensive care unit.
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and promote microorganism persistence on environmental surfaces,[4] 
despite adhering to the manufacturer and hospital guidelines. No previous 
studies could be identified that investigated the contamination of pulse 
oximeter probes after decontamination. 

Following decontamination, microorganism growth was reduced 
by 80%. The reduction in contaminated pulse oximeter probes was 
statistically significant, reflecting the effectiveness of cleaning with a 
Webcol swab followed by disinfecting with Qualiclean (decontamination 
processes that are already employed within both ICUs during regular 
scrub-down processes). While an 80% reduction in contamination is 
acceptable, 20% contaminated pulse oximeter probes still remains a risk 
to patients. In this study, attributable causes for remnant contamination 
might be the cracks and crevices present on pulse oximeter probes. 
In addition to following manufacturer and unit decontamination 
guidelines, possible improvements might be to cease using cracked pulse 
oximeter probes, and to target the crevices around diodes more closely 
during decontamination processes.

A limitation of this study is that it was done contextually in 
CHBAH and CMJAH, and therefore cannot be generalised to ICUs in 
other hospitals. Sensitivity testing could not be done due to funding 
constraints. Future studies investigating the sensitivity of pathogens 
isolated from pulse oximeter probes are recommended.

Conclusion
This study has shown that the internal surfaces of pulse oximeter probes 
may serve as hot spots for an array of pathogens with the potential to 
cause infection. Cleaning and disinfecting the internal surfaces of pulse 
oximeter probes should be emphasised, and possibly incorporated 
into a target-surface sampling protocol in an ICU setting, where it is 
not practical to have cubicles vacant for prolonged periods while an 
outbreak is being addressed.
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