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Abstract
Contaminated surfaces increase the risk of hospital infections. traditional hospital cleanliness 
monitoring has become insufficient. AtP bioluminescence is a developed monitoring tool with limited 
clinical data in healthcare settings. therefore, the current work aims to study the impact of the AtP 
monitoring tool on wound infection rates and fecal colonization among burn patients. the study was 
designed over two phases. Phase i involved conventional cleaning monitoring by visual inspection, 
while phase ii involved the AtP bioluminescence tool. in both phases, clinical and environmental 
swabs were collected for microbial culture and identification. Gram-negative bacteria were screened 
for carbapenem resistance. Among the five selected cases, MAlDi-tOF and Vitek2 were utilized to 
test for phenotypic relatedness between common isolates from different clinical and environmental 
sources. the wound infection rate was significantly reduced from 23% in phase i to 8% in phase ii 
(p-value <0.005). Fecal colonization by CR bacteria demonstrated 7% and 14% in phase i and phase ii, 
respectively. environmental culture demonstrated significantly decreased microbial isolation rates from 
37% (phase i) to 10% (phase ii) (p-value<0.001) with a non-significant decrease in CR bacteria. total 
pass and failed cleaning rates for AtP bioluminescence were 70.9% and 6.08%, respectively. Common 
isolates in 3 cases exhibited a similarity of >65% by MAlDi-tOF and the identical resistance phenotypes 
by Vitek2. the AtP bioluminescence cleaning verification system has been proven a rapid and objective 
tool that positively impacts microbial isolation rates from clinical and environmental samples. 
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iNtRODUCtiON

 Wound infection is a significant global 
concern because it accounts for roughly one-
quarter of all healthcare-associated infections (HAI) 
and fatalities in burn patients,1 who are vulnerable 
to acquiring infections due to poor skin integrity.2 
Contaminated surfaces and inadequate cleaning of 
the hospital environment significantly contribute 
to the occurrence of HAI and fecal colonization 
by superbugs, including carbapenem-resistant 
(CR) organisms, with adverse consequences of 
prolonged hospitalization as well as increased 
morbidity and mortality.3 This urges healthcare 
facilities to adopt monitoring tools to ensure 
adequate environmental cleaning.4

 Visual inspection and microbiological 
culture are conventional methods for evaluating 
surface cleaning. Visual inspection is simple, 
inexpensive, and easy to perform; however, it 
is not objective in assessing adequate cleaning. 
Microbiological culture provides information on 
surface microbial contaminants, but it is time-
consuming. With the evidence of the inadequacy 
of conventional methods, alternative methods 
have been developed to improve the monitoring 
of cleaning.5 Adenosine triphosphate (ATP) 
bioluminescence assay provides immediate 
feedback on the quality of cleaning.6 ATP is a 
substance present in living cells and organic 
materials. The presence of ATP on a surface 
indicates either microbial contamination or 
other organic material.7 The ATP monitoring 
system can determine the number of organic 
matter residuals that remains after cleaning an 
environmental surface, surgical instrument, or 
medical device.8 ATP bioluminescence can be 
employed systematically and regularly in training 
and education to provide immediate feedback 
to environmental service workers or as a quality 
indicator for cleaning.9 This technology is more 
popular in the food and pharmaceutical industry; 
nevertheless, there is a scarcity of data on its 
clinical use in healthcare facilities.9

 Consequently, the present work aims to 
investigate the impact of using ATP bioluminescence 
as a monitoring tool for environmental cleaning on 
rates of nosocomial wound infections and rectal 
colonization among burn patients in a tertiary-care 
hospital. In addition, it aims to characterize clinical 

and environmental isolated organisms and study 
the phenotypic relatedness between common 
isolates.

MAteRiAls AND MethODs

 Our study was conducted at the burn 
unit of Kasr Al-Ainy tertiary care hospital over 
two equal phases (6 months), separated by a run 
period (2 months). The study describes the rates 
of patient rectal colonization and wound infection 
with the characterized isolated microorganisms. 
The study was carried out with the conventional 
monitoring of environment cleaning (visual 
observation) in phase I in comparison with the 
ATP bioluminescence monitoring tool in phase II. 
Study design
 During both phases, clinical samples in 
the form of wound swabs were collected from 100 
burn patients 48 hours after hospital admission in 
order to assess hospital-acquired infections, and 
rectal swabs were taken on the day of admission 
(R0) and four days later (R4) in order to assess 
hospital-acquired colonization. Environmental 
swabs were collected from bed frames in the burn 
unit, as depicted in Table 1. The two-month run 
period between both phases was specified for 
introducing the ATP bioluminescence, training on 
its working procedure, and establishing cut-off 
pass and fail relative light units (RLU) limits for 
different environmental surfaces.

Clinical and environmental sampling
 Rectal swabs were collected from patients 
on day zero (R0) and day four (R4) of admission 
to the burn unit. A cotton swab was placed into 
the rectum and gently rotated.10 After washing 
with saline, wound swabs were rotated over a 1 
cm2 area of the wound.11 Environmental swabs 
were collected from bed frames using moistened 
sterile cotton swabs over a 10 cm2 area.12 For 
environmental cleaning, a prepared 0.1% active 
chlorine solution (1000 ppm) was utilized.13 

AtP Bioluminescence surface Cleaning Verification
 The Hygiena™ SystemSURE Plus™ 
cleaning verification system (Hygiena, LLC, US) was 
utilized for measuring the level of ATP present as 
a surrogate for surface microbial contamination 
with Bioluminescence Technology UltraSnap. The 
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UltraSnap contains a luciferase enzyme, which 
converts ATP to adenosine monophosphate 
and produces light quantified in RLU by the 
SystemSURE Plus™ luminometer device. 
 During the run period, pass and fail limits 
of ATP were set for each of the high touch tested 
surfaces (bed frame, tray, nurse desk, and light 
switch) as guided by the manufacturer. At each 
location, 5-10 replicate ATP tests were conducted. 
The pass limit was determined by calculating the 
average RLU of the 5-10 test results, whereas 
the fail limit was determined by multiplying the 
pass limit by 3. The caution range was the range 
between the pass and fail limits.
 In phase II, ATP swabs were collected 
from high-touch surfaces. As described by the 
manufacturer, swabbing was conducted by 
rotating the swab over an area of 10x10 cm, 
which was inserted into the device. ATP results 
were displayed on the digital screen within 15 
seconds and were interpreted as recommended 
by the manufacturer: a) pass: successful cleaning, 
no action required; b) fail: inadequate cleaning, 
recleaning required; c) caution: the surface may 
not have been adequately cleaned. 

Microbial isolation and identification
 All clinical and environmental swabs 
in both phases were sent to the microbiology 
laboratory, where they were streaked on Blood 
and MacConkey culture media before incubation 
at 37°C for 24 hrs. Standard microbiological 
procedures were used to identify the isolated 
organisms.14 CR Gram-negative organisms, 
including Enterobacteriaceae (CRE), were screened 

by testing susceptibility to meropenem (10 mcg, 
Oxoid) by adopting the Kirby Bauer disc diffusion 
method.15

Phenotyping by MAlDi-tOF and Vitek2
 Concomitantly recovered organisms of 
the same type from clinical and environmental 
samples were tested for their phenotypic 
relatedness by MALDI-TOF (Matrix-Assisted 
Laser Desorption Ionization-Time of Flight) and 
automated Vitek2 advanced expert system 
(AES). MALDI-TOF was performed following the 
manufacturer’s protocol. Microbial proteins were 
extracted, then ionized using laser, and separated 
according to mass/charge ratio. Cluster analysis 
of proteomic profiles was created utilizing MALDI 
Biotyper 3.1 (Bruker Daltonics, Bremen, Germany) 
database version 3.3.1. The manufacturer defined 
the similarity index between the same species as 
65%. Vitek2 (Biomerieux, France) is an automated 
turbidimetric system for microbial identification 
and detection of resistance profiles.16

statistical Analysis
 Data were analyzed using the Statistical 
Package for Social Science (IBM SPSS) version 
23. The comparison between groups was carried 
out using Chi-square test (p-value > 0.05: non-
significant; p-value < 0.05: significant).

ResUlts

 In the present study, clinical samples 
were collected in the form of rectal (R0 and 
R4) and wound swabs from two groups of burn 

table 1. Work design and time frame of the study

  Study period (14 months)

M1  M2  M3  M4  M5  M6  M7  M8  M9  M10  M11  M12  M13  M14

     Phase I Run period     Phase II

• R0: rectal swab day 0 Training on the  • R0: rectal swab day 0
• R4: rectal swab day 4 newly introduced • R4: rectal swab day 4
• Wound swab ATP bioluminescence • Wound swab
• Environmental swab (bed frame) and setting up RLU limits • Environmental swab (bed frame)
      • ATP bioluminescence swabs (bed
       frames, nurse desk, tray table, light 
           switch)
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patients: phase I (n=100) and phase II (n=100). In 
each phase, environmental swabs (n=100) were 
collected from patients’ bed frames. 

Clinical and environmental Microbial isolates
 For rectal swabs, a total of 107 and 106 
microbial isolates were grown from R0 and 44 and 
36 isolates from R4, in phases I and II, respectively. 
As shown in Table 2, E. coli and Klebsiella were 
the most frequently recovered Gram-negative 
organisms, while Enterococci and S. aureus was 
the predominant Gram-positive organisms in both 
phases. Only the reduced recovery of Enterococci 
from 5 isolates in phase I compared to no recovery 
in phase II was statistically significant (p-value: 
0.03). 
 In wound cultures, the infection rate was 
significantly reduced from 23% in phase I to 8% 

in phase II (P<0.05). Pseudomonas and Klebsiella 
were the most common Gram-negative bacteria 
in phase I isolates, accounting for 47.8 % and 
17.4 %, respectively. Pseudomonas and Klebsiella 
frequencies were reduced in phase II compared to 
phase I, with no statistically significant difference 
in Acinetobacter, MRSA, or Enterococci growth.
 In phase I, environmental swab cultures 
revealed a microbial contamination rate of 37%, 
which was reduced to 10% in phase II (P<0.0001). 
As displayed in Table 2, E. coli and Klebsiella were 
predominant in phase I with reduced frequencies 
in phase II. Phase II cultures did not show 
Pseudomonas, Acinetobacter, Enterococci, and 
Streptococci growth, with no statistically significant 
difference compared to phase I. 
 CR Gram-negative isolates were found in 
clinical and environmental samples at rates of 19% 

table 3. Distribution of carbapenem-resistant bacteria in both phases

   Phase I     Phase II 

 R0 R4 W E Total R0 R4 W E Total

CR E. coli 2 2 0 0 4 3 2 0 0 5
CR Klebsiella  1 0 0 0 1 3 3 0 0 6
Total CRE 3 2 0 0 5 6 5 0 0 11
CR Pseudomonas 0 0 6 3 9 0 0 1 0 1
CR Acinetobacter 1 1 2 1 5 3 0 0 0 3
Total CR bacteria  4 3 8 4 19 9 5 1 0 15

CR: carbapenem-resistant, and CRE: carbapenem-resistant Enterobacteriaceae (CR E. coli + CR Klebsiella).

Figure. ATP median values for bed frame swabs along six months-time period of phase II.
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and 15%, respectively, in phases I and II (p-value: 
0.57). Rectal colonization by CR bacteria occurred 
at total rates of 7% and 14% in phases I and II, 
respectively (p-value: 0.16), as depicted in Table 
3. In wound culture, CR bacteria were detected at 
a rate of 8% in phase I with a significant reduction 
to a single grown CR Pseudomonas isolate (1%) 
in phase II (p-value <0.05). However, no CRE was 
recovered in both phases. Environmental cultures 
recovered 4 CR Gram-negative bacteria in phase I 
but none in phase II, with no significant difference 
(p-value: 0.12).

AtP Bioluminescence in Monitoring environment 
Cleaning
 A total of 148 ATP swabs were collected 
from high-touch surfaces. Table 4 illustrates the 
interpretative results for the ATP swabs according 
to the preset cut-off range for every surface. Total 
pass and fail results were recorded with rates of 
70.9% and 6.08%, respectively, and detailed in 
Table 4. The median and interquartile ranges (IQR) 

for ATP amounts on the tray, nurse desk, and light 
switch swabs were 85 (39–183), 219 (314–901), 
and 133.5 (56–183), respectively. As shown in 
Figure, there was a decline in ATP amount over 
the six months of phase II for bed frames, with 
recorded median values (IQR) of 323 (175.5–507), 
270 (183–405), 197.5 (116.5–327.5), 116 (66–147), 
65 (47–183), and 55 (33–153), respectively.

Phenotyping by MAlDi-tOF and Vitek2 system
 The concomitant recovery of the same 
type of bacterial isolates from different clinical 
and environmental sources occurred at rates of 
13% in phase I and 11% in phase II. As shown 
in Table 5, the highest frequency occurred for 
recovery of common isolates from R0 + E swabs 
at rates of 6% and 4% in phase I and phase II, 
respectively. Five cases were selected to test for 
microbial relatedness by MALDI-TOF and Vitek2 
AES system. As depicted in Table 6, MALDI-TOF 
recorded a similarity of >65% among common 
Klebsiella isolates from R4+E in cases 1 and from 

table 4. Interpretative ATP results for environmental swabs from high-touch surfaces

Interpretative Bed Light Tray Desk Total
results (n=112) (n=10) (n= 13) (n=13) (n=148)

Cut-off ranges 266-798 148-445 115–344 250-900 
Pass N (%) 78 (69.6%) 10 (100%) 9 (69.2%) 8 (61.5%) 105 (70.9%)
Caution N (%) 30 (26.7%) - 4 (30.8%) - 34 (22.9%)
Fail N (%) 4 (3.57%) - - 5 (38.5%) 9(6.08%)

table 5. The frequency of common recovery of the same type of isolates from clinical and environmental samples 
in phase I compared to phase II

Source of recovery      Phase I patients      Phase II patients  P-value
        (n=100)       (n=100)

 Type of organism Frequency Type of organism Frequency 
  N (%)  N (%)

R0 + R4 + wound Klebsiella 3(3%) E. coli 1 (1%) 0.308
R0 + R4 + E - 0 Klebsiella 2 0.277
  (0%) E. coli 2 (4%) 
R0 + E E. coli 6(6%) E. coli 3 0.757
   Klebsiella 1 (4%)
R4 + E Klebsiella 2 Klebsiella 1 0.308
 E. coli 1(3%)  (1%) 
Wound + E Pseudomonas 1(1%) - 0 (0%) 0.316
R0 + wound - 0(0%) Klebsiella 1 (1%) 0.316
Total 13 (13%)  11 (11%)  0.66
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R0+E in case 2 as well as among common E. coli 
isolates from R0+E in case 3 with the identical 
resistance phenotypes detected by Vitek2.

DisCUssiON

 In the present study, wound infection 
occurred with a rate of 23% in phase I, and 
a reduction to 8% was observed in phase II, 
indicating that ATP bioluminescence may 
significantly contribute to improving cleaning 
effectiveness. The majority of isolates were Gram-
negative organisms, consistent with another study 
conducted in a burn ICU.17 Pseudomonas was the 
predominant isolate, accounting for 47.8% in 
phase I and 37% in phase II. This finding agrees 
with several studies that reported Pseudomonas 
spp. as the predominant bacteria in burn wounds, 
ranging from 20% to 40%.18–20 In contrast, other 
studies found that S. aureus was the predominant 
bacterial isolate in burn wounds with reported 
rates of 47.6%, 33.8%, and 22.4%, respectively.21-23 
The present study revealed wound infection by 
CR Gram-negative organisms at rates of 8% in 
phase I and 1% in phase II, which may highlight 
the beneficial role of ATP bioluminescence tool in 
reducing the possibilities of transmitting infection. 
No CRE were isolated from wounds in both phases, 
unlike other reports of higher recovery of CRE from 
wounds with rates of 0.3–2.4%.23 In our study, 
rectal colonization by CRE was found at rates of 
5% in phase I and 11% in phase II, where all cases 
were found to have CRE colonization on admission. 
Our rates were lower than other reported rates 
(18.9%–45%) by several other studies.24–26 This 
could be explained by different study populations 
and healthcare settings, as CRE colonization 
is usually more reported in ICU settings.25 The 
unexpectedly higher CRE fecal colonization rate 
in phase II than in phase I could be attributed to 
more cases already being admitted with CRE fecal 
colonization than in phase I.
 Environmental culture revealed a 
predominance of Gram-negative organisms 
showing a rate of 28% in phase I, which was 
reduced to 8% in phase II, with E. coli and Klebsiella 
being the most frequently isolated organisms 
with rates of 16% and 10%, respectively. This 
finding is consistent with the study of Huang et 
al., who reported that Gram-negative bacteria ta
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its speed and objectivity, ATP bioluminescence 
has recently gained popularity as one of the 
primary tools for monitoring environmental 
cleaning.32,35 It has been commonly utilized in 
the food and pharmaceutical industry; however, 
limited reports are available for clinical use in 
healthcare facilities.9 Huang et al. illustrated that 
ATP bioluminescence is a more sensitive and 
rapid tool than visual inspection in evaluating 
the adequacy of cleaning, which is supported 
by another study that recommended its use to 
assess the quality of cleaning inside hospitals 9,35. 
Another study evaluated the adequacy of hospital 
cleaning procedures using ATP bioluminescence 
which demonstrated that visual assessment is 
insufficient to ensure the quality of cleanliness 
and recommended using ATP bioluminescence 
to improve the cleaning process in the hospital 
environment.35 A few limitations were reported, 
such as the lack of a standardized threshold and 
the unstudied possibility of interfering chemistries 
with ATP readings.9

 To our knowledge, this is the first study in 
Egypt evaluating the use of ATP bioluminescence 
cleaning verification in a tertiary healthcare 
hospital. The study targeted burn patients who are 
highly vulnerable to hospital-acquired infections. 
The study has some limitations, such as the small 
number of recovered total isolates, which would 
have necessitated a more extended study period. 
Nonetheless, this was limited in our study by the 
allowable period to examine the device. 

CONClUsiON

 ATP bioluminescence was found to be a 
simple and rapid tool for assessing environmental 
cleaning with a positive impact on the microbial 
isolation rates from clinical and environmental 
samples. Quick and objective feedback on surface 
cleanliness is beneficial for infection control.
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were predominantly isolated from high touch 
surfaces at rates of 18.8% and 8.2% before and 
after cleaning, respectively.9 The predominance 
of E. coli and Klebsiella in the current study 
agrees with universal reports on common 
nosocomial pathogens.27 In contrast, other studies 
demonstrated the dominance of Staphylococci 
isolated from environmental surfaces.28 Variation 
in microbial patterns among different studies 
might be related to different study populations, 
geographical distribution, and different pathogens 
inhabiting healthcare centers.29

 In our study, only four CR organisms were 
isolated from environmental surfaces in phase I 
with absent recovery in phase II, denoting the role 
of ATP bioluminescence in improving the cleaning 
practices and reducing surface contamination by 
superbugs. This finding aligns with the study of 
Peter et al., who reported reduced isolation of 
MRSA in enhanced cleaning monitoring compared 
to the standard cleaning observation.30 Indeed, 
no environmental contamination by CRE was 
recorded in our study, in contrast to other reported 
rates of contamination that reached 8.4%, which 
can be explained by variable infection control 
policies and levels of compliance among different 
healthcare settings.31,32

 In our study, the recorded events 
of concomitant recovery of clinical and/or 
environmental common isolates and the detected 
species similarity by MALDI-TOF strongly suggest 
that hospital surfaces are usually critical factors in 
microbial circulation. By ATP monitoring, reduced 
events in phase II may support improved cleaning 
effectiveness. ATP bioluminescence revealed that 
70.9 percent of collected swabs were successfully 
cleaned, while 6.08 % were inadequately cleaned. 
The highest rates of pass results were observed for 
the light switch (100%) and bed frames (69.6%). 
Bed swabs revealed a gradual decline in ATP 
amounts over the six months of phase II, which 
may reflect improved cleaning effectiveness due 
to the corrective actions taken to respond to failed 
results. This finding strongly agrees with previous 
reports on a significant decline in mean values of 
ATP on bed frames after versus before cleaning.33,34

 Conventional methods of evaluating 
cleanliness have become insufficient. Due to 
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