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1. Introduction

 Pathologic examination involves the direct 

handling of organs and biopsy specimens and thus 

carries a high risk of infection. However, few reports 

have addressed infections related to pathology 

laboratories.1 According to Masuda et al., the 

average annual infection rate associated with clinical 

laboratory work was 0.2% over a 10-year period. In 

that study, Mycobacterium tuberculosis was the 

most common infectious agent, followed by hepatitis 

B virus.2 Consistent with that observation, labora-

tory-acquired infections, such as tuberculosis and 
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Summary  This study aimed to determine the hygiene status of a pathology laboratory. We 

measured the level of adenosine triphosphate (ATP), a potential indicator of microbial contamina-

tion, before and after performing laboratory work. Specific points on the cutting table and the 

organ imaging table were cleaned with 70% ethanol and paper towels for a fixed period at the 

beginning and end of the routine. Hand disinfection was performed with triclosan- or isopropyl-

methylphenol-containing soap. ATP activity was measured before and after cleaning. Cleaning 

reduced the ATP activity level on both tables, and the ATP activity level decreased on the cutting 

table as the number of cleanings increased. Triclosan-containing soap was associated with a greater 

decrease in ATP activity after handwashing. Workstation cleaning and handwashing protocols 

reduced the level of ATP activity in a pathology laboratory. Our results suggest that ATP can be 

used both as a cleanliness index and as a measure for monitoring contamination.
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hepatitis B infection, occur frequently during labora-

tory work, and pathologic specimens have been 

identified as the causes of some infections. The 

occurrence of laboratory-acquired infections under-

scores the difficulty of preventing infection and the 

need for infection control according to the risk 

level.3

 The Centers for Disease Control and Prevention 

manual recommends that a pathology laboratory 

should implement biosafety level 2 measures based 

on the assumption that pathologic specimens contain 

pathogenic microorganisms.4 In particular, such 

measures should be applied to the cutting table in 

the pathology examination room, and care should be 

taken to clean this table after tissue processing has 

been completed. In this study, we used adenosine 

triphosphate (ATP) activity as an index of the degree 

of microbial contamination in a pathology laboratory 

before and after tissue processing to determine 

whether ATP activity is a useful measure of the 

degree of hygiene after cleaning the cutting table 

and handwashing.

2. Materials and Methods

 Two areas, the cutting table and the imaging 

table, were evaluated in this investigation of the 

hygiene status of a pathology worksite. ATP activity 

on these surfaces was measured once, before and 

after cleaning the surfaces at 2, 3, 7, and 8 h from 

the beginning of the routine. The experiments were 

conducted on the day before without washing. The 

ATP activity measurement points were determined 

before and after cleaning the surfaces. At the end of 

the routine, cleaning was repeated, and ATP activity 

was measured again. During work, the table was 

cleaned by spraying the whole surface with 70% 

ethanol and then wiping the surface with paper 

towels. At the end of the routine work, 10 cm2 

section of each work area was sprayed with 70% 

ethanol, and then the same area was swabbed with 

cotton swab twice with the same pressure horizon-

tally and vertically to collect samples for measuring 

ATP activity. The effectiveness of the usual hand-

washing method was determined by evaluating the 

hands of three volunteer pathology examiners who 

had provided informed consent. ATP activity on the 

hands was measured before and after washing with 

two types of hand soap: soap containing triclosan 

(Clean Chemical Co., Ltd., Osaka, Japan) and soap 

containing isopropylmethylphenol (Albose Co., Ltd., 

Osaka, Japan). The evaluation was performed twice 

for each examiner on different study days. After 

washing the hands and drying them with paper 

towels, the palm of the dominant hand from the wrist 

to the fingertips and from the thumb to the little 

finger and the spaces between the fingers were wiped 

five times with a swab.

 The sanitary environment was evaluated by 

measuring the ATP produced by bacteria. A Clean 

Trace ATP activity kit (3M Healthcare Co., Ltd., 

MN, USA) was used for this purpose. The coefficient 

of variation for reproducibility of this kit as indicated 

by the manufacturer was 7.4 %, and the limit of 

detection was 30 Relative Light Unit (RLU). The 

wiped swab was inserted into a tube containing the 

test reagent and stirred to initiate a reaction. Next, 

the swab was mounted in a UNG3 luminometer (3M 

Healthcare Co., Ltd.), and ATP activity was measured 

to quantify the degree of contamination.

 All data are presented as ATP activity values 

per cm2 of wiped area, and the means ± standard 

deviation (SD). The statistical significance of differ-

ences was evaluated by Wilcoxon matched-pairs 

signed rank test using GraphPad Prism version 9.3.1. 

P-values less than 0.05 were considered statistically 

significant.

3. Results

 First, the ATP activity levels on the cutting 

table and organ imaging table used for pathologic 

examinations were measured to evaluate their 

hygiene status. The ATP activity levels on the 

cutting table before and after performing work were 

134 and 189 RLU /cm2, respectively, at 2 h, 38 and 

33 RLU/cm2 at 3 h, 46 and 61 RLU/cm2 at 7 h, and 

48 and 20 RLU/cm2 at 8 h. A value of 18 RLU/cm2 

was measured at the final cleaning.

 The ATP activity levels on the organ imaging 
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table before and after performing work were 786 and 

686 RLU/cm2, respectively, at 2 h, 483 and 223 

RLU/cm2 at 3 h, 303 and 254 RLU/cm2 at 7 h, and 

294 and 317 RLU/cm2 at 8 h. A value of 42 RLU/

cm2 was measured at the final cleaning (Fig. 1).

 Next, the ATP activity levels were measured 

after handwashing with different cleaning agents. 

The average values measured before and after 

washing with soap containing isopropylmethyl-

phenol were 1,522 and 319 RLU/cm2, respectively, 

indicating a considerable decrease in ATP activity. 

The average values measured before and after 

washing with soap containing triclosan were 2,004 

and 310 RLU/cm2, respectively. Although neither of 

these differences was significant, all the results 

suggested that ATP activity significantly decrease 

after handwashing (P < 0.05; Fig. 2). For the 

purpose of hand hygiene, the ATP activity level 

before washing was set  at  100% with soap 

containing triclosan or isopropylmethylphenol, and 

the rate of reduction of ATP activity after washing 

was calculated. The ATP activity level decreased by 

an average of 11.2% after washing with soap 

containing triclosan and 18.1% after washing with 

soap containing isopropylmethylphenol.

4. Discussion

 In this study, we evaluated ATP activity as a 

potential measure of contamination by living organ-

isms on the workbenches and the hands of examiners 

in a pathology laboratory. Hygienic and environ-

mental monitoring is important for preventing cell 

contamination and maintaining infection control 

during pathologic work.5 Generally, ATP activity is 

used as an objective measure of hygiene status in the 

processing of foods and drinks such as melon, raw 

milk, and drinking water.6-8 In contrast to the long 

period required for culture of a general wipe test, 

ATP activity can be measured within 30 min and is 

highly sensitive.9 Because ATP is present in the 

human body, we thought that it could be evaluated 

as an indicator not only of bacterial contamination 

but also of cell contamination. In contamination by 

human cells, it is difficult to distinguish between the 

patient’s cells and those from someone other than 

the patient. For example, contamination of the 

thyroid gland by squamous epithelial cells results in 

an erroneous determination. In our experiments, we 

found that wiping with 70% alcohol reduced the 

Fig. 1.   Changes in adenosine triphosphate (ATP) activity level with 

cleaning protocols over time in a pathology laboratory.

  The ATP levels of the cutting (● ) and imaging (■) table samples 

were measured at the beginning and end cleaning. A portion (10 

cm2) of each table were wiped with cotton swab and measured only 

once using Clean Trace ATP activity kit.
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ATP activity level on the laboratory workbenches 

and handwashing with triclosan-containing soap was 

effective in terms of good hand hygiene. Because 

ATP is present in human-derived cells, we believe 

that the ATP activity level can be used to monitor 

contamination by other cells, which could affect the 

accuracy of a pathologic examination. Our results 

suggest that the ATP activity level is a useful 

measure of laboratory hygiene.

 We selected the cutting table and the organ 

imaging table as monitoring locations because both 

often come into contact with fresh materials during 

and after pathologic evaluations, which may cause 

contamination and infection. We observed to decrease 

ATP activity on the imaging table after cleaning; the 

decrease in ATP activity on the cutting table was not 

very pronounced, but the ATP activity level became 

lower with each increase in the number of washes. 

Beatrice et al. defined 100 Colony forming unit (CFU)/

cm2 or 40 RLU/cm2 as the threshold for the medium-

risk category and 250 CFU/cm2 or 50 RLU/cm2 as 

the threshold for the low-risk category.10 Our results 

showed that the number of washes was associated 

with the low-risk category. For the cutting table, the 

low-risk category was reached after three washes, 

and for the imaging table, the low-risk category was 

reached after nine washes. This time, wiping was 

done every 8 times in 8 hours. Even after wiping, the 

work continued, and therefore, it became contami-

nated. Therefore, we think that regular wiping is 

necessary. In our study, even the highest ATP activity 

values measured on the cutting table, which had a 

stainless-steel surface, were lower than those reported 

in the literature related to food processing, and were 

considerably lower than previously reported values 

in the case of washing followed by wiping.11 Our 

results may have been due to the use of continuous 

ventilation, which prevented an increase in the ambient 

temperature, and performance of cleaning throughout 

the day. Accordingly, the initial degree of microbial 

contamination was low, and the related ATP activity 

level remained low. However, ATP activity on the 

cutting table was highest before the beginning of the 

routine daily work and decreased thereafter. It was 

also higher than the reported food bench ATP activity 

except before the afternoon works and during the 

final wipe.

 In September 2016, the US Food and Drug 

Administration announced that it would ban prod-

ucts containing 19 antimicrobial agents, including 

triclosan and triclocarban.12 However, triclosan 

remains an ingredient in hand sanitizers used in 

Fig. 2.   Changes in adenosine triphosphate (ATP) activity level on the hands of 

pathologic examination workers before and after handwashing, according 

to the antibacterial agent contained in the soap.

   The effects of handwashing with soaps containing triclosan (a) and isopro-

pylmethylphenol (b) were evaluated. The hands of three volunteers were 

measured twice each on different days and measured only once using Clean 

Trace ATP activity kit (n=6). *P < 0.05
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medicine and is considered beneficial for improving 

compliance with handwashing and hand sanitizer 

use.13 The effects of triclosan on the skin are both 

sustained and cumulative, which may reduce ATP 

activity on the hands.12 Isopropylmethylphenol is 

effective against the bacterial species Staphylococcus 

aureus, Escherichia coli, Pseudomonas aeruginosa, 

Salmonella typhimurium, Vibrio cholerae, and 

Streptococcus pyogenes, as well as the fungal species 

Candida albicans.14 This chemical is also used as an 

antiperspirant. Despite these observations, there is 

little evidence to support the benefits of soap containing 

antimicrobials compared to regular soap, and long-

term exposure appears to affect bacterial resistance 

and as endocrine disruptors.12 In this study, we eval-

uated the disinfection effect of triclosan and 

isopropyl methylphenol. The results showed that 

both triclosan and isopropylmethylphenol decreased 

ATP activity and were considered to have disinfec-

tant effects.

 Our study had some limitations. For example, 

the sources of laboratory-related infection remain 

unclear. However, we believe that evaluation of the 

hygiene status of the laboratory table used to handle 

raw samples during the first cutting procedures is a 

useful preventive measure. In this study, hygiene 

status was evaluated according to ATP activity. 

However, these measures were not compared with 

data from standard microbial culture examination. In 

future evaluations, a comparison of these types of 

data would yield more accurate results. Furthermore, 

we observed variations in ATP activity, even on the 

hands of the same subjects, before handwashing with 

different disinfectants. More concrete results could 

be obtained from further comparative studies with 

adjustment for variations. In the future, we aim to 

perform these examinations and to provide reliable 

experimental data.
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