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Abstract
Currently evaluation of cleanliness of hotel rooms is done by visual observation rather 
than empirically based microbiological testing. The purpose of this review is to create 
awareness about the exposure of the microbial contaminates present on high touch 
surfaces in hotel industry which could cause a potential threat to the travellers and 
guest. To prevent such out breaks we have recommended new protocol for cleaning the 
luxury rooms and setting up a new platform for evaluating the cleanliness and hygiene 
level using ATP bioluminescence assay.
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Background 
Hotel industry is a public environment for travellers and hotel 
staff. There are around 700,000 hotels and resorts which count 
for 16.2million rooms across the world. India being the 7th Largest 
country in the world accounts 2.56 million rooms across the 
country. India being a developing country attracts tourists by its 
picturesque landscapes, spectacular waterfalls.  Due to increase 
in rate of tourism we need to focus on providing the best services 
and hospitality [1-2]. Practically there is no universal standard 
operating procedures exist to guide and maintain cleaning 
practices in hotel rooms. Most of the times cleanliness check is 
performed by visual observation which is an aesthetic evaluation 
but it does not address the presence of microbial contamination 
which could be a possible thread to spreading nosocomial 
infection. 

High Touch Surfaces
High touch surfaces are those that people frequently touch with 
their hands, which could therefore become easily contaminated 
with microorganisms and picked up by others on their hands. 
Infections primarily spread via respiratory spill and being in 
close contact with infected individuals, but another common 
way is  via ourhands.  When an individual is ill they touch so 
many things throughout the day which leads to contaminating 
the surface which could then infect another individual when 
then come in contact with the contaminated surface. Frequent 
cleaning is required to prevent the spread of nosocomial 
infections. COVID-19 being a global pandemic made us aware of 
importance of maintaining hygiene in public sector and paved 
way for developing better standard cleaning practices [3-5]. The 
most common high touch surfaces in hotel management are 
categorized into 3 sections namely guest room section, front 

office section & staff quarters section which could be the route of 
spread of infection within the community. (Figures 1&2) will give 
a clear picture of high touch surfaces which demands frequent 
cleaning and hygiene to be maintained. 

To effectively clean and disinfect high touch surfaces, we 
should be aware of the current recommendations given by the 
Government and NHS which includes understanding how the 
guidance differs between general cleaning and cleaning after a 
suspected or confirmed COVID-19 case.

Prominent Pathogen on High Touch 
surfaces
Human disperse microbes into the environment by direct 
contact with the surfaces or by airborne release. According to 
few research it is observed that humans emit 10^6 biological 
particles per hour leading to spread of nosocomial infection.  
Micro biome shed by human into the environment is mostly 
non-pathogenic (coliforms), but the concern raises when an 
infected individual sheds the pathogen through airborne or by 
touching common surfaces. Among such pathogens, MRSA, VRE, 
C. difficile, P. aeruginosa, Enterobacteriaceae, Norovirus, Corona 
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Final rinse: The process of removal of debris of disinfectant using 
hot water or any cleansing to ensure the debris do not cause 
discomfort for the guest during their arrival.

Setting up: The process of setting up the room which can be 
immediately occupied by the guest during arrival. Examples: 
rooms with new bed covers, pillow covers, well cleaned 
bathrooms and consumables refilled.

Types of cleaning
Automated cleaning: The process of using high end technology 
such as UV Light, Hydrogen peroxide, steam vapours, ozone and 
HIPL (High intensity spectrum of light) is called as automated 
cleaning. This is usually followed in hospitals and in clean 
rooms to maintain very minimum or no contamination zone 
[29-31].

Manual cleaning: The process manual cleaning and wiping using 
different grades of chemicals is called as manual cleaning. This is 
the most common approach followed in hotel industry.

Periodic cleaning:The process which involves wiping of high 
touch surfaces minimum thrice a day is called periodic cleaning. 

virus and Candida spp. may persist and contribute to the spread 
of nosocomial infections. Hence to prevent such out breaks 
within the community we need to follow frequent cleaning and 
standard protocols. 

Age old cleaning procedure: Hotel Industry
Cleaning is mandatory to reduce the spread of nosocomial 
infections. There are different protocols followed by the 
organization in cleaning depending on their requirement and 
feasibility. 

Stages of cleaning in hotel industry
Precleaning:The process of removal of disposables items which 
are visible to eyes is called as precleaning. Example removing 
the used water bottles, tissues roll, bed covers, pillow covers, 
leftover food in the guest room.

Main cleaning: The process which involves using disinfectant to 
remove the contamination on the high touch surfaces. Example 
cleaning the room with vacuum cleaners, wiping the surfaces 
with disinfectant.

Figure 1 High touch surfaces in hotel system.

Figure 2 High touch surfaces in front office section and staff quarters section.
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Apart from normal cleaning due to the outbreak of pandemic 
multiple times cleaning the HTS will help in maintaining an 
hygienic environment.

Deep cleaning:The process of cleaning the other surfaces which 
does not come under the category of HTS have to undergo 
cleaning at least once a day to ensure there is no accumulation 
of the contaminant.

To prevent outbreaks of nosocomial infections in hotels, 
Identifying and frequently cleaning the high touch surfaces play a 
crucial role. The process of manual cleaning is done by different 
ways based on the general practices followed by their respective 
organisation as shown in (Figure 1&3). 

Most commonly the housekeeping department generally prefer 
taking less volume of disinfectant to avoid the smell to overtake the 
vicinity or to avoid prolonged drying. Such practices of disinfecting 
the high touch surface with weak disinfectant will lead to ineffective 
cleaning practices and also spread localized contamination over wide 
area. To avoid such ineffectiveness, we need to focus on selecting 
the appropriate disinfectant and use the minimum concentration 
required to remove the contamination. There are few factors which 
play a major role in manual cleaningexplained briefly in (Table 1&2).

Recommended approach for mainlining hygiene 
in hotel Industry
Hotel cleanliness is the most important aspect for every hotel. 
Achieving  perfection  must always be the aim of the house 

Figure 3 Different approach of manual cleaning of high touch surface in hotel industry.

Pathogen Type of strain Disease References
Bacterial infection

Methicillin-resistant Staphylococcus 
aureus (MRSA) Gram positive It causes skin infection

It causes respiratory infection [6-9]

Clostridium difficile Gram positive Common illness [10-11]
Pseudomonas aeruginosa Gram negative Causes infections in blood stream and pneumonia [12-13]

Enterobacteriaceae Gram negative Causes urinary tract infection, respiratory tract 
infection and soft tissue infection [14-15]

Acinetobacter baumannii Gram negative Pneumonia and meningitis [16-17]
Staphylococcus epidermidis Gram positive Common skin infections [18-19]

Staphylococcus warneri Gram positive Urinary tract infections, meningitis & orthopaedic 
infections [20-22]

Streptococcus pyrogenes Gram positive Sore throat & skin infection [23-24]
Streptococcus mitis Gram positive Infective endocarditis [25]

Corynebacterium spp. Gram positive Throat infections [26]
Fungal infection

Candida Fungal strain Common illness & UTI [27-28]

Table 1: Most commonly found pathogens on high touch surfaces.

Parameter Property effecting the cleaning practice
Towelette Size, thickness, material, compatibility with disinfectant

Wiping technique Pressure exerted on wiping, direction of wiping
Type of surface to be wiped Glass, brass, metals, ceramics, wood, plastic, fibre

Time duration of wiping The disinfectant needs to be exposed to the surface for minimum time required to remove the 
contaminant

Table 2: Different paraments need to be considered for disinfection by wiping.

https://en.wikipedia.org/wiki/Staphylococcus_epidermidis
https://en.wikipedia.org/wiki/Staphylococcus_warneri
https://en.wikipedia.org/wiki/Streptococcus_pyogenes
https://en.wikipedia.org/wiki/Streptococcus_mitis
https://en.wikipedia.org/wiki/Corynebacterium
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keeping staff. This includes not only looking tidy but also being 
clean and hygienic. To achieve this they Follow 5S cleaning 
system &4colour cloth- cleaning system. 

5S cleaning system

1.	 Survey: check the area and inspect the things which need to 
be cleaned.

2.	 Service: clear waste and dust.

3.	 Shine: clean all the surfaces which is used by the guest using 
disinfectant. 

4.	 Stage: set a clean platform for the guest to arrive.

5.	 Self-inspect: perform a self-check to ensure the room is 
clean (Figure 4).

Colour System
It is recommended for the staff to use colour coded clothes for 
cleaning different areas of the room to ensure there is no spread 
of infection from one point to another point. This approach will 
help in preventing the spread of nosocomial infections.  

1.	 Green: Green cloth used for cleaning mirrors and glass. 

2.	 Yellow: yellow cloth used for cleaning furniture’s. 

3.	 Red: Red cloth used for cleaning toilet.

4.	 Blue: blue cloth used for cleaning bathroom and washbasin 
(Figure 5).

Disinfectants 
In today’s world there is a wide array of chemicals which is used 
as disinfectants. People tend to use these disinfectants based 

on history without knowing the effectiveness of chemical in 
removing the contaminants, (Figure 4) gives a detailed description 
of the percentage of chemical used in preparing the disinfectants 
out of which quaternary ammonium salts is the most commonly 
used chemical in preparation of cleansings agents followed by 
hypochlorite chemical. (Table 3) explains about the mode of 
action of each chemical on killing the pathogen [32] (Figure 6).

Effectiveness of Cleaning
Routine monitoring of cleaning protocols and monitoring the 
effectiveness of cleaning will help in preventing the nosocomial 
infections and maintain hygienic environment. Usually, the 
effectiveness of cleaning is evaluated according to the standard 
protocols set by the organization. As per the FDA “Validation of 
cleaning processes” states that the organization is recommended 
to generate their own written procedures, sampling methods 
and evaluations methods which suits them better. Organization 
is recommended to have a separate team working on planning 
and execution of cleaning practices to ensure the space if safe 
for work. The most commonly used technique for evaluation 
of cleaning practices is by performing Aerobic plate count 
(Microbiological technique) (Table 4) (Figure 7).  

Aerobic Plate Counting Technique 
(APC)
The test is used as an indicator for the presence of bacterial 
contamination assuming each cell will form visible colony 
when appropriate nutrients are provided. It is a generic test for 
microbes to grow at specific given conditions. APC are mostly 
used to evaluate the cleaning practices, adherence to cleaning 
practices and as a indicator of safety. We cannot rely completely 

Figure 4 5S cleaning approach.

Figure 5 4C colour code for cleaning practices.
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Chemicals Mode of action
aldehydes based disinfectant Disrupt the cell membrane, denature enzyme and proteins 

ionic based disinfectant
peroxygens It oxidises the enzymes and destroy the proteins  

acids Denatures the proteins 
alcohol Denature the cell wall proteins and create pores on cell membrane 

hypochlorite It oxidises the enzymes and destroy the proteins  
pine oil Denature the cell wall proteins and create pores on cell membrane 

Phenolics Denatures the proteins 
quaternary ammonium salts It increases the cell permeability and causes cell components to coagulate 

Table 3: Chemicals used as disinfectant and its mode of action on killing the pathogen.

Pathogen Growth media References
Methicillin-resistant Staphylococcus aureus (MRSA) Blood agar /mannitol salt agar [34]

Clostridium difficile Cycloserine-cefoxitin fructose agar [35]
Pseudomonas aeruginosa MOPS Medium, M9, M63 [36]

Enterobacteriaceae Chromo select agar [37]
Acinetobacter baumannii Acinetobacter minimal agar  [38]

Staphylococcus epidermidis mannitol salt agar [39]
Staphylococcus warneri Brain heart infusion agar [40]

Streptococcus pyrogenes agar media that contains phenylethyl alcohol, or Columbia 
agar with colistin and nalidixic acid [41]

Streptococcus mitis Trypticase soya agar [42]
Corynebacterium spp. Brain heart infusion agar [43]

Fungal infection
Candida Potato dextrose agar [44]

Figure 4: Pathogens and growth media.

Figure 6 Commonly used chemicals in commercially available disinfectants.

Figure 7 Aerobic plate count.

https://en.wikipedia.org/wiki/Staphylococcus_epidermidis
https://en.wikipedia.org/wiki/Staphylococcus_warneri
https://en.wikipedia.org/wiki/Streptococcus_pyogenes
https://en.wikipedia.org/wiki/Streptococcus_mitis
https://en.wikipedia.org/wiki/Corynebacterium


ARCHIVOS DE MEDICINA
ISSN 1698-9465

2021
Vol.7 No.3:65

Journal of Prevention and Infection Control
ISSN 2471-9668

6 This article is available from: https://infectioncontrol.imedpub.com/

on APC because most instances they don’t correlate with the 
presence of toxins and pathogens. When APC values are high 
then it is assumed that the surface is highly contaminated and 
could lead to spread of nosocomial infection. This microbiological 
test is performed using universal growth media and could give 
the level of contaminant present on the surface but they could 
not identify the type of bacteria, hence for further differentiation 
we need to perform APC performed on specific selective media. 
Even though these results look promising in identification of 
strain it requires skilled manpower, high end lab facility and 
resource to perform the experimental analysis, apart from that 
it’s also time consuming [33].

ATP -Bioluminescence Assay: Modern 
Approach 
ATP assay is a technique based on measurement of level of ATP 
present on High touch surfaces. This assay exploits the property 
of bioluminescence properties of luciferase-luciferin reaction 
which is ATP dependent that result in emission of light. ATP 
Bioluminescence assay is used to evaluate the cleaning practices 
by taking the level of ATP/organic matter present on the suspected 
high touch surface. ATP assay is user friendly and provide rapid 
real time detection and most commonly used to check cleanliness 
in high-risk areas. Although studies have shown that there is a 
lack of correlation between ATP & APC, People prefer ATP testing 
over APC due to ease of execution of assay. But focusing on 
evaluation of cleaning practices in hotel management ATP assay 
could be the best choice because the test can be performed by 
an hotel staff responsible for hygiene monitoring When it comes 
to evaluation of effectiveness of cleaning in hotel management 
requires multiple swabbing which makes APC technique more 
complicated and laborious apart from that APC are obtained only 
for 48 hrs which makes the test ineffective for real time Analysis 
in hotel industry and throws light on ATP testing for real time 
detection. ATP test are cost effective compared to APC and hence 
multiple sample collection on frequent time interval will help in 
determining the effectiveness on cleaning [45-48] (Figure 8).

Conclusion
Providing safe and hygienic accommodation is important for 
hotel industry. Hotel cleaning practice plays an important role 

in reducing microbial contamination in high touch surfaces 
and contributes to prevent spread of community Associated 
Infections. Adenosine Triphosphate (ATP) bioluminescence 
assaycan help the hotel managers more objectively to evaluate 
the cleaning practices. This kind of approach will help in guiding 
the staff to get maximum hygiene and prevent outbreaks of 
nosocomial infection. There is no testing standards available in 
market hence getting up started and setting up a bench mark will 
revolutionize the hotel industry and improve their standard.

References
1.	 Booking com (2020) About Booking com. 

2.	  SOP for Hotel (2020) SOP for hotel.

3.	 Williams GJ, Denyer SP, Hosein IK, Hill DW, et al. (2007) The 
development of a new three-step protocol to determine the efficacy 
of disinfectant wipes on surfaces contaminated with Staphylococcus 
aureus. J Hosp Infect 67: 329-35.

4.	 Williams GJ, Denyer SP, Hosein IK, Hill DW, Maillard J-Y (2009) 
Limitations of the efficacy of surface disinfection in the healthcare 
setting. Infect Control Hosp Epidemiol 30: 570-3.

5.	 Panousi MN, Williams GJ, Girdlestone S, Maillard J-Y (2009) Use of 
alcoholic wipes during aseptic manufacturing. Lett ApplMicrobiol 48: 
648-51.

6.	 Layton MC (1993) An outbreak of mupirocin-resistant Staphylococcus 
aureus on a dermatology ward associated with an environmental 
reservoir. Infect Control Hosp Epidemiol 14: 369-375. 

7.	 De Lassence A (2006) Control and outcome of a large out break 
of colonization and infection with glycopeptide intermediate 
Staphylococcus aureus in an intensive care unit. Clin Infect Dis 42: 
170–178.

8.	 Rampling A (2001) Evidence that hospital hygiene is important in the 
control of methicillin-resistant Staphylococcus aureus. J Hosp Infect 
49: 109–116. 

9.	 Dancer SJ (2009) Measuring the effect of enhanced cleaning in a UK 
hospital: a prospective cross-over study. BMC Med 7: 28

10.	Kramer A, Schwebke I, Kampf G (2006) How long do nosocomial 
pathogens persist on inanimate surfaces? A systematic review. BMC 
Infect Dis 6: 130. 

11.	Werner G (2008) Emergence and spread of vancomycin resistance 
among enterococci in Europe. Euro Surveill.

Figure 8 luminometer used to detect bioluminescence.



ARCHIVOS DE MEDICINA
ISSN 1698-9465

2021
Vol.7 No.3:65

7© Under License of Creative Commons Attribution 3.0 License

Journal of Prevention and Infection Control
ISSN 2471-9668

12.	Doring G (1996) Distribution and transmission of Pseudomonas 
Aeruginosa and Burkholderiacepacia in a hospital ward. 
PediatrPulmonol 21 :90–100. 

13.	Costerton JW (1987) Bacterial biofilms in nature and disease. Annu 
Rev Microbiol 41:435–464.

14.	Montgomerie JZ (1979) Epidemiology of Klebsiella and 
hospitalassociated infections. Rev Infect Dis 1 :736-753. 

15.	Asensio A (2000) Outbreak of a multiresistant Klebsiella pneumoniae 
strain in an intensive care unit: antibiotic use as risk factor for 
colonization and infection. Clin Infect Dis 30 :55-60.

16.	Strassle P (2012) The effect of terminal cleaning on environmental 
contamination rates of multidrug-resistant Acinetobacter 
Baumannii. Am J Infect Control 40: 1005-7.

17.	  Fournier PE, Richet H (2006) The epidemiology and control of 
Acinetobacter Baumannii in health care facilities. Clin Infect Dis 42: 
692-99.

18.	Schelenz S (2016) First hospital outbreak of the globally emerging 
Candida auris in a European hospital. Antimicrob Resist Infect 
Control 5.

19.	Carling PC (2008) Identifying opportunities to enhance environmental 
cleaning in 23 acute care hospitals. Infect Control Hosp Epidemiol 29 
:1-7.

20.	Weber DJ, Anderson D, Rutala WA (2013) The role of the surface 
environment in healthcare-associated infections. CurrOpin Infect Dis 
26: 338-44.

21.	Han JH et al (2015) Cleaning hospital room surfaces to prevent 
health care-associated infections: a technical brief. Ann Intern Med 
163: 598-607.

22.	  Dancer SJ (2008) Importance of the environment in meticillinresistant 
Staphylococcus aureus acquisition.

23.	Schleifer KH, Kloos WE (1975)  Isolation and Characterization 
of Staphylococci from Human Skin I. Amended Descriptions of 
Staphylococcus epidermidis and Staphylococcus saprophyticus 
and Descriptions of Three New Species: Staphylococcus 
cohnii, Staphylococcus haemolyticus, and Staphylococcus 
xylosus". International Journal of Systematic Bacteriology 25: 5061. 

24.	Fey Paul D Olson, Michael E (2010) Current concepts in biofilm 
formatio of Future Microbiology. 5: 917933. 

25.	Kloos WE, Schleifer KH (1975)  "Isolation and Characterization of 
Staphylococci from Human Skin II. Descriptions of Four New Species: 
Staphylococcus warneri, Staphylococcus capitis, Staphylococcus 
hominis, and Staphylococcus simulans".  International Journal of 
Systematic Bacteriology 25: 62-79. 

26.	   Barigye R, Schaan L, Gibbs PS, Schamber E, Dyer, NW (2007) 
Diagnostic evidence of Staphylococcus warneri as a possible cause 
of bovine abortion. J Vet Diagn Invest 19: 694-96.

27.	Announ N, Mattei J, Jaoua S, Fenollar F, Sati H, et al. (2004) Multifocal 
discitis caused by Staphylococcus warneri. Joint Bone Spine 71: 240-
2.

28.	   Streptococcus pyogenes - Pathogen Safety Data Sheet (2009) 
Government of Canada, Public Health Agency of Canada. 

29.	Ryan KJ, Ray CG (2004) Sherris Medical Microbiology. McGraw Hill.

30.	Lamas CC, Eykyn SJ (2003)  "Blood culture negative endocarditis: 
Analysis of 63 cases presenting over 25 years". Heart 89: 258-62. 

31.	Corynebacterium  NCBI taxonomy (2019) Bethesda MD: National 
Center for Biotechnology Information.

32.	  Collins MD (2004) Corynebacterium caspium sp nov from a Caspian 
seal (Phocacaspica)".  International Journal of Systematic and 
Evolutionary Microbiology 54: 925-8.

33.	Fu E, McCue K, Boesenberg D (2007) Chemical disinfection of 
hard surfaces in household, industrial and institutional settings. 
In: Johansson I, Somasundaran P, editors. Handbook for cleaning/
decontamination of surfaces 573-92.

34.	Blanc DS, A Wenger, and J Bille (2003) Evaluation of a novel medium 
for screening specimens from hospitalized patients to detect 
methicillin-resistant  Staphylococcus aureus  J Clin Microbiol 41: 
3499-502.

35.	KC Carson, LV Boseiwaqa, SK Thean NF, Foster TV (2013) RileyIsolation 
of  Clostridium difficile  from faecal specimens-a comparison of 
ChromID C. difficile agar and cycloserine cefoxitin fructose agarJ Med 
Microbiol 62: 3-1727

36.	Klockgether J, Munder A, Neugebauer J, Davenport CF, wt al. (2010) 
Genome diversity of  Pseudomonas aeruginosa  PAO1 laboratory 
strains. J Bacteriol 192: 1113–21.

37.	Davis Bd, Mingioli Es (1950) Mutants of Escherichia coli requiring 
methionine or vitamin B12. J Bacteriol.  60: 17-28.

38.	Rokhbakhsh-Zamin F, Sachdev DP, Kazemi-Pour N, Engineer A, 
Zinjarde SS (2012) "Characterization of plant growth promoting traits 
of Acinetobacter species isolated from rhizosphere of Pennisetum 
glaucum". J MicrobiolBiotechnol 21: 556–66.

39.	dwards AM (2012)  Phenotype-switching is a natural consequence 
of Staphylococcus aureus replication J Bacteriol 194: 5404-12.

40.	"Brain Heart Infusion Broth (Powder)". US Biological. 

41.	Cimolai N, Trombley C, Bhanju NM (2002) Nonhemolytic 
Streptococcus pyogenes causing invasive infection. Clinical Pediatrics 
41: 453.

42.	Kawai K, Torii M, Tuschitani Y (1998) Effect of resin components on 
the growth of Streptococcus mutans. J Osaka Univ Dent Sch 28: 161-
70.

43.	Goncalves JL, Tomazi T, Barreiro JR, Beuron DC, et al. (2016) Effects 
of bovine subclinical mastitis caused by Corynebacterium spp. 
on somatic cell count, milk yield and composition by comparing 
contralateral quarters. Vet J 209: 87-92.

44.	Barret AW, Kingsmill VJ, Speight PM (1998) The frequency of fungal 
infection in biopsies of oral mucosal lesions. Oral Dis 4:26-31.

45.	Amodio E, Dino C (2014) Use of ATP-bioluminescence for assessing 
the cleanliness of hospital surfaces: a review of the published 
literature (1990-2012). J Infect Public Healt 7: 92-8.

46.	Boyce JM, Havill NL, Dumigan DG, Golebiewski M, Balogun O, et al. 
(2009) Monitoring the effectiveness of hospital cleaning practices 
by use of an adenosine triphosphate bioluminescence assay. Infect 
Control Hosp Epidemiol 30: 678-84.

47.	Mulvey D, Redding P, Robertson C, Woodall C, Kingsmore P, et al. 
(2011) Finding a benchmark for monitoring hospital cleanliness. J 
Hosp Infec 77: 25-30.

48.	Huang YS, Chen YC, Chen ML, Cheng A, Hung IC, et al. (2015) 
Comparing visual inspection, aerobic colony counts, and adenosine 
triphosphate bioluminescence assay for evaluating surface 
cleanliness at a medical center. Am J Infect Control 43: 882–6.

https://doi.org/10.1099%2F00207713-25-1-50
https://doi.org/10.1099%2F00207713-25-1-50
https://doi.org/10.1099%2F00207713-25-1-50
https://doi.org/10.1099%2F00207713-25-1-50
https://doi.org/10.1099%2F00207713-25-1-50
https://doi.org/10.1099%2F00207713-25-1-50
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2903046
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2903046
https://doi.org/10.1099%2F00207713-25-1-62
https://doi.org/10.1099%2F00207713-25-1-62
https://doi.org/10.1099%2F00207713-25-1-62
https://doi.org/10.1099%2F00207713-25-1-62
http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/strep-pyogenes-eng.php
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1767579
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1767579
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Tree&id=1716&lvl=3&keep=1&srchmode=1&unlock
https://doi.org/10.1099%2Fijs.0.02950-0
https://doi.org/10.1099%2Fijs.0.02950-0
https://web.archive.org/web/20140329032855/http:/www.usbio.net/item/B2701-07



