
  
 

 Microbial analyses to verify the PIP Healthcare® efficiency 
 
 Some facilities might be interested to verify the microbial management potential of our PIP 
Healthcare® cleaning products. The microbial analyses protocols used in the clinical trial to validate 

the PIP Healthcare® products were developed by the University of Ghent after a number of pilot 

studies. These protocols demonstrated a much higher efficiency in the determination of hospital 

bacteria on surfaces compared to commercial or existing protocols. Hence, if your facility does not 

have a sufficient test protocol, we recommend using the following one. 

 
 Equipment needed: 

- 1mm thick filter paper  (Whatman Grade 2589 d, 25 x 75 mm) (sterilized at 121°C for 20 min.) 

- sterile physiological water (= 8,5 gram NaCl / litre of water) (2 ml/filter paper) 

- optional empty Petri dishes for transport to laboratory 

- growth medium (depending on organisms of interest, see below) 

 

 Sampling procedure and frequency: 
 
 The effect of PIP Healthcare® starts from day 1 but takes some days to reach optimal 

microbiological results. Therefore, we recommend taking samples at the following time points: 
- 1 week before the start with PIP Healthcare® 

- 1 day before the start with PIP Healthcare® 

- 1 week after the start with PIP Healthcare® 

- 1 month after the start with PIP Healthcare® 

 

 Samples should always be taken in triplicate (3-fold) in order to provide you with statistically 

significant data. Take the samples between 1 to 8 hours after cleaning with PIP Healthcare®, but 

always with the same time interval for all analyses. In order to take a sample: 

- Moisturise the sterile filter papers by means of 2 ml of sterile physiological solution/paper 

- Apply and press the filter paper onto the surface for 1 minute 

- Transfer the filter paper to a sterile Petri dish, empty when transport is needed to the labo, 

or directly on the growth medium when the laboratory is in-house 

- Press the filter paper with its contaminated side onto the growth medium for 1 minute 

- Remove the filter paper, close the Petri dish and incubate at the appropriate parameters 

- After the correct incubation time, count the relevant colonies on all plates 

- Determine the average value from the 3-fold analyses 

- Calculate the number of CFU/m² (the filter papers of Whatman have a surface of 18,75 

cm²), so the number of colonies counted on the plates need to be multiplied by 533 to 

have the number of colonies/m². 



The following selective growth media were used in the Chrisal clinical trial: 
Additional information in appendix! 
 

1. Trypticase Soy: Non selective medium for the determination of the total count of bacteria on the 

sampled surfaces. All colonies were counted and provide information on the amount of PIP 

bacteria that remain on the treated surfaces.  
Incubation: aerobic, 24 hours, 37°C. 
 

2. McConkey: Elective medium for the quantification of coliform bacteria, with E. coli as type 

organism.  On this medium, all colonies were counted. This provides information on the fecal 

contamination of the sampled surfaces. 

Incubation: aerobic, 24 hours, 37°C. 
 

3. Baird Parker: Selective medium for the determination of Staphylococcus aureus. Positive 

counts are visible as brown, halo-surrounded colonies. These counts provide information on the 

potential MRSA load on the sampled surfaces. 

Incubation: aerobic, 24 hours, 37°C. After 48h also Bacillus can grow on this medium! 

 

4. Clostridium difficile agar: Selective medium for the detection of Clostridium difficile. Positive 

counts are visible as grey-white coloured colonies. These organisms are detected after 

anaerobic incubation. 

Incubation: anaerobic, 24 hours, 37°C. 

  

When additional information is required in order to validate the benefits of the PIP Healthcare® 

products, please contact us: 

 

Dr. Robin Temmerman 
R&D Manager - Chrisal N.V. 
Priester Daensstraat 9 
B-3920 Lommel 
Tel. +32-11-54.80.00 
Fax. +32-11-54.80.02 
Mob. +32-496-27.41.10 
Robin@chrisal.be 
http://www.chrisal.be 
 



Appendix 1: Additional information on the filter paper used: 

Whatman Grade 2589 d (filter paper for technical use): 

 
A very thick filter with high wet strength. Offers medium to slow flow rate and retains very fine 
precipitates. 

http://www.whatman.com/FilterPapersforTechnicalUse.aspx  

Typical Properties - Qualitative Standard Filter Grades 

Grade Description 
Particle 
Retention 
in Liquid (µm) 
(approx.) 

Filtration Speed 
(approx.) 
Herzberg (s) 

Air Flow 
(s/100 mL/in2) 

Typical 
Thickness 
(µm) 

Basis Weight 
(g/m2) 

2589 d Medium to Slow, 
Wet Strength, Thick 2-6 235 - 1000 500 

 

Ordering Information - Filter Papers for Technical Use 
Catalog Number Description 

Grade 2589 d  

10343976 Grade 2589 d Sheets, 25 x 75 mm 100/pk 

 

These filter papers fit nicely into a Petri dish and have an overall surface of 18,75cm². Before using 
them for sampling, these filter papers should be sterilised for 20 minutes at 121°C, or overnight at 
180°C. 

 



Appendix 2: Additional information on the growth media used: 

Detection of coliform bacteria: TRYPTONE SOYA AGAR (TSA) 
Code: CM0131 
 
A general purpose medium for the growth of a wide variety of organisms. 

Formula  gm/litre  
Tryptone  15.0  

Soya peptone  5.0  
Sodium chloride  5.0  

Agar  15.0  
pH 7.3 ± 0.2   

 
Directions 
Add 40 g to 1 litre of distilled water. Bring to the boil to dissolve completely. Sterilise by autoclaving at 
121°C for 15 minutes. 
 
Description 
A general purpose agar medium, containing two peptones, which will support the growth of a wide variety of 
organisms. It is suitable for the cultivation both of aerobes and anaerobes, the latter being grown either in 
deep cultures or by incubation under anaerobic conditions. The medium may also be used as a blood agar 
base - for this purpose 7% of sterile blood should be added to the sterile molten medium which has been 
cooled to approximately 45°C. Tryptone Soya Agar can also be used for the preparation of `chocolate’ agar. 
Since Tryptone Soya Agar contains no added carbohydrate it may be used, with added blood, in the 
determination of haemolysis. 
Horse blood agar plates prepared with Oxoid Tryptone Soya Agar are used for the colicine typing of 
Shigella sonnei 1,2,3,4. 
The Oxoid medium has also been used as a replacement for yeastrel-milk agar plates in the Lisboa test 5 
and for bacterial counts on eviscerated poultry6. 
When supplemented with 0.7 g lecithin and 5 g Polysorbate (Tween 80) per litre of Tryptone Soya Agar, the 
medium can be used as Microbial Content Test Agar for testing quaternary ammonium compounds7. 
Tryptone Soya Agar is recommended as a reference medium when testing selective media, to measure the 
degree of inhibition8. 
A medium for isolation of Bacteroides gracilis is prepared from Tryptone Soya Agar by adding formate, 
fumarate and nitrate. The medium is made selective using nalidixic acid and teicoplanin9. 
Enchanced haemolysis agar (EHA) used to improve detection of Listeria monocytogenes when present 
amongst other listeriae has been modified to optimise its performance by substituting Tryptone Soya Agar 
for Columbia Agar in the original formulation10. 
Oxoid Tryptone Soya Agar conforms to formulations detailed in various international pharmacopoeia11,12,13,14. 
 
Storage conditions and Shelf life 
Store the dehydrated medium at 10-30°C and use before the expiry date on the label. 
Store the prepared plates of medium at 2-8°C. 
 
Appearance 
Dehydrated Medium: Straw coloured, free-flowing powder. 
Prepared medium: Light straw to straw coloured gel. 
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Detection of coliform bacteria: MACCONKEY AGAR 

Code: CM0007 at Oxoid (http://www.oxoid.com)  

A differential medium for the isolation of coliforms and intestinal pathogens in water, dairy products and 
biological specimens. 

Formula  gm/litre  
Peptone  20.0  
Lactose  10.0  
Bile salts  5.0  

Sodium chloride  5.0  
Neutral red  0.075  

Agar  12.0  
pH 7.4 ± 0.2   

 
Directions 
Suspend 52g in 1 litre of distilled water. Bring to the boil to dissolve completely. Sterilise by autoclaving at 
121°C for 15 minutes. Dry the surface of the gel before inoculation. 

Description 
A differential medium for the detection, isolation and enumeration of coliforms and intestinal pathogens in 
water, dairy products and biological specimens. MacConkey Agar corresponds to the medium 
recommended by the World Health Organization1, the Dept. of Health2 and by Windle Taylor3 for the 
bacteriological examination of water. 
Although principally used for coliforms, this medium may also be employed for the differentiation of other 
enteric bacteria (including pathogens) and is suitable for the differentiation of Pasteurella species4. 

Technique 
Pathological specimens 
Due to its ability to support the growth of pathogenic Gram-positive cocci (e.g. staphylococci and 
enterococci) as well as Enterobacteriaceae, MacConkey Agar is particularly recommended for the 
cultivation of pathogens which may be present in a variety of specimens such as urine, faeces and wound 
swabs. Whilst it is selective it does not suppress a mixed bacterial flora to the same extent as other 
inhibitory media (including other MacConkey agars). It provides a number of other diagnostic indications in 
addition to bile tolerance, such as colony morphology and chromogenesis. MacConkey Agar should be 
used in parallel with other selective indicator media such as Desoxycholate Citrate Agar, Bismuth Sulphite 
Agar, Brilliant Green Agar and Brilliant Green Bile (2%) Broth, and a non-selective medium such as Blood 
Agar. 

Water Examination2,3 
The medium may be used for the direct count of coli-aerogenes bacteria, using pour-plates prepared from 
known volumes of the water sample, but a more exact role for the medium is for the differentiation of 
organisms producing acid and gas in MacConkey Broth at 35°C: all positive broth tubes are plated on 
MacConkey Agar, the plates are incubated for 24 hours at 35°C and examined for typical colonies (see 
below). Colonies composed of Gram-negative non-sporing rods are subcultured for further identification. 
The presence of enterococci in azide or tellurite media may be confirmed by subculture on MacConkey 
Agar. See below for colonial morphology. 



Yersinia and Pasteurella differentiation 
MacConkey Agar can be used to differentiate Yersinia species from Pasteurella species4. Yersinia pestis, 
Yersinia pseudotuberculosis and Yersinia enterocolitica will show growth on MacConkey Agar after 24 
hours incubation at 35°C5. 
Pasteurella species (including Pasteurella multocida) will not grow on MacConkey Agar. 

Pectinolytic Organisms (Stewart6) 
Stewart used Oxoid MacConkey Agar as the basis of a selective-diagnostic medium for pectinolytic 
organisms, in order to isolate soft-rot Erwinia species from specimens containing other Enterobacteriaceae.  
MacConkey Agar-calcium chloride plates (5.2g CM0007 powder, 0.4g CaCl2, 75ml distilled water) overlaid 
with a pectate-EDTA layer (0.1% EDTA containing 2% sodium polypectate) are inoculated and incubated 
for 48 hours at 25°C. Lactose fermenting Erwinia produce red colonies in shallow pits formed by pectate 
liquefaction. 

Colonial Characteristics 
After 24 hours at 35-37°C typical colonies are as follows: 

Organism  Colour  Remarks  
Escherichia coli  red  non-mucoid  

Aerobacter aerogenes  pink  mucoid  
Enterococcus species  red  minute, round  

Staphylococci  pale pink  opaque  
Pseudomonas aeruginosa  green-brown  fluorescent growth  

 

Storage conditions and Shelf life 
Store the dehydrated medium at 10-30°C and use before the expiry date on the label. 
Store the prepared plates of medium at 2-8°C. 

Appearance 
Dehydrated Medium: Straw pink coloured, free-flowing powder. 
Prepared medium: Dark red coloured gel. 
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5. Wilson G. S. and Miles A. A. (1964) `Topley and Wilson’s Principles of Bacteriology and Immunity’ 5th 
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Detection of Staphylococcus aureus: 

BAIRD-PARKER AGAR BASE 

Code: CM0275 + E-Y-T Emulsion SR0054 (http://www.oxoid.com)  

A selective and diagnostic medium for the isolation and enumeration of Staphylococcus aureus. 

Formula  gm/litre  
Tryptone  10.0  

`Lab-Lemco’ powder  5.0  
Yeast extract  1.0  

Sodium pyruvate  10.0  
Glycine  12.0  

Lithium chloride  5.0  
Agar  20.0  

pH 6.8 ± 0.2   
  

Directions 
Suspend 63 g in one litre of distilled water and boil to dissolve the medium and sterilise by autoclaving at 
121°C for 15 minutes. Cool to 50°C and aseptically add 50 ml of Egg Yolk Tellurite Emulsion SR0054. Mix 
well before pouring into sterile Petri Dishes. 

Description (with E-Y-T Emulsion SR0054) 
Baird-Parker1 developed this medium from the tellurite-glycine formulation of Zebovitz et al.2 and improved 
its reliability in isolating Staphylococcus aureus from foods. 
Baird-Parker added sodium pyruvate, to protect damaged cells and aid their recovery2 and egg yolk 
emulsion as a diagnostic agent. It is now widely recommended by national and international bodies for the 
isolation of Staphylococcus aureus 4. 
The selective agents glycine, lithium and tellurite have been carefully balanced to suppress the growth of 
most bacteria present in foods, without inhibiting Staphylococcus aureus. 
Egg yolk emulsion makes the medium yellow and opaque. Staphylococcus aureus reduces tellurite to form 
grey-black shiny colonies and then produces clear zones around the colonies by proteolytic action. This 
clear zone with typical grey-black colony is diagnostic for Staphylococcus aureus. On further incubation, 
most strains of Staphylococcus aureus form opaque haloes around the colonies. and this is probably the 
action of a lipase. Not all strains of Staphylococcus aureus produce both reactions. Some strains of 
Staphylococcus saprophyticus produce both clear zones and opaque haloes but experienced workers can 
distinguish these from Staphylococcus aureus by the longer incubation time required5. 
Colonies typical of Staphylococcus aureus but without an egg yolk reaction should also be tested for 
coagulase production6. 
Egg yolk reaction negative strains of Staphylococcus aureus may occur in some foods, especially cheese. 
Smith and Baird-Parker7 found that the addition of 50µg of sulphametazine per ml of medium suppressed 
the growth and swarming of Proteus species. Small numbers of Staphylococcus aureus could then be 
recovered from specimens containing mixed Proteus strains. 
Baird-Parker and Davenport8 showed that the recovery of damaged staphylococci was greater on Baird-
Parker medium than on other recovery media tested. 
Broeke9 and de Waart et al.10 found Baird-Parker medium valuable in ecological studies on foods 



incriminated in staphyloenterotoxicosis. 97.5% of the 522 strains of Staphylococcus aureus tested, isolated 
from human and food origins developed characteristically and quantitatively on Baird-Parker medium. 

Colony characteristics of typical organisms on Baird-Parker Egg Yolk-Tellurite Medium 

Organism Growth Colony 

Staphylococcus aureus Good 

Grey-black shiny convex 1-1.5 mm diameter 
(18 hours) up to 3 mm (48 hours) narrow 

white entire margin surrounded by zone of 
clearing 2-5mm. 

Staphylococcus 
epidermidis Variable Not shiny black and seldom produces 

clearing. 
Staphylococcus 
saprophyticus Variable Irregular and may produce clearing. Wide 

opaque zones may be produced in 24hrs. 

Micrococcus species Variable Very small in shades of brown and black. 
No clearing. 

Bacillus species Variable Dark brown matt with occasional clearing 
after 48hrs. 

Escherichia coli. Variable Large brown-black. 
Proteus species Variable Brown-black with no clearing. 

Yeasts. Variable  White, no clearing. 
 

Technique 
1. Dry the surface of agar plates for a minimal period of time prior to use. 
2. With a glass spatula, spread 0.1 ml aliquots of food dilutions made up in Buffered Peptone Water on the 
agar surface until it is dry. Up to 0.5 ml may be used on larger dishes. 
3. Incubate the inverted dishes at 35°C. Examine after 24 hours and look for typical colonies of 
Staphylococcus aureus. Re-incubate negative cultures for a further 24 hours. 

Quantitative results 
Count the Staphylococcus aureus like colonies and test them for coagulase reaction. 
Report Staphylococcus aureus results per gram of food. 

Storage conditions and Shelf life  
Store the dehydrated medium at 10-30°C and use before the expiry date on the label. 
Prepared plates of medium are best used freshly prepared11. 

Appearance  
Dehydrated Medium: Straw coloured, free-flowing powder.  
Prepared medium: Straw coloured gel.  

Precautions 
Regard all suspicious colonies as Staphylococcus aureus regardless of negative reactions in the medium 
and carry out further tests. 
Colonies of some contaminating organisms growing in close proximity to the coagulase positive colonies 
may partially digest the coagulase halo reaction. 
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Detection of Clostridium difficile: 

CLOSTRIDIUM DIFFICILE AGAR BASE by Oxoid (http://www.oxoid.com)  
Code: CM0601 
 
For the isolation of Clostridium difficile when used with Culture Media Supplements SR0096 or SR0173. 
 

Formula  gm/litre  
Proteose peptone  40.0  

Disodium hydrogen phosphate  5.0  
Potassium dihydrogen phosphate  1.0  

Magnesium sulphate  0.1  
Sodium chloride  2.0  

Fructose  6.0  
Agar  15.0  

pH 7.4 ± 0.2   
 
CLOSTRIDIUM DIFFICILE SELECTIVE SUPPLEMENT 
Code: SR0096 
 

Vial contents (each vial is sufficient for 500mls of 
medium) per vial per litre 

D-cycloserine  125.0mg  250.0mg 
Cefoxitin  4.0mg  8.0mg 

 
Directions 
Suspend 34.5 g in 500 ml of distilled water and bring gently to the boil to dissolve completely. Sterilise by 
autoclaving at 121° C for 15 minutes. Allow to cool to 50° C and add aseptically the contents of 1 vial of 
Oxoid Clostridium Difficile Supplement SR0096 reconstituted as directed, together with 7% (v/v) 
Defibrinated Horse Blood SR0050. Sheep Blood SR0051 may be used in place of Horse Blood but some 
strains of the organism will show a slightly reduced growth recovery. Mix well and pour into sterile Petri 
dishes. 
 
Description 
Clostridium difficile was first isolated in 1935 by Hall and O’Toole1 who proposed the name `difficile’ 
because it was very difficult to isolate. In 1940 Snyder2 isolated Clostridium difficile from infants aged 10 
weeks to 1 year. No further isolations were reported until 1960, when the organism was cultured by McBee3 
from the intestinal contents of a seal, and in 1962 Smith and King4 reported its presence in human 
infections. 
Toxicogenic isolates of Clostridium. difficile have been demonstrated to be a major cause of antibiotic-
associated ileo-caecitis in laboratory animals5 and pseudomembranous colitis in man6,7. Keighley8 found 
Clostridium difficile was associated with colitis and diarrhoea without pseudomembranous changes after 
antibiotic therapy following gastrointestinal operations. 
Hafiz and Oakley9 devised a medium for the selective isolation of Clostridium difficile based on the 
observation that the organism has a high tolerance to cresol, which it produces during its growth, and used 
Reinforced Clostridial Medium CM0151 plus 0.2% phenol or p-cresol. 
George et al10 in a study of selective media for the routine isolation of Clostridium difficile from faecal 



specimens found this medium was inhibitory compared with growth on blood agar. They recommended the 
use of a fructose containing nutrient medium plus egg yolk, with D-cycloserine and cefoxitin as selective 
agents for the isolation of Clostridium difficile. 
The combination of Oxoid Clostridium difficile Agar Base plus the Culture Media Supplement SR0096 is 
based on the formulation proposed by George et al.10 
The selective agents D-cycloserine (500 µg/ml) and cefoxitin (16 µg/ml) inhibit growth of the majority of 
Enterobacteriaceae, as well as Streptococcus faecalis, staphylococci, Gram-negative non-sporing 
anaerobic bacilli and Clostridia species. (except Clostridium difficile) which may be found in large numbers 
in faecal samples. 
Levett11, noting reports12,13 that some strains of Clostridium difficile had low minimum inhibitory 
concentrations to both cycloserine and cefoxitin, reduced the antibiotic concentrations to 125 µg per ml 
cycloserine and 4 µg per ml cefoxitin and combined this with alcohol shock14 to compensate for the 
reduction in selectivity. Clostridium difficile was isolated from all of the 33 faecal specimens plated on to 
CCFA Medium containing cycloserine and cefoxitin at 250 µg per ml and 8 µg per ml respectively, but from 
only 25/33 specimens plated on to medium containing 500 µg per ml cycloserine and 16 µg per ml cefoxitin. 
The specimen should be treated with alcohol before inoculation (see technique). 
It can be expected that medium containing the lower concentration of antibiotics will yield a greater growth 
of contaminating organisms if antibiotics are used alone, but Levett reported that there was no difference in 
the growth of contaminating organisms on plates containing either concentration of antibiotics following 
alcohol shock treatment of the specimen. 
Phillips and Rogers15 have described a simple modification to the medium in which the ability of Clostridium 
difficile to produce p-cresol from p-hydroxyphenyl acetic acid is used for the rapid presumptive identification 
by gas chromatographic detection of the p-cresol. 
Addition of 7% horse blood to the agar base increases the recovery of Clostridium difficile and produces 
larger colonies compared with Egg Yolk Emulsion used by George et al.10 
 
Technique 
1 Lightly inoculate the medium with the faecal sample spreading part of the original inoculum in order to 
obtain well separated colonies. 
2 Incubate plates at 35° C for 18-24 hours in a conventional anaerobic gas jar. The use of the Oxoid 
Anaerobic Jar HP0011 with an Anaerobic Gas Generating Kit BR0038 is strongly recommended. 
Alternatively use Anaerogen AN0025 or AN0035. Anaerogen does not require the addition of water or a 
catalyst. 
3 Colonies of Clostridium difficile after 48 hours incubation are 4-6 mm diameter irregular, raised opaque, 
grey-white. 
 
Technique for Alcohol Shock Treatment 
1. Mix equal parts of industrial methylated spirit or absolute alcohol and the faecal specimen. 
2. Homogenise using a vortex mixer. 
3. Leave at room temperature for 1 hour. 
4. Inoculate on to Clostridium Difficile Selective Agar and incubate anaerobically. 
 
Storage conditions and Shelf life 
Store the dehydrated medium at 10-30°C and use before the expiry date on the label. 
Store the prepared medium at 2-8° C no longer than 5-7 days. 
 
Appearance 
Dehydrated Medium: Straw coloured, free-flowing powder. 
Prepared medium: Straw coloured coloured gel. 
 
 



CLOSTRIDIUM DIFFICILE MOXALACTAM NORFLOXACIN (CDMN) SELECTIVE SUPPLEMENT 
Code: SR0173 

Vial contents (each vial is sufficient for 500 ml of 
medium) per vial per litre 

Cysteine hydrochloride  250.0 mg  500.0 mg  
Norfloxacin  6.0 mg  12.0 mg  
Moxalactam  16.0 mg  32.0 mg  

 
Directions 
Aseptically add 2 ml of sterile distilled water to a vial and mix gently to dissolve the supplement completely. 
Avoid frothing. Add to 500 ml of Clostridium difficile Agar Base, prepared as directed and cooled to 50° C. 
Add 7% v/v of Defibrinated Horse Blood SR0050. Mix well and pour into Petri dishes. 
 
Description 
Clostridium difficile CDMN medium is an alternative selective medium based on a formula described by 
Aspinall et al.16 for the isolation of Clostridium difficile from faeces. It has been found to be significantly more 
productive than CCFA medium. Inclusion of cysteine hydrochloride speeds the growth rate of Clostridium 
difficile. CDMN medium was reported to isolate 20% more Clostridium difficile strains than CCFA and the 
use of norfloxacin and moxalactam as selective agents reduces the number of contaminating micro-
organisms by 30% when compared to CCF16. 
Pre-treatment of specimens with alcohol is not necessary with this medium but its use will further enhance 
selectivity. See Clostridium difficile Selective Supplement SR0096 for the technique. 
 
Storage conditions and Shelf life 
CDMN supplement SR0173 should be stored at 2-8° C in the dark. 
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