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Summary 
 

This report describes the results and the outcome of an international collaborative study 

organised to establish the third World Health Organization (WHO) International Standard (IS) 

for Erythromycin. Fifteen (15) laboratories from different countries participated. The potency of 

the candidate material was estimated by microbiological assays with sensitive micro-organisms. 

To ensure continuity between consecutive batches, the second IS for Erythromycin was used as 

reference. 

 

This report provides details about the material donated by a manufacturer, the processing 

involved to generate a candidate batch and the analytical controls to assess its quality. It includes 

statistical analysis of the results, the conclusions made thereof and a recommendation to the 

WHO Expert Committee for Biological Standardization (ECBS). 

 

It is proposed that the third WHO International Standard for Erythromycin (EDQM internal code 

ISA_65774) be assigned an antimicrobiological activity of 925 IU/mg. 

 

Introduction 
 

Erythromycin is a mixture of macrolide antibiotics produced by a strain of Saccharopolyspora 

erythraea (formally known as Streptomyces erythreus). It inhibits bacterial protein synthesis by 

binding to bacterial 50S ribosomal subunits; binding inhibits peptidyl transferase activity and 

interferes with translocation of amino acids during translation and assembly of proteins. The 

drug is used in the treatment of a wide variety of bacterial infections such as infections of the 

respiratory tract, including bronchitis, pneumonia, Legionnaires' disease and pertussis; diphtheria; 

sexually transmitted diseases, including syphilis; and ear, intestine, gynecological, urinary tract 

and skin infections. Erythromycin is on the WHO’s List of Essential Medicines that are needed 

for a basic health system [1]. 

 

The 2
nd

 IS for Erythromycin (code-labelled 76/538) was established in 1978 on the basis of an 

international collaborative study [2] published by Lightbown et al. [3]. It was assigned a potency 

of 920 International Units per mg and the International Unit of Erythromycin was defined as the 

activity contained in 0.001087 mg of the International Standard for Erythromycin. 

 

As stocks of the 2
nd

 IS for Erythromycin were dwindling, the European Directorate for the 

Quality of Medicines & HealthCare (EDQM), who is responsible for the production, 

establishment and storage of WHO International Standards for Antibiotics (ISA), took 

appropriate steps for its replacement by the establishment of a new batch following WHO 

recommendations [4]. 

 

Bulk material, processing and stability 
 

The candidate bulk material was kindly donated by Ercros, Spain. About 1kg of Erythromycin 

base (CAS n° 114-07-8) was provided in July 2017 (manufacturer batch n° BM 559). A 

certificate of analysis was provided in the batch documentation. The candidate material was 
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claimed to comply with the quality standards of the European Pharmacopoeia monograph 

“Erythromycin, 0179”. The bulk material was stored in a deep-freeze before processing. 

 

Manufacturing of the third WHO IS for Erythromycin candidate batch 

 
The candidate 3

rd
 IS for Erythromycin was manufactured by powder filling as was already the 

case for the previous IS. The processing operations were carried out from 11 to 12 January 2018. 

 

All powder weighing was performed in a glove box under a controlled atmosphere of argon gas. 

The humidity conditions were as defined in a water sorption-desorption study performed by the 

EDQM laboratory, i.e. 45% ±5% of relative humidity. Several vials containing accurately 

weighed amounts of bulk material were prepared concomitantly to enable further testing of the 

bulk powder. 

 

The Erythromycin bulk material was allowed to equilibrate at room temperature at the pre-

defined humidity conditions and was subsequently homogenised in a Turbula mixer. Aliquots 

were distributed in containers, sealed, and stored protected from light. 

 

Vials were filled at a nominal weight of about 75 mg per vial of Erythromycin, stoppered under 

inert gas and sealed. Filling took place in morning and afternoon shifts which are traceable via 

sub-batch numbering. The batch was identified under Fab n°17/10-32. 

 

A total of 9687 vials were produced. 

The number of vials available as 3
rd

 IS for Erythromycin is 9488 vials. 

 

Selection of a batch suitable as “reference standard” for monitoring purposes 

 
WHO IS are primary reference materials and as such cannot be tested against higher order 

reference standards. As a consequence, real time stability studies are not usual practice and in 

many cases, stability of WHO IS is assessed by means of accelerated degradation studies. 

 

Nevertheless, it was decided to store some of the vials of the 2
nd

 and 3
rd

 IS for Erythromycin 

at -80°C and to use them, at regular intervals in the future, to assess the potency of vials stored at 

-20°C, the customary storage temperature of the WHO IS batch for Erythromycin. Vials stored at 

-80°C were registered under EDQM internal numbers 28385 and 66649 for the 2
nd

 and the 3
rd

 IS 

respectively. 

 

Quality control on bulk and final batch 

Compliance of the bulk 
Accurately weighed bulk material samples prepared during a single weighing session were tested 

according to the Ph. Eur. monograph “Erythromycin, 0179”. The results obtained using the 

analytical methods described under “Identification by infrared absorption spectrophotometry, 

thin-layer chromatography, test for related substances, thiocyanate, water and sulfated ash” were 

compliant with the monograph specifications and were in agreement with those of the certificate 

of analysis provided by the manufacturer. The Erythromycin E (impurity C) content was above 
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the maximum monograph limit (4.4% instead of ≤ 3.0%) but was considered acceptable taking 

into account the intended use of the IS. The bulk material was therefore considered suitable for 

further processing. 

 

Visual appearance of final vials 
Vials were randomly sampled from the batch and inspected visually. The appearance of the 

powder was considered satisfactory. 

 

Homogeneity of Erythromycin in final vials 
Semi-automatic filling was carried out in order to ensure a minimum of 75 mg of Erythromycin 

powder per vial with the possibility for the user to weigh twice the exact mass needed to perform 

the microbiological assay (about 25.0 mg). 

Mean fill weights and relative standard deviations (RSD) were recorded for each session. The 

overall mean filling weight was 84.53 mg (RSD=4.9 %; n=44). 

 

The water content of the candidate 3
rd

 IS for Erythromycin was estimated by determining the 

residual water content in 10 vials randomly sampled from the batch.  

The determination of water was performed by the coulometric Karl Fischer method as described 

in the Ph. Eur. general chapter “2.5.12. Water: semi-micro determination”.  

The mean water content was calculated to be 1.6 % (RSD=4.4%; SD=0.07; n=10). 

The water content of candidate batch 3 was found appropriate and considered sufficiently 

homogeneous for the intended use. 

 

Identity of Erythromycin content in final vials 
The identity of the 3

rd
 IS for Erythromycin was confirmed by Time-of-flight mass spectrometry 

(TOF-MS). The results obtained were concordant with the expected mass. 

The candidate 3
rd

 IS for Erythromycin was considered suitable for the intended use. 

 

Stability studies on the product in the final container 
An accelerated degradation study is underway at the EDQM. The vials of the candidate batch of 

the 3
rd

 IS for Erythromycin are stored at +25°C, +40°C and +50°C in different climatic chambers 

(Binder, KBF 720 model) for 1, 3 and 6 months. Samples will be tested by both liquid 

chromatography and microbiological assay. 

 

The impurities/degradation products of these vials will be estimated in comparison to vials of the 

same batch kept at the customary storage temperature of -20°C by using the compendial Ph. Eur. 

liquid chromatography (LC) method.  

The potencies of the vials stored 6 months at the aforementioned temperatures will be estimated 

as relative potencies against vials of the same batch kept at -20°C. Three vials for each 

temperature will be analysed by independent assays using the diffusion method.  

 

In addition, impurity profile and potencies of vials stored at -20°C will also be estimated against 

vials stored at -80°C to generate some baseline data for future monitoring purposes. 

 

The outcome of the stability studies will be reported at the ECBS meeting in October 2018. 
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Collaborative study 

Participants 

 
A total of 15 laboratories from different countries around the world volunteered to participate in 

the study. Each participant is referred to in this report by an arbitrarily assigned number, not 

necessarily reflecting the order of listing in the Appendix. 

 

Samples 

 
Each laboratory was provided with: 

- 3 vials of the 2
nd

 WHO IS for Erythromycin (76/538), containing approximately 75 mg of 

powder per ampoule (assigned content: 920 IU per mg) (EDQM internal code: 46597), 

- 7 vials of the 3
rd

 WHO IS for Erythromycin candidate batch containing approximately 75 mg 

of powder per vial (activity about 1000 IU per mg) (EDQM internal code: 66463). 

 

Assay method and study design 

 
The participants were asked to estimate the potency of the 3

rd
 WHO IS for Erythromycin 

candidate batch by microbiological activity against target micro-organisms using the diffusion 

method, using the WHO 2
nd

 IS for Erythromycin as reference. 

A total of six independent assays were to be carried out by each participant. 

 

Prior to carrying out the study, a pilot assay was performed in the EDQM laboratory in order to 

develop and provide details for the study protocol. 

 

Participating laboratories were requested to follow the study protocol as far as possible. 

 

Results and statistical analysis 

Statistical methods 

 
The experimental data obtained in this study were analysed as parallel line assays [5], using 

CombiStats [6] and R software [7]. R software was used as a help to transform the CombiStats 

individual assay results into table format. 

All assays were submitted to visual inspection of the plots to check for unusual features. Validity 

of the assays was assessed according to the flow chart in Figure 1. In routine situations where 

decisions are based on only one assay or only a few assays, the level of significance is usually 

taken to be p=0.05. In collaborative studies with many participants, however, a more 

conservative level of significance is often used. This is because the level of p=0.05 leads to about 

10 per cent errors of the first kind (incorrect rejection of assays), whereas errors of the second 

kind (incorrect acceptance of assays) will not influence the global outcome of the study much 

because of the large amount of data available. Hence, the level of significance in this study is 
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taken to be p=0.01 which would imply an expectation of about 2 for linear regression and the 

difference between preparations was small [8, 9]. For assays including two doses only, a check 

for non-parallelism only could be performed. A slight but significant curvature was not 

considered reason for rejection if the mean square for quadratic regression was less than 1/100 of 

the mean square performed.  

 

Whenever a laboratory performed several assays on the same vial, a weighted mean potency of 

the valid assays was calculated using weights proportional to the reciprocal of the variance, if the 

potency estimates were homogeneous (χ
2
 test for homogeneity with p value ≥0.10). A semi-

weighted combination was used whenever the confidence intervals of the independent potency 

estimates did not satisfactorily overlap each other by means of a χ
2
 test for homogeneity (p<0.10). 

The valid assays per laboratory were combined using the same method of weighted or semi-

weighted combination. The estimates (one for each of the participants) were then combined into 

one single estimate with a 95 per cent confidence interval using the same method of semi-

weighted combination. 

 

Results 

 
Fourteen (14) laboratories reported results from assays. One laboratory was unable to submit 

results. Laboratories are referred to by their randomly assigned code-numbers (1 to 14), not 

necessarily corresponding to the order in the list of participants. Assay methods used by the 

participating laboratories are summarised in Annex 1. All participants carried out 6 assays as 

requested. Laboratory 1 submitted data for the assays performed by two operators including 

repetition of Assay 2 and 3 by the second operator. Laboratory 12 performed a series of the 

assays using two different test organisms; for the test organism A the Assay 3 and 5 were 

repeated twice.  Laboratory 6 used a 2-dose assay so it was not possible to check for non-

linearity. Laboratory 7 did not provide the raw data; therefore the central calculation was not 

possible. 

 

All assays were analysed individually after which they were combined into one potency estimate 

per vial and then to one potency estimate per laboratory. If all sub-assays are counted as 

individual assays a total of 101 assays were reported. 

The complete computer output of the parallel line analyses as performed at the EDQM is 

available in PDF format to participants of the study (186 pages generated by CombiStats).  

A summary of the results is given in Table 1. The potency estimates and associated 95 per cent 

confidence intervals are shown, together with the relevant p-values. 

The potency estimates and confidence intervals based on calculations by the participants are also 

listed. Laboratory 1 excluded some measurements in Assay 3 Repeats 2 and 3 applying Grubbs’ 

test. In the EDQM calculation all measurements were included and the assays remain valid.  

Laboratory 6 provided the potency estimates which could be confirmed by EDQM calculations. 

However, the reported confidence intervals were much larger. Laboratory 7 did not provide the 

raw data; therefore the calculation at EDQM could not be performed. For Laboratory 9 Assay 4, 

one outlying value with a low standardised residual (<-2) was excluded in EDQM calculation 



WHO/BS/2018.2344 

Page 8 

 

(T2, rep3). Laboratory 11 excluded 3 implausible measurements as the response of lower dose 

was higher than the middle dose. The values were excluded for EDQM calculation as well. One 

value in Assay 6 (S2, rep4) was excluded due to a technical issue reported by the participant. For 

Laboratory 13, it was necessary to apply a logarithm transformation of the data to achieve better 

linearity. Overall, there was a good concordance in the potency estimates provided by 

participants and calculated at EDQM; the percentage difference varies between -0.7% and 0.7%.  

Five (5) assays from Laboratory 5 and 2 assays from Laboratory 14 had to be rejected due to 

significant deviations from linearity. Two (2) assays from Laboratory 12 had to be rejected due 

to significant deviations from parallelism.  

A graphical representation of the confidence intervals of each individual assay is shown in 

Figure 2 (EDQM calculations) and in Figure 3 (Participants’ calculations). Potency estimates 

from valid assays ranged from 801 IU/mg (Lab 14) to 1063 IU/mg (Lab 2). Combined potency 

estimates are shown in Table 2. The variability among individual assay results (repeatability), 

expressed as a geometric coefficient of variation (GCV%), ranges from 1.5% (Laboratory 9) to 

6.3% (Laboratory 11). The variability among the mean assay results of the laboratories 

(reproducibility) is equal to 5.9%. 

Laboratory 1 

The 13 sub-assays were statistically valid, the combined results per vial were heterogeneous 

(p=0.001).  The semi-weighted combined estimate is 931 IU/mg (±1.7%). 

Laboratory 2 

The 6 assays were statistically valid and the potency estimates were heterogeneous (p=0.060). 

The semi-weighted combined estimate is 1018 IU/mg (±1.7%). 

Laboratory 3 

The 6 assays were statistically valid and the potency estimates were heterogeneous (p<0.0001). 

The semi-weighted combined estimate is 865 IU/mg (±1.6%). 

Laboratory 4 

The 6 assays were statistically valid and the potency estimates were heterogeneous (p<0.0001). 

The semi-weighted combined estimate is 959 IU/mg (±1.8%). 

Laboratory 5 

Only one assay was statistically valid with a potency estimate of 855 IU/mg (±6.6%). 

Laboratory 6 

The 6 assays were statistically valid and the potency estimates were homogeneous (p=0.904). 

The weighted combined estimate is 895 IU/mg (±3.0%). 

Laboratory 7 

Not estimated as raw data not provided. 

Laboratory 8 

The 6 assays were statistically valid and the potency estimates were homogeneous (p=0.789). 

The weighted combined estimate is 922 IU/mg (±3.0%). 
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Laboratory 9 

The 6 assays were statistically valid and the potency estimates were homogeneous (p=0.148). 

The weighted combined estimate is 922 IU/mg (±0.9%). 

Laboratory 10 

The 6 assays were statistically valid and the potency estimates were homogeneous (p=0.291). 

The weighted combined estimate is 1010 IU/mg (±1.4%). 

 

Laboratory 11 

The 6 assays were statistically valid and the potency estimates were heterogeneous (p=0.000). 

The semi-weighted combined estimate is 880 IU/mg (±2.8%). 

Laboratory 12 

For assays on test organism A, one assay was statistically invalid. The other 9 assays were 

statistically valid and the potency estimates were heterogeneous (p=0.055). The semi-weighted 

combined estimate is 889 IU/mg (±1.2%). 

For assays on test organism B, one assay was statistically invalid. The other 5 assays were 

statistically valid and the potency estimates were heterogeneous (p<0.0001). The semi-weighted 

combined estimate is 879 IU/mg (±2.6%). 

Laboratory 13 

The 6 assays were statistically valid and the potency estimates were heterogeneous (p=0.000). 

The semi-weighted combined estimate is 979 IU/mg (±2.6%). 

Laboratory 14 

Four (4) of 6 assays were statistically valid and the potency estimates were heterogeneous 

(p<0.0001). The semi-weighted combined estimate is 857 IU/mg (±3.7%). 

A histogram of all potency estimates per assay is shown in Figure 4 and a histogram of the mean 

results per laboratory is shown in Figure 5. The final confidence intervals per laboratory are 

summarised in Table 2 and a graphical representation is given in Figure 6. The χ
2
 value for 

between-laboratory homogeneity is highly significant (p<0.001) so a semi-weighted combination 

was made which yields 925 IU/mg (±1.0%).  

 

Comments from Participants 
 

Minor editorial comments were received from the participants and these were taken into 

consideration in the current report. 

 

Recommendation 
 

The proposed candidate batch is suitable for its intended purpose. It is proposed that the 3
rd

 

WHO International Standard for Erythromycin (EDQM internal code ISA_65774) be assigned 

an antimicrobiological activity of 925 IU per mg. 

 

The leaflet for users of the candidate 3
rd

 IS are shown in Annex 2. 
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Table 1.1 

Overview of assay results calculated by the participants and at the EDQM 
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Table 1.2 

Overview of assay results calculated by the participants and at the EDQM 
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Table 2 - Combined potency estimates per laboratory 

 

 
Final Potency Estimates 

 
(IU/mg) 

  Estimated     

Lab Potency GCV% 
95% Confidence 

Limits 

1 931 3.9 (98.4% - 101.7%) 
2 1018 2.8 (98.3% - 101.7%) 
3 865 3.4 (98.4% - 101.6%) 
4 959 4.0 (98.2% - 101.8%) 
5 855 2.5 (93.5% - 106.6%) 
6 895 2.1 (97.1% - 103.0%) 

7 no raw data 

8 922 2.4 (97.1% - 103.0%) 
9 922 1.5 (99.1% - 100.9%) 

10 1010 2.0 (98.6% - 101.4%) 
11 880 6.3 (97.3% - 102.8%) 

12A 889 1.9 (98.8% - 101.2%) 
12B 879 5.2 (97.4% - 102.6%) 
13 979 5.3 (97.4% - 102.6%) 
14 857 4.9 (96.5% - 103.7%) 

Combined 925 5.9 (99.0% - 101.0%) 
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Annex 1: Methods used by the participants 

 
 

 
 

 

 

 

 

 

1 2 3 4

Diffusion Diffusion Diffusion Diffusion

European 

Pharmacopoeia
European Pharmacopoeia United States Pharmacopeia

European 

Pharmacopoeia

Bacillus subtilis Staphylococcus aureus ATCC 6538P Micrococcus luteus Bacillus subtilis

ATCC MediMark_Europe ATCC
Czech Collection of 

Microorganisms

6633 827-199-5 9341 CCM 1999

-80ºC 2~8℃ 2-8℃ 2-8°C

Recovery in TSB 18h/ 

30ºC
solid agar culture 32-35℃ sporosuspension

Medium A (Ph. Eur.), 

pH 7,9

peptone 6g, pancreatic digest of casein 

4g, beef extract 1.5g, yeast extract 3g, 

glucose monohydrate 1g, agar 15g, 

water to 1000ml

Medium A (Difco Antibiotic Medium 11)

Peptone    6.0 g 

Pancreatic digest of casein 4.0 g 

Beef extract    1.5 g 

Yeast extract   3.0 g 

Glucose monohydrate   1.0 g 

Agar     15 g 

Water     to 1000 mL 

pH 8.3 ±0.1 after sterilisation

Medium A - 

composition 

according to EP

Not applicable 100Φ x 15mm, plastic 20 mm × 100 mm 
18 Petri dishes/ 1 

assay (90 mm)

245x245x25mm 12 

18 mL Medium A + 8 mL Medium A (100 

mL contain 1.75 mL ATCC9341 with 

OD=580 nm, transmittance 25 %)

3 3 3 3

Methanol for HPLC and 

sterilized Water R
MeOH, Water methanol R and water R

water R with 

methanol R (10%)

Buffer solution pH 8.0 

0.2M potassium dihydrogen 

phosphate 50ml + 0.2M sodium 

hydroxide 46.8ml -> up to 200ml DW

PBS pH 8.0 Buffer pH 8,0

100 µL per cavity 200 µl 0.1 mL 100 µl

18h 18 hous 18±2  hours 18h

30ºC 35~37℃ 32-35℃ 30°C

Leica Qwin Vernier calipers(digital) Synoptics ProtoCOL NIS Elements

0,01 mm 0.01mm 0.01 mm 0,01 mm

CombiStats Excel Excel CombiStats

Assay

Petri dish

Plate

Solvent for stock solution

Solvent for working and final 

solutions

Number of dose per 

preparation per assay

Results (indicate if CombiStats is used or 

Excel template; for Excel template refer to

following sheet)

Compendia used

Laboratory code

Method used

Volume of antibiotic solution 

per cavity/cylinder

Incubation time

Incubation temperature

Equipment for result reading 

Precision of the reading in mm

Test 

organism

Name

Source

Identification code

Storage

Culture mode

Medium composition
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5 6 7 8

Diffusion Diffusion Diffusion Diffusion

United States Pharmacopeia Japanese Pharmacopoeia European Pharmacopoeia

European Pharmacopoeia;

United States 

Pharmacopeia;

Farmacopea Argentina 

7ma Ed

Micrococcus luteus
—Staphylococcus aureus ATCC 6538 

P
Bacillus pumilus Kocuria rhizophila

ATCC ATCC ATCC 14884 ATCC

9341 stock code at NIID No.29 MB 240 9341

-80 C -80°C
Spore suspension stored at 

4°C
2°C - 8 °C

Cryovial 35°C, subclutured 3 times Not applicable Triptein Soy Agar

Antibiotic Assay Medium No-1 Antibiotic Medium 1(Difco)
Medium A (Medium 3, pH 

7.8)
Antibiotic Media 11

20 × 100 mm f90mm, plastic Not applicable 90 mm

Diffusion-Cylinder Plate 

Method

First layer 20ml of medium, 

second layer 4 ml of medium with 

S. aureus ATCC 6538P(Medium 

Glucose 1.0g, Peptone 6.0g, Meat 

extract 1.5g, Yeast extract 3.0g, 

Agar 15.0g, Water 1000ml)

Large plate, approx. 30cm x 

30cm, 260mL
_ _ _

3 2 2 3

Methanol
25ml methanole, complete to 

100ml with buffer
Methanol Methanol

Buffer B.3 (0.1 M, pH 8.0)

0.1 mol/L Phosphate buffer 

solution, pH 8.0(13.2 g of 

anhydrous disodium hydrogen 

phosphate and

0.91 g of potassium dihydrogen 

phosphate in about 750 mL

of water, adjust to pH 8.0 with 

phosphoric acid, and add

water to make 1000 mL.) 

Phosphate Buffer 1%, pH 8.0
Buffer N° 3 (USP.Chapter 

81)

50 µl 250ml 100µL 100 mcl

16-18 Hrs

18 hours 24 hours 20 hs

33.5 C 35°C 37°C 33 °C

Vernier Calliper (VRCP-0001)

Zone Analyzer system 

ZA－FMⅡ(System Science Co., 

Tokyo Japan)

Protocol SR, Model #92000 Caliper

 Precision-0.01 mm
0.1mm 0.05mm 0,02 mm

Combistats Software 895 IU/mg See attached Excel sheets Excel template

Assay

Petri dish

Plate

Solvent for stock solution

Solvent for working and final 

solutions

Number of dose per 

preparation per assay

Results (indicate if CombiStats is used or 

Excel template; for Excel template refer to

following sheet)

Compendia used

Laboratory code

Method used

Volume of antibiotic solution 

per cavity/cylinder

Incubation time

Incubation temperature

Equipment for result reading 

Precision of the reading in mm

Test 

organism

Name

Source

Identification code

Storage

Culture mode

Medium composition
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9 10 11

Diffusion Diffusion Diffusion

European Pharmacopoeia
European Pharmacopoeia;

EDQM Protocol
European Pharmacopoeia

Bacillus subtilis Bacillus subtilis Bacillus subtilis 

Collection of microorganisms MIBP 

FSBI "SCEEMP"
Microbiologicals Pasteur

ATCC 6633 ATCC 6633 CIP 52.62

(5±1)°C 4 C under 80°C

spore as stock spores suspension 
7 days at 32,5 °C

A (EP)
According to the EDQM Protocol 

for Erythromycin CRS 3

DIFCO 2 + agar 5g/l + casein peptone  

3 g/l + manganese sulphate  0.001 g/l

Petri dish 36/assay (12 per dilution) 94 mm

- - 12

3 3 3

methanol R,  water R.
According to the EDQM Protocol 

for Tylosin CRS 3

10 per cent V/V solution of methanol R 

in 0.1 M phosphate buffer solution pH 

7.0 R

buffer solution pH 8.0
According to the EDQM Protocol 

for Tylosin CRS 3

0.1 M phosphate buffer solution pH 

8.0 R

75mcl per cavity 0,4 ml 100 Ul

about 18 hours. 18 hours 18-24h

36 °C 30 C 36°C

Readbiotic Electronic micrometer
ProtoCOL 2 SYNBIOSIS : instrument 

for zone measurements

0,1mm 0,1 mm 0.5 mm

CombiStats CombiStats Combistats

Assay

Petri dish

Plate

Solvent for stock solution

Solvent for working and final 

solutions

Number of dose per 

preparation per assay

Results (indicate if CombiStats is used or 

Excel template; for Excel template refer to

following sheet)

Compendia used

Laboratory code

Method used

Volume of antibiotic solution 

per cavity/cylinder

Incubation time

Incubation temperature

Equipment for result reading 

Precision of the reading in mm

Test 

organism

Name

Source

Identification code

Storage

Culture mode

Medium composition



WHO/BS/2018.2344 

Page 24 

 

 

12 A 12 B 13 14

Diffusion Diffusion Diffusion Diffusion

European Pharmacopoeia European Pharmacopoeia
European 

Pharmacopoeia
European Pharmacopoeia

Bacillus pumilus Bacillus subtilis Bacillus subtilis Bacillus subtilis

DSMZ DSMZ Pasteur institute Becton Dickinson 

DSMZ 361 / ATCC 14884 DSMZ 347 / ATCC 6633 CIP 52.62
ATCC-Nr. 6633; → WDCM 

00003

2-8°C 2-8°C +4°C lyophilisate, refrigerated

Spore suspension Spore suspension 7 days at 35°C On agar plates

The assay was carry out with 

antibiotic-agar no. 11 with pH 7.9 

from Merck article no. 

1.05269.0500

The assay was carry out with 

antibiotic-agar no. 11 with pH 

7.9 from Merck article no. 

1.05269.0500

Medium A as 

described in Ph. Eur. 

general chapter 

2.7.2

Medium A according to 

the protocol

85 mm Sarstedt 85 mm Sarstedt 90 mm

/ Greiner Plates

3 3 3 3

Methanol Methanol

10 per cent V/V 

solution of methanol 

R in water R

Methanol/Water 

(protocol)

0.05 M phosphate-buffer pH 8.0
0.05 M phosphate-buffer pH 

8.0

Buffer solution pH 

8.0 (as described in 

the protocol)

Buffer Solution pH 8,0 

(protocol)

40 µl 40 µl 100 µL
20 µl, not cavity, but small 

test leaflets

overnight appr. 16 - 22 hours 

with 2h prediffusion at 20-25°C

overnight appr. 16 - 22 hours 

with 2h prediffusion at 20-25°C
about 18h 18 hours

30-35°C 30-35°C 30°C 37°C

Inhibition zone reader Bio-Proof-

CE

Inhibition zone reader Bio-

Proof-CE

Scan 1200 

(Interscience)

Photo equipment, length 

measurement

0.01 mm 0.01 mm 0.3 mm 0,01

CombiStats CombiStats CombiStats Excel template

Assay

Petri dish

Plate

Solvent for stock solution

Solvent for working and final 

solutions

Number of dose per 

preparation per assay

Results (indicate if CombiStats is used or 

Excel template; for Excel template refer to

following sheet)

Compendia used

Laboratory code

Method used

Volume of antibiotic solution 

per cavity/cylinder

Incubation time

Incubation temperature

Equipment for result reading 

Precision of the reading in mm

Test 

organism

Name

Source

Identification code

Storage

Culture mode

Medium composition



WHO/BS/2018.2344 

Page 25 

 

Annex 2 
 



WHO/BS/2018.2344 

Page 26 

 

 


