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Summary 

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

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

for Streptomycin. 14 laboratories from different countries participated. Potencies of the 

candidate material were estimated by microbiological assays with sensitive micro-organisms. To 

ensure continuity between consecutive batches, the third IS for Streptomycin 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 fourth WHO International Standard for Streptomycin (EDQM internal 

code ISA_55821) be assigned an antimicrobiological activity of 76 000 IU/vial. 

 

Introduction 

 
Streptomycin is an aminoglycoside antibiotic produced by the soil actinomycete Streptomyces 

griseus. It acts by binding to the 30S ribosomal subunit of susceptible organisms and disrupting 

the initiation and elongation steps in protein synthesis. The drug is used in the treatment of 

tuberculosis and moderate to severe susceptible infections, including plague, tularemia, bacterial 

endocarditis. It is used as second-line therapy for gram-negative bacillary bacteremia, meningitis, 

pneumonia, brucellosis, granuloma inguinale, chancroid and urinary tract infections. 

Streptomycin is on the WHO’s List of Essential Medicines that are needed for a basic health 

system [1]. 

 

The 3
rd

 IS for Streptomycin (code-labelled 76_539) was established in 1980 on the basis of an 

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

potency of 78 500 International Units per ampoule. In accordance with the decision of the ECBS 

at its session held in September 1958 [4], the International Unit of Streptomycin is defined as the 

activity contained in 0.001282 mg of the International Standard for Streptomycin. 

 

As stocks of the 3
rd

 IS for Streptomycin were dwindling, the European Directorate for the 

Quality of Medicines & HealthCare (EDQM), which 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. 

 

Bulk material, processing and stability 
The candidate bulk material was kindly donated by North China Pharmaceutical Huasheng, 

China. About 600 g of Streptomycin sulfate (CAS n°3810-74-04) was provided in April 2014 

(manufacturer batch n° HSO1403303). A certificate of analysis was provided in the batch 

documentation as well as accelerated stability data. The candidate material was claimed to 

comply with the quality standards of the European Pharmacopoeia monograph “Streptomycin 

sulfate, 0053”. The bulk material was stored in a deep-freeze before processing. 
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Production of the fourth WHO IS for Streptomycin candidate batch 
Due to the hygroscopicity of the Streptomycin sulfate powder, it was decided to use freeze-

drying rather than powder filling as was already the case for the previous IS. The processing 

operations were carried out from 4 to 7 November 2014. 

 

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 at the 

EDQM laboratory. Several vials containing accurately weighed amounts of bulk material were 

prepared concomitantly to enable further testing of the bulk powder and to prepare the solution 

to be freeze-dried. 

 

The Streptomycin sulfate bulk material was allowed to equilibrate at room temperature at the 

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

 

Formulation: 120.73 g of Streptomycin sulfate was dissolved in water R to a final weight of 

1200 g and stirred until complete dissolution. The nominal concentration of the final solution 

was 100.6 mg bulk Streptomycin sulfate per g. 

 

Filling: The solution was filled into 9.0 mL amber glass vials. The vials fill weight corresponds 

to a nominal content of 100 mg of Streptomycin sulfate. Control of fill weight: 12 vials were 

randomly sampled across the batch. The results were as follows: Mean: 1.00525 g; RSD= 0.04 %. 

The fill weight was considered homogeneous.  

 

Lyophilisation: The vials were placed onto 4 trays, they underwent lyophilisation, they were 

stoppered with teflon-coated rubber stoppers and sealed. The batch was stored at -20°C and was 

assigned the production code 14/10-13. 

A total of 1172 vials were produced. 

The number of vials available as 4
th

 IS for Streptomycin will be 993 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 3
rd

 and 4
th

 IS for Streptomycin 

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 Streptomycin. Vials stored at 

-80°C were registered under EDQM internal numbers 28302 and 55944 respectively. 

 

Quality control on bulk and final batch 

Conformity of the bulk 
Accurately weighed samples prepared during a single weighing session were tested according to 

the Ph. Eur. monograph “Streptomycin sulfate, 0053”. The results obtained using the analytical 

methods described under “Identification by thin-layer chromatography, test for methanol, 

streptomycin B, loss on drying, sulfated ash and colorimetric test” were compliant to the 

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

provided by the manufacturer. The sulfate content (17.0%) was outside the monograph limits 

(18.0-21.5%) but was considered acceptable for the intended use. The bulk material was 

therefore considered suitable for further processing. 
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Visual appearance of final vials 
Vials were randomly sampled from the freeze-dried batch and inspected visually. The 

appearance of the cakes was considered satisfactory. 

 

Residual water content 
The candidate batch vials contain about 100 mg of freeze-dried Streptomycin sulfate. It was 

decided to estimate the residual water content in triplicate in 3 vials randomly sampled from the 

batch.  

Due to the hygroscopicity of the substance, the samples were dissolved by adding the solvent 

(Hydranal®) directly to a pre-weighed amount of sample in the container. This procedure 

eliminates the risk of water uptake during sample handling. The determination of water was 

performed as described in the Ph. Eur. general chapter “2.5.32. Water: Micro determination”.  

The residual water content represents 3.3 percent of the 100 mg target fill. 

 

Homogeneity of Streptomycin content in final vials 
The average content (mg/vial) of Streptomycin sulfate (freeze-dried substance) was measured by 

extracting and weighing the content of 12 vials sampled throughout the batch. The weight was 

determined by difference, i.e. vials were weighed, emptied, rinsed, dried and weighed again. The 

mean weight was 95.09 mg (RSD= 0.25 %; SD= 0.24). 

The candidate batch 4 was considered sufficiently homogeneous in terms of content (mg/vial) 

and suitable for the intended use. 

 

Identity of Streptomycin content in final vials 
The identity of the 4

th
 IS for Streptomycin was confirmed by TOF-MS. The results obtained 

were concordant with the expected mass. 

The 4
th

 IS for Streptomycin 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 freeze-dried vials of the 

candidate batch of the fourth IS for Streptomycin are stored at +20°C, +37°C and +45°C in 

different climate chambers (Binder, KBF 720 model) for 1, 3 and 6 months. Samples will be 

tested by microbiological assay. No liquid chromatography method is described in the Ph. Eur. 

for this substance, therefore no liquid chromatography testing will be performed. 

The potencies of these vials will be estimated as relative potencies against vials of the same 

batch kept at -20°C. Three vials will be analysed by independent assays for each temperature and 

time using the diffusion method. The outcome will be reported to the ECBS meeting in October 

2015. 

In addition, 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. 

 

Collaborative study 

Participants 
A total of 14 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. 
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Samples 
Each laboratory was provided with: 

- 3 vials of the 3
rd

 WHO IS for Streptomycin (76/539), containing approximately 100 mg of 

freeze-dried powder per ampoule (assigned content: 78 500 IU per ampoule) (EDQM internal 

code: 39913), 

- 6 vials of the 4
th

 WHO IS for Streptomycin candidate batch containing approximately 100 mg 

of freeze-dried powder per vial (activity about 76 600 IU per vial) (EDQM internal code: 

55937) 

 

Assay method and study design 
The participants were asked to estimate the potency of the 4

th
 WHO IS for Streptomycin 

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

diffusion method or the turbidimetric method or both where possible, using the WHO 3
rd

 IS for 

Streptomycin 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 the 

SAS-System [6] (GLM procedure) and CombiStats [7], except in cases where the assay design 

did not allow for this model to be applied. Both programmes give identical outcomes but the 

output is somewhat easier to transform to tables with the SAS-system, whereas CombiStats 

provides a more streamlined output for individual assays. 

 

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 taken to be P=0.01 which would imply an expectation of about 2 per cent incorrect rejections. 

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 for linear regression and the 

difference between preparations was small [8.9]. For asymmetrical assay designs only a check 

for non-linearity and non-parallelism was performed, if possible, and the assay was rejected 

when either or both was significant at the P=0.01 significance level. In cases where the assay 

design did not permit a check for non-parallelism and/or non-linearity these checks were skipped 

provided that visual inspection of the data showed no major irregularities. 

 

Whenever a laboratory performed several assays based on the same weighings, yielding several 

non-independent estimates of potency, a weighted mean potency of the valid sub assays was 

calculated using weights proportional to the reciprocal of the variance. The valid assays per 
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laboratory were combined using the same method of weighted combination, but 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 

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. Laboratories are referred to by their 

randomly assigned code-numbers (1 to 14), not necessarily corresponding with the order of 

listing in the list of participants. After receipt of the preliminary report Lab 7 decided to 

withdraw their participation in this study and requested that their results be removed from the 

report. All participants carried out 6 assays as requested, except Laboratory 8 which carried out 3 

assays, each assay including 1 vial of the standard and 2 vials of the candidate CRS. In the 

central calculations, each test vial is treated as if obtained in an independent assay, even though 

the standard curve is the same for each pair of test vials. Laboratories 5 and 11 submitted data 

from 6 assays carried out in triplicate resulting in a total of 18 sub-assays each. Laboratory 9 

carried out up to 4 replicates per assay by 2 different operators, yielding a total of 17 sub-assays. 

Laboratory 12 repeated assay 6 because the result was considerably lower than the other 5 assays, 

but obtained an equally low result. 

Laboratory 5 used a 2-dose assay so it was not possible to check for non-linearity. Laboratory 8 

used an asymmetrical assay design so it was not possible to use the flowchart in Figure 1 for the 

validity checks. In addition, this laboratory used only 1 dose for the candidate CRS so it was not 

possible to check for non-parallelism. 

 

For the calculations, all sub-assays were analysed as individual assays after which they were 

combined into one potency estimate per vial. If all sub-assays are counted as individual assays a 

total of 114 assays were reported or 5476 zone-diameter readings. 

 

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

available in PDF format to participants of the study (240 pages generated by CombiStats). Data 

from Lab 8 could not be analysed with the parallel line model so a calibration curve method was 

used instead. A summary of the results is given in Table 1 (See Annex 1 for the essential SAS-

scripts used). 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 3 reported results which were about 2.5% lower than calculation at the EDQM. 

The laboratory was contacted for clarification and reported that they made a mistake. Their 

results were subsequently multiplied by a factor 78 500/76 600. Laboratory 5 reported potency 

estimates as a percentage and was contacted for clarification. The laboratory replied that the 

percentages were with respect to the labelled potency of 76 600 IU/vial and were subsequently 

converted to IU/vial at the EDQM. However, a systematic difference of 0.6% remains 

unexplained for this laboratory. Laboratory 8 reported confidence limits not containing the 

potency estimate (e.g. 74 230 IU/vial with 95% confidence limits from 73 727.72 to 

73 747.08 IU/vial). Laboratory 10 did not report confidence limits. This laboratory also reported 

potency estimates as a percentage and was contacted for clarification. The laboratory replied that 

the percentages were with respect to the standard potency of 78 500 IU/vial and were 

subsequently converted at the EDQM. However, a systematic difference of 2.0% remains 

unexplained for this laboratory. No potency estimate was reported for Assay 6. 
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Assay 3 from Laboratory 10 had to be rejected due to significant deviations from linearity. Six (6) 

sub-assays from Laboratory 11 had to be rejected due to significant deviations from parallelism. 

However, all assays included at least one valid sub-assay so it was possible to obtain a valid 

potency estimate for each vial. 

 

A graphical representation of the confidence intervals of each individual (sub)-assay is shown in 

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

from valid assays ranged from 69 902 IU/vial (Lab 11) to 80 425 IU/vial (Lab 13). Combined 

potency estimates are shown in Table 2. 

 

Laboratory 1 

The 6 assays were statistically valid and the potency estimates were homogeneous (P=0.784). 

The weighted combined estimate is 74 891 IU/vial (±2.1%). 

 

Laboratory 2 

The 6 assays were statistically valid and the potency estimates were heterogeneous (P=0.014). 

The semi-weighted combined estimate is 76 993 IU/vial (±1.4%). 

 

Laboratory 3 

The 6 assays were statistically valid and the potency estimates were homogeneous (P=0.323). 

The weighted combined estimate is 76 374 IU/vial (±1.3%). 

 

Laboratory 4 

The 6 assays were statistically valid and the potency estimates were homogeneous (P=0.788). 

The weighted combined estimate is 77 993 IU/vial (±1.4%). 

 

Laboratory 5 

The 18 sub-assays were statistically valid and the combined results per vial were heterogeneous 

(P=0.034). The semi-weighted combined estimate is 76 206 IU/vial (±0.6%). 

 

Laboratory 6 

The 6 assays were statistically valid and the potency estimates were homogeneous (P=0.811). 

The weighted combined estimate is 76 071 IU/vial (±2.5%). 

 

Laboratory 7 

Withdrawn (see above) 

 

Laboratory 8 

The 6 assays were statistically valid and the potency estimates were homogeneous (P=0.998). 

The weighted combined estimate is 73 862 IU/vial (±3.3%). 

 

Laboratory 9 

The 17 sub-assays were statistically valid and the combined results per vial were heterogeneous 

(P<0.001). The semi-weighted combined estimate is 76 179 IU/vial (±1.5%). 

 

Laboratory 10 

Assay 3 was statistically invalid. The other 5 assays were statistically valid and the potency 

estimates were homogeneous (P=0.993). The weighted combined estimate is 77 515 IU/vial 

(±3.0%). 
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Laboratory 11 

Six (6) sub-assays were statistically invalid. The other 12 sub-assays were statistically valid. The 

combined results per vial were heterogeneous (P<0.001). The semi-weighted combined estimate 

is 72 292 IU/vial (±1.2%). 

 

Laboratory 12 

Assay 6 and its repeat were both statistically valid but deviated markedly from the results of the 

other 5 assays and the other laboratories. Assay 6 is therefore excluded from further calculations. 

The other 5 assays were statistically valid and the potency estimates were homogeneous 

(P=0.946). The weighted combined estimate is 74 870 IU/vial (±2.5%). 

 

Laboratory 13 

The 6 assays were statistically valid and the potency estimates were homogeneous (P=0.595). 

The weighted combined estimate is 78 992 IU/vial (±1.6%). 

 

Laboratory 14 

The 6 assays were statistically valid and the potency estimates were homogeneous (P=0.870). 

The weighted combined estimate is 73 313 IU/vial (±1.9%). 

 

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 75 896 IU/vial (±0.6%). Because of the unexplained differences 

observed between the EDQM calculations and those by Labs 5 and 10 the overall combination 

was also made excluding these laboratories. In that case the χ
2
 value for between-laboratory 

homogeneity is still highly significant (P<0.001) so a semi-weighted combination was made 

which yields 75 759 IU/vial (±0.7%). 

 

Comments from Participants 
Laboratory 7 did not agree with the way their data were analysed in the central calculations and 

insisted that a specific compendial method of calculation be applied or to withdraw their results 

from the study. Although laboratories are free to use the compendial assay method of their 

choice, the calculations are not necessarily carried out according to any prescribed statistical 

model. The method of calculation is regarded as non-mandatory where individual laboratories 

and the central statistician are free to use the statistical model they deem suitable. This may lead 

to small but scientifically irrelevant differences. This approach has been applied in all previous 

ISA studies and it is a general principle which is applied for the vast majority of other 

collaborative studies for the establishment of reference standards. 

 

Lab 8 submitted minor corrections in the raw data 

 

Recommendation 
The proposed candidate batch is suitable for its intended purpose. It is proposed that the 4

th
 

WHO International Standard for Streptomycin (EDQM internal code ISA_55821) be assigned an 

antimicrobiological activity of 76 000 IU per vial. 

 

The safety data sheet and the leaflet for users of the candidate 4
th

 IS are shown in Annex 32. 
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Annex 2         

  Laboratory 

  1 2 3 4 5 6 7 

Test organism 
 

Name Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis 

Source NCTC CIP ATCC ATCC ATCC NCTC ATCC 

Identification code NCTC 8054 CIP 52.62 ATCC® 6633 ATCC® 6633 ATCC® 6633 NCTC 10400 ATCC® 6633 

Storage 2 - 8°C 2 - 8°C  2 - 8°C 2 - 8°C -2 - 8°C ≤ -18°C 33°C 

Culture mode Spore suspension Spore suspension - Lyophilised strain Spore suspension Spore - 

Medium composition 
Medium A  
(Ph. Eur. 2.7.2) 

Medium A  
(Ph. Eur. 2.7.2) 

Antibiotic Medium 
No.11 (Difco) 

Medium A  
(Ph. Eur. 2.7.2) 

Medium A   
(Ph. Eur. 2.7.2)  

Medium n°1 
(National Ph.) 

Medium n°8 
(USP <81>) 

Assay 

Method Diffusion Diffusion Diffusion Diffusion Diffusion Diffusion Diffusion 

Petri dish 90 mm 90 mm 
6 x 6 Latin square 
design 

90 mm NA Yes NA 

Plate NA NA NA NA 
Large plate, approx. 
30cm x 30cm, 260mL 

NA Cylinder Plate Assay 

Solvent for stock solution Sterile Deionised Water Water R Water R Water R 
Phosphate Buffer 1%, 
pH 8.0 

Water R Distilled water 

Solvent for working and 
final solutions 

Buffer solution pH 8.0 
(0.05M) 

Buffer solution pH 8.0 
(0.05M) 

0.2 M Phosphate buffer 
pH 8.0 

Buffer solution pH 8.0 
(0.05M) 

Phosphate Buffer 1%, 
pH 8.0 

Buffer n°3 (National 
Ph.) (0.1M; pH 8.0) 

Buffer B.4 (USP <81>) 

Volume of antibiotic 
solution per cavity 

100 μL 100 µL 100 µL  100 µL 100 L 47 µL 200 µL 

Incubation time 18h 16-18h 16-18h 21-24h 24h 18 h 18h 

Incubation temperature 37°C 35°C 35-37°C 30-35°C 37°C 35°C 37 °C 

Equipment for result 
reading and precision of 
the reading in mm 

ProtoCOL 3, Synbiosois 
(0.1 mm) 

Scan® 1200  
(0.2 mm) 

Omnicon Antibiotic 
Zone Reader 

Mitutoyo Digimatic 
(0.01-150 mm) 

Protocol SR, Model 
#92000, Synbiosis 

PBI Read Biotic 
Omnicon Antibiotic 
Zone Reader 
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  Laboratory 

  8 9 10 11 12 13 14 

Test organism 

 

Name Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis 

Source ATCC ATCC ATCC ATCC 
National collection of 

microorganisms 
ATCC Pasteur Institute 

Identification code ATCC® 6633 ATCC® 6633 ATCC® 6633 ATCC® 6633 CCM 1999 ATCC® 6633 ATCC® 6633 

Storage -70ºC /Microbank®  -80°C 2 - 8°C 2 - 8°C 2 - 8°C -70°C  -80°C 

Culture mode Tryptic Soy Broth Spore suspension Spore - Spore suspension - Spore 

Medium composition 
Medium A  

(Ph. Eur. 2.7.2) 

Medium A  

(Ph. Eur. 2.7.2) 
Medium H 

Antibiotic medium 5 

and  n°11 (Difco) 

Medium A  

(Ph. Eur. 2.7.2) 

Medium A 

 (Ph. Eur. 2.7.2) 

Medium A  

Ph. Eur. 2.7.2) 

Assay 

Method Diffusion Diffusion Diffusion Diffusion Diffusion Diffusion Diffusion 

Petri dish NA 100 mm 90 mm 100 mm 90 mm 100 mm Yes 

Plate 245 x 245 x 25 mm NA NA NA NA NA NA 

Solvent for stock solution Sterilized water R MilliQ Water Water PBS pH 8.0 Water R Water R Water 

Solvent for working and 

final solutions 
Buffer solution pH 8.0 Buffer solution pH 8.0 Buffer solution pH 8.0 PBS pH 8.0 Buffer solution pH 8.0 Buffer solution pH 8.0 Buffer solution pH 8.0 

Volume of antibiotic 

solution per cavity 
100μL 250µL 100μL 100µL 100 L 300µL 120µL 

Incubation time 18h 18-24h 18h 18±2h 24h 18h 18h 

Incubation temperature 36°C 35-37°C 37°C 35±1°C 37°C 37°C 37°C 

Equipment for result 

reading and precision of 

the reading in mm 

Leica QWIN® software 

(0.01 mm) 

Omnicon Zone Reader 

(OMZR-0001) &  

Vernier Calliper (VRCP-

0001) (0.01 mm) 

Scan® 500 Synoptics ProtoCOL LUCIA G 
Antibiotic Reader 

Fisher, Lilly 
ProtoCOL 2, Symbiosis 
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