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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 Amphotericin B. Sixteen (16) 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 Amphotericin B 
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 Amphotericin B (EDQM internal 
code ISA_70339) be assigned an antimicrobiological activity of 953 IU/mg. 
 
Introduction 
 
Amphotericin B is a mixture of antifungal polyenes produced by the growth of certain strains of 
Streptomyces nodosus or obtained by any other means. It induces membrane permeability by 
forming complexes with ergosterol located in fungal membranes, leading to intracellular leakage 
and subsequent fungal cell death. The drug is used in the treatment of serious fungal infections 
(aspergillosis, blastomycosis, candidiasis, coccidioidomycosis, cryptococcosis) and 
leishmaniasis. Amphotericin B is on the WHO’s List of Essential Medicines that are needed for a 
basic health system [1]. 
 
The 2nd IS for Amphotericin B (code-labelled ISA_29078) was established in 2007 on the basis 
of an international collaborative study [2] published by Rautmann et al. [3]. It was assigned a 
potency of 944 International Units per mg. The International Unit of Amphotericin B was 
defined in 1962 as the activity contained in 0.001064 mg of the 1st International Standard for 
Amphotericin B [4]. 
 
As stocks of the 2nd IS for Amphotericin B were dwindling, the European Directorate for the 
Quality of Medicines & HealthCare (EDQM), who is responsible for the manufacturing, 
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 [5].  
 
Bulk material, processing and stability 
 
The candidate bulk material was kindly donated by Glentham Life Sciences, United Kingdom. 
About 1 kg of Amphotericin B (CAS n° 1397-89-3) was provided in August 2017. A certificate 
of analysis was provided in the batch documentation. The candidate material was claimed to 



WHO/BS/2019.2375 
Page 4 
 
comply with the quality standards of the European Pharmacopoeia monograph “Amphotericin B, 
1292”. The bulk material was stored in a deep-freeze before processing. 
 
Manufacturing of the third WHO IS for Amphotericin B candidate batch 
The candidate 3rd IS for Amphotericin B was manufactured at EDQM by powder filling as was 
already the case for the previous IS. The processing operations were carried out from 2 to 9 
October 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. 15% ±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 Amphotericin B 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 glass vials, sealed, and stored protected from light. 
 
Vials were filled at a nominal weight of about 100 mg per vial of Amphotericin B, 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°18/09-43. 
 
A total of 1309 vials were filled. 
The number of vials available as 3rd IS for Amphotericin B is 1000 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 2nd and 3rd IS for Amphotericin B 
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 Amphotericin B. Vials stored 
at -80°C were registered under EDQM internal numbers 29081 (Fab n°06/07-47) and 70340 
(Fab n°18/09-43) for the 2nd and the 3rd 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 “Amphotericin B, 1292”. The results obtained using the 
analytical methods described under “Identification by ultraviolet and visible absorption 
spectrophotometry, infrared absorption spectrophotometry, test for related substances, loss on 
drying and sulfated ash” were compliant with the monograph specifications. 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 batch and inspected visually. The appearance of the 
powder was considered satisfactory. 
 
Homogeneity of Amphotericin B in final vials 
Filling was carried out in order to ensure a minimum of 100 mg of Amphotericin B 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 104.4 mg (RSD=2.6 %; n=1000). 
 
The water content of the candidate 3rd IS for Amphotericin B was estimated by determining the 
loss of mass after drying under specific conditions (60 °C, 0.7 kPa) of 16 vials randomly 
sampled from the batch.  
The determination of water was performed by the loss on drying method as described in the Ph. 
Eur. general chapter “2.2.32. Loss on drying”.  
The mean water content was calculated to be 4.4 % m/m (RSD=4.7%; SD=0.20; n=16). 
The water content of candidate batch 3 was found appropriate and considered sufficiently 
homogeneous for the intended use. 
 
Identity of Amphotericin B content in final vials 
The identity of the 3rd IS for Amphotericin B was confirmed by Time-of-flight mass 
spectrometry (TOF-MS). The results obtained were concordant with the expected mass. 
The candidate 3rd IS for Amphotericin B was considered suitable for the intended use. 
 
Stability studies on the product in the final container 
An accelerated stability study was carried out at the EDQM on vials of the proposed third IS for 
Amphotericin B stored in different climatic chambers (Binder, KBF 720 model) at 25 °C, 40 °C 
and 50 °C for different time periods (1, 3 and 6 months). Both the liquid chromatography (LC) 
and the microbiological assay were performed. 
 
Liquid chromatography 
The impurities/degradation products were estimated by using the Ph. Eur. LC method for related 
substances. 
 
Two vials kept at each of the three elevated storage temperatures and three vials kept at the 
customary storage temperature of -20 °C were analysed using the liquid chromatography method 
described under "Related substances" in the Ph. Eur. monograph "Amphotericin B, 1292". 
 
Individual peaks for Amphotericin B, impurity A and impurity B were identified using 
Amphotericin B for peak identification CRS and quantified by external standard. The results at 
one, three and six months storage respectively are presented in Table 3. 
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At -20 °C and upon 1, 3 and 6 months storage at 25 °C the amount of Amphotericin B remained 
unchanged, while a decrease by about 5 % was observed at 40 °C at 6 months and 50 °C at 3 and 
6 months. 
Concomitantly, the peak corresponding to impurity B decreased at elevated temperatures 
especially after 3 and 6 months storage (impurity B: 1.1 % at -20 °C vs 0.6 % after 6 months at 
50 °C) and was still within the acceptance limit of the Ph. Eur. monograph for impurity B 
(4.0 %). The sum of impurities at 303 nm and 383 nm after 6 months storage at 40 °C and 50 °C 
decreased by about 0.9 % compared with storage at -20 °C (7.8 % vs 6.9 %), and remained below 
the acceptance limit of the Ph. Eur. (15.0 %).  
 
Chromatographic profiles obtained at 1, 3 and 6 months suggest that storage at elevated 
temperature induces a limited change in the composition of the third IS for Amphotericin B, 
whose impact has been assessed by microbiological assay.  
 
Microbiological assay 
Potential degradation of the substance was also estimated by microbiological assay after 6 
months storage at 25 °C, 40 °C and 50 °C. The potencies of vials of the proposed IS were 
estimated against vials of the same batch kept at -20 °C. In addition, the potency of vials stored 
at -20 °C was estimated against vials stored at -80 °C to generate baseline data for future 
monitoring purposes. Three vials were assayed in triplicate for each temperature using the 
diffusion method. Data are presented in Table 4. 
No decrease in potency of the vials stored at -20 °C over 6 months was observed.  
Assuming that the potency be 100% in the absence of any degradation, combined values found 
after 6 months storage at 25 °C and  40 °C were within ± 5% criterion set based on the long 
history of monitoring data collected at the EDQM on antibiotics. However, after 6 months 
storage at 50 °C, a significant decrease in potency of about 9 % was observed. 
 
Conclusion from accelerated degradation studies 
The results obtained with two orthogonal methods indicate that the vials of the proposed IS did 
not exhibit any significant reduction in microbiological potency upon storage at 25 °C and  40 °C 
for up to 6 months. The change in the composition at 50 °C detected by LC had a significant 
impact on the potency of the third IS for Amphotericin B with a loss of activity of about 9 %.  
It is therefore concluded that the stability of the batch at the customary storage temperature of -
20 °C is satisfactory. 
The vials of the proposed third International Standard for Amphotericin B are stored at the 
EDQM which is in charge of the production and distribution of the WHO International Standards 
for Antibiotics. 
Upon receipt, the vials shall be stored by the user at -20 °C until use. The substance being 
hygroscopic, the user is instructed to apply appropriate measures to avoid water uptake during 
weighing. 
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Collaborative study 
Participants 
A total of 16 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 2nd WHO IS for Amphotericin B (ISA_29078), containing approximately 

100 mg of powder per ampoule (assigned content: 944 IU per mg) (EDQM internal code: 
46596), 

- 7 vials of the 3rd WHO IS for Amphotericin B candidate batch containing approximately 
100 mg of powder per vial (activity about 960 IU per mg) (EDQM internal code: 70336). 

 
Assay method and study design 
The participants were asked to estimate the potency of the 3rd WHO IS for Amphotericin B 
candidate batch by microbiological activity against target micro-organisms using the diffusion 
method, using the WHO 2nd IS for Amphotericin B 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 
verify the protocol 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 [6], using 
CombiStats [7] and R software [8]. R software was used to help transform the CombiStats 
individual assay results into table format. 
 
All assays were submitted to visual inspection of the plots to check for unusual features. Then 
the data were analysed applying parallel-line model and taking into account the experimental 
design used by the participants (i.e. randomised block and latin square). 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 
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regression was less than 1/100 of the mean square for linear regression and the difference 
between preparations was small [9, 10]. 
 
The potency estimates from valid assays were combined in a hierarchical fashion. If a laboratory 
performed multiple repeats per vial, the repeats were combined first to obtain one estimate per 
vial for each laboratory. The potency estimates per vials were then combined to a single estimate 
per laboratory, which were then combined to an overall estimate. For every combination step the 
method of weighted combination was used for homogeneous potency estimates (χ2 test for 
homogeneity, p-value ≥ 0.100), otherwise the method of semi-weighted combination was 
applied.  
 
A modified formula for inter-assay variation was used for the semi-weighted combination: 
𝑠𝑚2 = max �0, ∑(𝑀−𝑀�)2

𝑛′−1
− ∑𝑠𝑀

2

𝑛′
�,  

where M is the potency estimate of the individual 𝑛′assays, 𝑀�  is the unweighted mean and 
𝑠𝑀2  the intra-assay variation.  
For each M a weighting coefficient was then calculated as 𝑊′ = 1

𝑠𝑀
2 +𝑠𝑚2

. 
 
Results 
Sixteen (16) laboratories reported results from assays. Laboratories are referred to by their 
randomly assigned code-numbers (1 to 16), not necessarily corresponding to the order in the list 
of participants. Assay methods used by the participating laboratories are summarised in Annex 1 
where information is given as reported by the participants.  
 
The complete computer output of the parallel line analyses as performed at the EDQM is 
available in PDF format to participants of the study. 
A summary of the results is given in Table 1. The potency estimates and associated 95 per cent 
confidence intervals are shown, together with relevant p-values. P-values below the significance 
level of 0.01 are printed on a grey background. The confidence intervals based on calculations by 
the participants are also listed.  
 
A graphical presentation of the confidence interval of each assay is shown in Figure 2 (EDQM 
calculation) and Figure 3 (Participants’ calculation).  Potency estimates ranged from 705 IU/mg 
to 1100 IU/mg. The combined potency estimates are presented in Table 2 and Figure 6. The 
variability among individual assay results (repeatability), expressed as a geometric coefficient of 
variation (GCV%), ranges from 1.3% (Laboratory 4) to 10.2% (Laboratory 6). The variability 
among the mean assay results of the laboratories (reproducibility) is equal to 3.2%. 
All participants except Labs 9, 10 and 14 performed 6 assays as requested (one per vial). 
Laboratory 9 provided results for 5 vials with 2 repeats per vial, Laboratory 10 provided results 
for 7 assays, and Laboratory 14 provided two sets of results testing 6 vials twice. 
 
Laboratory 1 
All 6 assays were statistically valid.  The potency estimates were homogeneous (p=0.839). The 
weighed combined estimate was 967 IU/mg (±2.8%).  
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Laboratory 2 
All 6 assays were statistically valid. The potency estimates were heterogeneous (p=0.019). The 
semi-weighed combined estimate was 952 IU/mg (±3.2%). 
 
Laboratory 3 
All 6 assays were statistically valid and the potency estimates were heterogeneous (p=0.009). 
The semi-weighed combined estimate was 980 IU/mg (±2.8%). 
 
Laboratory 4 
All 6 assays were statistically valid and the potency estimates were homogeneous (P=0.984). The 
weighed combined estimate was 950 IU/mg (±2.9%). 
 
Laboratory 5 
In assay 6, the measurements of the 1 out of 9 block were excluded due to an atypically high 
value for the highest dose of Amphotericin B 3rd IS candidate. Assays 1 and 3 had a significant 
deviation from linearity (p=0.004 and p=0.002 respectively) and presented a significant quadratic 
curvature (p=0.003 and p<0.001 respectively). The ratio of quadratic curvature and linear 
regression was lower than 1/100 (0.005 and 0.009 respectively), therefore both assays were 
considered valid. 
All 6 assays were statistically valid and the potency estimates were homogeneous (P=0.844). The 
weighed combined estimate was 889 IU/mg (±2.5%). 
 
Laboratory 6 
The laboratory performed the assay at 2 dose levels only. Therefore, the linearity could not be 
tested. The assays 2 and 3 were not valid due to significant deviation from parallelism. The 
remaining 4 assays were statistically valid and the potency estimates were homogeneous 
(p=0.759). The weighed combined estimate was 924 IU/mg, with confidence limits 84.1%-
118.9% not meeting the validity criteria for microbiological assay of antibiotics to be within 
95%-105%. Therefore, the results of Lab 6 were not included in the overall estimation. 
 
Laboratory 7 
The laboratory performed the assay at 2 dose levels only. Therefore, the linearity could not be 
tested. The assay 4 was not valid due to significant deviation from parallelism. The remaining 5 
assays were statistically valid and the potency estimates were homogeneous (p=0.583). The 
weighed combined estimate was 952 IU/mg (±2.8%). 
 
Laboratory 8 
All 6 assays were statistically valid.  The potency estimates were homogeneous (p=0.213). The 
weighed combined estimate was 972 IU/mg (±2.4%).  
 
Laboratory 9 
The laboratory performed the assay at 2 dose levels only. Therefore, the linearity could not be 
tested. The participant provided following additional information:  

• The in-house procedure was used which differs slightly from the protocol  
• The linearity of the dose response over the dose range used had been established 

previously 
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• The laboratory had some issues opening the ampoules of 2nd IS for Amphotericin B 
resulting in invalid assays for vial 1 and 2 

The laboratory reported two repeats for 5 vials, which were combined first. All 10 assays were 
statistically valid. The 5 potency estimates per vials were heterogeneous (p<0.001). The semi-
weighed combined estimate was 947 IU/mg (±3.7%). 
 
Laboratory 10 
The laboratory reported results from 7 assays. No calculation was performed by EDQM because 
the reported measurements did not show a clear dose-response relationship. Indeed, in 32 out of 
66 blocks (i.e. about 50 per cent) the values for lower dose were higher than the values of higher 
lower dose and vice versa. Therefore, the results of Lab 10 were not included in the overall 
estimation. 
 
Laboratory 11 
For the EDQM calculation, the results of one petri dish (out of 60) was excluded due to one 
atypical value. All 6 assays were statistically valid. The potency estimates were heterogeneous 
(p<0.001). The semi-weighed combined estimate was 1012 IU/mg (±4.0%). 
 
Laboratory 12 
One value in assay 2 was excluded due to a technical issue reported by the participant. One block 
was excluded in assay 4 and 5 due to an atypical value (2 blocks out of 72). 
All 6 assays were statistically valid.  The potency estimates were homogeneous (p=0.672). The 
weighed combined estimate was 922 IU/mg (±1.7%).  
 
Laboratory 13 
All 6 assays were statistically valid. The potency estimates were heterogeneous (p<0.001). The 
semi-weighed combined estimate was 995 IU/mg (±5.7%). Although the 5% validity criterion 
for confidence interval was exceeded by 0.7%, the potency estimate was included in the overall 
estimation.    
 
Laboratory 14 
The laboratory provided two sets of results for every vial with two repeats: 

• First set using an agar medium with non-inoculated base and inoculated seed layer 
(Double layer) 

• Second set using an agar medium with inoculated base layer (Mono layer) 

In the first set of results, 27 out of 159 blocks were excluded because at least one of the 
measurements for lower dose was higher than for the higher dose. For the second set only 3 out 
of 160 blocks required such an exclusion. After combination of the valid assays per repeat to a 
single estimate per vial within each set, the potency was estimated for each set.  
The potency estimates in the first set were heterogeneous (p=0.017). The semi-weighed 
combined estimate was 976 IU/mg (±6.8%). 
The potency estimates in the second set were heterogeneous (p<0.001). The semi-weighed 
combined estimate was 957 IU/mg (±6.3%). 
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The combination of the estimates of these two sets was homogeneous (P=0.672). The weighed 
combined estimate was 966 IU/mg (±4.6%). 
 
Laboratory 15 
Due to atypical values, one block in assay 1 and 6 and two blocks in assay 3 were excluded (in 
total 4 out of 72 blocks).  
All 6 assays were statistically valid.  The potency estimates were homogeneous (p=0.551). The 
weighed combined estimate was 931 IU/mg (±2.0%). 
 
Laboratory 16 
Due to atypical values, one block in assay 5 was excluded. 
All 6 assays were statistically valid.  The potency estimates were heterogeneous (p=0.094). The 
semi-weighed combined estimate was 953 IU/mg (±0.9%). 
 
 
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. A graphical presentation of potency estimates per laboratory is shown in 
Figure 6. The χ² value for between-laboratory homogeneity is <0.001, therefore a semi-weighted 
combination was made which yields 953 IU/mg with 95% confidence limits of 937 IU/mg to 
969 IU/mg (which correspond to ±1.7%). 
 
Comments from Participants 
After having received the draft report, Laboratory 10 sent a complete set of corrected data. To be 
taken into account, it would have been necessary to perform the whole of the statistical analysis 
of the study again which given the time constraint was not feasible.   
 
Recommendation 
The proposed candidate batch is suitable for its intended purpose. It is proposed that the 3rd 
WHO International Standard for Amphotericin B (EDQM internal code ISA_70339) be assigned 
an antimicrobiological activity of 953 IU per mg. 
 
The leaflet for users of the candidate 3rd IS is shown in Annex 2. 
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Table 4: Accelerated Degradation, Microbiological assay results: relative potency in per 

cent versus samples stored at -20°C 
 

Storage period 
Storage 

temperature 
-20°C* 25°C 40°C 50°C 

6 months 

Vial 1 99.7% 94.8% 97.1% 90.1% 

CI P=0.95 93.9% - 106.5% 94.9% - 105.4% 95.3% - 104.9% 95.1% - 105.1% 

Vial 2 100.2% 97.2% 96.9% 91.7% 

CI P=0.95 93.7% - 106.8% 93.6% - 106.8% 92.8% - 107.7% 94.2% - 106.1% 

Vial 3 100.1% 93.6% 93.7% 91.0% 

CI P=0.95 93.3% - 107.2% 94.6% - 105.7% 93.8% - 106.5% 95.1% - 95.7% 

Combination 100.0% 94.9% 96.0% 90.9% 

CI P=0.95 96.3% - 103.8% 96.8% - 103.3% 96.7% - 103.4% 97.8% - 103.0% 

 
*: Relative potency in per cent versus the same material stored at -80°C 
CI: confidence interval (in per cent) 
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Annex 1: Methods used by the participants 

 



WHO/BS/2019.2375 
Page 29 

 



WHO/BS/2019.2375 
Page 30 
 

 



WHO/BS/2019.2375 
Page 31 

 

 



WHO/BS/2019.2375 
Page 32 
 



WHO/BS/2019.2375 
Page 33 

 
Annex 2: Leaflet for users of the 3rd IS for Amphotericin B 
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