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Summary 

An international collaborative study has been organised to establish the World Health 

Organization (WHO) second International Standard (IS) for Vancomycin.  Twelve laboratories 

from eleven different countries participated. Potencies of the candidate material were estimated 

by microbiological assays with sensitive micro-organisms. To ensure continuity between 

consecutive batches of the WHO International Standard, the European Pharmacopoeia Chemical 

Reference Standard for Vancomycin batch 2 was used as a standard. It had been calibrated in a 

large international collaborative study against the WHO First International Standard for 

Vancomycin, for which the stocks were completely depleted. 

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

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

describes the statistical analysis of the results, the conclusions made thereof and the 

recommendation to the WHO Expert Committee on Biological Standardization (ECBS). 

It is proposed that the WHO Second International Standard for Vancomycin (EDQM internal 

code ISA_39036) be assigned an antimicrobiological activity of 109700 IU per vial. 

Introduction 

Vancomycin is a tricyclic glycosylated nonribosomal peptide produced by the fermentation of 

certain strains of the Actinobacteria species Amycolatopsis orientalis.  It is used in the 

prophylaxis and treatment of infections caused by Gram-positive bacteria. 

Vancomycin prevents incorporation of N-acetylmuramic acid and N-acetylglucosamine peptide 

subunits into the peptidoglycan matrix and thus inhibits proper cell wall synthesis in the target 

organism. 

The first IS for Vancomycin was established by the WHO in 1964 on the basis of an 

international collaborative study [1]. It was assigned a potency of 1007 International Units per 

mg (IU/mg), each ampoule containing approximately 100 mg. 

As stocks of the first IS were exhausted, the European Directorate for the Quality of Medicines 

& HealthCare (EDQM), the WHO custodian centre for antibiotics, was requested by the WHO 

ECBS to undertake 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 Axellia Pharmaceuticals ApS, Copenhagen 

(Denmark). A container with 0.5 kg of vancomycin hydrochloride of a pharmaceutical grade 

appropriate for therapeutic use was received by the EDQM in May 2009. Upon receipt, the bulk 

material was stored at +4°C before processing. The candidate material was claimed by the 

manufacturer to comply with the quality standards of the monograph “Vancomycin, 1058” of the 

European Pharmacopoeia (Ph. Eur.). A certificate of analysis was provided in the batch 

documentation. 

 

Production of the WHO second IS for Vancomycin candidate batch 

Due to the highly hygroscopic nature of the vancomycin powder, it was decided to distribute the 

standard as a freeze-dried preparation rather than a powder fill as was the case with the first IS. 

The parameters of the freeze-drying process were derived from information obtained from a 

company manufacturing freeze-dried dosage forms of vancomycin hydrochloride. 

The bottle was allowed to equilibrate at room temperature and was submitted to homogenisation 

in a Turbula mixer.  Formulation: 341.27 g of vancomycin bulk were dissolved in 3094.7 g of 
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water R (Ph. Eur.) and stirred until complete dissolution. The final concentration of the solution 

was 99.317 mg vancomycin bulk per g of solution. 

Filling: The solution was filled into 9.0 ml amber glass vials. The theoretical filling weight was 

1.0 g.  

Control of filling weight: 23 vials were randomly sampled across the lot. Results were as follows: 

Mean filling weight: 1.0107 g; RSD: 0.069 %. The filling was considered homogeneous.  

Lyophilisation: The vials were placed onto 12 trays and underwent lyophilisation. The final 

product was registered under the batch number Fab 09/09-20. 

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

WHO IS are primary reference materials and as such they 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 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 vancomycin. Consequently, 20 sets of 10 vials randomly 

sampled across the batch were sealed in aluminium containers in the presence of a desiccant. 

These vials are stored at -80°C and registered under EDQM internal number 39035. 

Quality control on bulk and final batch 

Conformity of the bulk 

Prior to starting the filling process, 10 g of bulk material was sampled. This sample was 

submitted to physico-chemical analysis according to the Ph. Eur. monograph, to confirm 

compliance. The results obtained using the analytical methods described under “Vancomycin B, 

Related Substances and Water” were in agreement with those of the certificate of analysis 

provided by the manufacturer. The bulk was therefore considered suitable for further processing. 

Visual appearance of final vials 

The freeze dried batch was visually inspected in its entirety. The appearance of the cakes was 

judged satisfactory. 

Homogeneity of vancomycin content in final vials 

The homogeneity of the vancomycin content in 23 vials randomly sampled across the batch was 

assessed by using the liquid chromatography (LC) method described in the Ph. Eur. monograph 

under “Test. Vancomycin B”.  The content of each vial was dissolved in a final volume of 50.0 

mL of mobile phase A after thorough rinsing to ensure quantitative transfer.  Twenty microliters 

of each solution were injected in duplicate and the vancomycin B main peak areas were used for 

comparative purposes.  Comparable chromatograms were recorded with all samples. By 

comparing chromatograms with those recorded with the vancomycin bulk it was concluded that 

the freeze-drying process did not adversely affect the impurity profile of the substance.  The 

inter-vial variability did not appear to be markedly different with exception of vial Nr. 7.  The 

mean peak areas were calculated to be 9895939 (µV*sec) with a Relative Standard Deviation 

(RSD) = 3.29 % and 9967043 (µV*sec) with a RSD = 0.51 % when including or excluding vial 

Nr. 7 respectively. 

In addition, the weights of the vials were measured before and after dissolution to estimate the 

mass of the freeze dried cake. The mean mass was calculated to be 104.22 mg (RSD = 0.49 %). 
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Similar RSD were observed thus when comparing mean values of either peak areas of 

vancomycin B or the mass of the cake. It was therefore considered that the content of 

vancomycin was homogeneous in the final vials. 

Since the mass of the cake in vial Nr. 7 was not significantly different from the others it is 

assumed that the LC results of vial Nr. 7 is most likely due to incomplete dissolution of the cake.  

Residual water content 

The candidate batch contains 100 mg of freeze-dried vancomycin per vial. It was therefore 

decided to estimate the residual water content in 5 vials randomly sampled from the batch. The 

determination of water as described in the European Pharmacopoeia general chapter “2.5.12. 

Water: semi-micro determination” was performed. The mean water content was calculated to be 

3.01 % (SD = 0.18) ranging from 2.81 % to 3.14 %. Values were at the upper limit of water 

contents generally accepted for freeze dried preparation. However it was not considered 

detrimental for this standard since the results of accelerated stability studies indicated the 

absence of any significant potency loss at the customary storage temperature of -20°C. 

Furthermore it is anticipated that the annual monitoring programme combining liquid 

chromatography and microbiological assay will detect early on any trend of potency loss. 

Environmental control 

During the entire filling process, the glove box was continuously monitored for oxygen content 

and hygrometry. Measurements were carried out at the beginning and end of each half day 

session. Values recorded did not significantly deviate from settings. 

Stability studies on the product in the final container 

An accelerated degradation study was carried out at the EDQM by storing vials of the candidate 

batch of the WHO second IS for Vancomycin at +20°C, +37°C and + 45°C in climatic chambers 

(Binder, KBF 720 model) for 2, 4 and 6 months respectively. 

Accelerated Degradation Assessed by Microbiological Assay 

The potency of the candidate IS in these vials was estimated relative to the material kept in 

ampoules at –20°C. Two vials were analysed by two independent assays for each temperature. 

The data are tabulated in Annex 2 after one, three and six months of storage. In addition, vials 

stored at -80°C were also used to estimate the potency of vials stored at -20°C to generate some 

baseline data for future monitoring purposes. No decrease in potency of the vials stored at -20°C 

over 6 months was observed in this latter test (data not shown). 

Assuming that the expected recovery should be 100% in the absence of any degradation, a slight 

decrease in potency was noted. Samples stored for a longer period at each of the elevated 

temperatures appeared to exhibit a systematic lower potency (compare potencies at 1, 3 and 6 

months respectively). 

From these data it is anticipated that the stability of the WHO second IS for Vancomycin is 

satisfactory at the custodian storage temperature of -20°C. 

Accelerated Degradation Assessed by Liquid Chromatography 

EDQM has a long record of experience in monitoring the stability of official European 

Pharmacopoeia (Ph. Eur.) reference standards for antibiotics. Due to the inherent variability of 

the microbiological assay methods, it was decided some years ago to replace them by stability 

indicating methods such as reverse phase high liquid chromatography (rp-HPLC) for monitoring 
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the stability of the Ph. Eur. reference standards. It was therefore believed to be of benefit to 

estimate the degradation at elevated temperature by rp-HPLC in addition to microbiological 

assays with the aim of collecting data for future replacement of the method. 

Two vials of each of the three elevated storage temperatures were analysed using the liquid 

chromatography analytical method described under “Test. Related substances” of the Ph. Eur. 

monograph “Vancomycin hydrochloride, 1058”. 

Individual peaks were identified on each chromatogram and their contents expressed as the mean 

areas in per cent by normalisation calculated from triplicate injections for each of the two vials 

analysed. The data are presented in Annex 3 in both tabular and graphic format after two, four 

and six months of storage. 

A slight steady state increase was detected for individual peak areas and total impurity contents 

correlating with both time and temperature increases. Concomitantly, the content of vancomycin 

B appeared to be reduced when storing vials at elevated temperatures (see Annex 2). However 

the impurity profiles recorded with vials kept 6 months at either -80°C or -20°C, the custodian 

storage temperature of WHO second IS for Vancomycin, were almost identical (see last columns 

of table in Annex 2) and it was thus believed that its stability was satisfactory at -20°C.  

These results are in good agreement with the results generated by the microbiological assay 

method and confirm the absence of any significant degradation resulting in potency loss when 

vials are stored at -20°C. 

Conclusion of Stability Studies 

Vials of the proposed WHO second International Standard for Vancomycin were submitted to an 

accelerated degradation study to predict the stability at the customary storage temperature 

of -20°C. The stability of the batch at –20°C appeared to be satisfactory. 

Considering that the precision of the liquid chromatography method is much better than the 

precision of the microbiological assay, it is believed that with respect to the variability of these 

methods, any significant change in the impurity profile will be detected ahead of any significant 

loss of potency. It is therefore proposed to monitor in the future the stability of the WHO second 

International Standard for Vancomycin on an annual basis by means of liquid chromatography 

and to assess the impact of any significant modification (decrease in percentage of the principal 

peak / increase in the level of impurity or appearance of new impurity peak) on the potency by 

the microbiological assay. 

The vials of the proposed WHO second International Standard for Vancomycin are stored at the 

EDQM which is currently in charge of the establishment and distribution of International 

Standards for Antibiotics.  

Upon receipt, in the light of the accelerated degradation study, vials should be stored at -20°C if 

not used immediately. It is advised that the user dissolves the freeze-dried cake contained in the 

vial to the appropriate concentration and uses the solution within one day.  Solutions should 

always be made fresh and never stored frozen prior to use. 

Collaborative study 

Participants 

A total of twelve 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: 

- 4 vials of Vancomycin CRS Batch 2, 102500 IU/vial containing approximately 100 

mg of freeze-dried substance per vial to be used as reference standard (EDQM 

catalogue reference: V0045000) 

- 7 vials of the WHO second IS for Vancomycin candidate batch containing 

approximately 110000 IU per vial; approximately 100 mg of freeze-dried substance 

per vial (EDQM internal code: 39036) 

Assay method and study design 

The participants were asked to estimate the potency of the vancomycin candidate batch by the 

microbiological activity on target micro-organisms. The current Vancomycin CRS Batch 2 was 

used as reference standard since no more ampoules of the WHO 1
st
 IS for Vancomycin (59/020) 

were available. 

It was requested that any analytical method used be in compliance with requirements set in 

regional compendia in particular with respect to method validity criteria. A total of six 

independent assays were to be carried out by each participant. 

Prior to carrying out the study an enquiry was carried out which demonstrated that participants 

were going to use very similar testing procedures. Based on this enquiry, a pilot assay was 

performed in the EDQM laboratory in order to develop and provide details for the study protocol, 

taking the European Pharmacopoeia monographs as the example. 

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

according to the prescription given in the pharmacopoeia which is their usual reference.  

Results and statistical analysis 

Statistical methods 

The experimental data obtained in this study were analysed as parallel line assays [2], using the 

SAS-System [3] (GLM procedure) and CombiStats [4]. Both programs 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 to 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 then 1/100 of the mean square for linear regression and the 

difference between preparations was small [5,6]. 

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 

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 
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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 

Twelve laboratories reported results from assays. In this report they are referred to by their 

randomly assigned code-numbers (1 to 12), not necessarily corresponding with the order of 

listing in the list of participants. All participants carried out at least 6 assays as requested. 

Laboratory 1 used a design in which the standard was tested at several dose levels, but the test 

preparation at only 1 dose. It was therefore not possible to check for parallelism. Laboratories 1, 

3 and 4 carried out multiple sub-assays per vial. For the calculations, all sub-assays were 

analyzed 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 111 assays were reported or 5117 

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 (222 pages generated by CombiStats). A 

summary of the results, as generated by the SAS-System is given in Tables 1.1 and 1.2 (See 

Annex 1 for the essential SAS-scripts used). Shown are the potency estimates and associated 95 

per cent confidence intervals, together with the 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. In several cases it was necessary to contact the 

laboratories to obtain additional information because results as calculated at EDQM and by the 

participants were found to be discrepant. In all cases it was possible to determine the cause (e.g. 

inaccurate reporting of dilutions used or mistakes in the calculation procedure). Laboratory 1 did 

not report confidence intervals. Laboratory 5 reported the confidence intervals in terms of 

percentage of the estimated potency. In these cases the percentages were converted to IU/vial at 

the EDQM. Laboratory 11 reported the estimated potency in terms of IU/ml with respect to the 

dissolved substance. These were transformed at the EDQM to IU/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 

ranged from 93399 IU/vial to 122267 IU/vial (both by Lab 1). If these extremes are disregarded, 

the results range from 102791 IU/vial (Lab 11) to 115385 IU/vial (Lab 4). Combined potency 

estimates are shown in Table 2. 

Laboratory 1 

This laboratory used a 5 dose calibration curve where the middle dose was carried out in 

quadruplicate in combination with each of the other 4 doses. The test preparation was assayed at 

only 1 dose, again in combination with the middle dose of the standard preparation. The 

laboratory reported estimated potencies per assay, but no confidence limits. For the 

recalculations at the EDQM the parallel line model was used, even though no test for parallelism 

is possible with this design. The confidence limits are on average about ±20% of the estimate 

which is rather large compared to the other laboratories. Each assay was carried out in duplicate 

and the 12 assays were statistically valid. The duplicate assays were first combined into 6 

potency estimates (1 per vial). The resulting confidence intervals were homogeneous (P=0.850). 

The weighted combined estimate is 109421 IU/vial (±5.7%). 
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Laboratory 2 

This laboratory reported potency estimates which were about 10% higher than found in the 

recalculations at the EDQM. After querying the laboratory if this could be due to an additional 

unreported dilution step the laboratory commented that a mistake had occurred in their 

calculations and that all potency estimates should be corrected by 10%. The 6 assays were 

statistically valid and the potency estimates were homogeneous (P=0.710). The weighted 

combined estimate is 112171 IU/vial (±1.1%). 

Laboratory 3 

This laboratory reported 2 sets of results, each carried out by a different operator. However, 

neither included all 6 vials and some assays were carried out in duplicate. It was therefore 

decided to pool both sets, resulting in 13 assays. The number of sub-assays per vial ranged from 

1 for vials 2 and 3 to 4 for vial 6. All assays were statistically valid and first combined into 1 

potency estimate per vial. The resulting confidence intervals were heterogeneous (P<0.001). The 

semi-weighted combined estimate is 110394 IU/vial (±1.4%). 

Laboratory 4 

This laboratory carried out 6 sub-assays per vial but only reported the assays considered valid, 

resulting in 32 sub-assays. The potency estimates reported by this laboratory were about 5% 

lower than found in the recalculations at the EDQM. After querying the laboratory if this could 

be due to an additional unreported dilution step the laboratory commented that a mistake had 

occurred in their calculations and that all potency estimates should be corrected by a factor 

1.05063. All 32 assays were statistically valid and first combined into 1 potency estimate per vial. 

The resulting confidence limits were homogeneous (P=0.979). The weighted combined estimate 

is 113165 IU/vial (±0.6%). 

Laboratory 5 

The 6 assays were statistically valid and the potency estimates were homogeneous (P=0.992). 

The weighted combined estimate is 110073 IU/vial (±1.1%). 

Laboratory 6 

The 6 assays were statistically valid and the potency estimates were homogeneous (P=0.583). 

The weighted combined estimate is 105965 IU/vial (±2.0%). 

Laboratory 7 

The 6 assays were statistically valid and the potency estimates were homogeneous (P>0.999). 

The weighted combined estimate is 106093 IU/vial (±1.4%). 

Laboratory 8 

The 6 assays were statistically valid and the potency estimates were homogeneous (P=0.254). 

The weighted combined estimate is 109960 IU/vial (±2.2%). 

Laboratory 9 

The 6 assays were statistically valid and the potency estimates were homogeneous (P=0.254). 

The weighted combined estimate is 108726 IU/vial (±1.2%). 



WHO/BS/10.2151 

Page 9 
 

 

Laboratory 10 

The 6 assays were statistically valid and the potency estimates were homogeneous (P=0.949). 

The weighted combined estimate is 111339 IU/vial (±2.8%). 

Laboratory 11 

This laboratory reported potency estimates in IU/ml after dissolution of 1 vial in 100ml. The 

values were transformed at the EDQM to IU/vial by multiplying the reported values by a factor 

100. However, this produced potencies which were about 7% higher than found in the 

recalculations at the EDQM. After querying the laboratory if this could be due to an additional 

unreported dilution step the laboratory commented that a mistake had occurred in their 

calculations and that all potency estimates should be corrected by a factor 0.9318. The 6 assays 

were statistically valid and the potency estimates were homogeneous (P=0.352). The weighted 

combined estimate is 105179 IU/vial (±1.3%). 

Laboratory 12 

This laboratory reported potency estimates which were about 7% higher than found in the 

recalculations at the EDQM. After querying the laboratory if this could be due to an additional 

unreported dilution step the laboratory commented that a mistake had occurred in the reporting 

of the volume used for the dissolution of the candidate 2
nd

 IS (21.5 ml instead of 20 ml) so all 

potencies calculated at the EDQM were corrected by a factor 1.075. The 6 assays were 

statistically valid and the potency estimates were homogeneous (P=0.392). The weighted 

combined estimate is 110524 IU/vial (±1.2%). 

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 109708 IU/vial with 95% confidence limits of 109075 to 110345 IU/vial 

(which is ±0.6%). 

Comments from participants 

None of the participants opposed the proposal to assign a potency of 109700 IU per vial to the 

WHO second International Standard for Vancomycin (ISA_39036). 

Recommendation 

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

second International Standard for Vancomycin (EDQM internal code ISA_39036) be assigned 

an antimicrobiological activity of 109700 IU per vial. 
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ANNEX 2: Accelerated Degradation, Microbiological Assay Results 
 

Relative Potency in per cent versus samples stored at -20°C. 

Storage temperature +20°C +37°C +45°C 

Vial 1 100.7 100.5 97.9 

CI 95% (97.0 – 103.8) (97.2 – 102.8) (96.2 – 103.9) 

Vial 2 98.9 99.8 95.8 

CI 95% (94.5 – 105.8) (95.2 – 105.0) (96.0 – 104.2) 
1 month 

Mean 99.8 100.2 96.9 

Vial 1 98.8 100.4 95.7 

CI 95% (97.1 - 102.9) (96.0 - 104.1) (95.4 - 104.8) 

Vial 2 98.0 93.2 92.5 

CI 95% (95.8 - 104.4) (90.7 - 109.9) (97.4 - 102.6) 
3 months 

Mean 98.4 96.8 94.1 

Vial 1 97.3 92.7 91.9 

CI 95% (95.6 – 104.5) (96.3 – 103.8) (95.6 – 104.6) 

Vial 2 96.9 90.4 92.2 

CI 95% (95.9 – 104.3) (94.3 – 105.8) (96.1 - 104) 
6 months 

Mean 97.1 91.2 92.1 

CI 95%: confidence interval P=0.95 
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ANNEX 3: Accelerated Stability Data 

 IMPURITY CONTENT AS EXPRESSED AS PEAK AREAS BY NORMALISATION 

Duration 2 months 4 months 6 months 6 months 

Temperature 20°C 37°C 45°C 20°C 37°C 45°C 20°C 37°C 45°C -80°C -20°C 

Peak1  0.08 0.14  0.13 0.2  0.15 0.24   

Peak2   0.11  0.09 0.15  0.11 0.18   

Peak3      0.08   0.09   

Peak4  0.24 0.39 0.09 0.35 0.55 0.1 0.42 0.66   

Peak5  0.08 0.1  0.09 0.1   0.1   

Peak6 0.09 0.19 0.27 0.09 0.23 0.35 0.11 0.27 0.41   

Peak7  0.08   0.09 0.1  0.09 0.11   

Peak8 0.22 0.24 0.24 0.26 0.28 0.28 0.11 0.15 0.19 0.1 0.25 

Peak9       0.13   0.14  

Peak10 0.9 1.45 1.83 1 1.72 2.24 1.06 2.04 2.6 0.76 0.76 

Peak11 0.26 0.26 0.22 0.26 0.26 0.28 0.25 0.26 0.3 0.26 0.26 

Peak12 0.57 0.79 0.89 0.59 0.81 0.94 0.61 0.85 0.97 0.46 0.47 

Peak13 1.35 1.26 1.15 1.4 1.23 1.14 1.34 1.2 1.23 1.41 1.41 

Peak14 0.23 0.23 0.19 0.15 0.2 0.18 0.16 0.17  0.1 0.12 

Peak15 1.17 1.64 1.81 1.28 1.76 1.98 1.32 1.83 2.03 0.96 0.96 

Peak17 1.08 1.01 0.8 1.08 0.89 0.79 1.01 0.83 0.76 1.1 1.09 

Peak18      0.09  0.09 0.1   

Peak19  0.23 0.41 0.12 0.35 0.58 0.11 0.4 0.65   

Peak20 1.17 1.63 1.69 1.31 1.82 2.11 1.33 1.9 2.19 0.99 1 

Peak21 0.71 0.68 0.88 0.79 0.8 0.8 0.76 0.78 0.77 0.76 0.78 

Peak22   0.1  0.09 0.12  0.1 0.15   

Peak23 0.44 1.01 1.48 0.56 1.34 1.91 0.61 1.52 2.14 0.27 0.27 

Peak24      0.09   0.09   

Peak25      0.08   0.13   

Peak26 0.24 0.52 0.72 0.29 0.64 0.89 0.33 0.73 1.01 0.15 0.15 

Vancomycin 
B content 

91.57 88.38 86.58 90.73 86.83 83.97 90.66 86.11 82.9 92.54 92.48 
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