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Objective To carry on preliminary research on interference effects of 
freeze-dried attenuated Hepatitis A vaccine（H2 strain）on testing residual 
Bovine Serum Albumin content by ELISA kit. Methods Interference test 
was conducted according to Appendix VIII, Chinese Pharmacopoeia (Vol 
III,2010 edi), and the interference level and its possible resources were 
explored. Results The protective additives of HAV live vaccine do have 
certain interference on determining residual BSA content by ELISA kit, 
among which Cysteine and Glutamic acid might play the leading roles. The 
general BSA recovery rate is 54% to 85%. We assessed the interference 
degree by using series of different concentration of single amino acid 
ingredient: cysteine (0 to 0.2%),glutamic acid(0 to 0.8%). We found BSA 
recovery rate always higher than 70% with 0 to 2mg/ml (0.2%) cysteine, 
lower with 0.5 to 2mg/ml than with 0 to 0.5mg/ml and did not differ 
between 0.5 and 2mg/ml cysteine; And the BSA recovery rates were up to 
100% if we applied Glutamic acid (concentration not higher than 0.1%) as 
an interference. It deserves to be mentioned that the interference effects of 
Glutamic acid become more stronger along with concentration rising from 
0.1% to the peak 0.8%(8mg/ml),the test results showed to be not higher 
than 2.5ng/ml when we set 20ng/ml BSA standards as a target sample, so 
that the recovery rate is not more than 12.5%. Conclusion The real value of 
residual BSA content of HAV vaccine should be reported based on the 
extent of interference. Here when the result appeared to be negative by 
ELISA we would report as <2.5 ng/ml and as < 5ng/ml if the testing value 
showed between 0 and 3ng/ml. And what we have done might be a 
reference to the other enterprises on optimizing the protocol for 
cryopreservation or evaluating the residual BSA content results. 
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Introduction 

Bovine serum is widely used as a 

supplement to cell culture media. It 

provides a broad spectrum of 

macromolecules nutrients, hormones 

and growth factors which can 

effectively propagate the vaccine virus 

multiplication. On the other hand, a 

small amount of Bovine Serum 

Albumin (BSA) remained in final 

product will cause severe allergic 

reaction after inoculation. Therefore, 

limit of BSA residual content is 

required to be not higher than 

50ng/dose according to Chinese 

Pharmacopoeia [1].   Residual BSA 

content is usually determined by 

ELISA kit after method verification 

(interference test). 

Materials and methods 

1. Matrials: Quantitative ELISA kit for 

detecting BSA (Wuxi Bosheng Medical 

Biotechnology Development Co. Ltd, 

China), Final product of freeze-dried 

attenuated hepatitis A vaccine (live) are 

manufactured by Zhejiang Pukang 

Biotechnology Co. Ltd (abber. PKB), 

Lyophilization base solution (LBS, 

contains cryoprotectants) and corresp- 

 -onding classified cryoprotectants sample 

solution was prepared by PKB, 

Cysteine(Wuhan Yuandahongyuan Co. 

Ltd,China), Glutamic acid, argine and 

glycine were provided by Tianjin Tian’an 

pharmaceutical co. Ltd, China. 

2. Methods 

2.1 Steps of interference test 

The optimum detection interval of the 

kit should be confirmed first.  It is 

suggested that any test values under 2.5 

ng/ml should be reported as < 2.5ng/ml 

instead of actual values according to the 

kit instruction, which means that detection 

results lower than 2.5 ng/ml seems 

approach to detection limit and may have 

no actual meaning. Here we use two sets 

of BSA standards solution series from two 

kits of same batch (20120901)and test in 

one plate routinely, served as standard 

curve or sample in turn, to observe the 

reliability of the kit. 

  Detail operation steps reference to 

"interference test" of Pharmacopoeia and 

kit instructions. If we find any 

interference, we would continue to 

explore the interference degree and its 

possible source. 

2.2. Determine the interference sources 
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  Make the preliminary assessment 

after conducting interference test of 

vaccine bulk and LBS respectively.  

Screen the cyoprotectants for 

interference sources: three groups of 

classified sample were prepared 

according to the formula of 

cryoprotectants. Group 1 is the 

combination of all amino acids which 

appeared in the final product, group 2 

contains both saccharides and alcohols, 

group 3 involved with several kinds of 

salts (including buffer system) , and the 

concentration is same as the actual use 

in product. In addition, we also set 

another group of old formula (contains 

gelatin as protective additives) final 

product (batch No. 20080701) as 

control. Repeat the test for 2 times. 

2.3 Determine the interference degree 

on the ELISA test  

Observe the interference of vaccine 

on relatively high BSA concentrations:

 Reconstituted the vaccines (20100607A 

20100601A, 20100602A) with 0.5ml BSA 

standards (100 ng/ml,  50 ng/ml,

25 ng/ml) independently, follow the 

usual steps, calculate the recovery. 

Observe the interference of vaccine 

protectants on relatively low BSA 

concentrations: Since the minimum 

reliable value of kit is from 5ng/ml, so 

5ng/ml BSA standard was chosen as 

target. Reconstituted the vaccine 

(20120101, 20120102, 20120103, 

20120104, 20120105, 20100705 A) with 

0.5 ml BSA standard solution. Follow the 

test steps as usual.  

Observe the interference of LBS on 

working concentration: Prepare the testing 

solutions by adding same volume of two 

times concentrated LBS (2X) into BSA 

standards series from kit instead of 

vaccine, in order to eliminate the influence 

of BSA from vaccine. 

2.4 By screening four kinds of amino 

acids of cryoprotectants, we did observe 

the interference effect induced by 

L-cystein and glutamic acid instead of 

arginine and glycine, and then we 

approached to explore the interference 

degree created by single component amino 

acid. 

Test results of BSA standard (20ng/ml) 

when coexisted with different concentrate- 

-ion of L-cysteine: 20ng/ml BSA standard 

was chosen as the interference target since 

that result seems be more reliable around 
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this point according to kit instruction. 

Four concentrations of L – cysteine (2 

mg/ml, 1 mg/ml, 0.5 mg/ml, 0.05 

mg/ml) are tested: We prepared double 

concentrated L – cysteine solution first 

and then blended with same volume of 

40 ng/ml of BSA standard separately 

(which was regarded as two times 

dilution). Simultaneously the control 

group was set by blending same 

volume of water for injection.  

  Sample results of the mixture of BSA 

standard (20ng/ml) and different concentr- 

-ation of Glu. Five concentrations of Glu 

(8mg/ml, 5mg/ml, 1mg/ml, 0.5 mg/ml, 

and 0.05mg/ml) are prepared: Make two 

times dilution as mentioned above. Set the 

control, ditto. 

Results of mixture sample of BSA 

standards and different concentrations 

(10mg/ml, 5mg/ml, 2mg/ml, 1mg/ml, 0.5mg/ml) 

of arginine or glycine, ditto as above. 

 

Table 1：The best detection interval of ELISA kit 

Standard curve created by BSA 

standards of Kit 1 (R2 0.9875，

internal ref. of 30ng/ml: 32.43) 

Standard curve created by BSA 

standards from Kit 2 (R2 0.9943，

internal ref. of 30ng/ml:  30.56) 

Recovery rate (results) Recovery rate (results) 

   Standard 

     curve 

 

Results 

Conc. 

of standards 

series 

Series standards  

( kit 2 ) 

*series standards  

(kit 1) 

series standards  

( kit 1) 

*Series standards 

(kit 2) 

Mean value 

0 ng/ml /（-1.79） /（-1.58） /（-1.00） /（-1.23） /** 

2.5 ng/ml /（1.20） /（1.79） /（2.60） /（1.96） /** 

5 ng/ml 82.2%(4.11) 98.4%(4.92) 118.6(5.93) 101.4 (5.07) 100.2% (5.00) 

10 ng/ml 99.9%(9.99) 112.9%(11.29) 127.3(12.73) 113.0% (11.30) 113.3% (11.33) 

20 ng/ml 97.2%(19.44) 113.2%(22.65) 124.2(24.84) 107.0% (21.40) 110.4% (22.08) 

40 ng/ml 89.9%(35.97) 96.0%(38.40) 104.0%(41.61) 97.6%(39.04) 96.9% (38.76) 

30 ng/ml 93.7%(28.01) 108.1%(32.43) 117.6%(35.27) 102.0% (30. 60) 105.3% (31.58) 

*Takes the role as curve-creating standards and testing-sample simultaneously. 
** Recovery rate is uncertain when the test result is less than  2.5 ng/ml. 
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Results 

1.Verification of the best detection 

interval of BSA ELISA kit 

Take two kit (Batch No. 20120901), 

marked with Kit 1 and Kit 2, take their 

own series of standard as samples and 

test in one plate , details in table 1. 

As above low recovery rate and poor 

repeatability were got if the indicated 

contents of BSA standards were not 

higher than 2.5 ng/ml, although the 

values are close and their absolute  

 differences were small. In fact, meaning- 

-ful results would be got until sample 

content rising from 5 ng/ml and an 

average recovery 105% (97%~113%) was 

reached. Therefore we believe, the better 

testing interval would between 5 and 40 

ng/ml. 

2. Interference test of four batches of 

finished product  

It showed that the final product do have 

the interference effect on BSA test as 

below (Table 2): 

 

Table 2 Interference test of freeze-dried hepatitis A vaccine(H2 strain) 

Batch No. 
Difference between 

Sol II and Sol I 
* Whether the difference falls in 95% 

reference range(Y/N): 15.48-20.92 
Whether there is interference 

(Y/N) 

20100601A 10.6 N Y 

20100602B 11.2 N Y 

20100603B 12.1 N Y 

20100604B 11.7 N Y 

 * OD 15ng/ml 18.0(mean value), 95% C.I. 15.5-20.9ng/mL 

 

Table 3 Interference test of freeze-dried HAV vaccine LBS and bulk 

Sample/ batch No. Difference between 
Sol II and Sol I 

*Whether the difference falls in 95% 
reference range (Y/N): 14.6-20.0 

Whether there is 
interference  (Y/N) 

LBS 20100622 13.3 N Y 

LBS 20100501 11.8 N Y 

Bulk 101301 18.3 Y N 

Bulk 101401 17.2 Y N 

Bulk 101301S 16.5 Y N 

* OD 15ng/ml 16.8(mean value),  95% C.I. 14.6-20.0ng/mL 
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3. Explore the interference sources: 

Test disturbance was observed to be 

from LBS instead of bulk. Specific 

details are included in Table 3. 

Results of three partial formula of 

LBS and HAV vaccine (traditional 

formula, contains gelatin). 

LBS sample 1: The value of solution 

II minus solution I was under the 95% 

reference range, which meant it had 

interference on the test; LBS sample 2 

and 3 were just the opposite, which 

meant they had no interference. So did 

the traditional formula vaccine (batch 

number 20080701). Details see table 4. 

4. Determine the interference degree, 

by reconstituting the vaccine with BSA 

standards of the kit 

Three batches of vaccine reconstitu- 

 -ted by relatively high concentration BSA 

standards (≥25ng/ml): Interference was 

observed; with recovery rate were 66.7%, 

60.9%, 53.5 % corresponding to 100, 

50,25ng/ml BSA standards respectively.  

Remark: the recovery rates were 

slightly on the high side than the real 

value because of the self-containing BSA 

of vaccine. See table 5 

Six batches of vaccine reconstituted by 

5ng/ml BSA standards: BSA recovery 

rates were between 70.4 and 78.2%, 

obviously lower (P < 0.01) than that of the 

kit (Table 1, 82.2% to 118.6%). Besides, 

the recovery here also included vaccine 

self-contained BSA as mentioned above, 

which means the lower of recovery is 

caused by interference. See table 6 

 
Table 4 Results of three groups of LBS and traditional formula lyophilized HAV vaccine 

Sol II-Sol I (ng/mL)
Sample and batch No. 

1st time 2nd time

*If falls in 95% 
reference range (Y/N) 

Whether there is interference 
(Y/N) 

LBS: sample 1 9.12 12.44 N Y 

LBS: sample 2 16.89 18.05 Y N 

LBS: sample 3 17.77 17.66 Y N 

Vaccine: 20080701 15.92 17.72 Y N 

R&d sample 10.69 9.40 N Y 

      * OD 15ng/ml 16.3 ng/mL,  95%C.I:  14.3-18.4ng/ml  
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Table 5 Interference of vaccine reconstituted with relatively high BSA concentration（≥25ng/ml） 

Batch No.         Concn. 100ng/ml 50ng/ml 25ng/ml 

20100607A 74.0%（73.96ng/ml） 65.2%（32.62ng/ml） 54.4%（13.63ng/ml） 

20100601A 62.8%（62.8ng/ml） 58.6 %（29.41ng/ml） 48.8%（12.19ng/ml） 

20100602A 63.2%（63.2ng/ml）) 59.2%（29.62ng/ml） 57.2%（(14.3ng/ml） 

Mean recovery rate 66.7% 60.9% 53.5% 

 
Table 6 Interference of vaccine reconstituted with 5ng/ml BSA standard 

Batch No.  Results（ng/ml） Recovery rate 

20120101 3.54 70.8 % 

20120102 3.50 70.4% 

20120103 3.91 78.2% 

20120104 3.67 73.3% 

20120105 3.85 77.0% 

20100705 3.59 71.8% 

Mean value 3.68 73.6% 

 

Interference of LBS (working 

concentration) on series of BSA 

standard: Three times of good 

repeatability data were got which 

demonstrated that BSA recovery rates 

were gradually increased along with 

the rising of BSA concentration in the 

presence of LBS, and its fluctuation 

range fell between 64% and 85%. Test 

results of 2.5ng/ml BSA standard were 

positive (> 0), while results of 5 ng/ml 

standard were generally more than 3.0 

ng/ml. These were instructive and 

 meaningful on judging the real BSA 

content of the HAV vaccine. Specifics see 

table 7. 

5. Interference of single amino acid on 

detection of BSA by ELISA 

Interference of cysteine (various 

concentration, mg/ml) on detection of 

20ng/ml BSA standard: Cysteine showed 

same interference intensity when 

concentrations ranged from 0.5mg/ml to 2 

mg/ml; we got stable recovery (about 

69.4% to 83.5%). The interference effect 

weakened until the concentration of  
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cysteine reduced to 50ng/ml, and its 

recovery was higher than 83.5%, see 

table 8. 

Interference of glutamic acid (Glu, 

various concentration, mg/ml) on 

detection of 20ng/ml BSA standard: 

No apparent interference was observed 

with 0 to 1 mg/ml Gln, recovery rate 

was close to 100%. The interference 

effect became obvious with increasing 

concentration of Gln and test result 

appeared to lower than 2.5ng/ml when 

the concentration of Gln reached to top 

target (8mg/ml), see table 9. 

Interference of arginine or glycine 

(various concentration, mg/ml) on 

detection of 20ng/ml BSA standard: No 

apparent interference that induced by 

arginine or glycine was observed in all our 

test concentrations, BSA recovery rate 

was no significant difference 

(102.6%-114.4%) compared with that of 

the kit (97.2%-124.2%,table 1), see table 

10. 
 

Table 7 Interference of LBS (working concentration) on different concentrations of BSA standard 

Results（Recovery） Final concn. of standards 
(mg/mL) 1st time 2nd time 3rd time Mean value 

0/2 -1.74 -1.53 -1.67 <2.5 

2.5/2 -0.67 -0.25 -0.12 <2.5 

5/2 0.52 0.94 0.93 <2.5 

10/2 3.13（62.6%） 3.21（64.2%） 3.33（66.6%） 64.5% 

20/2 7.53（75.3%） 7.65（76.5%） 8.01（80.1%） 77.3% 

40/2 15.19（76.0%） 16.33（81.7%） 17.1（85.5%） 81.0% 

30/2 11.76（78.4%） 12.94（86.3%） 13.5（90.0%） 84.9% 

 
Table 8 Interference of cysteine on detection of 20ng/ml BSA standard 

Results（Recovery） Concn.
（mg/ml） 1ST time 2nd  time 3rd  time 4th time 

Range of recovery 

2 15.5(77.4%) 13.8（69.4%） 16.7 (83.5%) 15.4（77.2%） 69.4-83.5% 
1 16.5(82.5%) 14.0（69.9% 16.3(81.5%) 14.6（72.9%） 69.9-82.5% 

0.5 15.3(76.5%) 14.1（70.0%） 16.5(82.5%) 15.8（79.0%） 70.1-82.5% 
0.05 18.5(92.4%) 16.7 (83.4%) 16.7(83.5%) 17.0（85.2%） 83.5-92.4% 

0（Control） 19.9(99.7%) 21.5(107.4%) 20.1 (100.4%) 18.8 (94.2%) 94.3-107.5% 

 



April    2013      Volume 2 Number 2                      ISSN：2305‐5154 (Print)      2306‐6210 (Online)              ‐ 29 ‐ 

Copyright©2012‐2013 Published by Hongkong Institute of Biologicals Standardization Limited. All rights reserved. 

Table 9 Interference of glutamic acid on detection of 20ng/ml BSA standard 

Results（Recovery） Concn.
（mg/ml） 1ST time 2nd  time 3rd  time 4th time 

Mean recovery

8 <2.5 <2.5 <2.5 2.5  / 

5 3.8 8.3 <2.5 7.6 <27.8% 

1 19.8（99.1%） 20.5（102.4%） 19.7（98.5%） 20.7（103.4%） 100.9% 

0.5 20.3（101.4%） 21.2（106.0%） 21.0（105.0%） 19.2（96.2%） 102.2% 

0.05 21.2（105.8%） 21.8（108.8%） 20.3（101.4%） 19.9（99.6%） 103.9% 

0（control） 19.9 (99.7%) 21.5 (107.5%) 20.1 (100.4%) 18.8 (94.2%) 100.5% 

 

Table 10 Interference of arginine or glycine on detection of 20ng/ml BSA standard respectively 

Results（Recovery） 
Concn.（mg/ml） 

Arg. Gly 

10  / 22.9(114.4%) 

5  20.5(102.6%) 22.0(110.0%) 

2  22.6(112.8%) 20.8(104.0%) 

1  22.8（114.0%） 21.3（106.6%） 

0.5  22.3（111.5%） 22.0（110.2%） 

0（control） 21.1 (105.4%) 21.9 (109.5%) 

 
Discussion 

Bovine serum can promote cell 

growth because of abundant growth 

factor it contains. It is extensively 

applied in virus propagation stage of 

vaccine manufacture. Though the 

process engineers design many 

post-treatment steps such as extracting 

or purification to remove the residue, a 

certain content of Bovine serum of 

albumin (BSA) can still be tested in the 
 

 final product. BSA is a main component 

in bovine serum with the concentration 

about 35 - 50 mg/ml [2]. As a foreign 

animal protein, even traces of residual 

would cause serious consequences to 

allergic personals. Therefore, detection of 

BSA residual content is one of the critical 

test items in quality control of vaccine 

which directly related with vaccine safety.

As a widely used enzyme-linked immune 

detection method, ELISA has 
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well-recognized merits such as simple 

and rapid operation, relatively low 

cost, high specificity, sensitivity, and 

safety, but it is far from zero defect 

because of susceptible of interference. 

An instance is cross-reactivity caused 

by space structure similarity of 

antigenic determinants [3]. Some 

disturbing factors remains unknown 

such as arrestive false positive ELISA 

for circumsporozoite protein (CSP) 

caused by heat-unstable cross-reacting 

antigen [4]. Other than the reagents, 

operation or environmental factors, we 

also need to verify whether the 

ingredients of sample would affect the 

detection result [5], which is required by 

Chinese Pharmacopoeia. 

The formula of lyophilized Hepatitis 

A vaccine (H2 strain, attenuated) was 

improved. Sugars, alcohols and amino 

acids were selected and gelatin was 

removed from the cryoprotectant’s list. 

It is necessary to verify whether the 

vaccine have the interference effect on 

BSA test or not. 

Interference test was carried on acc- 

-ording to Chinese Pharmacopoeia, we 

found that the final product really have 
 

the influence on its BSA ELISA test. 

After further experiments on vaccine virus 

bulk and lyophilization base solution, we 

got the initial judgment that resource of 

interference was from cryopretectants. 

Interference degree analysis showed 

that: Test values of 2.5ng/ml BSA 

standards were usually positive while 

5ng/ml BSA standards seemed above 

3.0ng/ml in the presence of LBF. Thus we 

can judge the actual BSA content of 

sample < 2.5 ng/ml once the sample test 

result is negative, and < 5 ng/ml when the 

sample test result is between 0 ~ 3ng/ml.  

Take a review at the BSA tests of 70 

vaccine batches of last two years 

(2011-2012), all results are lower than 3 

ng/ml. What means the actual BSA 

content is lower than 5ng/mL.  

By sifting through protectants we found 

that the interference was mainly from L - 

cysteine and glutamic acid: L - cysteine 

has the fixed interference intensity with 

BSA recovery rate around 75% when its 

concentration fluctuates between 0.5~2.0 

mg/ml (0.2%); No obvious impact was 

observed from glutamic acid until its 

concentration rising higher than 1 mg/ml 

(0.1%),  and its interference strength 
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greatly increase after that. What we 

observed is a useful reference for other 

enterprises to deliberate on 

lyophilization formula optimizing and 

subsequent residual BSA interference 

test. 

Through the above series of tests we 

explored the interference level and 

concentration of amino acid. There 

appeared to be one deficiency that the 

results of glutamic acid (Table 9, 5 

mg/ml )seemed lacking of consistency , 

the possible reason may be related to 

its poor solubility in water: That hard 

to prepare relatively high concentration 

Gln (10-16 mg/ml) lead to bad 

performance on data repeatability. 

Furthermore, it is still unclear how 

the amino acid interfere the ELISA 

test, We suppose to be associate with 

AVIDITY or AFFINITY. The former 

refers to the bonding strength of the 

antigen and antibody, and the latter 

refers to the matching degree of them. 

If so, we would be able to observe such 

nonspecific disturbance effect in other 

ELISA tests. 
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