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There was an accidental death of BALB/c mice in the course of the experiment about hepatitis B 
immunization. The reasons of the mice breeding failure were analyzed in order to provide some 
experience for future animal preparation about hepatitis B immunization. Items of all mice including 
sex, age, dose of hepatitis B vaccine (HepBVac), dose of hepatitis B immunoglobulin (HBIG), 
immunization route, vaccination schedule and the acclimatization period were recorded before the first 
immunization. Among 334 mice included, the survival rates in different groups of initial ages were 
45.9% in 3-week-old, 49.3% in 4-week-old, 51.9% in 5-week-old, 84.8% in 7-week-old and 96.6% in 8-
week-old; the survival rate in seven days acclimatization group was 96.6% and 53.3% in one day 
acclimatization group. Multivariate logistic regression analysis indicated that smaller ages (3 weeks, 4 
weeks) and acclimatization for only one day were the independent risk factors affecting the survival of 
mice. Multivariate logistic regression analysis showed that injection with HBIG, lower dose of HepBVac 
and hypodermic injection were independent risk factors for low-and non-response to HepB Vac. It is 
suggested that the mice should be more than five-week-old and must have acclimated to the 
environment for one week before the experiment begins. The initial ages of the mice have no impact on 
their immune efficacy. 
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INTRODUCTION 
 

Experimental   animal   science,  an  important  technical means and a necessary condition of life science research,
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affects the achievements and levels of scientific research 
in many fields directly. 

Meanwhile, its development and improvement will take 
scientific research into a new frontier and promote the 
development of life science. BALB/c mice are distributed 
globally, and are among the most widely used inbred 
strains in animal experiment because they have good 
breeding performance, long reproductive life-span and 
low cost of feeding and management (Potter, 1985). In 
particular, BALB/c mice are widely used for the 
production of monoclonal antibodies and immunological 
studies (Potter, 1985; Zhao et al., 2016; Latha et al., 
2017; Aerts et al., 2015). 

More than 300 BALB/c mice were bred for the study of 
active and passive hepatitis B immunization, which was 
designed to explore the influence of maternally derived 
antibody against hepatitis B surface antigen (anti-HBs) on 
infants’ immune response to hepatitis B vaccine. We 
originally designed to mimic the fact that neonates got 
anti-HBs from their mothers by injection of HBIG to 
BABL/c mice, and three separate doses of HepBVac 
were given to each mouse at 0, 4 and 8 weeks or 0, 1 
and 2 weeks successively. Unfortunately, there was an 
accidental death of the mice during the course of the 
experiment. Therefore, the reasons for the mice bred 
failure are analyzed in order to provide some experience 
for the researchers who are new to conduct animal 
experiments. Moreover, we also analyzed whether the 
reasons for an accidental death of the mice had an effect 
on the immune efficacy in the experiment of hepatitis B 
immunization. 
 
 

MATERIALS AND METHODS 
 

Experimental animals 
 

From 2017 to 2018, 334 BALB/c mice (212 male and 122 female) of 
SPF grade aged three to eight weeks, with median (25 to 75%, 
interquartile range, IQR) age of 5 (3, 8) weeks, were bred, and they 
were housed at animal experiment center of medical college of 
Qingdao university. Among all mice, 216 were raised in 2017 and 
118 in 2018. The mice were allocated to different cages (M1 type, 
specification 290×178×160 mm) and five to six mice were fed in 
each cage. Treated wood shavings were used as bedding. All mice 
were allowed to acclimate to the environment at the beginning of 
the study, were fed with standard feedstuff and drunk purified water 
freely. All mice were recorded sex, age, dose of HepBVac, dose of 
HBIG, immunization route and vaccination schedule before the first 
immunization. The mice and standard feedstuff were purchased 
from Qingdao Daren FuchengGraziery co. LTD in China. 
 
 

Reagents 
 

Recombinant HepBVac (HansenulaPolymorpha): Specification - 10 
μg/0.5 ml; Approval number: S20040016, produced by Dalian 
Hanxin Biological Pharmaceutical Co., LTD in China. 
 

HBIG: Specification - 200 IU/2 ml, Approval number: S10930001, 
produced by Shandong Taibang Biological Products Co., LTD in 
China. ARCHITECT Anti-HBs Reagent Kit: produced by Abbott 
Ireland Diagnostics Division. 

 
 
 
 
Laboratory methods 
 

Anti-HBs were performed by a Chemiluminescent Microparticle 
immunoassay using ARCHITECT i 2000 full-automatic immune 
analysis system. The normal reference value was set as 0-10 
mIU/ml. 

For the specimens of anti-HBs titer >1000 mIU/ml, they were 
diluted to 10, 20 or 30 times …… until anti-HBs levels fell below the 
upper limit of detection (1000mIU/ml). 
 
 

Immunization schedule 
 

All mice were divided into two groups (Group A and B) according to 
different doses of HepBVac (2 and 5 μg) injected. Each group was 
sub-divided into four subgroups. The time when the experiment was 
started was defined as 0 week (w), the next as 1 w, and so on. 
HepBVac was injected through two routes: intramuscular injection 
(quadriceps femoris) and hypodermic injection (scruff). HBIG was 
administrated via intraperitoneal injection. 
 
 

Subgroups A1, A2, A3, A4 
 

A1: 25 IU HBIG and 2μg HepBVac were administrated at 0 w, and 
then the second and third HepBVac of the same dose were 
administrated at 4 and 8 w respectively. 
A2: 50 IU HBIG and 2 μg HepBVac were administrated at 0 w, and 
then the second and third HepBVac of the same dose were 
administrated at 4 and 8 w respectively. 
A3: Three doses HepBVac of 2 μg were administrated at 0, 4 and 8 
w (0-4-8 w) respectively. 
A4: Three doses HepBVac of 2 μg were administrated at 0, 1 and 2 
w (0-1-2 w) respectively. 
 
 

Subgroups B1, B2, B3, B4 
 

B1: 25 IU HBIG and 5μg HepBVac were administrated at 0 w, and 
then the second and third HepBVac of the same dose were 
administrated at 4 and 8 w respectively. 
B2: 50 IU HBIG and 5μg HepBVac were administrated at 0 w, and 
then the second and third HepBVac of the same dose were 
administrated at 4 and 8 w respectively. 
B3: Three doses HepBVac of 5 μg were administrated at 0-4-8 w 
respectively. 
B4: Three doses HepBVac of 5 μg were administrated at 0-1-2 w 
respectively. 
 
 

Definition of immunization outcome 
 

Anti-HBs<10 mIU/ml was considered as non-response; anti-HBs 
from 10 to 100mIU/mL was considered as low-response; anti-
HBs>100 mIU/ml was considered as protective response (Wang et 
al., 2016; Lu et al., 2016). 
 
 

Sample collection in mice 
 

Blood was collected from the mice eye socket by vacuum tubes (no 
additives) four weeks after the third dose of HepB Vac 
(Parasuraman et al., 2010). Mice were broken necks to death 
immediately after blood drawn. The serum was separated within 
one hour, transferred into a 1.5 centrifuge tube and stored in a -
70°C deep freezer for anti-HBs testing. 
 
 

Statistical analysis 
 

𝑥2 or  Fisher’s  exact  tests  were used for categorical variables. For

https://en.wikipedia.org/wiki/Inbred_strain
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Table 1. Grouping and assignment table. 
 

Items Grouping Assignment 

Sex 
Male 1 

Female 0 

HBIG 

50 IU 2 

25 IU 1 

0 IU 0 

HepBVac dose 
5 μg 1 

2 μg 0 

Intervals among the three doses of HepBVac 
1 week 0 

4 weeks 1 

Injection site of HepBVac 
Intramuscular  1 

Hypodermic 0 

Estimated age of weeks according to initial weight* 

3 weeks 0 

Male<12.45 g, Female<11.60 g  

4 weeks 1 

12.45 g≤male<16.10 g,11.60 g≤female<14.75 g  

5 weeks 2 

16.10 g≤male<17.40 g, 14.75 g≤female<15.60 g  

6 weeks / 

17.40g≤male<18.65 g, 15.60 g≤female<16.10 g  

7 weeks 3 

18.65 g≤male<20.25 g, 16.10 g≤female<18.16 g  

8 weeks 4 

Male≥20.25 g, Female≥18.16 g  

Days for acclimatization 
7 1 

1 0 
 

There are 10 mice with age of 6 weeks. Among them, for male, the mice whose weight ≥ 18.0 g were divided into group of 7 weeks and whose weight 

< 18.0 g were divided into group of 5 weeks; for female, the mice whose weight ≥ 15.85 g were divided into group of 7 weeks and whose weight < 
15.85 g were divided into group of 5 weeks. 
Source: Qin (2010). Laboratory Animal Science. People’s Medical Publishing House, Beijing, China, p. 38 (in Chinese). 
 
 
 

measurement data, normal distribution was first tested. If the result 
was of non-normal distribution, it was expressed in terms of median 
(IQR). Logistic regression analysis was used to identify the risk 
factors. And categorical variables were transformed into dummy 
variables. Grouping and assignment are shown in Table 1. 
Variables with p value <0.1 in the univariate analysis were included 
in a multivariate logistic regression. Statistical calculations were 
performed using SPSS 22.0 software package with a p value <0.05 
considered significantly. 
 
 

Research ethics 
 

The study was approved by the Ethics Committee of Qingdao 
Municipal Hospital affiliated with Qingdao University. All procedures 
followed were in accordance with the Animals (Scientific 
Procedures) Act (Amendment) Order 1993. Animals’ care was in 
accordance with institutional guidelines. 
 
 

RESULTS 
 

Summary of the mice survival 
 
216 mice of the first group, with median (25%, 75%  IQR) 

age of 4 (3, 5) weeks were bred in 2017, among whom 
there were 101 deaths. These mice were allowed to 
acclimate to the environment for one day at the beginning 
of the study. 118 mice of the second group with median 
(IQR) age of 8 (8, 8) weeks were bred in 2018, among 
whom there were four deaths. These mice were allowed 
to acclimate to the environment for seven days at the 
beginning of the study. There was statistically significant 
difference in survival between the two groups: 53.2 vs 

96.6%, 𝑥2 = 66.592 , p=0.000. In the group of the 
schedule of 0-1-2 weeks, and survival rates were 88.7, 
72.2, 72.2 and 72.2% at week 1, 2, 4, and 6, respectively; 
in the group of the schedule of 0-4-8 weeks, survival 
rates were 88.6, 68.7, 68.2, 67.2, 67.2 and 66.2% at 
week 1, 2, 4, 6, 8 and week 12, respectively. 
 
 

Risk factors affecting the survival of mice 
 

Multivariate logistic regression analysis showed that the 
smaller age of weeks was the risk factor affecting the 
survival of mice, and further analysis of the results among  
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subgroups showed that the death rate was significantly 
higher in three weeks- four weeks old mice as compared 
to eight weeks old mice. There were no significantly 
differences in the group of five weeks old as compared 
with the eight weeks old group. The survival rate was 
much higher in the group of seven days acclimatization 
than that for one day, but there was no significantly 
difference between the two groups in the multivariate 
analysis (Table 2), which did not seem to be consistent 
with the fact. It was considered to be related to the 
application of dummy variables which could result in a 
smaller sample size in each category, so the result with 
no statistical difference could be obtained. When 
multivariable analysis was performed without the analysis 
of dummy variables, it showed that RR value 
(95%CI)=1.470 (1.179, 1.832), p=0.001, in the group of 
initial ages and RR value (95%CI)=5.779 (1.511, 22.109), 
p=0.010, in the group of days for acclimatization. So it is 
indicated that acclimatization for only one day is also the 
risk factor affecting the survival among mice (Table 2). 
 
 
Risk factors for low- and non-response to 
HepBVacamong mice 
 
There were 229 mice survivors among the two groups, 
and 23 were of low- and non-response to HepBVac 
among whom 10 were of non-response to HepBVac and 
13 were of low-response to HepB Vac. Multivariate 
logistic regression analysis showed that injection with 
HBIG, lower dose of HepBVac and hypodermic injection 
were independent risk factors for low-and non-response 
to HepB Vac  (Table 3). When the risk factors for low- and 
non-response to HepBVac were analyzed, the variable 
intervals among the three doses of HepBVac was 
eliminated to remove the effect of multicollinearity among 
variables in the regression model. Statistical results 
showed that the variable interval among the three doses 
of HepBVac was not the risk factor for low- and non-
response to HepB Vac (Table 4). 
 
 
DISCUSSION 
 
Due to lack of experience, we had only focused on the 
implementation of the experimental scheme, and 
neglected the mice weight which might actually be 
estimated by their size firstly, when we began the 
experiment with the first group. Mice in the first group 
were administered with hepBVac with or without HBIG 
when they adapted to their environment after one day. 
Subsequently, large numbers of deaths were found the 
next day, and number of deaths began to go down two 
weeks after the start of the experiment. 

We discussed and analyzed the possible causes of the 
death immediately. Firstly, we ruled out environmental 
factors: the mice were exposed to a 12 h light – 12 h dark 

 
 
 
 
cycle at 22 ± 2°C with relative humidity of 60 ± 5%, which 
is conformance to standardized breeding requirements 
(National Research Council, 2011; Lu et al., 2017). 
Secondly, we confirmed that the vaccines were 
transported by cold-chain logistics and they were still 
under guarantee. Thirdly, all vaccines in this study were 
expressed in Hansenulapolymorpha, which has been 
routinely administered to infants at birth, and the Global 
Advisory Committee on Vaccine Safety has also 
confirmed its safety (Das et al., 2019; Yang et al., 2015). 
Finally, we came to the factor of weight. After the mice 
were weighted, we found that the weight of these mice 
was lower than those of the 6-8 weeks old. In fact, when 
we ordered these mice from the company, we stressed 
that we needed mice aged six to eight weeks old that 
were commonly used in studies (Fuller et al., 2001). And 
the company has admitted that their staffs had made a 
mistake when they processed our order. 

When we ruled out the influence of environment and 
reaffirmed the safety of reagents, it is suggested that 
smaller age of weeks (median age of four weeks) 
estimated by the weight was most likely to be related with 
the phenomenon of death. It is also indicated that 
increasing of the adaptive duration before the experiment 
might also reduce mortality among those mice. Based on 
the experiences and lessons learned from the first group, 
mice of the second group were arranged to acclimate the 
environment for the first seven days that was decided 
based on reported literatures and weighted to estimate 
the age of weeks at the beginning of the experiment 
(Mahdavi et al., 2017; Hogan et al., 2017; Choi et al., 
2017). It is shown that the initial median age of the mice 
was of eight weeks and there were only four mice died 
during the whole experiment among mice of the second 
group. 

With respect to the classification method of initial ages, 
for the first study, they were estimated at the second day 
when the death occurred, and the initiative's aim of doing 
that was to investigate these deaths. For the second 
study, the initial ages were estimated at the beginning of 
the experiment for the purpose of avoiding the deaths 
due to the smaller ages of mice. The data of estimated 
initial ages of the first group were obtained one day later 
than the second group. Since the time interval between 
the two groups was relative close, we took data of the 
two groups as initial ages in the statistical process. 

Multivariate logistic regression analysis showed that 
small initial ages (range from three weeks to four weeks) 
and only one day for acclimation were the independent 
risk factors resulted in death. Coincidentally, the two risk 
factors are all in the first group, so it is difficult to make a 
clear distinction whether the small initial age or the fewer 
days for acclimation or both the two factors play a leading 
role in the death event. 

In studies about hepatitis B immunization, it is reported 
that different age groups of BALB/c mice were included 
such as age of 4-6 weeks (Granovski et al.,  2017;  Wang
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Table 2. Risk factors influencing mice survival. 
 

Items No. 
Survival RR value (95%CI) p value 

n(%) Univariate Multivariate Univariate Multivariate 

Sex   1.171(0.727, 1.885)  0.517  

Male 212 148(69.8)     

Female 122 81 (66.4)     

       

HBIG     0.811  

0 IU 187 129(69.0) 1.227 (0.619, 2.433)  0.558  

25 IU 102 71(69.6) 1.264(0.602, 2.654)  0.537  

50 IU 45 29(64.4)     

       

HepBVac dose   1.282(0.799, 2.057 )  0.302  

5 μg 141 101(71.6)     

2 μg 193 128(66.3)     

Injection site of HepBVac   1.068(0.673, 1.696)  0.780  

Intramuscular 166 115(69.3)     

Hypodermic 168 114(67.9)     

       

Intervals among the three doses of HepBVac   1.327 (0.822, 2.141)  0.247  

1 week 133 96(72.2)     

4 weeks 201 133(66.2)     

       

Initial ages     0.000 0.019 

3 weeks 85 39 (45.9) 0.030 (0.010, 0.090) 0.085 (0.009, 0.840) 0.000 0.035 

4 weeks 73 36 (49.3) 0.035 (0.012, 0.104) 0.098(0.010, 0.970) 0.000 0.047 

5 weeks 27 14 (51.9) 0.038 (0.011, 0.134) 0.108 (0.010, 1.160) 0.000 0.066 

7 weeks 33 28(84.8) 0.200 (0.050, 0.794) 0.474 (0.049, 4.539) 0.022 0.517 

8 weeks 116 112(96.6)     

       

Days for acclimatization   25.030 (8.916, 70.268) 3.041 (0.317, 29.136) 0.000 0.335 

7 118 114(96.6)     

1 216 115(53.2)     
 

In the analysis of dummy variables, the variable of 50 IUwas used as the reference category in HBIG group, and the variable of 8 weeks was used as 
the reference category in the group of initial ages. Results of multivariable analysisperformed without the analysis of dummy variables: in the group of 
initial ages, RR value (95%CI)=1.470 (1.179, 1.832), p=0.001; in the group of days for acclimatization, RR value (95%CI)=5.779 (1.511, 22.109), 
p=0.010. 

 
 
 
et al., 2017), 6-8 weeks (Gui et al., 2017; Kapadia et al., 
2017; Skrastina et al., 2014; Fakharzadeh et al., 2013), 
8-10 weeks (McCluskie et al., 2002; Abdalla et al., 2014), 
11 weeks (Perez et al., 2018), or 1,3,7 days (Weeratna et 
al., 2001; Ahmadian et al., 2016), among which ages of 
6-8 weeks were in the majority. So it is suggested that 
mice of a certain age group can be selected as flexible 
according to different experimental requirements. 

We did not pay enough attention on acclimatization due 
to lack of experience on mice experiment. In fact, an 
appropriate acclimation period can bring down stress, 
which should be considered as an important part of the 
experiment design (Schunk and Macallum, 2005). And in 
this study, it showed that it was especially important for 
younger mice (less than five weeks as  it  showed  in  this 

study) to have an appropriate acclimation period at the 
start of each experiment. In addition, the smaller the age, 
the less resistant to the stress among mice, so it is 
indicated that both smaller age of weeks and 
acclimatization for only one day contributed to the death 
event among mice in this study jointly. 

In addition, results in this study showed that the two 
risk factors mentioned above had no impact on the 
immune efficacy of HepB Vac. The reasons for low- and 
non-response to HepBVac might be as follows: (i) 
administration with HBIG, HBIG may have a negative 
effect on immune response to HepB Vac (Yang et al., 
2003; Pongpipat et al., 1989; Hu et al., 2008; Zhang et 
al., 2014); (ii) lower dose of HepBVac(2μg), increasing 
the dose of HepBVac can reduce  the  inhibition  of  HBIG
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Table 3. Risk factors influencing low- and non-response to HepBVac. 
 

Items No. 

Anti-HBs<100 
mIU/ml 

RR value (95%CI) p value 

n(%) Univariate Multivariate Univariate Multivariate 

Sex   13.968(1.846, 105.667) 6.833(0.534, 87.525) 0.011 0.140 

Male 148 22 (14.9)     

Female 81 1 (1.2)     

       

HBIG     0.002 0.001 

0 IU 129 1(0.8) 0.021(0.002, 0.172) 0.017(0.002, 0.180) 0.000 0.001 

25 IU 71 14(19.7) 0.645 (0.237, 1.757) 1.308(0.332, 5.150) 0.391 0.701 

50 IU 29 8(27.6)     

       

HepBVac dose   0.103(0.024, 0.450) 0.084(0.012, 0.588) 0.003 0.013 

5 μg 101 2(2.0)     

2 μg 128 21(16.4)     

       

Injection site of HepBVac   0.397(0.157, 1.005) 0.130(0.026, 0.644) 0.051 0.012 

intramuscular 115 7(6.1)     

hypodermic 114 16(14.0)     

       

Initial ages     0.069 0.853 

3 weeks 39 4 (10.3) 2.019 (0.539, 7.570) 4.546 (0.139, 149.001) 0.297 0.395 

4 weeks 36 4 (11.1) 2.208 (0.587, 8.312) 4.716(0.112, 198.822) 0.241 0.417 

5 weeks 14 4 (28.6) 7.067 (1.705, 29.283) 8.349 (0.220, 316.733) 0.007 0.253 

7 weeks 28 5(17.9) 3.841 (1.079, 13.670) 3.833 (0.148, 99.594) 0.038 0.419 

8 weeks 112 6(5.4)     

       

Days for acclimatization   0.320 (0.121, 0.845) 0.644(0.020, 20.255) 0.021 0.802 

7 114 6(5.3)     

1 115 17(14.8)     
 

In the analysis of dummy variables, the variable of 50 IU was used as the reference category in HBIG group, and the variable of 8 weeks was used as the reference category in the group of initial 
ages. 

 
 
 

on immune response (Hu et al., 2008; Junqueira 
et al., 2011); (iii) hypodermic injection, the results 
may provide evidence that muscle injection is the 
priority  method  for  the hepatitis B vaccination in 

mice. An interesting phenomenon is that smaller 
ages (3-4 weeks old) had no significant impact on 
immune response to HepBVac in this study, and 
the  interpretation  may  be  that when mice reach 

the age of 3-4 weeks, they already meet the 
condition of adolescents in human, and the 
immune system can generate an adequate 
immune response to HepB Vac. 
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Table 4. Effect of immune response to HepBVac between 0-4-8 w schedule and 0-1-2 w schedule. 
 

HepBVac (μg) Item 0-1-2 w 0-4-8 w Χ2 value p value 

5 
n 50 2   

anti-HBs<100 mIU/ml n(%) 0 (0) 0 (0) / / 

      

2 
n 46 31   

anti-HBs<100 mIU/ml n(%) 1 (2.2) 0 (0) 1.039 0.308 
 
 
 

Conclusions 
 

We draw an important lesson in this study: short 
acclimation period and smaller ages can lead to a large 
number of deaths among BALB/c mice, and it is 
important to make sure that the age of mice are above 
five weeks and the acclimatization is seven days or so at 
the beginning of the experiment, which are all important 
factors guaranteeing the higher survival rate as well as 
quality of their life. Fortunately, results in this study 
indicated that the age of weeks had no impact on the 
immune effect of HepBVac, which may provide an 
evidence of a wider range of ages for studies on mice 
immunization. 
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