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Abstract: 
The present research work aimed to determine the adjuvant potential of deuterium in a subunit 
vaccine prepared from the outer membrane protein of Pasteurella multocida. P. multocida type 
B:2 causes Haemorrhagic Septicaemia (HS) in cattle and buffaloes. Humoral immunity gained 
through vaccination may play an important role in protection against HS. The Porin H (OmpH) is 
a major immunodominant outer membrane protein in the envelope of P. multocida. Deuterium / 
heavy water (D2O) might be utilised to increase the thermostability and the shelf life of the 
vaccines. Prepared subunit vaccine (recombinant OmpH) was tested for its immunogenicity by 
using deuterium as an adjuvant in adult albino mice. The animals were divided into five groups 
were immunized with recombinant OmpH with different concentrations of deuterium as 25, 50, 
75 and 100%. The antibody titre and humoral immunity were assessed at a predetermined time 
interval starting from day 0 to 28 days. Antibody titres across groups showed a very significant 
difference (p≤0.01) in statistical analysis. Compared to the other four groups, the antibody titre in 
Group II (recombinant OmpH with 50% deuterium) was much higher. Similarly, Group II 
(recombinant OMPH with 50% deuterium) showed the maximum humoral immune response and 
was considered for the immunization trial of the thermostable property of deuterium. The overall 
study concluded deuterium is an excellent candidate for the enhancement of antibody titre and 
humoral response and it may play a pivotal role in the development of vaccines against the 
treatment of HS. 
Keywords: Pasteurella multocida, Deuterium, Haemorrhagic Septicaemia, Porin H, Outer 
membrane protein 
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Introduction: 
Pasteurella multocida (P. multocida) is a gram-negative coccobacillus found in the respiratory 
tracts of warm-blooded mammals as a commensal. It infects a variety of species, including cattle, 
pigs, rabbits, and poultry. P. multocida type B:2 causes Haemorrhagic Septicaemia (HS), an acute, 
deadly septicemic disease in cattle and buffaloes [1]. Humoral immunity plays an important role 
in protection against HS. Vaccination has a larger impact on reducing HS mortality than any other 
intervention. Broth bacterins, alum precipitated, aluminium hydroxide gel, and oil adjuvant 
vaccines are among the vaccinations used to prevent HS. The oil adjuvant vaccine has not been 
popular because of the difficulty in syringing and occasional adverse local tissue reactions [2]. 

P. multocida outer membrane proteins (OMP) have been discovered as powerful 
immunogens and recognized as immunodominant antigens, and are assumed to be responsible for 
cross-protective immunity in the pathogenesis of pasteurellosis [3]. Apart from that, capsules of 
P. multocida have been tested for their immunogenic capabilities to create a high-quality vaccine 
with antigenic components, such as lipopolysaccharides (LPS). P. multocida outer membrane 
proteins are immunogenic in rabbits, calves, and chickens [4]. The proteins of the outer membrane 
also defend against HS. On the cell surface, P. multocida expresses heat-modifiable (OmpA) and 
porin (OmpH) proteins. Heat-modifiable and porin proteins are two types of OMPs that are 
surface-exposed and have a wide range of molecular mass and antigenic diversity [5]. 

Although immunisation with these vaccines has resulted in a significant reduction in 
disease-related fatalities, there are still issues with giving total protection. Quality of vaccine, 
immunity breakdown, immunity length, post-vaccination shock, temperature sensitivity, and 
maintaining a strict cold chain throughout production, storage, and shipping are some of these 
issues. Many authors have observed H.S. vaccine instability, which might be one reason for 
vaccination failure owing to a lack of cold chain management. According to the existing literature, 
deuterium / heavy water (D2O) might be utilised to increase the thermostability of vaccinations, 
extending their shelf life [6, 7]. The maximal concentration of D2O should not exceed 70%, and 
they hypothesized that the inhibitory action of D2O is related to delayed cell metabolism and the 
structural stability of molecules [8]. As a result, it may use the characteristic of D2O for 
thermostabilized vaccinations. Heavy water has been recommended as a thermostabilized for polio 
vaccination. D2O improves thermal/microbiological stability and prevents specific compounds 
from disaggregating [9]. 

Taking these factors into account, the current work was designed to look into the 
thermostabilizing properties of heavy water in H.S. vaccination to make a D2O-based thermostable 
subunit vaccine. 
Materials and methods: 
Materials: 
Deuterium was purchased from Merck India, Mumbai.  The recombinant OmpH protein was 
expressed as a protein with E. coli BL21 (DE3) cells transformed with recombinant plasmid 
pQE30-Xa-ompH.  
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Animals: 
Adult albino mice (Mus musculus, 25-30 g, n=30) of either sex were procured from a laboratory 
animal house facility and used as the experimental host and housed in a lab animal house. The 
animal handling, management and care of the mice were done as per the standard guidelines for 
lab animals and they were given feed and water ad libitum. All animal experiments were 
performed with prior approval of the institutional animal ethical committee of the Institutional 
Animal Ethical Committee, College of Veterinary Science and Animal Husbandry, Nanaji 
Deshmukh Veterinary Science University, Jabalpur, Madhya Pradesh.  
Methods: 
Deuterium as an adjuvant in subunit vaccine: 
The prepared subunit vaccine (recombinant OmpH) was tested for its immunogenicity by using 
deuterium as an adjuvant. Five groups of mice consisting of six in each group were taken for 
immunization trial with OmpH and deuterium as an adjuvanted vaccine. The animals of groups II 
to V (recombinant OmpH) were immunized subcutaneously (S/C) with different concentrations of 
deuterium as 25, 50, 75 and 100%, respectively. Group I was considered the control group without 
deuterium. The details of the animal groups and their respective treatment of vaccines with varying 
concentrations are presented in Table 1. 

Table 1: Evaluation of adjuvant potential of deuterium with recombinant OmpH at 
different concentrations 

Groups Conc. of deuterium + 
OmpH 

No. of lab 
animals 

Route Dose (0.2ml*) 

Group I 25%+ OmpH 06 S/C 100μg +0.05ml D 

Group II 50% + OmpH 06 S/C 100μg +0.1ml D 

Group III 75% + OmpH 06 S/C 100μg +0.15ml D 

Group IV 100% + OmpH 06 S/C 100μg +0.2ml D 

Group V 0% + OmpH 06 S/C 100 μg of OMP 

* Volume/ dose 0.2 ml was adjusted accordingly.  

Mice were inoculated with 0.2 ml of subunit vaccine on days 0 and 14 by the S/C route. Serum 
samples were withdrawn at a predetermined time interval of day 7, 14, 21 and day 28 post-
inoculation for the evaluation of antibody response. Immunized mice of all the groups were 
observed for any untoward signs and symptoms during the entire immunization trial. Blood 
samples were collected aseptically by an intraorbital route at 10% body weight of lab animals at 
weekly intervals starting from day 0 to day 28. Serum samples were separated and pooled for 
evaluation of antibody response. The antibody titers were assessed with the help of I-ELISA. The 
group showing the highest antibody response was considered for further evaluation of the 
thermostable property of deuterium. 
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Results and Discussion: 
In this current research work, the adjuvant potential of deuterium was evaluated, and we found it 
an excellent candidate for enhancing the humoral response and mean antibody titre and may play 
an important role in the development of vaccines against the treatment of HS. 
Adjuvant potential of deuterium with recombinant OmpH:  
Table 2 and Figure 1 show the antibody titres assessed by I-ELISA in serum from mice inoculated 
with recombinant OmpH and various deuterium concentrations. 
 
Table 2: Adjuvant potential of deuterium with recombinant OmpH at different 

concentrations  
Days post-
vaccination 

Mean antibody titres 
Group-I 

(25% 
deuterium) 

Group-II 
(50% 

deuterium) 

Group-III 
(75% 

deuterium) 

Group-IV 
(100% 

deuterium) 

Group-V 
(Control) 

07  1.940
d
 ± 0.021 1.983

 d
 ± 0.003 1.543

c
 ± 0.009  

1.233
d
 ± 

0.012  
1.507

c
 ± 0.009  

14  2.397
b
 ± 0.033 2.427

 c
± 0.012  

1.827
 b

 ± 
0.007  

1.537
c
 ± 

0.009  
1.950

b
 ± 0.017  

21  2.547
a
 ± 

0.020  
3.170

 a
 ± 0.014 

1.930
 a
 ± 

0.005  
1.860

 a
± 0.011  

2.187
 a
 ± 0.023  

28  2.267
c
 ± 

0.022  
3.027

 b
± 0.012 

 1.837
 b

 ± 
0.012  

1.640
b
± 0.007  1.947

b
 ± 0.043  

Means with different superscripts differed significantly (p ≤ 0.01) at different time intervals  

It has been observed that In Group I (recombinant OmpH with 25% deuterium), the mean antibody 
titres showed a significant (p≤0.01) increase in titres from day 07(1.940 ± 0.021), day 14 (2.397 ± 
0.033), day 21 (2.547 ± 0.020) and a non-significant increase at day 28 (2.267 ± 0.022) post-
immunization while in Group II (recombinant OmpH with 50% deuterium), the mean antibody 
titres showed a significant increase in titres from day 07(1.983

 
± 0.003), day 14 (2.427

 
± 0.012) 

and day 21 (3.170
 
± 0.014),  and there was a non-significant decrease in mean antibody response 

at day 28 (3.027
 
± 0.012) post-immunization. A similar trend was observed in Group III 

(recombinant OmpH with 75% deuterium) in which there was a significant (p ≤ 0.01) increase in 
titres from day 07(1.543 ± 0.009) and day 14 (1.827

 
± 0.007) whereas there was a non-significant 

increase at day 21 (1.930
 
± 0.005) followed by a non-significant decrease at day 28 (1.837

 
± 0.012) 

with mean values post-immunization while in Group IV (recombinant OmpH with 100% 
deuterium), the mean antibody titres showed a significant (p ≤ 0.01) increase from day 07(1.233 ± 
0.012), day 14 (1.537 ± 0.009), day 21 (1.860

 
± 0.011) and non-significant decrease at day 28 

(1.640± 0.007) post-immunization. In Group V (control, recombinant OmpH without deuterium), 
the values of the mean titre of antibodies from day 07 to day 28 showed a significant (p ≤ 0.01) 
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increase. The antibody titres were from day 07(1.507 ± 0.009), day 14 (1.950 ± 0.017), day 21 
(2.187

 
± 0.023) and nonsignificant decrease on day 28 (1.947 ± 0.043), respectively.  
Antibody titres across groups showed a very significant difference (p≤0.01) in statistical 

analysis. Compared to the other four groups, the antibody titre in Group II (recombinant OmpH 
with 50% deuterium) was much higher. The antibody titres in groups III (recombinant OmpH with 
75% deuterium) and V were not significantly different (Control, recombinant OmpH without 
deuterium). Group-IV (recombinant OmpH with 100% deuterium) had the lowest antibody titre, 
which was substantially different from the other groups, as stated in Figure 02. These observations 
showed the excellent adjuvant potential of deuterium with recombinant OmpH. 
Humoral immune response in deuterium adjuvanted groups: 
The overall humoral response measured by I-ELISA is presented in Table 3 and Figure 2. 
 
Table 3: Overall humoral immune response in deuterium adjuvanted groups measured by 
I-ELISA  
Sr. 
No. 

Groups  Mean antibody titre  

1 Group-I (recombinant OmpH with 25% deuterium) 2.287
B

 ± 0.067  
2 Group-II (recombinant OmpH with 50% deuterium) 2.652

A

 ± 0.144  
3 Group-III (recombinant OmpH with 75% deuterium) 1.784

CD

 ± 0.044  
4 Group-IV (recombinant OmpH with 100% deuterium) 1.567

D

 ± 0.068  
5 Group-V (Control, recombinant OmpH without deuterium) 1.897

C

 ± 0.075  
Means with different superscripts differed significantly (p ≤ 0.01) at different time intervals  

Group II (recombinant OMPH with 50% deuterium) showed the maximum humoral immune 
response and was considered for the immunization trial of the thermostable property of deuterium 
at 4ºC and 37ºC for 180 days and it was further compared with HS alum precipitated vaccine at 
4ºC and 37ºC for 180 days. 

Recombinant OmpH is a decent option for immunisation in-field vaccine investigations. In 
a mouse protection investigation, recombinant OmpH was employed. Mice vaccinated 
subcutaneously and immunised intraperitoneally had 100% protection against P. multocida, but 
mice immunised subcutaneously and challenged intraperitoneally only had 80% protection [9, 10]. 
Heavy water, also known as deuterium oxide or D2O, is a kind of water that includes the hydrogen 
isotope deuterium (D) rather than the usual hydrogen-1 isotope (H), which accounts for most of 
the hydrogen in ordinary water (H2O). D2O has two different impacts on living systems or 
biological macromolecules. The “solvent isotope effect,” which affects the structure of water and 
biological macromolecules, is the first while “deuterium isotope effect,” in which D2O replaces H 
with D in biological molecules, is the other. The C–D bond is many times stronger than the C–H 
bond, making it more resistant to cleavage by enzymes and even chemicals. This characteristic has 
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been used to improve the thermostability of oral polio vaccination, showing that the D2O 
reconstituted vaccine stays biologically active even when the cold chain is disrupted for a short 
period [11]. Later, a similar method was used to stabilise the influenza vaccine and HS vaccine [7, 
12]. 

A lot of effort has been done throughout the world to produce new-generation vaccinations 
as diagnostics using recombinant DNA technology. A huge number of plasmids are used in 
research for cloning foreign genes, as well as sequencing and recombinant protein production. 
Plasmid DNA vaccines for infections have been produced, and they may be stored for short or 
extended periods [13]. Many experiments have been carried out since the discovery of deuterium 
(D) to determine its effect on living cells/organisms, with several investigators reporting inhibitory 
effects of the isotopes on a variety of biological systems and reporting that D has the 
thermostabilizing property. Deuterium promotes thermal, and microbiological stability and slows 
the disaggregation of specific macromolecules. For macromolecular medications such as vaccines, 
the presence of 95% D was shown to be equal to a 4-5oC drop in storage temperature when 
compared to H2O; as little as 7-25% D2O helps to prevent protein denaturation. They proposed 
D2O may increase the thermostability of vaccinations, extending their shelf life. Contrary to the 
claim, their research showed that incorporating D2O in 50%, 70%, and 90% concentrations had 
no significant influence on Salmonella Gallinarum development [9]. 

The cold chain is critical in protecting the integrity of any vaccination. The development 
and maintenance of the cold chain is a considerable cost to vaccination programs, and maintaining 
the cold chain in underdeveloped nations is regarded to be a 'Herculean task' owing to irregular 
power sources and issues with equipment repair and maintenance [14]. This emphasises the critical 
necessity to produce vaccination formulations that are stable both at ambient temperature and at 
high temperatures. Different ways of improving the thermal stability of vaccines have been 
developed to address the issues connected with the cold chain. Adebayo et al. (1998) investigated 
several stabilisers for the reconstitution of the freeze-dried vaccine. 0.9 % NaCl, double distilled 
water (ddH2O), and different amounts (10–90 %) of D2O were used as stabilising agents [15]. 
With 0.9 % NaCl and 10% D2O, the infectivity titer was dramatically reduced. When ddH2O was 
utilised instead of 0.9% NaCl solution for reconstitution, the reconstituted vaccine was shown to 
be more stable. Under heat treatment at 37°C for up to 24 hours, 90 % D2O provided the best 
stability of the reconstituted vaccine among the three stabilising agents utilised for reconstitution 
[15]. 

  Conclusion: 
The antibody titre in Group II (recombinant OmpH with 50% deuterium) was much higher 
compared to the other four groups. Group II showed the maximum humoral immune response and 
can be considered for the immunization trial of the thermostable property of deuterium. We found 
deuterium to be an excellent candidate for enhancing the humoral response and mean antibody 
titre and may play an important role in the development of vaccines against the treatment of HS. 
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Figure 1: Adjuvant potential of deuterium with recombinant OmpH at different 

concentrations 
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Figure 2:   Overall humoral immune response in deuterium adjuvanted groups measured 

by I-ELISA 
 
 
 


