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Abstract Limited experimental evidences are available

on the use of peptides as vaccines to boost BCG induced

immunity for protection against tuberculosis. The present

study therefore evaluated protective efficacy of booster

dose of N-terminal peptides of Ag85B, using prime boost

approaches in murine model of tuberculosis. Using earlier

established subcutaneous murine model of TB in our lab-

oratory, we compared the protective vaccination efficacy of

peptides of Ag85B with that of booster dose of whole

Ag85B and BCG by evaluating both antibody and cell-

mediated immune response. Groups of mice primed by

BCG and boosted with Ag85B peptides showed limited

pulmonary bacillary burden and reduced lung pathology

after challenge with virulent dose of Mycobacterium tu-

berculosis in mice. Significant levels (p\ 0.001) of BCG

specific antibodies (anti-BCG, anti-PPD) and T cell-

specific cytokines were observed in Ag85B peptides

boosted mice compared to Ag85B and BCG. Ag85B and

BCG boosted mice however showed significant protection

compared to single BCG dose and unvaccinated control

groups. Our result suggests that prime boost strategy using

N-terminal peptides of Ag85B may improve immuno-

genicity of BCG against TB. Such peptides may be

attractive candidates for boosting waning BCG induced

immune response in near future. However study demands

further work including improvisation in experimental

designs to justify the results.
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Introduction

Tuberculosis (TB) stills remain a global infectious killer,

with high rates of mortality and morbidity in developing

countries (Luby et al. 2008). From a global perspective,

approximately twenty four percent of TB infected popu-

lation lives in India (Kashyap et al. 2013a, b, c). Only

vaccine available for protection against TB in humans is

the attenuated strain of Mycobacterium bovis (M. bovis)

known as Bacillus Calmette Guerin (BCG) (Senova et al.

2006; Andersen and Doherty 2005).Although BCG pro-

vides adequate protection against childhood forms of mil-

iary and meningeal TB, its efficacy for protection against

highly infectious forms of adult pulmonary TB remains

variable (Agger and Andersen 2002). Natural exposure to

environmental mycobacteria is thought to exert an impor-

tant influence on the immune response, and this may mask

or otherwise inhibit the effect of BCG vaccination in

developing countries (Brandt et al. 2002; Demangel et al.
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2005). In the past decade, there has been a substantial

progress in the development of new TB vaccines and many

of these have already found their way into clinical trials or

pre-clinical development. However, inspite of active

research where in over more than 200 vaccine candidates

have been evaluated, we have still lacked in developing a

molecule that can surpass the safety and Immunogenicity

of BCG against TB for use in humans.

BCG protects against childhood manifestation of TB

which suggests that it has essential antigenic repertoire for

evoking protective immune response but lacks ability to

develop enough memory cells for inducing long term

protection in adults (Mollenkopf et al. 2004). Current

failure of subunit vaccines based on antigens of M. tuber-

culosis (MTB) to replace/boost BCG induced immunity in

adults demands the identification of alternative approaches

for effective vaccine development (Tameris et al. 2013).

The major task for TB vaccinologists thus lies in devel-

oping vaccine candidate that can not only boost BCG

induced immunity but also requires less processing by

MHC molecules for inducing rapid and efficient immune

response. Peptides of major immunogenic antigens of MTB

can act as effective vaccine candidate as they can directly

bind and interact with MHC molecules to activate T cell

response (Allen et al. 1984). Peptide vaccines offer the

unique benefit of choosing precisely those epitopes that

evoke desired response; simultaneously avoiding motifs

that may possibly provoke autoimmune reactions

(Chodisetti et al. 2012). Moreover, peptides show least

variation in composition, as compared to whole cell-based

vaccines where quality control in terms of antigenic com-

position is difficult. Although peptides are weak immuno-

gens, however using in vitro studies, investigators have

earlier demonstrated effectiveness of N-terminal linked

peptides of Ag85B for evoking better immune response in

BCG vaccinees (Valle et al. 2001; Mustafa et al. 2000). So

far, only limited studies are available on the use of MTB

Ag85B peptides as vaccine candidates in animal models. In

our earlier studies, we have successfully shown effective-

ness of heterologous prime boost regimes with Ag85B

peptides to boost BCG induced immune response in mice

(Husain et al. 2015a, b). However earlier studies investi-

gated prophylactic aspects of peptides based vaccines, in

mice, based on simply analyzing increase in BCG induced

immunity post boosting. To study protective efficacy of

peptide based vaccine, a high dose subcutaneous infection

model of TB was further developed in our laboratory

(Husain et al. 2015a, b).

Present study was therefore designed to investigate and

compare protective efficacy of N-terminal peptides of

Ag85B, with that of booster dose of whole Ag85B and

BCG using prime boost approaches in murine model of TB.

Materials and Methods

Animal and Human Subject

Female BALB/c mice 6–8 weeks old were purchased from

National Institute of Nutrition, Hyderabad and were housed

in animal house of Nagpur Veterinary College (Nagpur)

under aseptic conditions and provided with food and sterile

water. Prior to experimentation, all mice were acclimatized

for 15–20 days. For human studies, blood samples were

collected from healthy BCG vaccinated participants having

no history of pulmonary illness, acid fast bacilli

(AFB)/culture negative, Tuberculin skin test (TST)/Quan-

tiferon TB-Gold (QFT-G) negative and seronegative for

HIV and used for peripheral blood mononuclear cell

(PBMC) isolation.

Vaccine and Reagents

BCG vaccine (Moscow strain) was obtained from Serum

Institute of India, Pune and stored at 4–8 �C before use.

M. bovis Purified Protein Derivative (PPD) for anti- PPD

assay was obtained from Indian Veterinary Research

Institute (IVRI), Izatnagar, India. MTB H37Rv antigens

ESAT-6 (Rv3875), CFP-10 (Rv3874) were obtained from

Colorado State University, USA under the TB Research

Materials and Vaccine Testing Contract (NO1-AI-75320).

The secondary antibody, rabbit anti-mouse IgG–HRP was

obtained from Genei, Bangluru, India.

Designing and Synthesis of Ag85B Peptide

T-cell epitopes of Ag85B specific for CD4 response were

identified from reference sequence of Ag85B based on

available literature (Valle et al. 2001; Mustafa et al. 2000).

Four Peptides P1 (P45–P55) (GLPVEY LQVPSP), P2 (P25–

P40) (LPGLVG LAGGAATAGA), P3 (P91–P108) (NG WD

INTPAFEW YYQSG), P4 (P110–P126) (IVM PVGGQ

SSFYS), of Ag85B were designed and synthesized chem-

ically by protocol described elsewhere (Kashyap et al.

2013a, b, c) and evaluated for T-cell activity using PBMC

model. Schematic work flow of peptide design and syn-

thesis is given in Fig. 1.

PBMC Isolation and Cytokine Activity

PBMCs from healthy BCG vaccinated donors (n = 15)

were isolated as per protocol described by Kashyap et al.

(2010). After counting, the cells were cultured in RPMI-

1640 medium keeping the concentration at 2 9 105 cells/

well and were stimulated with the BCG vaccine (105 CFU/

ml) and IL-2 (100 U/well) (Sigma). Cells were then
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stimulated with peptides (P1–P4) keeping concentration at

25 lg/ml in freund’s incomplete adjuvant (Genei, India)

and incubated at 37 �C in an atmosphere of 5 % CO2–95 %

air. Cells were taken out at 48 h; supernatant was separated

and was analyzed for cytokine activity. The unstimulated

cells without BCG/peptide induction were taken as con-

trols. Cells stimulated with BCG only without peptide

induction were used as positive control.

Immunization of Animals and MTB Infection

Mice were divided into different experimental sets

(n = 10, each set) and primed subcutaneously with 0.1 ml

(105 CFU) of BCG vaccine at day 0. A control group of

mice (n = 10) were separately maintained and sham

immunized with sterile saline. Groups of mice were sub-

sequently boosted with BCG vaccine (102 CFU), Ag85B

(25 lg/ml in Freund’s incomplete adjuvant), Ag85B pep-

tides (25 lg/ml of P1/P3 cocktail in Freund’s incomplete

adjuvant) in final 500 ll volume twice in the interval of

4 weeks. The MTB H37Rv was grown in 7H9 Middle-

brook Broth (Himedia laboratories, India). The bacterial

suspension was diluted in phosphate buffered saline (PBS)

and adjusted according to the number 1 McFarland scale.

5 weeks after last booster vaccination, all groups of mice

were infected by subcutaneous injection with approxi-

mately 2 9 106 viable bacilli of MTB H37Rv in a volume

of 0.1 ml of 0.9 % sterile sodium chloride solution.

28 days after MTB infection, blood was collected via retro-

orbital route from groups of mice and harvested to obtain

serum for analysis of antibody response. All the procedures

of culturing and infection were done in BSL facilities.

Enumeration of Mycobacteria in Organs

Mice from respective groups (n = 3) were sacrificed 30

and 60 days after MTB infection. Lungs and spleen were

isolated, homogenized and serially diluted. These serially

diluted homogenates were innoculated in Middle brook

7H9 liquid medium along with oleic acid, albumin, dex-

trose and catalase (OADC) enrichment and antibiotic

supplements in BacT/Alert culture bottles (Biomerieux,

France) and incubated at 37 �C in BacT/Alert system

(Biomerieux, France) for 30 days. Mycobacterial load in

organs was determined in terms of mean time taken by

organ cultures from respective groups to become positive

Fig. 1 Schematic work flow for peptide designing, synthesis and evlaution
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in BacT/Alert system as described elsewhere by Kolibab

et al. (2014).

Histopathology

A section was prepared from the base of the apical lobe and

from the diaphragmatic lobe of the left lung, representing

two distinct regions of the organ, ensuring each lobe is well

sectioned at the same position for every animal. Duplicate

sections were stained with haematoxylin and eosin and Van

Gieson in order to aid visualization of fibrous tissue. The

two sections were scored in a blinded fashion for the fol-

lowing features: percentage of granulomatous lesion along

with necrosis, presence of epithelioid cells and extent of

lymphocytic infiltration. A pathological score based on

observation of amount infiltration in lung tissues was pre-

pared and interpreted as low (1/?), moderate (??/2) and

high (3/???). Amount of granulomatous lesions were

scored in terms of percentage (%) occupied by them in

lungs.

Cytokine Estimation

Cytokines (IFN-c, IL-12, TNF-a) were assessed in organ

homogenates and cell supernatants using standard sand-

wich ELISA method as per manufacturer’s instruction

(Bender Med System, Austria). In brief, anti (IFN-c, IL-12,
TNF-a) monoclonal coating antibodies were adsorbed onto

microwells. After 2 h of incubation at room temperature,

the wells were washed and blocked with 0.5 % BSA in

PBS. After 1 h of incubation at room temperature, cell

supernatants/spleen homogenates followed by biotin-con-

jugated anti-cytokine antibodies (IFN-c, IL-12, TNF-a)
were added to the coated wells. After another 2 h of

Fig. 2 Mean cytokine levels.

a IFN-c, b IL-12 in cell

supernatants of short term

PBMCs of BCG vaccinees

(n = 15) induced with different

peptides (P1, P2, P3, P4) of

Ag85B. Cells were harvested

keeping cell density at 2 9 105

cells/well and stimulated with

BCG vaccine. Control

represents cells without any

induction. PBMCs stimulated

with BCG vaccine alone are

used as positive control to

compare its T-cell activity with

that of selected panel MTB

Ag85B peptides. Data were

analyzed with the Student t test.

Individual bars highlight the

mean values, and error bars

indicate the standard error of the

mean; data are representative of

2 independent experiments. (**)

represent significant (P1 vs

BCG, control, P2, P4)

(p\ 0.05) and (***) represents

highly significant (P3 vs all

groups) (p\ 0.001) values
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incubation, streptavidin-HRP (horseradish peroxidase) was

added to the wells. After 1 h of incubation, streptavidin-

HRP was removed by washing and substrate solution

reactive with HRP was added to the wells. A coloured

product was formed in proportion to the amount of cyto-

kine present in the sample. The reaction was terminated by

the addition of 4 N H2SO4 and the absorbance of colour

was measured at 450 nm.

Analysis of Antibody Response

Total IgG and antibody titres against BCG and M. bovis

PPD in vaccinated and unvaccinated mice samples were

evaluated using in house developed ELISA protocol

described elsewhere by Husain et al. (2011, 2015a, b). Anti-

ESAT-6 and CFP-10 response were evaluated by ELISA

protocol described earlier by Kashyap et al. (2013a, b, c).

Statistical Analysis

Data are expressed as mean ± standard deviation (SD).

For multiple comparisons, ANOVA was used for obtaining

statistical significance. Graphs were plotted using sigma

plot version 10.0 and Graph Pad Prism 6 software. P

value\ 0.05 was considered statistically significant (**)

and P\ 0.001 for highly significant (***) values.

Results

Cytokine Profile in Human PBMCs

PBMCs from 15 healthy BCG vaccinated participants were

isolated and stimulated with BCG vaccine and with dif-

ferent peptides (P1–P4). Figure 2 shows cytokine a) IFN-c

Fig. 3 Mean antibody response. a anti-BCG, b anti-PPD and c Total
IgG response in serum of vaccinated and unvaccinated mice groups

(n = 7, each group). Mice were primed with BCG (105 CFU) at 0th

week and boosted with Ag85B peptide (25 lg/ml of P1/P3), Ag85B

(25 lg/ml) and BCG (102 CFU) twice in interval of four weeks.

Blood was harvested to obtain serum after 28 days post infection to

study antibody response. ANOVA was used for multiple comparisons.

(**) represent significant (p\ 0.05) and (***) represents highly

significant (p\ 0.001) values
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b) IL-12 response in cell supernatants of BCG stimulated

PBMCs induced with different peptides. Peptides P1 and

P3 were specifically recognized and showed significant T-

cell activity (p\ 0.001) in cell supernatants compared to

peptides P2 and P4, BCG and unstimulated control frac-

tion. Based on the observed T cell response, cocktail of

peptides (P1 and P3) were further evaluated for protective

efficacy studies in mice model of TB.

Ag85B Peptide Boosted Mice Showed High BCG

Specific IgG but Low CFP-10 and ESAT-6 Titres

To determine IgG response, blood was collected 28 days

after MTB infection and harvested to obtain serum. Prime

boost regimes with Ag85B peptides produced significantly

(p\ 0.001) higher BCG specific IgG response (Anti-BCG,

Anti-PPD) compared to booster doses of BCG and Ag85B

post infection (Fig. 3a, b, c). Serum from mice boosted

with Ag85B and BCG also showed significantly

(p\ 0.001) high levels of BCG specific antibodies com-

pared with mice vaccinated with single dose and unvacci-

nated MTB control. In terms of total IgG response, booster

dose of BCG showed higher IgG levels compared to other

experimental groups. Antibody titres against CFP-10 &

ESAT-6 were also evaluated in different study groups post

infection since these antigens are expressed in virulent

strains of MTB but absent in all strains of BCG. On similar

lines, Ag85B peptide vaccination showed significantly

reduced IgG antibodies against ESAT-6 and CFP-10

(p\ 0.001) compared to Ag85B, BCG and control groups

(Fig. 4a, b). Interestingly booster dose of BCG showed

reduced ESAT-6 titre compared to Ag85B, although it was

not statistically significant. Infected but unvaccinated mice

(MTB control group) showed highest CFP-10 and ESAT -6

antibody titres (p\ 0.001), followed by mice vaccinated

with BCG alone.

Booster Vaccination with Ag85B Peptides, & Ag85B

Showed Reduced CFU and Lung Histopathology

Compared to Single BCG Dose and Unvaccinated

Controls

30 and 60 days after MTB infection, mice from respective

groups (n = 3) were euthanized and organs were isolated

and studied for histological changes along with mycobac-

terial burden in lungs and spleen. Groups of mice boosted

with Ag85B peptides showed reduced lung pathology

which gradually decreased with progress in infection as

compared to booster dose of BCG and Ag85B (Fig. 5a).

BCG prime and Ag85B peptide boost combination yielded

significantly (p\ 0.001) fewer lesions and reduced infil-

tration in lung post 30 and 60 days after infection (Fig. 5b,

c) compared to other groups. Similarly mice boosted with

Ag85B showed reduced lung pathology along with fewer

lung lesions and infiltration (p\ 005) compared to single

BCG dose and MTB infection control group. In terms of

lesion in lungs, mice boosted with BCG showed fewer

lesions at 30 days as compared to other groups but a

gradual increase in number of lesions were observed with

disease progression. For estimation of bacterial load, 10

fold serially diluted lung and spleen homogenates were

inoculated in Middle brook 7H9 liquid medium along with

OADC enrichment and antibiotic supplements in BacT/

Alert culture bottles (Biomerieux, France) and incubated at

37 �C in BacT/Alert system (Biomerieux, France) for

28 days. Mean time for positivity was taken as correlate for

CFU in both organs. Based on the results, we observed that,

mice boosted with Ag85B peptides and Ag85B showed

significantly (p\ 0.05) more time towards MTB culture

positivity than single BCG dose and unvaccinated MTB

infected control groups, thereby suggesting significantly

Fig. 4 Mean antibody response against ESAT-6 and CFP-10 in

serum of vaccinated and unvaccinated control groups (n = 7, each

group). Anti-ESAT-6 and CFP-10 titres were estimated 28 days after

MTB infection to study correlates of protection, since these antigens

are expressed in virulent strain of MTB. ANOVA was used for

multiple comparisons Data are shown as ± SD. (**) represent

significant (p\ 0.05) and (***) represents highly significant

(p\ 0.001) values
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reduced bacillary load and rapid clearance of MTB in lungs

and spleen (Fig. 6a, b). Booster BCG dose also showed

reduced CFU compared to unvaccinated control group

however its protective efficacy was somewhat less than that

observed for Ag85B peptides and Ag85B boosted group.

Ag85B Peptide Vaccination Induced Robust

Cytokines Response in Organ Homogenates

Figure 7 shows mean cytokines levels of (a) IFN-c, (b) IL-
12, (c) TNF-a in spleen homogenates of different groups of

mice at 30 and 60 days post infection. Mice vaccinated

with BCG and boosted with Ag85B peptides showed sig-

nificant (p\ 0.001) levels of all cytokines (IFN-c, IL-12,
and TNF-a) after 30 and 60 days post infection compared

to other groups. Homogenates from mice boosted with

BCG also induced higher IL-12 levels post infection, which

was significant (p\ 0.05) from Ag85B, and other groups

but less than Ag85B peptides. Booster doses of Ag85B and

BCG showed higher IFN-c levels post 30 days after

infection but their levels were found to decrease with

progress in MTB infection in mice compared to control.

Discussion

Inspite of considerable protection against childhood forms

of TB, existing BCG vaccination protocol has failed to

provide adequate protection against adult pulmonary dis-

ease. Superior vaccination strategies that provide long term

protection are therefore needed to minimize current TB

burden in high endemic regions of developing world

(Barreto et al. 2006). Previous studies have shown that

repeat vaccination with BCG may be deleterious to pro-

tection against TB, and heterologous boost vaccines are

likely to be used to enhance specific immunity primed by

BCG (McShane and Hill 2005) because BCG is not an

effective booster vaccine itself. In the present study we

Fig. 5 a Representative Histopathology of lung section of mice

stained with hematoxylin and Eosin along with, b extent of infiltration

and c lesions. 30 and 60 days after MTB infection, three animals per

group were sacrificed and organs were isolated for histopathology.

Arrows indicate region of infiltration. Bars indicate mean scores of

infiltration and lesions in different mice groups. Pathological score

based on observation of amount of infiltration in lung tissues were

prepared and interpreted as low (1/?), moderate (??/2) and high (3/

???). Congestion levels were scored based on percentage damage to

lung tissue in study groups. (**) represent significant (p\ 0.05) and

(***) represents highly significant (p\ 0.001) values
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evaluated and compared protective efficacy of N-terminal

linked peptides of Ag85B with that of whole Ag85B and

BCG using prime boost regimes in murine model of TB.

Based on the available literature which suggests efficacy of

N-terminal peptides of Ag85B to generate specific CD4

response in BCG vaccines, four peptides spanning different

N-terminal regions of Ag85B were designed. Although

these peptides were earlier reported to be dominant to

induce T- cell response in BCG vaccinees, however, based

on heterogeneous population in both studies, these peptides

were further screened for CD4 response by evaluating

T-cell specific cytokines in PBMCs of BCG vaccinees.

PBMCs of BCG vaccinees were stimulated with BCG first

and later induced with different peptides of Ag85B. Based

on the results we found that peptides P1 and P3 induced

significant cytokine (IFN-c and IL-12) responses in

PBMCs of BCG vaccinated individuals compared to

unstimulated control thereby suggesting their potential to

boost BCG induced immunity. Cocktail of these peptides

were further evaluated for protective studies in murine

model of TB using prime boost vaccination strategy.

Cocktail of peptides were specifically used instead of

individual peptides to increase the immunogenicity and

booster potential since peptides are reported to be less

immunogenic in animals. Mice primed with BCG and

subsequently boosted with Ag85B peptides induced good

protection rates against virulent dose of MTB bacilli with

low bacterial burden and lung pathology and high T-cell

specific cytokine responses in spleenocytes which are

essential for host defense against TB. Similarly, we

observed high BCG specific IgG response in samples of

mice boosted with Ag85B peptides. These results thus

suggest ability of peptides to efficiently boost BCG

induced immunity for protection against TB.

To overcome limitations and improve the efficacy of

current TB vaccine, a focus on strategies aiming to boost

BCG induced immune response is needed (Martin 2005).

The poor performance of BCG, especially in TB endemic

areas, is attributed to the interference of environmental

mycobacteria in antigen processing and inadequate gener-

ation of T-cell memory response (Brandt et al. 2002;

Mollenkopf et al. 2004). As mentioned elsewhere, peptides

of major immunogenic antigens of MTB can act as effec-

tive vaccine candidates as they can directly bind and

interact with MHC molecules to activate T cell response.

Our study showed that Ag85B peptides were able to sub-

sequently boost and produce enduring immune response in

BALB/c mice. Peptide vaccines offer numerous advantages

over antigen based vaccines. Peptides are synthetic in

nature and do not contain any infectious material. More-

over, peptides show least variation in composition, as

compared to whole cell-based vaccines where quality

control in terms of antigenic composition is difficult

(Purcell et al. 2007). Synthetic peptides have attracted

considerable attention as a basis for subunit vaccine design.

Peptides play critical roles in determining the magnitude

and specificity of cell-mediated (T-cells) and humoral

(antibody) immunity, and can contain the minimal

sequences necessary for immunomodulation. Delivered

correctly, peptides harboring B or T-cell receptor epitopes

are sufficient to elicit an effective immune response. Such

advantages can be efficiently exploited to design peptide

based vaccines in therapeutics. Some of the researchers

have studied and showed effectiveness of antigenic pep-

tides as vaccine candidates when used alone or in

heterologous prime boost regimes using animal models.

Olsen et al. (2000) in their studies showed efficient pro-

tection against MTB using 20-mer synthetic construct from

ESAT-6 protein. ZUGEL et al. (2001) evaluated

immunogenicity of gp-96 associated peptides against

intracellular bacteria like MTB and showed that it can act

as a potential vaccine candidate. Sugawaraa et al. (2006)

Fig. 6 Shows mean growth time of MTB in lung homogenates of

mice (n = 3) collected 30 and 60 days post MTB infection in

different study groups. Mice from respective groups were sacrificed

and mycobacterial load was determined by inoculating serially diluted

lung homogenates in Middle brook 7H9 liquid medium and incubat-

ing at 37 �C in BacT/Alert system (Biomerieux, France) for 30 days.

Bars represent mean time required for growth in BacT was taken as a

correlate of load in respective organs of mice group. Data are shown

as ± SD. (**) represent significant (p\ 0.05) and (***) represents

highly significant (p\ 0.001) values
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have used immunogenic synthetic Ag85A peptide as a

booster together with recombinant BCG Tokyo (Ag85A) or

Ag85A DNA. They have shown significant improvement in

lung pathology and significant reduction in pulmonary

CFU. In another studies, investigators have shown that

lipidated promiscuous peptide vaccines evoke better

immune response and may be alternative to BCG in TB

endemic regions (Gowthaman et al. 2012).

An interesting observation from our study was similar

protective efficacy of booster doses with BCG and Ag85B to

stimulate immune response, which was significantly greater

than single BCG dose. Although booster dose Ag85B was

able to induce better protection rates compared to BCG

based on reduced lung pathology (amount of reduced lesion

and infiltration) and organ bacterial load, ability to induce

BCG specific IgG response and protective T-cell cytokine

response was more or less similar between the two candi-

dates. With current failure of Ag85B based vaccination to

boost BCG specific immune response, similar protective

efficacy shown by BCG in this context, suggests that sub-

sequent boosting with low dose of BCG may also be used as

alternative approach to subunit based vaccine to boost

immune response in high TB endemic regions. Although,

there is lack of evidences supporting efficacy of booster

BCG doses for protection against TB, however in previous

studies we have shown immunogenicity of repeat BCG dose

to boost immune response using in vitro and animal studies

(Kashyap et al. 2010; Husain et al. 2011). Since all attempts

to replace BCG have achieved poor success due to lack of

knowledge of mechanism of BCG induced immune

response, boosting BCG induced immunity by specific T cell

epitopes of MTB antigens or BCG remains an ideal

approach for future vaccination regimes.

Ideal vaccine should induce number of protective

markers. To evaluate protective efficacy of a vaccine,

identification of multiple biomarkers which act as surrogate

endpoints of protection are needed (Monika et al. 2011).

Therefore another aspect of the study was that apart from

evaluating T-cell response, we also focused on assessing B

cell response. B-cells have been described as an important

source of chemokines involved in granuloma development

and consequently inhibit mycobacterial dissemination,

resulting in recruitment of appropriate cells in the vicinity

for the first few weeks after infection (Bosio et al. 2000).

During the past few years, there are many published reports

which suggest a key role of humoral response in TB

immunology. In recent studies it has been shown that

antibody responses are essential to contain mycobacterial

infection, and there is a synergy and mutual interdepen-

dence between cell mediated and humoral immunity

Fig. 7 Mean cytokines a IFN-c, b IL-12 and c TNF-a in spleen

homogenates of different groups of mice at 30 and 60 days post MTB

infection. Cytokines levels were analyzed in splenocytes stimulated

with PPD antigen (25 lg/ml). Data are shown as ±SD. (**) represent

significant (p\ 0.05) and (***) represents highly significant

(p\ 0.001) values
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(Abebe and Bjune 2009). Zuniga et al. (2012) in their

review article have discussed briefly about different cel-

lular and humoral mechanisms involved in control of

tuberculosis infection and also suggested a possible role of

B cells in modulating immune response in TB. Focus on

evaluation of molecules imparting efficient B-cell response

apart from T cell immunity is therefore needed as they can

be used as effective booster candidates. In our study, we

found that peptides of Ag85B induced significant levels of

BCG specific IgG response compared with Ag85B and

BCG. The high BCG specific IgG response in peptides

boosted mice group correlated well with improved pro-

tection rates in lungs and reduced bacterial growth. This

improved protection rates are suggestive of protective role

played by humoral immunity along with already known

cell mediated response against MTB infection.

Although our study showed effectiveness of peptide

based vaccines to boost BCG induced immunity, the study

is also associated with some limitations. The present study

evaluated correlates of protection in mice using subcuta-

neous infection model compared to widely used aerosol

model. The main reason was unavailability of aerosol

facility at Nagpur Veterinary College. However, to over-

come the limitation we had earlier developed and stan-

dardized subcutaneous model of TB infection by

evaluating multiple markers of TB infection and found that

high dose by subcutaneous route induces TB infection

specific to aerosol route with characteristic lung pathology

(Husain et al. 2015a, b). Another limitation was evaluation

of limited number of T-cell specific cytokines which was

mainly due to limited sample size. However considering

the effectiveness of MTB Ag85B peptides to boost BCG

induced immunity, we further plan to investigate by such

peptides covering above limitation in future studies for

development and screening of improved peptide based

vaccines for boosting BCG induced immunity.

To conclude prime boost strategy using N-terminal pep-

tides may improve immunogenicity of BCG against TB.

These MTB peptides may be used as attractive candidates to

boost waning BCG induced immune response in near future.

However study demands further work including improvisa-

tion in experimental designs to justify the results.
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