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Commentary

Hypertension affects around 40% 
adults aged 25 years and more 

worldwide, and accounts for 7% of total 
disability-adjusted life-years. A simple 
algorithmic program is required to man-
age hypertension consisting of screen-
ing, life style measures, treatment and 
follow-up, a reliable drug supply and dis-
tribution system, and a credible health 
information system. Despite availability 
of effective antihypertensive drugs, long 
term treatment is still costly, tedious, 
and at the population level rather unsuc-
cessful. Hypertension leaves patients and 
families with an avoidable heavy eco-
nomic burden due to failure to control 
blood pressure. Health policy needs to 
address gross imbalance between pre-
vention and management by increasing 
contribution to the preventive programs. 
During 21st century, the risk factors 
for morbidity and mortality have been 
changed, and researchers have started 
to work upon vaccines against lifestyle 
diseases like hypertension, diabetes 
etc. Researchers began experimenting 
with vaccines against the renin-angio-
tensin system to control hypertension 
around six decades ago. The vaccine 
candidates against hypertension namely 
ATR12181, pHAV-4Ang IIs, CYT006-
AngQb, AngI-R, ATRQβ-001 have 
shown promising results. A candidate 
vaccine, CYT006-AngQb, has crossed 
initial phase and moved into phase 2 
trials. However, more human studies in 
subsequent phases of trials are required 
to establish the safety and efficacy of 
anti-hypertensive vaccine. If proved safe 
and cost effective, a vaccine even with 
50% efficacy against hypertension may 

protect about 90 million people from 
hypertension and its heavy economic 
burden. It can be an appropriate solution 
for low compliance to antihypertensive 
drug therapy as well as an avalanche to 
induce efforts on various chronic disease 
vaccine development programs.

Hypertension: A Growing Public 
Health Challenge

Hypertension is a rapidly expanding 
global epidemic and is associated with 
increased morbidity, mortality, and socio-
economic burden. Overall prevalence of 
hypertension is around 40% in adults 
aged 25 y and more which contributes to 
about one billion cases worldwide.1 This 
has been a substantial public health prob-
lem in many developing countries expe-
riencing epidemiological transition from 
communicable to non-communicable 
chronic diseases (NCDs).2,3 The main 
drivers of epidemiological shift of NCDs 
are globalization, rapid and uneven urban-
ization, demographic shifts, and inter- and 
intra-country migrations – these factors 
result in alterations in dietary practices, 
decreased physical activity and changes in 
other behavioral risk factors. According to 
the Global Burden of Disease Study 2010, 
hypertension is the leading risk factor for 
global disease burden accounting for 7% 
(95% CI: 6.2–7.7%) of total disability-
adjusted life-years (DALYs).2 It jumped 
to rank 1 in 2010 from rank 4 in 1990.4 
Mortality due to hypertension increased 
from 7.29(6.70–7.86) million in 1990 
to 9.40 (8.58–10.15) million in 2020 
worldwide.2 The WHO Study on global 
Aging and adult health (SAGE) in 6 
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middle-income countries (China, Ghana, 
India, Mexico, Russia, and South Africa) 
documented high prevalence of hyperten-
sion varying from 23% (India) to 52% 
(Russia), with between 30% (Russia) and 
83% (Ghana) of hypertensives being undi-
agnosed prior to the survey and between 
35% (Russia) and 87% (Ghana) hyper-
tensives currently taking no treatment5 
Across the WHO regions, hypertension 
prevalence was highest in Africa(46%; 
both sexes) while lowest prevalence rates is 
in the Americas (35%; both sexes).6

Almost three quarters of hypertensive 
patients are expected to live in develop-
ing countries by 2025.7 These countries 
already have very low level of awareness 
for raised blood pressure and its conse-
quences.8 Hypertension is present in 35% 
of the adult population and accounts for 
9.4% of total deaths each year in South 
East Asia.9 A recent systematic review 
(2013) from India reports the prevalence 
of hypertension among urban and rural 
population ranged from 13.9 to 46.3% and 
4.5 to 58.8%, respectively.10 According to 
a recent estimate by Anand et  al. the age 
standardized prevalence (25 y and more) 
of hypertension in Indian males is 36% 
(29.7–41.8), females 34.2% (28.6–39.9), 
and both 35.2% (30.9–35.2).9 The num-
ber of people with hypertension in India 
is expected to increase from 118.2 million 
in 2000 to 213.5 million in 2025, with 
nearly equal numbers of men and women.11 
Taking into account the huge burden of 
hypertension worldwide, WHO adopted 
“High Blood Pressure” as theme for World 
Health Day, 2013.12

Considering the increasing burden 
of hypertension in populations in the 
developing countries, along with conven-
tional methods of prevention, innovative 
approaches need to be explored. Vaccines 
have been one of the major breakthroughs 
in the history of public health. Indeed, vac-
cines against viral and bacterial pathogens 
have substantial contribution in achieving 
steady increase in life expectancy dur-
ing last century.13 During 21st century 
risk factors for morbidity and mortality 
have been changed, and researchers have 
started to work upon vaccines against life-
style diseases like hypertension, diabetes, 
cancer.2 Vaccine against hypertension may 
be a novel approach to tackle this gigantic 

public health problem. In this review, 
need, basis, available evidences, and scope 
of hypertension vaccine are discussed.

Economic Burden of 
Hypertension

Hypertension is the most significant 
contributor to morbidity and mortal-
ity caused by NCDs. In the year 2001, 
healthcare expenditure due to hyperten-
sion accounted for approximately US $372 
billion globally, which represented nearly 
10% of overall healthcare expenditures.14 
In the World Bank regions Eastern Europe, 
Central Asia, South Asia, and Middle East, 
high blood pressure accounted for 23, 23, 
16.2, and 12.3% of the total health expen-
ditures respectively. Considering the preva-
lent blood pressure levels, the direct costs 
of raised blood pressure were expected over 
US$908 billion globally in the current 
decade.14 Low compliance to treatment 
remains a major public health problem in 
developing countries which again increases 
the cost of management of hypertension 
and related consequences.15 Moreover, indi-
rect costs of high blood pressure can rise to 
US $3600 billion annually which is not less 
than total gross domestic product (GDP) of 
Germany (5th largest economy of world).14

In 2004, the cardiovascular diseases 
and hypertension contributed to more 
than one-third of all income losses (US 
$22 billion) by NCDs in India. All care-
givers and sick individuals aged 15 y and 
above productively yielded an annual 
income loss from hypertension of approxi-
mately US$4.4 billion in the same year. 
Nearly US $18 billion were spent as out 
of pocket (OOP) on health care expenses, 
amounting to 3.3% of India’s GDP for 
that year. Of the total OOP on health, 
only hypertension contributed around 
5.6% fraction (~US $1 billion). Most of 
OOP expenditure spent on hypertension 
is for therapeutic purposes (64%).16 The 
rising disease burden and risk factors will 
both put strain on services delivery and 
stress budgets in future. Reorientation of 
health care services toward efficient NCD 
prevention and control measures is a pos-
sible solution.17 However, currently avail-
able antihypertensive drugs barred the life 
threatening complications of malignant 
hypertension; the long-term treatment is 

still costly, tiresome, and at the population 
level rather unsuccessful. Still the disturb-
ing fact is that pharmacologic control of 
blood pressure in the hypertensive patients 
falls short of nullifying the cardiovascular 
risk to the level of normotensive persons. 
Taking into account these shortcomings, 
either permanent curative remedy or long-
term prevention of the hypertension is 
desperately awaited.

Vaccine May be an Alternative

Developing countries require a simple 
algorithmic program to manage hyperten-
sion. It consists of screening, treatment and 
follow-up, a reliable and free or subsidized 
drug supply and distribution system, and 
a credible health information system (e.g., 
mortality surveillance).18 Simultaneously, 
lifestyle measures (including body 
weight reduction, adopt DASH (Dietary 
Approaches to Stop Hypertension) eating 
plan, dietary sodium reduction, physical 
activity, moderation of alcohol consump-
tion) to reduce blood pressure, health educa-
tion about hypertension and cardiovascular 
diseases, community programs aiming self-
referral for risk assessment, and targets for 
and monitoring of the effect of intervention 
programs are necessary chores.19 However, 
data indicates that prevention and control 
of hypertension has not yet received due 
attention in society. Despite the availabil-
ity of effective treatment, over half of the 
hypertensive patients give up treatment 
entirely within a year of diagnosis. Of those 
who remain under treatment only about 
50% have at least 80% of their prescribed 
drugs. Consequently, because of poor 
adherence to antihypertensive treatment, 
approximately 75% of patients with a diag-
nosis of hypertension do not achieve opti-
mum blood-pressure control.20 The failure 
to control hypertension takes an avoidable 
heavy economic burden on patients and 
their families.15

In addition, there is an enigma at 
the core of health policy for hyperten-
sion. Health policy needs to redress gross 
imbalance between inadequate prevention 
and effective management by increasing 
contribution to the prevention programs.21 
The current approaches are based around 
the premise of altering human behav-
iors and lifestyles. These factors include 
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behaviors which prevent development 
of hypertension (diet, physical activity, 
tobacco, stress). Also these include behav-
iors for effective management of hyperten-
sion (initial treatment seeking, treatment 
initiation, compliance) since the treat-
ment once initiated is lifelong. Like any 
other behavior change intervention, the 
gains of such intervention are slow.

The basic lure of vaccines lies therein 
since once complete cycle of vaccina-
tion yields more benefits than what may 
be achieved by multiple periods of sus-
tained behavior change communication. 
Vaccines are being considered as attractive 
alternative to drug therapies because of 
undesirable side effects and poor compli-
ance associated with drugs.22 Research 
on vaccine development should be given 
priority because it does have lesser compli-
ance because of only single or few doses. 
Vaccines under trials are generating hopes 
to ease the high burden of hypertension 
and related cardiovascular diseases.

Molecular Basis for Vaccine

The extensively studied renin-angio-
tensin-aldosterone system (RAAS) is 
probably the most important regulator of 
systemic blood pressure. The renin enzyme 
is formed and released by granular cells in 
renal afferent arterioles. Renin has a func-
tion of cleaving angiotensin I (AngI) from 
angiotensinogen; AngI is then converted 
by Angiontensin Converting Enzyme 
(ACE) to the biologically active angio-
tension II (AngII). AngII increases blood 
pressure levels via a vasoconstriction effect 
and also by direct (enhancing sodium 
reabsorption in the proximal tubule) and 
indirect (stimulating aldosterone produc-
tion) effects that promote salt retention.23 

Ang II plays an important role in this sys-
tem; it causes strong vasoconstriction and 
increases blood pressure by binding with 
the Ang II type I receptor (AT

1a
 Receptor) 

on the cell surface. Ang II is composed of 
8 amino acid residues that the host cannot 
recognize and induce an immune response 
for this weak immunogenicity.24

Historical Vignette

Researchers began experimentation 
with vaccines against the renin-angiotensin 

system around 60 y ago. Work on anti-
hypertensive vaccines was started in 
1951, when Gold blattet  al.conducted 
the first human study on renin vaccine 
by injecting hog renin into human sub-
jects. Patients with primary hypertension 
developed antibodies against renin, but 
failed to achieve reduced blood pressure.25 
After this failure, many vaccine trials were 
undertaken in animal models using renin 
from different species, which cause a sig-
nificant reduction in blood pressure; but 
these vaccine were unable to reduce blood 
pressure in humans.26-29 (Also see Table 1)

However along with some failures, 
studies have shown hopes for vaccine 
against hypertension.Angiotensin vac-
cination strategy is being revisited for 
managing hypertension in the hope that 
new conjugates of Ang I and Ang II will 
produce antibodies of sufficient titer 
and affinity to control blood pressure in 
hypertensive patients.

Vaccines Under Development

In this section, the vaccines candidates 
those are providing favorable results are 
discussed. The vaccine candidates viz. 
ATR12181, pHAV–4Ang IIs, CYT006-
AngQb, AngI-R, ATRQβ-001 have been 
given promising results.

The ATR12181 vaccine was formulated 
in 2006 by peptide from rat AT1a receptor 
in combination with Freund’s adjuvant in 
China. The vaccine was given repeatedly 
at 0, 4, 8, 12, 16, 24, 32, 40, and 52 wk 
to spontaneous hypertensive rats (SHRs).
This vaccine caused reduction of systolic 
blood pressure (17 mmHg) in SHRs at 64 
wk; however diastolic blood pressure did 
not achieve target level. It significantly 
reduced left ventricular (LV) hypertrophy 
and LV fibrosis in the SHRs before sac-
rifice. ATR12181 vaccine was found safe 
in preclinical studies as it caused attenu-
ation of kidney injuries. Morphological 
examinations of main vital organs such as 
heart, kidneys, lungs, brain, and liver did 
not find any signs of autoimmune injuries 
(Table 1).38,39

Xia Ou et al. tested a novel anti-hyper-
tension vaccine in 20 SHRs in China. 
This vaccine was invented by integrat-
ing the expression of Ang II and hepati-
tis A virus-like particle (HAVLP); and 

named it, pHAV–4Ang IIs. This vaccine 
caused reduction in mean systolic blood 
pressure (SBP) and diastolic blood pres-
sure (DBP) by approximately 23 mmHg 
and 12 mmHg respectively at 8th week. 
It induced high titer of Ang II-specific 
IgG antibody for almost 10 wk. The titer 
started to reduce at 10th week, then SHRs 
in the study were sacrificed at 12th week 
(Table 1).40

Cytos Biotechnology developed an 
AngII specific vaccine (CYT006-AngQb) 
which is the most promising vaccine can-
didate currently. It is composed of an 
AngII peptide with an N-terminal Cys-
Gly-Gly extension that is covalently cou-
pled to virus-like particles (VLP).VLP is 
derived from the coat protein of the bac-
teriophage Qb. This vaccine reduced SBP 
in SHRs and was safe in phase 1 clini-
cal trial.41 A multicenter, double-blind, 
randomized, placebo-controlled phase 
IIa trial of this vaccine candidate was 
conducted in Switzerland on 72 patients 
with mild-to-moderate hypertension dur-
ing the year 2008. The vaccine was given 
at 0, 4, and 12 wk. At a dose of 300 µg, 
this vaccine decreased mean ambulatory 
daytime blood pressure at week 14 by 
–9.0/–4.0 mmHg. This also significantly 
reduced the early morning blood-pressure 
rise compared with placebo. The early 
morning blood pressure surge that occurs 
during 5–8 AM (the period when the 
majority of cardiovascular events occur), 
the 300 µg group experienced a reduc-
tion in blood pressure of 25 mmHg for 
systolic and 13 mmHg for diastolic blood 
pressure relative to placebo. Vaccination 
with CYT006-AngQb was associated 
with no serious adverse events. The vac-
cine induced a strong angiotensin II spe-
cific IgG response in humans and remains 
the only anti-hypertension vaccine so far 
that has demonstrated clinical efficacy. 
Antibody titer peaked after the second 
dose and again 2 wk after the third dose, 
but did not exceed the levels attained after 
the second dose. The average half-life after 
the third injection was 17 wk (Table 1).42 

Further two phase II, double-blind, pla-
cebo-controlled clinical trials were ongo-
ing at time of this publication. Sixty 
patients with mild-to-moderate hyper-
tension were to receive five injections of 
CYT-006-AngQb (300 μg subcutaneous) 
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or placebo (no treatment period speci-
fied). The primary outcome measures 
for this trial are adverse events, and sec-
ondary outcome measures are changes in 

daytime, night-time, and 24  h ambula-
tory blood pressure; titer of IgG specific 
for AngII; and concentrations of plasma 
renin, AngII and aldosterone over 24  h. 

In the second trial,80 patients with mild-
to-moderate hypertension were to receive 
injections of CYT-006-AngQb (subcuta-
neous, no dose specified) or placebo (no 

Table 1. Summary of important preclinical and clinical trials of vaccines against hypertension

Author (Year) Type of vaccine Phase of trial Sample size Location Outcome

Graham et al.  
(1970)30

Ang II with Bovine 
serum albumin/ Freund’s 

adjuvant
Preclinical 12 rabbits United Kingdom

No decrease in blood pressure resulted 
in termination of trial.

Michel JB et al.  
(1987, 1990)31,32

Pure human renin with 
Freund’s adjuvant

Preclinical

10 SHRs, 10 
normotensive 

rats, and 8 male 
marmosets

France

High titer of renin antibodies and 
significant decrease in systolic blood 

pressure but development of an 
autoimmune disease localized in the 

kidney caused termination of the trial.

Reade R et al. (1989)33

Ang1 vaccine 
coupled with 

Limulus polyphemus 
hemocyanin

Preclinical 50 SHRs France
Raised antibody titer, but did not 

reduce blood pressure.

Gardiner SM et al. 
(2000)34

AngI analog conjugated 
with a tetanus toxoid 

carrier protein and 
adjuvanted with 

aluminum hydroxide 
(PMD-2850)

Preclinical
82 male, 

Sprague-Dawley 
rats

England
Pressor responses to AngI were 

significantly inhibited but responses to 
AngII were unaffected.

Downham MR et al. 
(2003)35

AngI analog vaccine 
conjugated with keyhole 

limpet hemocyanin 
(PMD3117) and PMD-

2850 vaccine

Phase 1 clinical 
trial

12 male, 
Sprague-

Dawley rats 
and 50 healthy, 

male, human 
volunteers

United Kingdom
Both showed anti-AngI responses 

but did not cause reduction in blood 
pressure.

Brown M et al. (2004)36 PMD3117 vaccine

Phase 2 clinical 
trial Randomized 

double-blind 
placebo-

controlled

27 patients 
with essential 
hypertension

United Kingdom

Only PMD3117 vaccine evidenced 
blockade of the renin system and rise 
in antibody titer but not influenced 

blood pressure

Zhu et al. (2006)39

AngII-type 1A receptor 
(ATR12181) with TT/ 

Freund’s adjuvant
Preclinical 12 SHRs China

Repeated immunization lowers 
blood pressure, decreases cardiac 

hypertrophy. No auto-immune disease 
detected

Tissot et al. (2008)42 AngII (AngQb) with VLP/
ALOH

Phase 2 clinical 
trial

72 patients 
with mild to 

moderate 
hypertension

Switzerland

Significant blood pressure decrease 
in mean blood

pressure. Safe, tolerable, and long 
half-life (4 mo).

Turkie WH et al. 
(2010)37

Angiotensin therapeutic 
vaccine (ATV) by 

using novel adjuvant, 
CoVaccine HT™

Phase 2b clinical 
trial Randomized, 

double blind, 
placebo 

controlled

124 patients 
with mild to 

moderate 
hypertension

United Kingdom
Terminated due to dose limiting 

adverse effects.

Hong F et al. (2011)43 Antiangiotensin peptide 
AngI-R

Preclinical 27 SHRs China
Decrease the blood pressure of SHRs, 
increase in anti-AngI/II antibody titer.

Chen et al. (2013)44

Human angiotensin II 
(Ang II) receptor type 
1 conjugated with Qβ 

bacteriophage virus-like 
particles

Preclinical 40 mice, 36 SHRs China

Decreased the blood pressure of 
Ang II–induced hypertensive mice 

and spontaneously hypertensive rats 
effectively.

Ou X et al. (2013)40 chimeric protein named 
pHAV–4Ang IIs

Preclinical 20 SHRs China Decrease blood pressure in SHRs

*SHRs, spontaneous hypertensive rats; VLP, virus like particle; ALOH, aluminum hydroxide; pHAV, protein hepatitis A virus.
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treatment period specified). The primary 
and secondary endpoints are the same as 
those for the previous trial.23 Results of the 
both trials are awaited.

A new vaccine was devised in China 
by modifying endogenous peptide AngI, 
called “AngI-R” and covalently conjugat-
ing to bovine serum albumin. Aluminum 
hydroxide was used as an adjuvant to 
vaccine. Only single dose of this vaccine 
caused significant decrease in the systolic 
blood pressure (-15 mmHg) of 27 SHRs 
at 16 wk in a trial conducted in 2011. The 
anti-hypertensive effect lasted for over one 
month and caused substantial rise in both 
anti-AngI/II antibody titer. The antibody 
response to the vaccine was reversible with 
a half-life of over 4 wk. This vaccine can-
didate was found safe, as it did not cause 
any adverse effect to SHRs (Table 1).43

Recently another vaccine ATRQβ-
001 was used in animal models (Ang 
II–induced hypertensive Balb/c mice 
and SHRs) in China. This vaccine was 
developed from a peptide (ATR-001) 
derived from human Ang II receptor 
type 1 conjugated with Qβ bacterio-
phage VLPs. ATRQβ-001 vaccine sig-
nificantly decreased the blood pressure 
of Ang II–induced hypertensive mice up 
to 35 mmHg and that of SHRs up to 19 
mmHg. The half-life of the anti-ATR-001 
antibody was 14.4 d, more than any avail-
able antihypertensive drug and peak 
of antibody titer was at 42 d. This vac-
cine prevented remodeling of vulnerable 
hypertensive target organs. No significant 
immunological damage was detected in 
experimental animals (Table 1).44

Fortunately new conjugates of Ang 1 
and Ang 2 did not show immune medi-
ated reactions. These candidate vaccines 
have shown variable reduction in blood 
pressure.

Future Prospects

A candidate vaccine against hyperten-
sion, CYT006-AngQb, has crossed initial 
phase and moved into phase 2 trials.42 In 
this stage, more trials involving human 
subjects are needed to establish the safety 
and efficacy of anti-hypertensive vaccine, 
under development.38,40,43,44 The vaccines 
prove to be safe and cost-effective in the 
long run; would step-up the control of 

hypertension. If we are able to achieve 
the control of hypertension worldwide, it 
could save nearly $100 billion in health-
care expenditures over a 10-y period.13 
In India alone, an effective vaccine even 
with 50% efficacy against hypertension 
may protect about 90 million people from 
hypertension and its consequences, and 
heavy economic burden.

Vaccines have been one of the most 
effective and efficient public health tools 
to reduce morbidity and mortality due 
to infectious diseases since decades.45 
However, introduction of the vaccine 
against hypertension in immunization 
programs will depend not only on the 
development of an efficacious vaccine but 
also on many other factors such as cost-
effectiveness, efficacy when co-adminis-
tered with routinely provided vaccines, 
scope of integration with ongoing vaccina-
tion programs and acceptability in com-
munity.46 There is a need for individual 
and population level safety studies so as 
not to repeat situations like human pap-
illoma virus vaccines, which had serious 
ethical irregularities.47 Financial obsta-
cle will be similar to the HPV vaccines 
launching in a developing country like 
India.48 After crossing all these hurdles, it 
may prove a miracle therapy in developing 
countries that would protect populations 
from their incapability to bear heavy cost 
of long-term treatments and debilitating 
complications. It could be a ripe solution 
for low compliance to antihypertensive 
drug therapy. Also a successful anti-hyper-
tension vaccine can encourage efforts on 
various chronic disease vaccine develop-
ment programs. Hence, an efficient and 
safe vaccine for hypertension would repre-
sent a great public health advance.
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