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Japanese encephalitis (JE) is caused by a mosquito-
borne virus similar to West Nile fever. Epidemic to 
endemic in East Asia (see map), JE is the leading viral 
cause of neurologic disease on that continent. Some 
30,000 to 50,000 symptomatic, febrile cases occur 
annually, mostly in children under 15 years old. There 
are 10,000 to 15,000 deaths among these cases. The 
virus is fatal 30 percent of the time when it invades 
the brain. At least half the survivors suffer permanent 
intellectual or motor impairment. There are no antiviral 
treatments available.

Mosquito control has not proved effective in reducing JE’s disease 
burden, largely because the Culex mosquito that spreads JE is very 
widespread — its breeding areas include irrigated rice paddies. It 
also has a 10- to 12-day replication cycle; spraying would have 
to take place in each cycle. A vaccine for JE was invented in the 
1940s, but supplies have always been limited and comparatively 

expensive. (Immunization costs from $12 to more than $300 per 
dose depending on the country.) In addition, this vaccine is not 
very immunogenic; it requires three vaccinations for high-level 
protection plus boosters every year or two. The vaccine, composed 
of mouse brain-derived inactivated virus, carries with it the risk 
of serious allergic reactions as well as neurologic side effects. 
Still, sustained vaccine campaigns, where conducted, have been 
successful in controlling JE (see graph, next page).

An alternative JE vaccine appeared in 1988. It was produced by 
several Chinese manufacturers including the Chengdu Institute of 
Biological Products (CDIBP). This live, attenuated vaccine, known 
as SA 14-14-2, requires only one or possibly two vaccinations to 
provide long-lasting protection. Despite its advantages, distribution 
has been largely restricted to China. The Chinese pharmaceutical 
industry has historically concentrated on its huge domestic 
market, which annually consumes 50 million doses of SA 14-14-2. 
According to Lingjiang Yang, CDIBP’s manager for international 
business and cooperation, “We wanted to internationalize the 
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vaccine from the very beginning. We went to international 
meetings, and we consulted with the WHO [World Health 
Organization]. We received licenses for South Korea and Nepal 
and conducted studies there.” Yet progress was slow until Chengdu 
entered a partnership with the Seattle-based nongovernmental 
organization PATH.

PATH Provides the Missing Ingredient
PATH started in 1977 with a mission to bring new contraceptive 
methods to women in poor countries. It has since expanded to 
other health issues and has a network of offices around the world. 
Its current budget approaches $200 million per year.

One of PATH’s interests is in vaccine development and 
distribution. The organization received a 1998 grant from the Bill 
& Melinda Gates Foundation to support its Children’s Vaccine 
Program, which worked on improving childhood immunization 
options for a broad range of diseases. PATH’s JE project grew 
out of that effort. In 2003, the project received its own Gates 
Foundation grant. (The grant ultimately totaled $35 million spread 
over six years.)

“We first targeted disease awareness because JE was seriously 
underdiagnosed,” recalls John Wecker, the JE project’s current 
director. “We did epidemiological surveillance, bringing in new 
diagnostic technology. Surveillance is critically important in 
advocacy because countries are often unaware there is a problem 
until faced with the data.”

Then it was a question of finding a suitable vaccine. Although there 
were several new JE vaccines under development, the only one 
ready for mass immunization campaigns was CDIBP’s SA 14-14-2. 
The program’s staff visited Chengdu in 2004 to discuss the vaccine’s 
status with CDIBP officials. China, Nepal and South Korea had 
approved CDIBP’s vaccine, but the question remained whether 
the previously collected data and the present manufacturing 
facility met international standards. Without national regulatory 

approvals, the vaccine could not be distributed in other countries. 
CDIBP wanted the vaccine to receive prequalified status from 
the WHO. Prequalification would allow international donor 
agencies to purchase the vaccine for public programs in developing 
countries. PATH was already working closely with WHO on JE 
epidemiology, and this interchange expanded to include studying 
the CDIBP vaccine.

“PATH offered to conduct clinical trials and help build a new 
WHO-compliant production facility. In turn, CDIBP agreed to a 
very good price. It was a win-win situation,” says Mansour Yaïch, 
the JE project staff member responsible for the relationship with 
CDIBP.

The 20-year price contract that PATH negotiated with CDIBP in 
2005 to 2006 covers vaccination programs in countries with a per 
capita gross national product of less than $1,000 per year. There 
are 14 Asian countries at this low level, including India. CDIBP 
committed itself to providing the vaccine at a specified minimal 
factory-gate price for these countries’ public vaccine programs. 
“The price will be similar to the measles vaccine, 20 cents or 25 
cents a dose,” says Yaïch. The only allowed price increases are those 
needed to keep up with inflation and changes in currency exchange 
rates. Yaïch concludes, “Our agreement will enable countries to 
make a long-term plan for JE vaccination.”

JE Outbreak in India
PATH and CDIBP cemented their collaboration just as India was 
experiencing a spike in JE cases. About 1,800 JE-related deaths 
resulted from the late-2005 outbreak. Most of these deaths were 
among children living in Northeast India along the Nepal border. 
The striking increase in mortality put considerable pressure on the 
Indian government to launch an immunization campaign before 
the next monsoon — and mosquito — season, which lasts from 
June to September.

Indian manufacturers only produced the old, inactivated vaccine, 
and their production capacity was low. PATH, with its large pre-
existing staff in India, was able to connect the national government 
with CDIBP. Chengdu provided 13 million vaccine doses to launch 
an immunization campaign the following summer. India went on 
to immunize 45 million children over the next three years, with the 
goal of vaccinating 100 million by 2011.

“The 2005 outbreak was a special case,” says Yang. “PATH 
put us in contact with the Indian government and assisted in 
gaining acceptance of the vaccine.” PATH then helped the Indian 
government organize the immunization campaign, including the 
publication of training materials for health care personnel.
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New Clinical Studies
JE Project Spokeswoman Deborah Phillips says, “Our primary goal 
was to empower the countries to decide whether JE vaccination 
programs were suitable for them.” The Indian situation helped 
PATH and CDIBP do just that. It provided a large store of data on 
the vaccine’s efficacy and safety in a non-Chinese population.

A WHO vaccine safety committee in late 2006 reviewed safety data 
from the 9.3 million children vaccinated in the summer of that year 
and advised that the vaccine had an acceptable safety profile. Sixty-
five serious adverse events were reported, including two clusters of 
encephalitis-like syndromes, but the committee judged that these 
were unrelated to the vaccine. The committee concluded by calling 
for further, more rigorous safety monitoring.

The Indian government set up a postmarketing study that 
has followed 1,400 vaccinated children. This ongoing study is 
monitoring the level of immunity as well as safety over the course 
of one year postvaccination. Another Indian study is checking 
whether there is any possibility that the weakened JE vaccine strain 
will revert to wild type and cause disease. This is a concern raised 
by clusters of encephalitis like the ones noted in 2006, although 
the WHO Safety Committee found that any link to the vaccine 
was unlikely. In 2005, the same committee noted that the genetic 
differences between the live and attenuated strain seem too great 
for reversion to occur.

A third study, conducted with PATH cosponsorship, is comparing 
the incidence of JE in a vaccinated juvenile population and a 
matched unvaccinated group. “We need to show the Indian 
government that it is getting its money’s worth. That will convince 
it to maintain the JE vaccination program over the long term,” 
observes Wecker.

PATH has carried out two clinical trials of the vaccine along with 
local investigators. One in the Philippines studied the ability to 
coadminister JE and measles vaccines (ideally at age nine months). 
Coadministration would be a great convenience for vaccination 
programs and parents alike. There is, however, a concern that 
concurrent vaccination will interfere with the immune responses 
to each vaccine. The WHO committee in 2005 asked for more 
information on this question. The Philippines trial enrolled 600 
children and randomized them to receive both vaccines either 
separated by a month or together. The results indicated some 
interference with the measles vaccine response at one month post-
vaccination. There were no differences between trial arms after one 
year. PATH continues to follow participants and measure long-
term protection.

Another issue raised by WHO involves the interchangeability of 
the live and inactivated vaccines. Many children have received 
the inactivated vaccine, which requires frequent boosters. What 
happens if the live vaccine is given instead of the booster? Using the 
live vaccine might prove better or worse as a booster. A PATH trial 
in Sri Lanka is studying this question in 570 Sri Lanka children 
previously vaccinated with the inactivated JE vaccine through that 
country’s extensive JE immunization program.

Boosting Production Capacity
CDIBP’s original manufacturing plant for the SA 14-14-2 vaccine 
left several things to be desired. One, it did not have the extra 
capacity to satisfy international demand. Two, it did not meet 
the WHO’s stringent standards for good manufacturing practices 
(GMP). The vaccine could not receive WHO prequalification until 
those standards are met.

The WHO GMP manual is 400 pages long. It covers the range 
of pharmaceutical products, giving detailed descriptions of 
manufacturing practices that best ensure high-quality products that 
are free of contamination. Plant design — including cleanliness 
and hygiene, inspection and testing, packaging and labeling, and 
storage — has to take GMP goals into account. Job descriptions 
and production procedures have to be documented in detail, with 
personnel carefully trained to fulfill their assigned tasks. Lastly, 
there has to be meticulous documentation at every step that the 
proper practices were followed.

With technical support from PATH, CDIBP undertook the 
construction of a completely new plant for the expanded 
production. CDIBP financed the construction, and PATH in 
2007 contracted with a French engineering company, Technip, to 
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manage design, construction and equipment acquisition to meet 
GMP standards. PATH also hired a number of consultants to 
advise on vaccine manufacturing.

Yang says, “In China nobody has achieved GMP standards. We will 
be first. This accomplishment is very important for the Chinese 
vaccine industry. It will be a model for other companies.”

The facility was supposed to open in 2008 but was delayed by 
the earthquake that year in Sichuan. As of the summer of 2009, 
the completed plant was undergoing validation testing and 
refining its manufacturing practices. The WHO-required GMP 
documentation was in process, too. CDIBP’s engineers meanwhile 
were planning the shift of production from the old to the new 
facility. When online, the unit will be able to produce 50 million 
vials a year, with each vial containing one or five freeze-dried 
vaccine doses.

Toward Control of Japanese Encephalitis
This partnership has run smoothly so far, not counting the 
earthquake. The main issues were that the CDIBP was not capable 
of collecting the data needed for WHO prequalification, nor 
could it build a high-capacity plant on its own that would meet 
WHO’s GMP standards. PATH provided funding and expertise 
to achieve these two ends. The main hurdle was negotiating the 
details, including the guaranteed price. But the goal of expanding 
distribution of the Chinese JE vaccine suited CDIBP as much as 
PATH, so there were no real disputes. The test of the agreement’s 
durability will come in the course of meeting high demand for the 
vaccine over the years

PATH’s JE grant from the Gates Foundation ends in 2009. The 
organization’s role will be diminished after that, but it will still 
contribute to advancing the vaccine. “Next year will be very 
critical,” says Yang. With PATH’s assistance, CDIBP plans to 
apply for WHO prequalification in 2010. By the end of 2009, it 
will meet with WHO officials in Geneva to go over its plans. The 
pricing agreement with PATH will remain in force until 2026. A 
joint PATH-CDIBP steering committee that meets annually will 
review vaccine issues.

PATH’s Yaïch concludes, “For me this is really a South-South 
partnership involving China, India and other Asian countries. It 
will be self-sustaining. The PATH project is ending except for some 
residual regulatory activity. Then the company and the countries 
will be on their own.”

Countries that need assistance in funding and launching 
immunization programs can obtain it from a number of 
international and national aid programs, including USAID, 
UNICEF and the Global Alliance for Vaccines and Immunization 
(GAVI). Unlike polio or small pox, JE will persist even if there 
is universal vaccine coverage. The virus establishes “amplifying” 
populations in animal hosts, notably pigs and wading birds, which 
support the disease’s spread (see figure below). Human vaccination 
will be necessary in high-risk areas for the foreseeable future.

Three other JE vaccines — sponsored by large European 
and Japanese pharmaceutical companies — are in advanced 
development. In 2009, one of these, an inactivated version of the 
SA 14-14-2 strain, received regulatory approval in the United 
States, Europe and Australia. The new vaccines are expected to 
initially fill a different marketing niche than CDIBP’s product. 
Yaïch says, “CDIBP has a very affordable price. The other 
vaccines will come to market at $10 or $20 per dose in developing 
countries. Their producers are targeting middle-class populations 
that receive their vaccines in the private sector. These companies 
will not start with the production capacity that CDIBP has.” If 
their prices eventually become competitive, the new vaccines will 
add to the tools available for public JE control programs.

PATH is establishing an international JE working group with 
WHO and other organizations associated with the JE project. The 
working group will provide a permanent platform for promoting 
JE vaccination. Japanese encephalitis vaccines have come a long 
way since the 1940s. Keeping the disease under control will 
nevertheless require a sustained effort. With the technical and 
economic issues resolved, the sustainability of political will is now 
the prime question.

By David Gilden
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