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The efficacy of a formalin-inactivated hemorrhagic fever
with renal syndrome (HFRS) vaccine and the effectiveness of
a related vaccination program have not been previously eval-
uated. We measured the primary immune responses to Hanta-
vax® by plaque reduction neutralizing antibody test (PRNT),
hemagglutination inhibition test (HAI), ELISA and high density
particle agglutination test (HDPA) in order to confirm a
possible biological efficacy through independent substantiation
of experimental results and to compare the results with previous
studies. Following two doses of primary vaccination, the
seroconversion rate of PRNT and HAI antibody was 33.3%
(10/30)[95% C.I. 17.3-52.5%] and 26.7% (8/30) [95% C.I.
12.3-45.9%], respectively. The correlation between PRNT and
HAI antibody showed a statistical significance (1=0.58, p<
0.01). The seroconversion rate of HDPA and ELISA were both
76.7% (23/30) [95% C.I. 57.7-90.1%], which correlated well
with each other(r=0.58, p<t0.01). In our study, Hantavax®
elicited low neutralizing antibody responses, at least in the
volunteers samples that we tested. The vaccination program,
including the vaccine itself, that has been adopted by the
national immunization program to protect against HFRS in
Korea should be re-evaluated and re-formulated to produce a
higher protective immune response rate.
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INTRODUCTION

In 1988, the first Hantaan virus vaccine (Ianta-
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vax®, Korea Green Cross, Seoul, Korea) capable of
preventing Hemorrhagic Fever with Renal
Syndrome (HFRS) was developed from suckling
mouse brain infected with the ROK 84-105 strain,
and inactivated with 0.05% formalin by Lee and
colleagues." With the acceptance of data showing
a high level of seroconversion rate with immu-
nofluorescent (IF) and enzyme-linked immunosor-
bent assay (ELISA)antibody response as a surro-
gate for vaccine efficacy, Hantavax” was ap-
proved in 1990 on condition that data indicating
protective efficacy shown in a placebo controlled
clinical trial and a demonstration of protective
antibody titers and their long-term persistence be
submitted within a few years.” The overwhelming
opinion of the Health Authority at the time was
that the early distribution of the vaccine would
have beneficial impact on public anxiety over the
risks of HFRS that was an important health
problem in soldiers and farmers in Korea.’
Since Hantavax® has been available commer-
cially from 1990, and the vaccine has been widely
distributed to public health centers since its
adoption into a national immunization program
in 1992* The recommended immunization
schedule with Hantavax® is two doses one month
apart as a primary vaccination, and one booster
12 months later. Not having established the
persistency of long-term protective immunity and
in spite of several post-marketing clinical studies,
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outcome assessments have been limited to
measurements of IF antibody without measuring
protective neutralizing antibody response.”® In
addition, a neutralizing antibody response follo-
wing primary vaccination has not yet been well
established, although there was one report
showing a neutralizing antibody response mea-
sured with a 75% seroconversion rate 4 weeks
after two doses of Hantavax® which was de-
creased to 14.2% in the twelve months following
vaccination.” We measured the primary immune
responses to Hantavax® by plaque reduction
neutralizing antibody test (PRNT), hemagglu-
tination inhibition test (IHAI), ELISA and high
density particle agglutination test (HDPA) in
order to confirm a possible biological efficacy
through independent substantiation of experi-
mental results and to compare with previous
studies. Additionally, we reviewed recent reports
of long-term immune response and evaluated the
efficacy of Hantavax®.

MATERIALS AND METHODS

Two doses of commercially available Hanta-
vax”®, Korea Green Cross, (Lot No. 6001, 2360002)
were adminstered intramuscularly to thirty
healthy adults with informed consent. Sera was
collected before vaccination and 4 weeks after
each dose for a total of 90 serum samples from 30
vaccine recipients. PRNT, HAI and ELISA were
performed [Peter L. Summersjas described previ-
ously™ at the United States Army Medical
Research Institute for Infectious Diseases (USA-
MRIID), Ft. Detrick, MD using a laboratory blind-
ing method. PRNT antibody titers were expressed
as the highest serum dilution that reduced the
standard viral dose (45-58 plaque forming units
of Hantaan virus strain 76 - 118) by 50 percent. All
sera were heat-inactivated at 56°C for 30 min. Sera
were initially diluted 1:10 and subsequently in
serial twofold dilutions. PRNT antibody titers
were measured either with 5% normal human
serum or without normal human serum and
compared. For IgG ELISA, cobalt-irradiated HTN
antigen at a 1:50 dilution and test sera at a 1:100
dilution were used. Also, horseradish peroxidase-
labeled anti-human IgG conjugate was used. For

HAI test, a serum sample and 4 units of histo-
choice fixative HTN antigen were incubated
overnight at 4C. A standard microtiter procedure
was used, in which two-fold serum dilutions were
tested beginning at 1:10. Serum binding antibodies
also were measured using a HDPA commercial kit
(Hantadia®, Korea Green Cross, Seoul, Korea) at
Yonsei University."" Sera samples were tested in
two fold dilutions beginning at 1:20 and reactions
at dilutions of 1:40 or greater were regarded as
positive, as specified by the manufacturers in-
structions.

RESULTS

HAI, ELISA IgG and PRNT antibodies were not
detected in any of the 30 pre-vaccination samples,
however HDPA antibody was detected by the
commercial kit in 2 pre-vaccination samples [case
16, 18]. At four weeks only one of the 30 vaccine
recipients developed a measurable neutralizing
antibody response [PRNT antibody titer of 1:10] as
tested without normal human serum. The PRNT
antibody titer did not change in this recipient after
two doses. Four others developed PRNT anti-
bodies after two doses, for a total seroconversion
rate of 16.7% (5/30) [95% C.L 5.6 -43.7%](Table 1).
The titers of five reactive sera after two doses
were 1:10, 1:10, 1:10, 1:40, and 1:320, respectively.
However, when tested with 5% normal human
serum in the virus diluent to consider comple-
ment-dependent neutralization, PRNT antibodies
were detected in two cases 1:10, respectively after
one dose and the titer was increased to 1:40, re-
spectively after two doses. The final seroconver-
sion rate of PRNT antibody was 33.3% (10/30)
[95% C.I.17.3 -52.5%]. The titers of the ten reactive
sera after two doses were 1:640, 1:40, 1:20, 1:40,
1:20, 1:20, 1:20, 1:10, 1:10 and 1:40, respectively.
The seroconversion rate of IHAI antibody showed
10.0% (3/30) after one dose and 26.7% (8/30) [95%
Cl 123 -45.9%] after two doses. The correlation
between PRNT and HAI antibody showed statis-
tical significance (r=0.58, p<0.01). The serocon-
version rate of HDPA and ELISA showed 33.3%
(10/30) and 46.7% (14/30) after one dose respec-
tively and after two doses, was equally 76.7%
(23/30) [95% C.I. 57.7-90.1%], which correlated
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Table 1. Immune Response in Vaccine Recipients after Two Doses of Formalin-inactivated Mouse Brain Derived HFRS

Vaccine from Three Different Independent Laboratories

HDPA* ELISA IgG® HAI® PRNT
& Without NHS With 5% NHS

Pro-Vaccination 6.60% 0.00% 0.00% 0.00% 0.00%

(2/30) (0/30) (0/30) (0/30) (0/30)
After one dose 33.30% 46.70% 10.00% 3.30% 6.70%

(10/30) (14/30) (3/30) (1/30) (2/30)
After two 76.70% 76.70% 26.70% 16.70% 33.30%
Doses (23/30) (23/30) (8/30) (5/30) (10/30)

"High Density particle agglutination test (HDPA) tested by commercial kit (Hantadia” Korea Green Cross) at Yongdong Severance

Hospital, Yonsei University Medical Center.

bEnzyrne-linked immunosorbent assay (ELISA) IgG, Hemagglutination inhibition test (HAI) and Plaque Reduction Neutralizing Test
(PRNT) were performed at U.S. Army Medical Research Institute of Infectious Diseases (USAMRIID).

well with each other (r=0.58, p<0.01) (Table 1).

DISCUSSION

HFRS has been an important public health
problem in Korea and occurs mainly in rural
areas, primarily in 20-50 year-old adults, and
sporadic cases are occasionally recognized in
urban residents.’ Available surveillance data
during the last decade indicated that approxi-
mately 1,000 HFRS cases were hospitalized annu-
ally and the case-fatality ratio was 2 to 3% (Table
2). However, childhood cases were much less
common than adults, with 63 reported cases over
the last 15 years."” The special risk groups-far-
mers, field workers, and soldiers stationed in the
field in selected geographical areas were indicated
for recommended vaccination. Korea adopted
Hantavax® into its national immunization pro-
gram in 1992, and vaccination has been mainly
conducted at public health centers and schools
(3,745,000 doses, 65.8%) through a mass immuni-
zation program due to overwhelming concern and
the recommendation of health care providers
rather than through the military (1,162,000 doses,
20.4%) and hospitals (783,000 doses, 13.8%)(Table
3).

In 1998, public health concerns of the vaccina-
tion policy and its practice arose regarding several
unclear questions on the primary neutralizing
immune response, the booster schedule for long-
term immunogenicity, identification of risk
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groups, and the evaluation of cost-effectiveness.
Providing evidence of a protective immune
response, Cho et al.” and Chu et al.,13 reported a
similar observation of a neutralizing antibody
response. The seroconversion rate was 66.7%
(14/21) at 1 -4 months after two doses of primary
vaccination, and was reduced to 22.5% (9/40) at
12 months after primary vaccination.” With a
booster dose at 12 months after primary vaccina-
tion, the positive rate was 100% (8/8) at one
month after the first booster, and 75% (9/12) at
two months. Additionally, with a second booster
dose at 2 years following primary vaccination, the
positive rate was 86% (6/7) at three months after
the second booster. They asserted that the booster
vaccination is necessary at one year following the
primary two-dose vaccination in order to maintain
high levels of neutralizing antibodies, and that
antibody levels after the one dose booster vacci-
nation persisted for at least two years. IHowever,
considering the inadequate sample size and the
statistical significance of the results of this study,
with wide 95% confidence intervals - 49.8 - 92.2%
at 1-4 months after two doses of primary vac-
cination, 59.8 -98.8%, 42.8-93.3% at one month
and two months after the first booster, 42 - 99.2%
at three month after the second booster it is
difficult to accept such suggestions. In addition,
according to our observation, only 33.3% (10/30)
[95% C.I. 17.3-528%] developed a neutralizing
antibody response. The WIHO manual reports
methods including PRNT developed at USA-
MRIID that are commonly used in laboratories.
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Table 2. Reported Cases of HFRS in Korea from 1977 to 1998 in South Korea

Year Civilian Korean military personnel U.S. Soldiers stationed in Korea Total
1977 288 241 7 536
1978 207 168 10 385
1979 241 122 1 364
1980 185 72 1 258
1961 377 164 2 543
1982 378 123 3 504
1983 402 98 3 503
1984 568 156 6 730
1985 531 159 7 697
1986 530 166 14 710
1987 533 163 5 701
1988 264 97 6 367
1989 306 104 6 416
1990 964 73 6 1,043
1991 1190 44 0 1,234
1992 1116 49 2 1,167
1993 1230 62 1 1,293
1994 1006 34 1 1,041
1995 752 29 1 782
1996 662 23 1 687
1997 390 23 2 415
1998 709 37 4 750

Cases were tested serologically by IF antibody method since 1977.

The assay that Peter L Summers ran for our study
in USAMRIID is the same one that USAMRIID
used to measure neutralizing antibody response to
their vaccinia vectored HFRS vaccine several years
ago. This vaccine showed a poor neutral.

We have several serious concerns regarding
Hantavax” being used publicly because of the low
primary protective immune response, and an
uncertainty as to whether the administration of a
third dose in the primary immunization series
would significantly improve the response rate
above the observed proportion or whether neu-
tralizing antibody could persist or might even-
tually yield an acceptable response, as asserted by
Chu et al.” Using a binding assay for the diag-

nosis of HFRS based upon the agglutination of
viral antigen-coated particles, a higher antibody
response was seen in the vaccine recipients
(76.7%). However, it cannot be said that a high
level of seroconversion rate with IF and ELISA
antibody response could be accepted as proof of
adequate protective efficacy of Hantavax® as a
surrogate in human.

The current limited observation of the decrease
in the incidence of HFRS by passive HFRS
surveillance in South Korea probably cannot be
attributed solely to the effectiveness of the
vaccination program of the last several years.* The
total number of reported HFRS cases diagnosed
by IF has decreased from 1,234 in 1991 when the
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Table 3. Amount of Vaccine Doses and Number of HFRSP Patients in South Korea from 1990 - 1998

Young Mo Sohn, et al.

Doses of vaccine used at

Year Hospital &  Public Health il Total amount of vaccine used No. of HFRS cases
Clinics Centers Litary
1990 0 0 0 0 1.043
1991 35,000 115,000 33,000 183,999 1,234
1992 122,000 493,000 145,000 760,000 1,167
1993 118,000 707,000 133,000 958,000 1,293
1994 107,000 660,000 142,000 909,000 1,041
1995 118,000 640,000 232,000 990,000 782
1996 105,000 460,000 155,000 720,000 687
1997 108,000 360,000 162,000 630,000 415
1998 70,000 310 160,000 540,000 750
Total 783,000 3,745,000 1,162,000 5,690,000 8,412

National immunization program started in 1992.

vaccination program started to 750 in 1998 (Table
3). It can not simply be said that the vaccination
is effective, reducing the total number of reported
HFRS cases following vaccination. Perhaps the
HFRS incidence rate has changed over the years
with fluctuating rodent populations and other
natural factors. Incidence may have declined with
improvements in the standard of living and
housing in rural areas. In actuality, the vaccina-
tions were conducted largely in children (65% of
total vacciantion) who are not identified as a risk
group. A seroepidemiological study in Chorwon,
an area with one of the highest endemic transmis-
sion rates in Korea, found a seroprevalence rate
of 21% in children 5-19 years old.™ However,
Chu et al.” reported that an efficacy field trial of
Hantavax® conducted in areas of Yugoslavia
showed a very high protective efficacy no cases
among 1900 vaccinees and 20 cases among 2000
non-vaccinees. Unfortunately this report did not
describe the method of randomization for the
vaccine group and the placebo (saline injection)
group and the authors mentioned they never
obtained informed consent for this study in
Yugoslavia.

The poor protective immune response reported
in our observation and the unknown clinical
efficacy beg the question whether the recommen-
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dation for the use of Hantavax® is appropriate,
particularly in children. Although occupation-
associated risks in rural areas, principally af-
fecting adults, have been established, it is unclear
whether the potential benefits of inactivated HFRS
vaccine may be enough to support the immu-
nization of school children even in rural areas, not
to mention those in urban locations, considering
the lower risk of HFRS in children and the
possible adverse events associated with inacti-
vated mouse brainderived vaccines, as seen with
Japanese encephalitis vaccine produced by similar
methods."" In our report, Hantavax® elicits low
neutralizing antibody responses, at least in the
samples that we tested. Although this does not
necessarily mean that Hantavax® will not protect
people from disease at all, generally speaking,
highly effective vaccines induce the long-lasting
presence of neutralizing antibodies. In terms of
the low neutralizing antibody seroconversion rate
(26%) in vaccinia preimmune, the people to vac-
cinia vectored Hantavirus vaccines that have been
developed in USAMRIID, this vaccine would be
effective only in a target population of a vaccinia
virus-naive population that showed 72 -98% neu-
tralizing antibody response after vaccination."®
Hantaviral nucleocapsid protein alone may be
capable of inducing protection in animal infection
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regardless of the absence of neutralizing anti-
bodies in animal experiments.””” However, Han-
tavax® has never been proven for the possible
protective immune response in humans in terms
of its low neutralizing antibody response with
nucleocapsid protein.

In conclusion, the active immunization program
with formalin inactivated mouse brain derived
HFRS vaccine should be re-evaluated thorough a
well designed case-control study and the primary
protective immune response and long-term pro-
tective immunogenicity should be established. In
addition, in regards to conducting a national
immunization program, a cost-effectiveness study
is required in Korea.

ACKNOWLEDGEMENT

We acknowledge the excellent technical assis-
tance of the Virology Division, United States
Army Medical Research Institute of Infectious
Diseases, Ft. Detrick, Frederick, Maryland, U.S.A.
and the support of Dr. Theodore F. Tsai and Dr.
Connie Schmaljohn in the conduct of this study.

Young Mo Sohn, M.D.

Department of Pediatrics,

Yongdong Severance Hospital,

Yonsei University College of Medicine,
P.O. Box 1217, Seoul 135-270, Korea.
Tel: 82-2-3497-3354, Fax: 82-2-3461-9473,
E-mail: youngmo@yumc.yonsei.ac.kr

REFERENCES

1. Lee HW, Ahn CN. Development of inactivated vaccine
against hemorrhagic fever with renal syndrome. ]
Korean Soc Virol 1988;18:143-8.

2. Lee HW, Ahn CN, Song JW, Back LJ, Seo TJ, Park SC.
Field trial of an inactivated vaccine against hemor-
rhagic fever with renal syndrome in humans. Arch
Virol 1990;1 Suppl:35-47.

3. Lee HW, Bark DH, Baek LJ, Choi KS, Whang YN, Woo
MS. Korean hemorrhagic fever patients in urban areas
of Seoul. Korean J Virol 1980;10:1-6.

4. Lee HW, Kwon EH, Park SC, Ceong HJ, Kim W], Jeong
EK, et al. Policy on vaccine and vaccination in Korea.
The National Academy of Science Republic of Korea.
Journal of the National Academy of Science 1999;38

10.

11.

12.

13.

14.

15.

16.

Suppl:1-75.

. Lee HW, Baek LJ, Woo YD. The persistence of

immunity against hemorrrhagic fever with renal
syndrome among hantaan virus vaccinees. ] Korean Soc
Microbiol 1992;27:73-7.

. Lee CH, Byub KS, Kim W], Woo YD, Lee HW. Persis-

tence of antibodies after immunization with the inac-
tivated vaccine against hemorrhagic fever with renal
syndrome in humans. J Korean Soc Virol 1992;22:
239-43.

. Cho HW, Howard CR. Antibody responses in humans

to an inactivated hantavirus vaccine (Hantavax®).
Vaccine 1999;17:2569-75.

. Summers PL, McClain DJ. Plaque assay and plaque-

reduction neutralization test(PRNT). In: Lee HW,
Calisher C, Schmaljohn CS, editors. Manual of hemor-
rhagic fever with renal symdrome and hantavirus
pulmonary syndrome. WHO Collaborating Center for
Virus Reference and Research (Hantaviruses) Asan
Institute for Life Science. Seoul: 1999. p.92-105.

. Tsai TF. Hemagglutination and hemagglutination in-

hibition. In: Lee HW, Calisher C, Schmaljohn CS,
editors. Manual of hemorrhagic fever with renal symd-
rome and hantavirus pulmonary syndrome. WHO
Collaborating Center for Virus Reference and Research
(Hantaviruses), Asan Institute for Life Science. Seoul:
1999. p.106-9.

Rossi CA, Ksiazek TG. Enzyme-linked immunosobent
assay (ELISA). In: Lee HW, Calisher C, Schmaljohn CS,
editors. Manual of hemorrhagic fever with renal symd-
rome and hantavirus pulmonary syndrome. WHO
Collaborating Center for Virus Reference and Research
(Hantaviruses), Asan Institute for Life Science. Seoul:
1999. p.87-91.

Tomiyana T, Lee HW. Rapid serodiagnosis of hanta-
virus infections using high density particle agglutina-
tion. Arch Virol 1990;,1 Suppl:29-33.

Yoo KH, Choi Y. Haemorrhagic fever with renal
syndrome in Korean children. Pediatr Nephrol 1994;8:
540-4.

Chu YK, Woo YD, Lee HW. Immune response and
antibody persistence against Hantaan virus of vaccines
with Hantavax. Korean ] Infect Dis 1998;30:317-24.
Chung YC, Kim YS, Ahn C, Kim S, Lee JS. Seroepi-
demiologic survey of Korean hemorrhagic fever (HFRS)
in Chorwon area (abstract p100). In: Program and
abstract of 9th Asian Colloquium in Nephrology
(Seoul). Seoul, Korea: Korean Society of Nephrology;
1992.

Chu YK, Gligic A, Tomanovic S, Bozovjc B, Obradovic
M, Woo YD, et al. Field efficacy trial of inactivated
Hantaan virus vaccine (Hantavax) against HFRS in the
endemic areas of Yugoslavia from 1996 to 1998. ]
Korean Soc Virol 1999;29:55-64.

Berg SW, Mitchell BS, Hanson RK, Olafson RP,
Williams RP, Tueller JE, et al. Systemic reactions in U.S.
Marine Corps personnel who received Japanese en-
cephalitis vaccine. Clin Infect Dis 1997,24:265-6.

Yonsei Med J Vol. 42, No. 3, 2001



284

17.

18.

19.

Sakaguch M, Inouye S. Two patterns of systemic
immediate-type reactions to Japanese encephalitis vac-
cines. Vaccine 1998;16:68-9.

McClain DJ, Summers PL, Harrison SA, Schmaljohn
AL, Schmaljohn CS. Clinical evaluation of a vaccinia-
vectored Hantaan virus vaccine. ] Med Virol 2000;60:
77-85.

Koletzki D, Biel SS, Meisel H, Nugel E, Gelderblom HR,

Yonsei Med J Vol. 42, No. 3, 2001

20.

Young Mo Sohn, et al.

Kruger DH, et al. HBV core particles allow the
insertion and surface exposure of the entire potentially
protective region of Puumala hantavirus nucleocapsid
protein. Biol Chem 1999;380:325-33.

Schmaljohn CS, Chu YK, Schmaljohn AL, Dalrymple
JM. Antigenic subunits of Hantaan virus expressed by
baculovirus and vaccinia virus recombinants. ] Virol
1990;64:3162-70.



