
Introduction

Hantavirus infection causes well-known clinical syn-
dromes including hemorrhagic fever with renal syndrome 
(HFRS) and hantavirus cardiopulmonary syndrome 
(HCPS). During the Korean War, thousands of hemor-
rhagic fever outbreaks were reported in the early 1950s 
[1]. In 1976, the etiologic agent, Hantaan virus (HTNV), 
was isolated in lung tissues from the striped field mouse, 
Apodemus agrarius, by specific immunofluorescent re-
actions with HFRS patient serum [2]. In the 1980s, more 
hantavirus species were isolated worldwide from HFRS 
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and HCPS outbreaks. Hantaviruses produce a chronic 
infection in rodent hosts. Rodent reservoirs then transmit 
hantavirus to humans via aerosolized rodent excreta [3]. 
HFRS is a clinical syndrome associated with significant 
acute renal impairment and mortality. Approximately 
one-third of HFRS cases include stage 3 acute kidney in-
jury (AKI) according to Kidney Disease: Improving Global 
Outcomes (KDIGO), with 5% to 10% overall mortality [4]. 

Globally, most recent HFRS cases have been reported 
in East Asia, followed by Russia and Europe. Infections by 
HTNV, Seoul, Dobrava, and Pluumala viruses have been re-
ported in these areas. In South Korea, HTNV has been the 
most common causative pathogen of HFRS [5]. Hantavirus 
is a zoonotic infection hosted by small mammals such as 
rodents. Humans are generally considered dead-end hosts 
of hantaviruses as no human-to-human transmission of 
hantavirus has been reported except for a few reports of 
HCPS with the Andes virus [6]. Therefore, severity of renal 
complications and mortality of HFRS patients have been 
emphasized rather than transmission between humans. 

Because no specific therapy has been developed, sever-
al prevention strategies have been established including 
avoiding rodent habitats and inhalation of contaminated 
dust and vaccine-based immunization. In 1988, the 
first inactivated HTNV vaccine (iHV), Hantavax® (Korea 
Green Cross, Seoul, Korea), was developed from cultured 
brain cells of suckling mice infected with HTNV [7]. High-
risk individuals who were unable to avoid rodent infested 
areas were provided with iHV in the Republic of Korea 
(ROK), particularly members of the ROK Army and rural 
communities [8]. The ROK Army provided additional 
preventive measures including avoiding training sites in 
suspected areas of increased HFRS risk, eliminating ro-
dents, and cutting down bushes or tall weeds in adjacent 
areas [9]. Following the implementation of these efforts, 
the number of HFRS cases in the ROK Army has declined 
since the 2000s; however, dozens of HFRS cases still oc-
cur annually among the ROK Army population [10]. Fur-
thermore, clinical studies to prove the protective efficacy 
of the iHV remain inconclusive.

The present study aimed to assess iHV efficacy against 
disease progression in severe HFRS cases in the ROK 
Army. To address iHV efficacy, a retrospective study was 
designed utilizing pooled surveillance data of HFRS cases 
and comprehensive clinical records from ROK Army hos-
pitals. 

Methods

Vaccine 

Each dose of the iHV (Hantavax®) contains 4,096 en-
zyme-linked immunosorbent assay (ELISA) units of the 
formalin-inactivated ROK 84/105 strain. The virus is iso-
lated by direct inoculation onto Vero E6 cells. The virus 
is then inoculated into 1-day-old suckling mice brains of 
the Institute of Cancer Research (ICR) strain. After puri-
fication by ultrafiltration and sucrose gradient ultracen-
trifugation, the virus is inactivated with 0.05% formalin at 
4°C for fifteen days. Each person receives a 0.5-mL (8,192 
ELISA units/mL) dose of iHV via intramuscular injection 
at 0, 1, and 13 months [7]. 

Study design and case definition

This was a population-based, retrospective, cohort 
study. HFRS cases were enrolled between January 2009 
and March 2017. The total size of the ROK army popula-
tion was approximately 600,000 subjects. More than two-
thirds of the recruited population were male soldiers in 
their early twenties (Table 1). 

Reporting of HFRS cases for ROK Army personal to the 
ROK Army Medical Command is mandatory. Inadequate 
cases were excluded from the study based on the follow-
ing criteria: 1) cases that did not contain complete record 
of the patient’s iHV vaccination history and medical 
records at time of admission and 2) cases misdiagnosed 
serologically due to prior vaccination (classified as false 
antibody-positive cases). HFRS cases were identified 
based on the following disease criteria: 1) confirmation 
of hantavirus infection by polymerase chain reaction test 
of a patient blood sample or hantavirus-specific antibody 
tests in a serum sample, and 2) clinical evidence of renal 
involvement by hantavirus infection (e.g., proteinuria, 
hematuria, or elevated serum creatinine level). 

HFRS-positive subjects were classified into three 
groups: non-vaccination, valid-vaccination, or invalid-
vaccination. Patients in the non-vaccination group had 
no his  tory of iHV vaccination. Patients who had received 
at least one dose of iHV were classified as vaccinated. 
According to prior studies on antibody response to the 
iHV, the vaccination group was divided into valid or in-
valid groups based on the time between symptom onset 
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and last vaccination [7,11]. Valid-vaccination group were 
defined as those who had received the iHV within one 
year of symptom onset. In contrast, invalid-vaccinated 
patients were defined as those who had received their 
last iHV more than one year from time of symptom onset. 
All vaccination histories were obtained either from vacci-
nation records at the battalion headquarter or from epi-
demiological investigation records within the command 
medical office. 

Severe cases were defined according to the 2012 KDIGO 
acute kidney injury (KDIGO-AKI) stages, history of di-
alysis, and mortality. The group with progressive HFRS 
cases was defined as 1) patients with KDIGO-AKI stage 3, 
and 2) patients with AKI who received renal replacement 
therapies, e.g., conventional hemodialysis or continuous 
renal replacement therapy. 

This study was approved by the institutional review 
board of the Armed Forces Medical Command (AFMC-
17082-IRB-17-077). The requirement for informed con-
sent was waived by the review board due to the retrospec-
tive study design. 

Statistical analysis

Data were expressed as means and ranges between the 
25th and 75th percentiles (interquartile ranges) for con-

tinuous variables and as percentages for nominal data. 
The vaccine effectiveness against disease progression 
(VEp) was expressed as a percentage according to the fol-
lowing equation. 

VEp (%) = PRU - PRV  × 100 = (1 - PRV ) × 100PRU PRU

Progression rate in the unvaccinated patients (PRU) and 
progression rate in the vaccinated patients (PRV) were 
defined as the disease progression rates in non-vaccinat-
ed and vaccinated individuals, respectively. The VEp was 
derived as one minus the ratio of PRV to PRU, and the 
ratio of the progression rate was expressed as the odds 
ratio between the vaccination and unvaccination groups. 
The odds ratio and 95% confidence interval (CI) of the 
VEp were calculated by Fisher’s exact test. Comparisons 
of baseline variables between the non-vaccination and 
valid vaccination groups (the invalid vaccination group 
was excluded from the analysis due to the small number 
of subjects) were performed using Fisher’s exact tests 
for categorical value and Welch’s t tests for continuous 
values; P < 0.05 was considered statistically significant. 
All statistical analyses were performed with R software, 
version 3.4.1 (R Foundation for Statistical Computing, Vi-
enna, Austria).

Table 1. Baseline characteristics of hemorrhagic fever with renal syndrome patients at admission

Characteristic
Non-vaccination  
group (n = 110)

Valid vaccination  
group (n = 18)

P value
Invalid vaccination 

group (n = 5)
Age (yr) 21.3 (20-22) 23.3 (20-23) 0.217 21.8 (21-21)
Sex, male 110 (100) 18 (100) NA 5 (100)
Baseline body weight (kg) 68.9 (62.0-74.8) 67.6 (62.3-71.5) 0.528 67.5 (59.0-73.0)
Body mass index (kg/m2) 22.5 (20.1-24.6) 22.1 (19.9-23.4) 0.606 22.1 (19.3-22.8)
Rank at admission 0.024
   Private 25 (22.7) 2 (11.1) 0
   Private first class 40 (36.4) 4 (22.2) 0
   Corporal 19 (17.3) 10 (55.6) 2 (40.0)
   Sergeant 7 (6.4) 0 3 (60.0)
   Officers 19 (17.3) 2 (11.1) 0
Year at admission 0.539
   2009-2010 22 (20.0) 2 (11.1) 3 (60.0)
   2011-2012 20 (18.2) 4 (22.2) 0
   2013-2014 22 (29.1) 8 (44.4) 1 (20.0)
   2015-2017 36 (32.7) 4 (22.2) 1 (20.0)

Data are presented as mean (interquartile range) or number (%). 
NA, not available.
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Results

A total of 192 HFRS subjects were enrolled in the pro-
gram based on the study protocol. The reasons for exclu-
sion included no available vaccination record (n = 12), 
absence of clinical data for severity estimation (n = 12), 
false-positive rapid immunochromatography assay find-
ings due to prior vaccination (n = 24), and no evidence of 
renal involvement (n = 11). Among the 133 subjects, 23 
had received at least one vaccination. According to the 
definition of valid vaccination, 18 patients were included 
in the valid vaccination group, while the other five pa-
tients were included in the invalid group due to the time 
elapsed since the last vaccination (Fig. 1). 

Clinical parameters and event rates were compared 
within the non-vaccination (n = 110) and valid vaccina-
tion (n = 18) groups. The invalid vaccination group (n = 5) 
was excluded from analysis due to insufficient numbers. 
All patients were male with a mean age of 21.6 years (in-
terquartile range, 20 to 22 years). No significant differ-
ences in age, baseline body weight, body mass index, and 
year at time of occurrence were observed. The patients’ 

military rank at admission was significantly lower in the 
non-vaccination group compared to the vaccination 
group (Table 1). 

The maximum weight gains from baseline were 8.0% 
and 8.2% in the non-vaccination and valid vaccination 
group (P = 0.613), respectively. Clinical events such as 
pulmonary edema or intensive care unit (ICU) admis-
sion, mechanical ventilator use, renal replacement thera-
py, and inotropic agent administration did not differ sig-
nificantly between the two groups. The clinical outcome 
expressed as KDIGO-AKI stage did not differ statistically 
between the two groups (P = 0.285). The proportion of 
patients with stage 3 AKI was 54.5% in the non-vaccina-
tion group and 33.3% in the vaccination group (P = 0.128). 
The duration of ICU stay among patients who received 
intensive care was 5.6 days in the non-vaccination group 
and 5.2 days in the valid vaccination group (P = 0.626). 
The mean length of hospitalization was 16.7 days in the 
non-vaccination group and 14.8 days in the vaccination 
group (P = 0.189) (Table 2). 

The VEp of the iHV was 58.1% as defined by stage 3 AKI 
(95% CI, -31.3% to 88.0%) and 57.3% as defined by di-

Screening: Total registered patients admitted for hantavirus infection, 2009 2017
n = 192

Excluded from analysis, n = 59

No record of vaccination history, n = 12
Insufficient medical record, n = 12
Probable misdiagnosis due to serological
false positivity caused by vaccination, n = 24

No evidence of HFRS without prior
vaccination history, n = 11

Valid individuals
n = 133

No history of vaccination
n = 110

Completed vaccination protocol, three times, n = 2
Vaccinated twice, n = 5
Vaccinated once, n = 11

Invalid vaccination
n = 5

Vaccinated twice, n = 3
Vaccinated once, n = 2

Any history of Hantavax vaccination
n = 23

R

Considered as valid vaccination at time of infection
n = 18

Figure 1. Flow diagram of patient disposition. Hantavax®; Korea Green Cross, Seoul, Korea.
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alysis (95% CI, -102.1% to 95.5%). Neither VEp definition 
value showed statistical significance (Table 3). 

While the peak serum aminotransferase level was sig-
nificantly higher in the non-vaccination group (95% CI, 
13.0 to 118.7), the platelet and white blood cell counts, 

serum uric acid and creatinine levels, and urine protein/
creatinine ratio did not differ significantly between the 
groups (Table 4). 

Table 2. Clinical outcomes of hemorrhagic fever with renal syndrome patients during hospitalization 
Clinical  

outcomes
Non-vaccination 
group (n = 110)

Valid vaccination 
group (n = 18)

P value
Invalid vaccination 

group (n = 5)
Nadir daily urine output (mL) 1,386 (750-1,925) 1,603 (600-2,400) 0.495
Maximum gained weight from baseline (%) 8.0 (4.5-11.2) 8.6 (5.8-11.2) 0.613
KDIGO-AKI stage 0.285
   Stage 0 7 (6.4) 1 (5.6) 1 (20.0)
   Stage 1 17 (15.5) 5 (27.8) 0
   Stage 2 26 (23.6) 6 (33.3) 0
   Stage 3 60 (54.5) 6 (33.3) 4 (80.0)
Clinical events
   Pulmonary edema 39 (35.5) 8 (44.4) 0.599 0
   Mechanical ventilator therapy 3 (2.7) 0 1 0
   Hypotension 16 (14.5) 4 (22.2) 0.482 0
   Inotropic agents application 12 (10.9) 2 (11.1) 1 0
   Renal replacement therapy 25 (22.7) 2 (11.1) 0.359 0
   Mortality 2 (1.8) 0 1 0
ICU admission events 72 (65.5) 11 (61.1) 0.792 4 (80.0)
Duration of ICU care (d) 5.6 (4.0-6.5) 5.2 (4.0-7.0) 0.626 9.8 (6.8-14)
Duration of total hospitalized care (d) 16.7 (12.0-21.0) 14.8 (10.3-17.8) 0.189 23.2 (19.0-32.0)

Data are presented as mean (interquartile range) or number (%). 
AKI, acute kidney injury; ICU, intensive care unit; KDIGO, Kidney Disease: Improving Global Outcomes. 

Table 3. Effectiveness of the inactivated Hantaan virus vaccine on the disease progression
No vaccination group (n = 110) Vaccination group (n = 18) VEp

HFRS with KDIGO-AKI stage 3 60 (54.5) 6 (33.3) 58.1% (-31.3% to 88.0%)
HFRS with renal replacement therapy 25 (22.7) 2 (11.1) 57.3% (-102.1% to 95.5%)

Data are presented as number (%) or odds ratio (95% confidence interval). 
AKI, acute kidney injury; HFRS, hemorrhagic fever with renal syndrome; KDIGO, Kidney Disease: Improving Global Outcomes; VEp, vaccination effectiveness on 
progression.

Table 4. Laboratory parameters in hemorrhagic fever with renal syndrome patients
Parameter No vaccination group (n = 110) Vaccination group (n = 18) P value

Peak serum creatinine (mg/dL) 3.85 (1.89-4.98) 3.19 (1.71-4.50) 0.283
Nadir platelets counts (/μL) 38,455 (20,250-51,750) 45,000 (28,000-56,000) 0.333
Peak WBC counts (/μL) 19,326 (11,942-25,098) 17,879 (13,440-21,220) 0.498
Peak serum aminotransferase level (IU/L) 199 (94-222) 133 (63-184) 0.015
Peak serum uric acid level (mg/dL) 10.3 (7.6-12.4) 11.5 (8.5-12.6) 0.544
Peak urine protein/creatinine ratio (g/g) 4.37 (2.02-5.87) 5.30 (3.45-6.91) 0.279

Data are presented as mean (interquartile range).
WBC, white blood cell. 
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Discussion

The effectiveness of the iHV on disease progression 
in HFRS patients was investigated. The VEp values were 
58.1% for stage 3 AKI and 57.3% for patients with AKI who 
received renal replacement therapy. The overall preva-
lence of severe cases was 52.6% (70 of 133 HFRS patients)  
when defined as stage 3 AKI and 20.3% when defined as 
receiving renal replacement therapy when defined as 
stage 3 AKI (27 of 133 patients). Only two cases of mortal-
ity occurred during the study period, and neither patient 
was vaccinated. Therefore, the iHV may have moderated 
HFRS disease severity in the military population. 

Another studies have reported the efficacy of the iHV on 
the severity of HFRS [12]. Two studies included a control 
group within an ROK Army battalion in an HFRS endem-
ic area [13,14]. The vaccine effectiveness against disease 
onset was calculated by comparison of HFRS and non-
HFRS patients in the same hospital and showed a statisti-
cally significant effectiveness of the iHV to reduce disease 
prevalence by approximately 60% [14]. In contrast, our 
study assessed the vaccine effectiveness based on HFRS 
disease progression, assessing HFRS severity among iHV 
vaccination and non-vaccination groups. 

This study is also characterized by vaccination status of 
study subjects. Only two of 23 vaccinated patients com-
pleted the three dose protocol of the iHV. Several stud-
ies evaluating iHV immunogenicity have consistently 
reported high positive seroconversion rate confirmed 
by immunofluorescent antibody assay after vaccination. 
The reported seroconversion rate at one month after 
the first dose ranged from 50% to 80%, which increases 
to 80-100% after the second dose. The seroconversion 
rate then dropped at 12 months in approximately 30% to 
40% of subjects. An iHV booster dose at 13 months suc-
cessfully raises the seroconversion rate by 90% to 100% 
[7,8,11]. In this study, 13 of 23 patients had received only 
one iHV dose at the time of disease occurrence. Another 
HFRS study in the ROK Army showed vaccination status 
in HFRS patients as 37% for one dose, 35% for two doses, 
and 28% for three doses [13]. While the complexity of 
vaccination status among patients was suited for practi-
cal application, further study of dose-related efficacy of 
iHV is required. 

This study has several limitations. Due to its retrospec-
tive and observational study design, mild cases were in-

cluded in the preliminary data of the vaccination group. 
However, preliminary registration and medical history 
record review identified that more than half of the vac-
cinated patients were misdiagnosed with HFRS due to 
false-positive rapid immunochromatography assay. We 
confirmed the status of the valid-vaccinated HFRS cases 
by excluding all uncertain cases by clinical misdiagnosis 
and false-positive serological test findings. In compari-
son, fewer HFRS unvaccinated patients were excluded; 
less than one-tenth of the unvaccinated subjects did not 
meet the clinical criteria of HFRS. The selective bias in 
these groups may have affected the true vaccination ef-
fect on disease progression. If the less severe cases were 
more often excluded in the vaccination group compared 
to the non-vaccination group, the VEp may have been 
underestimated. Second, the value of vaccination effec-
tiveness on disease progression failed to show statistical 
significance. This result was partially attributed to insuf-
ficient numbers of validly vaccinated subjects. Further-
more, the unequal numbers of subjects between the two 
groups resulted in nonparametric analysis, lowering 
the statistical test values. Lastly, differences in the study 
population characteristics prevented generalization of 
the results to the entire population. All of the patients in 
this study were men, the vast majority of which were in 
their twenties. Since sex differences in the incidence and 
mortality of HFRS have been reported, further research 
is needed to determine the effectiveness of the iHV pro-
gram in the general population [15,16]. 

In conclusion, this study described the clinical pre-
sentations and disease courses of patients with HFRS in 
South Korean military areas and compared two groups 
according to vaccination status. Vaccination appeared 
to reduce HFRS progression. The prevalence of severe 
renal disease, defined as stage 3 AKI or receiving renal 
replacement therapy, among iHV vaccinated patients 
was approximately half that of unvaccinated patients. 
This result implies a positive preventive effect of the iHV 
against severe HFRS outcomes. The effectiveness of the 
iHV was suspected to affect not only HFRS incidence, but 
also HFRS progression. However, because the test value 
of the analysis in this study did not reach statistical sig-
nificance, further studies with larger numbers of subjects 
are required.
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