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Excessive immune response is believed to play a role in the development of severe acute respiratory
syndrome (SARS). Inhomogeneous spread of SARS led one to think of an Asian genetic predisposition and
contribution of human leukocyte antigen (HLA) to the disease susceptibility. However, past case-control
studies showed inconsistent results. In Viet Nam, of 62 patients with SARS, 44 participated in the present
study together with 103 individuals who had contact with SARS patients and 50 without contact history.
HLA-DRB1*12 was more frequently shown in SARS patients than in controls (corrected p = 0.042). HLA-
DRB1*1202, the predominant allele in the Vietnamese population showed the strongest association with
SARS in a dominant model (corrected p = 0.0065 and 0.0052, depending on the controls to be compared). Our
results and accumulated data on HLA in the Asian populations would help in the understanding of associa-
tions with emerging infectious diseases.

© 2009 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.

1. Introduction

Severe acute respiratory syndrome (SARS) originated in south-
ern China in November 2002, reaching Hong Kong in February 2003
and thereafter spreading rapidly to other countries in Asia, Europe,
and North America; it ended by July 2003 [1]. In total, 8098 indi-
viduals had SARS worldwide, with the majority of the patients
confined to regions around southeastern or eastern Asia (Mainland
Chinese, Hong Kong residents, Vietnamese, Singaporeans, and Tai-
wanese), which raised the question as to the possibility of an
Asian-specific genetic predisposition to SARS [2-5].

This emerging disease was caused by a novel coronavirus (SARS-
CoV) and was characterized by extensive inflammatory damage of
alveolar epithelium in the lung, resulting in death in 10% of the
patients. Because the lung lesions develop approximately 1 week
after the peak of viral replication in the lung, hyperimmune re-
sponse has been believed to play a role in the progress of the
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disease, although details of the immunologic mechanism and effec-
tive therapeutic measures for acute lung injury caused by emerging
viruses such as SARS-CoV and H5N1 remain unknown [6-8].

Human leukocyte antigen (HLA) variations are often associated
with susceptibility or resistance to a wide range of infections, includ-
ing malaria, tuberculosis, leprosy, HIV and virus-induced hepatitis
[9,10]. In this context, HLA was the first human gene to be investigated
immediately after the SARS outbreak. However, such reports from
Taiwan [2,4], a study in Hong Kong [3], and a study in mainland China
[5] showed disease association of different alleles and no consensus
has been reached yet for interpretation of the overall data.

In the present study, we presented genotyping data of HLA class
I and class Il genes in Vietnamese SARS patients and controls, after
which we gained insight into the overall association studies relat-
ing to HLA allele and haplotype distribution in Asian populations.

2. Subjects and methods
2.1. Subjects

This study was reviewed and approved by ethics committees in
the Ministry of Health in Viet Nam as well as the International
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Medical Center in Japan. Written informed consent had been ob-
tained from all subjects, and detailed demographics of the subjects
had been described beforehand [11]. In brief terms, the study
population comprised 44 SARS patients, 103 staff members of
the same hospital as control subjects who had come into contact
with SARS patients but had not developed SARS, and 50 healthy
individuals having had no contact history with SARS patients. All
participants were unrelated Vietnamese. No samples from de-
ceased patients were available for this study.

2.2. HIA typing

Genomic DNA was extracted from the whole blood by using the
QIAampTM DNA Blood Midi Kit (Qiagen Sciences, Germantown,
MD). Plasma samples six months on average after the outbreak
were tested for anti-SARS-CoV antibodies by SARS ELISA (Genelabs
Diagnostics Pty Ltd, Singapore) from all participants [12]. DNA-
based HLA typing was performed by Luminex Multi-Analyte Profil-
ing system (XMAP) with WAKFlow HLA typing kit (Wakunaga,
Hiroshima, Japan) as described elsewhere [13]. Briefly, highly poly-
morphic exons 2 and 3 of HLA-A, -B, and -C genes and exon 2 of
HLA-DRB1 and -DQB1 genes were amplified using primer pairs
attached to the kit. Each PCR product was hybridized with
sequence-specific oligonucleotide probes, complementary to the
allele-specific sequences. Reproducibility was checked between
two independent measurements of randomly chosen samples and
the level of agreement was more than 99% (183/184 alleles). Sam-
ples showing ambiguous patterns were subjected to sequence-
based typing by using AlleleSEQR HLA typing kit (Abbott JAPAN,
Tokyo, Japan) and analyzed on an ABI3100 Genetic Analyzer (Ap-
plied Biosystems, Foster City, CA).

2.3. Statistical analysis

Disease association was assessed by the x? test. When any ex-
pected number in the 2 X 2 contingency table was less than 5, the
p value was directly calculated by Fisher’s exact test. Values of
p <0.05 are shown. Corrected p values (p.), p values multiplied by
the number of comparisons in each locus, are also shown. Values of
p. < 0.05 were considered to be statistically significant.

3. Results

Of 62 patient cases corresponding to the World Health Organi-
zation case definition of probable SARS, five patients died and
another three were not Vietnamese. As a result, 44 of the remaining
54 SARS patients after recovery (Cases), 103 individuals who had
contact with SARS patients (Contacts) and 50 without contact (No
contacts) were included within this study. DNA samples from two
of 103 Contacts showed inconclusive genotyping results and were
excluded from the present analysis.

We primarily compared the Cases with Contacts, No contacts, or
both. Subsequently all Cases and 16 of the 101 Contacts were
revealed to have anti-SARS-CoV antibodies in their blood and we
secondarily analyzed them together with SARS patients as the
Infected group (n = 44 + 16) and compared with the Uninfected
group (n = 101 — 16). Allele frequencies of HLA class I and class II
genes in each group were first represented by low resolution (two-
digit) typing and are listed in Tables 1 and 2, respectively. When the
number of comparisons was considered at each locus, HLA class |
genes did not show any significant association (p. > 0.10). On the
other hand, among HLA class Il genes, HLA-DRB1*12 showed
positive association (p = 0.0032, p, = 0.042), and HLA-DRB1*13
showed marginally negative association (p = 0.0069, pc = 0.090)
when the SARS group was compared with the Contacts. A similar
tendency was observed when the SARS group was compared
with the No-contacts as well. However, the same alleles did not
show any strong association when the Infected group was com-
pared with Uninfected.

HLA-DRB1%1202 allele was the only allele of HLA-DRB1*12 iden-
tified in this population by higher resolution (four-digit) typing
(Table 3). When the Contacts and No-contacts were collected to-
gether as a single control group, HLA-DRB1*1202 showed further
significant association (p = 0.0011, p. = 0.014, data not shown). In
our previous population-based study on Vietnamese HLA alleles,
the frequency of HLA-DRB1*1202 allele in 170 healthy Hanoi citi-
zens was 0.353 [13]. The frequency of HLA-DRB1*1202 in our SARS
patients (0.466) remained higher than that of the general popula-
tion in Hanoi. Under the dominant model, HLA-DRB1*1202 was the
most strongly associated with SARS as shown in Table 4 (p. =
0.0065 and 0.0052 depending on the controls to be compared).

HLA-DRB1*13 was composed of DRB1*1301, *1302 and *1303
but no single alleles were further associated with the disease (Table
3). HLA association between the Infected and Uninfected groups
did not exceed any association of HLA alleles observed between the
Cases and Contacts (Tables 1 and 2). Possible association of HLA
polymorphism with severity of SARS was not investigated in this
study because of the small numbers in each subgroup. No signifi-
cant deviation from Hardy-Weinberg equilibrium was observed in
the control populations (p > 0.10).

4. Discussion

No particular alleles of class I genes were associated with SARS
in the Vietnamese population, whereas HLA-DRB1*1202 showed a
significant association with SARS development. In Viet Nam, the
majority of the patients were health care staff in one hospital, and
our study was the only HLA report from this country.

As far as we know, at the present time HLA reports regarding
association with SARS [2-5] have been published in Taiwan, Hong
Kong, and southern China. Interestingly, all reports showed incon-
sistent results, although HLA patterns in the general population of
their countries were quite similar, presumably attributable to
rather homogenous ancestral gene pool around southern China. It
is known that ethnicity of the Vietnamese is also influenced by the
population resident in southern China in the Bronze Age [13]. Thus,
comparative consideration of the previous four association studies
in these Asian populations is worthwhile.

First of all, our data can be interpreted naturally and consis-
tently with a recent large study from Southern China [5], which
showed an increase in frequency of several HLA-A and -B antigens
and DRB1*12 allele, although the alleles did not reach significant
levels when multiple comparisons were made. In case of HLA-
DRB1*12, allele frequency was 32.6% in 95 SARS and 22.8% in 403
controls with a value of p < 0.046 in their study [5]. We were able to
confirm this disease association of HLA-DRB1*12 clearly in the
present study.

In the Vietnamese population, the frequency of HLA-DRB1*1202
mainly consisting of DRB1*12 is notably higher than in the South-
ern Chinese population [13] and therefore the HLA association with
SARS might have been more obvious even in the smaller sample
study like ours. In particular, our advantage is that the majority of
cases and controls were exposed to SARS-CoV during a rather short
period inside one hospital through a single spread from Hong Kong
[14]. Such homogeneity of environmental and pathogenic factors
might have provided a favorable situation to identify host genetic
factors without detailed consideration of unknown confounders.

Another recent Taiwanese genome-epidemiologic study dem-
onstrated potential association of HLA-Cw*0801 with SARS infec-
tion between seropositive and seronegative cases [4]. In fact, even
in our study, HLA-Cw*0801 was more frequently observed in the
Infected group (24.2%) than in the Uninfected group (17.1%), al-
though not reaching a significant level, probably because of insuf-
ficient statistical power. More interestingly, a five-locus haplotype
including both DRB1*1202 and Cw*0801 alleles, A*1101-Cw*0801-
B*1502-DRB1*1202-DQB1*0301, is the most frequent haplotype in
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Table 1
Frequencies of HLA class I alleles in SARS cases and controls (two-digit typing)

Cases Contacts p Value No contacts p Value Cases+CtAb(+) CtAb(—) p Value

2n = 88 2n = 202 2n = 100 2n =120 2n =170
A*01 3 3.4% 4 2.0% 3 3.0% A*01 3 2.5% 4 2.4%
A*02 19 21.6% 46 22.8% 25 25.0% A*02 31 25.8% 34 20.0%
A*03 0 0.0% 2 1.0% 1 1.0% A*03 0 0.0% 2 1.2%
A*11 31 35.2% 57 28.2% 33 33.0% A*11 37 30.8% 51 30.0%
A*24 14 15.9% 32 15.8% 13 13.0% A*24 19 15.8% 27 15.9%
A*26 0 0.0% 4 2.0% 2 3.0% A*26 0 0.0% 4 2.4%
A*29 5 5.7% 19 9.4% 8 8.0% A*29 10 8.3% 14 8.2%
A*30 0 0.0% 1 0.5% 0 0.0% A*30 0 0.0% 1 0.6%
A*31 2 2.3% 1 0.5% 2 2.0% A*31 2 1.7% 1 0.6%
A*32 0 0.0% 1 0.5% 0 0.0% A*32 0 0.0% 1 0.6%
A*33 12 13.6% 33 16.3% 10 10.0% A*33 16 13.3% 29 17.1%
A*34 1 1.1% 1 0.5% 1 1.0% A*34 1 0.8% 1 0.6%
A*68 1 1.1% 0 0.0% 0 0.0% A*68 1 0.8% 0 0.0%
A*74 0 0.0% 1 0.5% 1 1.0% A*74 0 0.0% 1 0.6%
B*07 7 8.0% 22 10.9% 9 9.0% B*07 11 9.2% 18 10.6%
B*13 3 3.4% 6 3.0% 9 9.0% B*13 4 3.3% 5 2.9%
B*15 27 30.7% 53 26.2% 25 25.0% B*15 38 31.7% 42 24.7%
B*18 2 2.3% 6 3.0% 1 1.0% B*18 2 1.7% 6 3.5%
B*27 0 0.0% 5 2.5% 2 2.0% B*27 0 0.0% 5 2.9%
B*35 5 5.7% 10 5.0% 2 2.0% B*35 7 5.8% 8 4.7%
B*37 0 0.0% 2 1.0% 1 1.0% B*37 0 0.0% 2 1.2%
B*38 6 6.8% 15 7.4% 7 7.0% B*38 8 6.7% 13 7.6%
B*39 2 2.3% 4 2.0% 1 1.0% B*39 2 1.7% 4 2.4%
B*40 3 3.4% 11 5.4% 6 6.0% B*40 5 4.2% © 5.3%
B*41 1 1.1% 0 0.0% 0 0.0% B*41 1 0.8% 0 0.0%
B*44 4 4.5% 9 4.5% 3 3.0% B*44 4 3.3% 9 5.3%
B*46 7 8.0% 20 9.9% 11 11.0% B*46 11 9.2% 16 9.4%
B*48 5 5.7% 2 1.0% 0.0286 0 0.0% 0.0211 B*48 6 5.0% 1 0.6% 0.0214
B*49 0 0.0% 1 0.5% 0 0.0% B*49 0 0.0% 1 0.6%
B*51 1 1.1% 4 2.0% 8 8.0% 0.0380 B*51 1 0.8% 4 2.4%
B*52 0 0.0% 0 0.0% 3 3.0% B*52 0 0.0% 0 0.0%
B*54 4 4.5% 5 2.5% 3 3.0% B*54 5 4.2% 4 2.4%
B*55 0 0.0% 2 1.0% 1 1.0% B*55 0 0.0% 2 1.2%
B*56 2 2.3% 3 1.5% 0 0.0% B*56 3 2.5% 2 1.2%
B*57 3 3.4% 5 2.5% 2 2.0% B*57 3 2.5% 5 2.9%
B*58 6 6.8% 17 8.4% 6 6.0% B*58 9 7.5% 14 8.2%
Cw*01 12 13.6% 28 13.9% 13 13.0% Cw*01 18 15.0% 22 12.9%
Cw*03 13 14.8% 37 18.3% 21 21.0% Cw*03 19 15.8% 31 18.2%
Cw*04 10 11.4% 18 8.9% 7 7.0% Cw*04 14 11.7% 14 8.2%
Cw*05 0 0.0% 0 0.0% 1 1.0% Cw*05 0 0.0% 0 0.0%
Cw*06 3 3.4% 8 4.0% 3 3.0% Cw*06 3 2.5% 8 4.7%
Cw*07 19 21.6% 46 22.8% 17 17.0% Cw*07 22 18.3% 43 25.3%
Cw*08 22 25.0% 36 17.8% 18 18.0% Cw*08 29 24.2% 29 17.1%
Cw*12 1 1.1% 4 2.0% 3 3.0% Cw*12 2 1.7% 3 1.8%
Cw*14 0 0.0% 2 1.0% 4 4.0% Cw*14 0 0.0% 2 1.2%
Cw*15 7 8.0% 22 10.9% 13 13.0% Cw*15 12 10.0% 17 10.0%
Cw*16 0 0.0% 1 0.5% 0 0.0% Cw*16 0 0.0% 1 0.6%
Cw*17 1 1.1% 0 0.0% 0 0.0% Cw*17 1 0.8% 0 0.0%

Cases = 44 SARS patients.
Contacts = 101 individuals with contact with SARS patients.
No contacts = 50 individuals without contact.

Cases+CtAb(+) = 44 SARS patients together with 16 contacts with anti-SARS-CoV antibodies.

CtAb(—) = 85 contacts without anti~-SARS-CoV antibodies.
Uncorrected p values <0.05 are shown in boldface type.

the Vietnamese population [13]. This implies the above haplotype
might widely confer disease susceptibility among Asians, because
alleles carried by this haplotype are rather common in Asians in-
cluding the Southern Chinese.

On the other hand, the protective effect of HLA-DRB1*13 against
SARS found in our study might be rather weak and, for the time
being, difficult to be supported by other studies, although this
association itself is interesting because HLA-DRB1*13 has been
reported to play a protective role in HBV infection [15,16] and
malaria [17]. The possibly resistant allele, HLA-DRB1*13 is also one
of the characteristic alleles in the Korean and Japanese population
that did not experience SARS [18].

Selective forces to particular HLA-DRB1 alleles (e.g., conferring
resistance to bacterial pathogens) other than a balancing selection
have been discussed in Pacific/Asian populations including Viet-

namese [13,19]. Resultant limited variation of their HLA repertoires
may be disadvantageous to protection against emerging infections.
On the other hand, it is also conceivable that such a common Asian
allele or haplotype may evoke an unfavorable immune reaction to
new pathogens in the disease progression. Strong association of
HLA-DRB1*1202 in a dominant model might support the latter
possibility. Although HLA alleles probably account for only a part of
disease susceptibility, this hypothesis should be carefully tested in
the recent critical circumstances of the prevailing human infection
caused by avian influenza H5N1 in almost the same area of south-
east Asia [20].

Both CD4+ and CD8+ T cell responses to the epitopes from
SARS-CoV have been observed in the peripheral blood of patients
[21]. HLA class II-restricted T cell responses have been investigated
in SARS-CoV as well as other viruses and may be important in
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Table 2
Frequencies of HLA class II alleles in SARS and controls (two-digit typing)
Cases Contacts p Value No contacts p Value Cases+CtAb(+) CtAb(—) p Value
2n = 88 2n = 202 2n = 100 2n = 120 2n =170
DRB1*01 0 0.0% 1 0.5% 0 0.0% DRB1*01 0 0.0% 1 0.6%
DRB1*03 6 6.8% 14 6.9% 2 2.0% DRB1*03 8 6.7% 12 7.1%
DRB1*04 2 2.3% 18 8.9% 0.0403 12 12.0% 0.0112 DRB1*04 3 2.5% 17 10.0% 0.0130
DRB1*07 5 5.7% 15 7.4% 5 5.0% DRB1*07 5 4.2% 15 8.8%
DRB1*08 1 1.1% 6 3.0% 9 9.0% 0.0207 DRB1*08 4 3.3% 3 1.8%
DRB1*09 6 6.8% 26 12.9% 10 10.0% DRB1*09 12 10.0% 20 11.8%
DRB1*10 5 5.7% 15 7.4% 8 8.0% DRB1*10 7 5.8% 13 7.6%
DRB1*11 2 2.3% 5 2.5% 1 1.0% DRB1*11 2 1.7% 5 2.9%
DRB1*12 1 46.6% 58 28.7% 0.0032 27 27.0% 0.0053 DRB1*12 50 41.7% 49 28.8% 0.0231
DRB1*13 0 0.0% 15 7.4% 0.0069 6 6.0% 0.0306 DRB1*13 4 3.3% 11 6.5%
DRB1*14 9 10.2% 8 4.0% 7 7.0% DRB1*14 11 9.2% 6 3.5%
DRB1*15 11 12.5% 20 9.9% 9 9.0% DRB1*15 14 11.7% 17 10.0%
DRB1*16 0 0.0% 1 0.5% 4 4.0% DRB1*16 0 0.0% 1 0.6%
DQB1*02 11 12.5% 23 11.4% 5 5.0% DQB1*02 13 11.0% 21 12.4%
DQB1*03 49 55.7% 109 54.0% 51 51.0 %DQB1*03 66 55.9% 92 54.1%
DQB1*04 1 1.1% 8 4.0% 4 4.0% DQB1*04 2 1.7% 7 4.1%
DQB1*05 23 26.1% 39 19.3% 26 26.0% DQB1*05 29 24.6% 33 19.4%
DQB1*06 4 4.5% 23 11.4% 14 14.0% 0.0279 DQB1*06 10 8.5% 17 10.0%

Cases = 44 SARS patients.
Contacts = 101 individuals with contact with SARS patients.
No contacts = 50 individuals without contact.

Cases+CtAb(+) = 44 SARS patients together with 16 contacts with anti-SARS-CoV antibodies.

CtAb(—) = 85 contacts without anti~-SARS-CoV antibodies.
Uncorrected p values <0.05 are shown in boldface type.

immunologic control against SARS [22, 23]. Our finding that asso-
ciation of the above HLA class Il alleles was stronger between Cases
and Contacts than between Infected and Uninfected might also
support its role in progress of the disease after infection, rather than
in transmission of the virus to the host. Future investigation of the
host-pathogen interaction is awaited.

Our report and the above-mentioned articles [4,5] did not sup-
port the findings of the remaining previous reports [2,3]. The first
one showed an association of HLA-B*46 and B*54 with develop-
ment or severity of SARS in Taiwan [2]. The investigators analyzed
33 probable SARS patients, but this association was not significant
when multiple testing was taken into consideration in their study.
Further subgroup analysis of six severe or deceased cases should be
carefully interpreted in general. Also, results from our study and
three other studies could not reproduce the report from Hong Kong
[3]. HLA-B*0703 showing positive association but not commonly
observed in Asian populations including Hong Kong Chinese. In-
stead, B*0702 or B*0705 are known to be major alleles of the
HLA-B7 serotype in Asia [24]. HLA-DRB1*0301 allele negatively
associated with SARS in their study, is not so frequently seen in the

Asian populations either [25], but observed more commonly in
European or African descent. Even a small percentage of mixed
ethnicity in the control population should be carefully assessed,
because the analysis depends partly on a relatively unbalanced
number of cases (n = 87) and controls (n = 18,774).

A major weakness of our own study is the limited number of
cases similar to those in other studies. Although our conclusion
here derives from the most rational deduction based on accumu-
lated results of each small study, different associations in other
studies could also be interpreted in other ways, for instance, by the
interaction with other environmental or pathogenic factors such as
possible difference of mutation in SARS-CoV. Alternatively, it is also
possible that the HLA-genes are merely markers of the disease
susceptibility and that other immune-related genes in the HLA
regions may be more deeply involved in the risk of disease. Genetic
contribution of non-HLA immune molecules has also been studied
extensively even now [6-8]. We should collect all information and
prepare for the threat of a future outbreak of emerging diseases
such as H5N1 infection that causes lethal acute lung injury presum-
ably through a similar immune mechanism.

Table 3
Frequencies of HLA class I or II alleles showing significant association in previous reports and the present study on SARS
Two-digit Four-digit Cases Contacts p Value No contacts p Value Cases+CtAb(+) CtAb(—) p Value
cllite alltte 2n = 88 2n = 202 2n = 100 2n = 120 2n =170
B*07 B*0702 1 1.1% 3 1.5% 0 0.0% B*0702 1 0.8% 3 1.8%
B*0705 6 6.8% 19 9.4% 9 9.0% B*0705 10 8.3% 15 8.8%
B*46 B*4601 7 8.0% 20 9.9% 11 11.0% B*4601 11 9.2% 16 9.4%
B*54 B*5401 4 4.5% 5 2.5% 3 3.0% B*5401 5 4.2% 4 2.4%
Cw*08 Cw*0801 22 25.0% 36 17.8% 18 18.0% Cw*0801 29 24.2% 29 17.1%
DRB1*03 DRB1*0301 6 6.8% 14 6.9% 2 2.0% DRB1*0301 8 6.7% 12 7.1%
DRB1*12 DRB1*1202 a1 46.6% 58 28.7% 0.0032 27 27.0% 0.0053 DRB1*1202 50 41.7% 49 28.8% 0.0231
DRB1*13 DRB1*1301 0 0.0% 2 1.0% 1 1.0% DRB1*1301 0 0.0% 2 1.2%
DRB1*1302 0 0.0% 5 2.5% 4 4.0% DRB1*1302 1 0.8% 4 2.4%
DRB1*1303 0 0.0% 8 4.0% 1 1.0% DRB1*1303 3 2.5% 5 2.9%

Cases = 44 SARS patients.
Contacts = 101 individuals with contact with SARS patients.
No contacts = 50 individuals without contact.

Cases+CtAb(+) = 44 SARS patients together with 16 contacts with anti-SARS-CoV antibodies.

CtAb(—) = 85 contacts without anti-SARS-CoV antibodies.
Uncorrected p values <0.05 are shown in boldface type.
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Table 4
Genotype pattern of HLA-DRB1*1202 and association with SARS
Model Cases Contacts p Value De No contacts p Value De
n=44 n =101 n =50
DRB1%1202
Recessive
HRE 6 13.6% 9 8.9% 5 10.0%
+/—or —[— 38 86.4% 92 91.1% 45 90.0%
Dominant
+[+ or +/— 35 79.5% 49 48.5% 0.0005 0.0065 22 44.0% 0.0004 0.0052
-[- 9 20.5% 52 51.5% 28 56.0%

Cases = 44 SARS patients.

Contacts = 101 individuals with contact with SARS patients.
No contacts = 50 individuals without contact.

Uncorrected p values <0.05 are shown in boldface type.

In conclusion, our study demonstrated that an HLA class Il allele,
HLA-DRB1%1202 is a new candidate allele involved in the progress
of SARS, which enabled us to evaluate previous HLA studies on the
basis of alleles and haplotypes common to the Asian populations.
Accumulation of these studies would also help when planning a
future effective vaccination strategy.
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