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1. Many infectious diseases occur in the Asian region, and there is a danger of invading our
country. Therefore, it is a study to grasp the actual condition of important infectious diseases in
Asia and prepare for invasion to our country. Infection research has established a collaborative
research system with Asian national infectious disease research institute. Researchers at the
infected laboratory visited the site, invented collaborative research projects in accordance with
actual circumstances, invited national researchers to infectious research laboratories, conducted
inspection diagnosis training, collaborative research seminar and infectious disease control
seminar.

2. We developed a supportive method based on amplification of a specific genes for identification
of Vibrionaceae and related bacteria. Actually we evaluated it using clinical and environmental
isolates in China. In addition, on the alpha type of type III secretion system considered to be
involved in pathogenicity, we could obtain reasonable data from the analysis of those isolates.
3. Animal species mainly involved in SFTS virus infection cycles between ticks have been found
to be different in China and Japan, while Bhanja virus were supposed to be free in Japan. Lethal
mouse Bhanja virus infection model has been established.

4. We performed the air- liquid interphase culture of human airway epitherial cells to improve
the efficiency of respiratory virus isolation from specimens. We succeeded in isolation of human
coronavirus HKU1 which is known to grow only in this cell. Further the role of cell entry of
coronavirus 229E was found by using this cell, that the clinical isolates of this virus tends to
through the cell surface pathway rather than the endosomal pathway. The findings in this study
were shared with researchers in the respiratory virus division and emerging infectious disease
department of China CDC.

5. During the period of our research, targeting at the responsible staffs in China CDC, technique
training on isolation and bacterial analysis of Streptococcus pneumoniae and Legionella spp.
were performed. In the last year of the study duration, technology transfer was completed.
Analysis results of bacteria and epidemiology information on the pneumococcal and Legionella
infections have been able to be shared between our two sides.

6. We established standard protocol for purification of genomic DNA from Vibrio cholerae. The
genomic DNA was prepared according to the protocol at National Institute of Cholera snd
Enteric Diseases, India. Genomic DNA libraries were applied for paired-end whole genome
sequencing.

7. Two promising antiamoebic compounds were isolated as a collaborative project with National



Institute of Cholera and Enteric Diseases in India. One is a plant-derived compound ursolic acid,
and the other is miltefosine which is approved for the treatment of leishmaniasis in India.

8. We have developed live-attenuated universal vaccine for shigellosis, which is effective for
heterogeneous serotypes of Shigella strains. To examine universal effect against various
serotypes, we required simple animal model with mouse. Peritoneal infection model was selected
form evaluation of several models. Since the vaccine candidate frequently lost a virulence
plasmid which is essential for antigen production, modified strain was developed by insertion of
a selectable marker on the virulence plasmid.

9. The full genome sequence determination methods were developed for dengue virus by
application of the next generation sequencing (NGS) directly from the serum samples collected
from patients with dengue virus infections. The NGS methods included a process of RT-PCR for
the purified RNA form the serum samples with designed primer sets for each of 4 serotypes.
This method enabled us to determine the full genome sequence in the serum samples even
thought the viremia level was very low.

The transfer process of the IgG purified from animal sera obtained from Taiwanese animals has
been initiated. The transfer of infectious SFTSV Japanese isolate is under administrative
process.

10. We developed a genotyping method to identify pyrethroid insensitivity-responsible
mutations ocurring in two amino acid sites of voltage-gated sodium channel in Aedes albopictus,
based on a PCR-mediated melting curve analysis using fluorescent DNA probes, and confirmed
its availability, targeting mosquitoes from denque-endemic parts in Taiwan.

11. To improve the reference genome information of Entamoeba histolytica, we performed a
genome-wide data analysis of laboratory strains. We also conducted the analysis
of EHI_176590, which was originally identified as a deleted gene in the non-pathogenic clinical
isolate. Using a virulent amoeba cell line, we then generated both EHI_176590-expressing and
gene-silenced strains. These cells will be used for amoebic liver abscess animal model to evaluate
the role of this ORF in vivo.

12. We explored molecular mechanism and epidemiology of antimicrobial resistance of
Mycobacterium tuberculosis and gram negative bacteria in collaboration with Taiwan CDC and
National Institute of Hygiene and Epidemiology of Vietnam. We identified novel mutations
which confers isoniazid resistance to M. tuberculosis by analysis of genome and biochemical
analysis of recombinant protein. We revealed wide spread of carbapenem resistant
Acinetobacter among hospitals in Hanoi. A. baumannii carried NDM-1 type resistance gene,
which is prevalent among many developing countries in Asia. Klebsiella pneumoniae carrying
KPC type carbapenem resistance gene was also prevalent among hospitals in Hanoi. We
revealed colistin resistance of Escherichia coli is transmitted from live stock to human via
plasmid by genome analysis. These resistant bacteria can spread globally, reinforcing the
importance of continuous monitoring of antimicrobial resistance in Japan.reinforcing the
importance of continuous monitoring of antimicrobial resistance in Japan.

13. To investigate whether immunodeficiency could influence to the outcome of sero-diagnosis
for non-tuberculous mycobacterial infection, we measured serum titers of anti-MAC-GPL-core
IgA, HIV viral load, and number of CD4+ lymphocytes in peripheral blood from HIV-positive
patients in Taiwan. We found that serum titer of anti-MAC antibodies did not correlate with

biomarkers for immunodeficiency. These suggest that this serodiagnosis kit could be applicable
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to immuno-compromized patients

14. We performed molecular epidemiology of norovirus in Japan and Taiwan as a collaboration
work between Taiwan CDC and NIID. In Taiwan, we observed prevalence of GII.P17-GII.17
kawasaki2014 variant from 2013. In contrast, this variant was popular in Japan after
2014. The outbreak of GII.P17-GII.17 kawasaki2014 variant in Taiwan began after China.
According to time dependent manner phylogenetic analyses, the prevalence of GII.P17-GII.17
kawasaki2014 variant began in China, was thought to spread to Taiwan, Japan. Rotavirus
A (RVA) is the predominant etiological agent of acute gastroenteritis in young children
worldwide. Recently, unusual G9P[4] rotavirus strains emerged with high prevalence in many
countries. Such intergenogroup reassortant strains highlight the ongoing spread of unusual
rotavirus strains throughout Asia. This study was undertaken to determine the whole genome
of eleven unusual G9P[4] strains detected in India during 2011-2013, and to compare them with
other human and animal global RVAs to understand the exact origin of unusual G9P[4]
circulating in India and other countries worldwide. Of these 11 RVAs, four G9P[4] strains were
double-reassortants with the G9-VP7 and E6-NSP4 genes on a DS-1-like genetic backbone (G9-
P[4]-12-R2-C2-M2-A2-N2-T2-E6-H2) . The other strains showed a complex genetic constellation,
likely derived from triple reassortment event with the G9-VP7, N1-NSP2 and E6-NSP4 on a DS-
1-like genetic backbone (G9-P[4]-12-R2-C2-M2-A2-N1-T2-E6-H2). Presumably, these unusual
G9P[4] strains were generated after several reassortment events between the contemporary co-
circulating human rotavirus strains. The complex reassortment events within the G9[4] strains
may be related to the high prevalence of mixed infections in India as reported in this study and
other previous studies.

15. We aimed to determine the genotypes of circulating Bordetella pertussis, the causative agent
of pertussis, in Cambodia and Vietnam by direct molecular typing of clinical specimens.
Multilocus variable-number tandem repeat analysis (MLVA) revealed that MT27 and MT29
were the predominant strain types in Cambodia (total 73%), and MT27 and MT104 were in
Vietnam (total 75%). The B. pertussis populations were distinctly different from those in other
Asian countries using whole-cell pertussis vaccines

16. A new LAMP technique for detecting Vibrio cholerae O1 and 0139 was developed. The said
system was applied to environmental specimens in Vietnam. A few of them were positive for O1
or 0139 genes. Shigella spp. were collected in Vietham. DNA samples were transferred from
NIHE to NIID. Molecular typing based on MLVA was applied to find several clusters.

17. Forty-six % of the healthy people serum samples in Hanoi, Vietham were positive by
microscopic agglutination test and the predominant serogroup was Hurstbridge (57%). A real
time PCR method which can detect both pathogenic and intermediate Leptospira species was
developed and its sensitivity and specificity were 99% and 100%, respectively. Draft genome
sequences of eight L. borgpetersenii serogroup Javanica strains which were isolated from
different mammals were determined.

18. According to the infectious agent surveillance of hand, foot, and mouth disease (HFMD) in
northern Vietnam, coxsackievirus A16 and A10 were mainly associated with mild HFMD cases
in 2016. Although the predominant enterovirus A71 subgenogroup has been B5 in 2013-2015,
subgenogroup C4 was re-emerged in northern Vietnam in 2016.

19. Sampling system for molecular analysis of measles virus has not been established in Viet
Nam. NIID and NIHE developed the nested RT-PCR method, which can detect measles virus
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genome in serum samples for IgM test. This technique enabled molecular analysis of more
measles viruses, which is required for authentication of measles elimination.

20. The international laboratory network of rabies and anthrax was strengthened with National
Institute of Hygiene and Epidemiology. This network was focused on the molecular diagnosis
and the analysis of epidemiological trend in Vietnam and advanced by the cooperation with
Pasteur Institute in Ho Chi Minh City, Preventive Medicine Center and Veterinary Diagnostic
Laboratory based on One Health Philosophy.

21. The emergence of hypervirulent Clostridium (Clostridioides) difficile strains, such as PCR-
ribotype 027 in North America and Europe, has been acknowledged. Local surveillance of
endemic/epidemic strains is emphasized in Asian countries including Vietnam, where no
laboratory diagnostic tests for C. difficile infection (CDI) are available and sufficient
antimicrobial stewardship program is not implemented. A technology transfer on laboratory
tests for CDI to National Institute of Hygiene and Epidemiology was achieved and an
investigation for molecular epidemiology of CDI in Vietnam as well as in Japan was conducted.
The results showed a significant number of patients suffering from CDI in Vietnam and a
distinctive situation in molecular epidemiology in Vietnam.

22. We tried to detect and isolate of Histoplasma spp. both from environmental and clinical
samples using PCR and culture method. All samples (over 200 samples) were culture-negative,
while 6 samples were PCR-positive. We developed a new LAMP method to detect Histoplasma
spp and provided to NIHE. Twenty clinical isolates of Cryptococcus spp. from Military Hospital
103 in Vietnam were analyzed by MLST. 19 isolates were identified as C. neoformans, and only
one isolates was C. gattii by sequencing of the internal transcribed spacer regions. 19 C.
neoformans isolates were classified into 11 MLST sequence types (137, New, 141, 32, 176, 188,
81, 6, 4, 5, 31).

23. We established the method for HLA-genotyping by sequencing as well as by LABType SSO
in Vietnamese around Hanoi. We determined HLA-A, HLA-B, and HLA-C genotypes at the four
digit level in 300 HIV-infected individuals in Hanoi in three years. We also determined HIV gag
sequences in these infected individuals.

24. Through the collaborative research with Pasteur Institute of HCM, Vietnam, the full genome
analysis and antigenic analysis of influenza viruses isolated in southern Vietnam were
performed. Moreover, the training for staff of Pasteur Institute of HCM, Vietnam was conducted
to improve the technical skills and experience for influenza surveillance.

25. A pilot study of invasive pneumococcal disease (IPD) surveillance was conducted between
October,2016 and March,2017. All of blood and CSF samples collected from two hospitals were
negative for bacterial culture, but a CSF sample was positive for real-time PCR specific for

Streptococcus pneumoniae. A case of IPD was detected.
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