
An increase in Fusobacterium is 
associated with the severity of oral 
mucositis after radiotherapy
Atsushi Ue1,2, Yukihisa Tamaki1, Haruki Usuda2, Unta Yamamori1, Hiroshi Burioka1, 
Natsuko Nagano1, Masafumi Uno1, Yoko Sonoyama1, Takayuki Okamoto2 & Koichiro Wada2

Radiotherapy is a common treatment for head and neck cancer but often causes oral mucositis, 
which reduces quality of life. Recent studies suggest that radiotherapy affects the oral microbiota, 
but whether it contributes to the severity of mucositis has been unclear. This study investigated 
the association between radiotherapy-induced changes in the oral microbiota and the severity of 
mucositis using 16 S rRNA gene sequencing. Oral samples were collected before, during, and after 
radiotherapy and were analyzed for changes in bacterial composition and diversity using the Shannon 
index and Chao1 index. Severity of mucositis was assessed, and its association with changes in 
bacterial groups was investigated. In total, 43 patients participated in the study. Fusobacterium was 
significantly increased in the group with severe mucositis (p = 0.020), with an occupancy rate of more 
than 7% after radiotherapy and a positive correlation with severity of mucositis (p = 0.042). There was 
a significant increase in the Chao1 index after radiotherapy (p = 0.001) but not in the Shannon index. 
Changes in oral microbiota may determine the severity of radiotherapy-induced mucositis. An increase 
in Fusobacterium was found to be closely associated with the severity of mucositis and should be 
controlled to prevent radiotherapy-induced mucositis in head and neck cancer patients.
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Radiotherapy is a common treatment for head and neck cancer and frequently causes oral mucositis. According 
to a recent meta-analysis, the overall incidence of oral mucositis among these patients is approximately 94.0%, 
with severe cases accounting for 37.0%1. In addition, it has been reported in a different study that severe mucositis 
accounted for as much as 62.5%2. Although the adverse effects of intensity-modulated radiation therapy and 
proton therapy on normal tissues are less severe than those of conventional radiotherapy, these treatments 
may still cause severe oral mucositis3,4, which not only results in localized pain but also reduces the patient’s 
quality of life and may interrupt treatment5. Furthermore, prolonged radiotherapy is associated with a decreased 
tumor control rate6. Therefore, effective management of oral mucositis is important. However, effective control 
is challenging when using current treatments, which include analgesics, antiulcer agents, and antiseptics7, likely 
because of the complexity of the pathobiological processes involved in the occurrence and progression of oral 
mucositis. According to the five-stage pathobiologic model proposed by Sonis et al.8. , oral mucositis progresses 
through the stages of initiation, primary damage response, signal amplification, ulceration, and healing. 
During the ulceration stage in particular, oral bacteria colonize the mucosa, causing secondary infections and 
exacerbating mucositis. Recent studies have shown that radiotherapy affects the oral microbiota9,10, suggesting 
that changes therein may contribute to the severity of mucositis11,12.

In recent years, detailed evaluation of the oral microbiota, including previously unculturable species, has 
advanced through 16 S rRNA gene sequencing and metagenomic analysis13. However, reports on the relationship 
between changes in the oral microbiota, increases in specific types of bacteria, and the severity of mucositis 
remain scarce. This study aimed to analyze changes in the oral microbiota in patients undergoing radiotherapy 
for head and neck cancer using 16 S rRNA gene sequencing and to identify bacteria that are associated with oral 
mucositis. Specifically, we investigated changes in the composition of the microbiota in oral samples collected 
from patients undergoing radiotherapy for head and neck cancer and examined the relationship between the 
severity of mucositis and specific bacteria. Based on our findings, we propose novel treatment strategies to 
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prevent deterioration of quality of life as a result of oral mucositis by managing specific pathogens with antibiotics 
or probiotics.

Methods
Sample collection
The study had a prospective longitudinal cross-sectional design and enrolled patients undergoing radiotherapy 
for head and neck cancer at Shimane University Hospital between January 2022 and December 2023. The sample 
size was determined with reference to previous exploratory studies that investigated the dynamics of the oral 
microbiota during radiotherapy, and based on the number of cases that were expected to be feasibly collected and 
analyzed at our institution during the study period. Previous studies enrolled between 19 and 41 patients11,12, 
and we therefore aimed to include at least 36 participants in the present study. Patients who were being treated 
with antibiotics or immunosuppressive agents at the time of enrollment were excluded. All patients underwent 
dental evaluation and appropriate treatment for teeth that required care (e.g., treatment of cavities, extractions, 
and periodontal treatment) before radiotherapy. All patients received radiotherapy once or twice daily with a 
cumulative dose of over 50 Gy. Some patients also received chemotherapy, including cytotoxic anticancer or 
molecular targeted drugs.

The radiation therapist evaluated each patient weekly for oral mucositis between the start and end of 
radiotherapy using the Radiation Therapy Oncology Group (RTOG) criteria.

Oral samples were collected pre-, mid-radiotherapy, and post-radiotherapy. Samples were collected by 
having patients rinse their mouths thoroughly with 2–3 mL of distilled water and then spit them into a plastic 
tube. Samples were collected at least one hour after eating, drinking, or brushing the teeth and frozen at − 80 °C 
until analysis.

The study was approved by the Shimane University Hospital Ethics Committee (approval number 20210921-
2) and conducted in accordance with the ethical standards laid down in the Declaration of Helsinki. Written 
informed consent was obtained from all study participants and their families after they had received a detailed 
explanation of the purpose, procedures, potential risks, and benefits of the study. Participants could withdraw 
from the study at any time without any conditions imposed.

DNA extraction and 16 S rRNA gene amplification and sequencing
The oral bacterial population was analyzed by next-generation sequencing using a MiSeq system (Illumina, 
San Diego, CA, USA) as described elsewhere14,15. Bacterial DNA was extracted from mouthwash samples 
using a NucleoSpin DNA Stool Kit (Macherey–Nagel GmbH & Co. KG, Düren, Germany) according to the 
manufacturer’s instructions. The V3–V4 region of bacterial 16  S rRNA was amplified by polymerase chain 
reaction. After the amplicons were purified, barcode sequences were added to label the samples, and then the 
amplicons were purified again. This DNA library was used for sequencing. Annotation and calculation of the 
obtained sequences were processed using the 16 S Metagenomics Database Creator v1.0.0 (Illumina).

Bioinformatics
Alpha diversity metrics, including the Chao1 and Shannon indices, were used to assess the richness and diversity 
of species within the samples, as reported previously16. Briefly, the metrics were calculated using the QIIME 2 
platform (version 2023.2), which is a comprehensive microbiota multi-omics bioinformatics and data science 
tool, and were visualized using R software (version 3.6.1).

Evaluation and statistical analysis
First, we focused on the major oral flora with an average relative abundance of ≥ 1% at the genus level and 
evaluated changes therein pre-, mid-, and post-radiotherapy and assessed the statistical significance of 
differences in measurements between the time points using the Steel–Dwass test. Next, the alpha diversity of 
the oral microbiota pre-, mid-, and post-radiotherapy was calculated using the Shannon and Chao1 indices. 
We examined changes in these alpha diversity indices and used the Steel–Dwass test to determine whether 
differences between values obtained at the various time points were statistically significant. Based on the severity 
of oral mucositis according to the RTOG criteria, we also classified the patients into a mild group (grade 0–2) 
and a severe group (grade ≥ 3) and compared the average relative abundance of the major oral flora at the genus 
level between the two groups. We used the Mann–Whitney U test to determine whether there were statistically 
significant differences in average relative abundance between the groups. We also focused on the extent of 
change in the average relative abundances of the major oral flora at the genus level after treatment and tested for 
significant differences in these changes between the mild and severe groups. Finally, we calculated Spearman’s 
rank correlation coefficient to evaluate the correlation between the severity of mucositis and the average relative 
abundances and the extent of change in the average relative abundances of the major oral flora at the genus 
level. This analysis aimed to clarify the relationship between the severity of mucositis and the relative abundance 
or extent of change in the relative abundance of each bacterial genus identified. All statistical analyses were 
performed using JMP Pro version 17.0.0 (SAS Institute Inc., Cary, NC, USA). All tests were two-sided, and a 
p-value < 0.05 was considered statistically significant.

Results
Two of the 45 patients enrolled in the study refused radiotherapy, leaving 43 patients in this study. The patient 
background and clinical characteristics are summarized in Table 1. Among the 43 patients, 3 could not 
complete all three oral sample collections owing to deterioration in their overall health status during treatment. 
Nevertheless, the samples collected were included in the analysis.
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The composition of the major oral flora at the genus level (defined as ≥ 1% average relative abundance) pre-
, mid-, and post-radiotherapy is shown in Fig. 1. Before radiotherapy, the major oral flora at the genus level 
consisted of the following 15 genera: Streptococcus, Prevotella, Veillonella, Rothia, Haemophilus, Fusobacterium, 
Neisseria, Porphyromonas, Gemella, Actinomyces, Granulicatella, Lactobacillus, Leptotrichia, Staphylococcus, and 
Lautropia. At the midpoint of radiotherapy, the average relative abundances of Capnocytophaga, Alloprevotella, 
and Parvimonas exceeded 1%, and by the end of treatment, the average relative abundance of Campylobacter 
also exceeded 1%. However, the average relative abundances of Granulicatella, Lactobacillus, and Staphylococcus 
decreased to less than 1% by the end of radiotherapy. Four genera (i.e., Haemophilus, Neisseria, Lautropia, and 
Rothia) showed a steady and statistically significant decrease in average relative abundance after radiotherapy. 
There were no common characteristics in terms of Gram staining, oxygen requirements, morphology, or motility 
among these genera. Furthermore, although there was no statistically significant increase in major oral flora at 
the genus level, there was an increase in Fusobacterium, which is known to be a pathogenic bacterium17.

Next, we evaluated the alpha diversity of the oral microbiota at all three time points using the Shannon 
and Chao1 indices. The Chao1 index showed a statistically significant increase mid- (p = 0.010) and post-
radiotherapy (p = 0.001) in comparison with that pre-radiotherapy but not between mid- and post-radiotherapy. 
There was also no statistically significant difference in the Shannon index value between pre-, mid-, and post-
radiotherapy (Fig. 2).

To investigate the relationship between the severity of oral mucositis and the oral microbiota, we classified 
patients into a mild group (grade 0–2) and a severe group (grade ≥ 3) based on the RTOG criteria. The average 
relative abundances of the major oral flora at the genus level in each group were analyzed pre-, mid-, and post-
radiotherapy. Pre-radiotherapy, Granulicatella (p = 0.048) and Campylobacter (p = 0.043) were significantly more 
abundant in the mild group. Post-radiotherapy, Veillonella (p = 0.031), Rothia (p = 0.041), and Lactobacillus 
(p = 0.009) were more abundant in the mild group and Fusobacterium (p = 0.020), Capnocytophaga (p = 0.025), 
and Parvimonas (p = 0.009) were more abundant in the severe group (Fig.  3). The relative abundance of 
Fusobacterium was greater than 7% in the severe group post-radiotherapy and greater than that of the other 
genera in that group. Additional data on the relative abundances of major genera without statistically significant 
differences are shown in Fig. S1.

Next, we analyzed the extent of change in the average relative abundances of the major oral flora at the genus 
level post-radiotherapy. The average relative abundances of Fusobacterium (p = 0.001), Leptotrichia (p = 0.003), 
Capnocytophaga (p = 0.002), and Parvimonas (p = 0.001) post-radiotherapy were significantly greater in the 
severe group than in the mild group. Furthermore, the average relative abundances of Veillonella (p = 0.013) and 
Lactobacillus (p = 0.031) were significantly lower post-radiotherapy in the severe group (Fig. 4). Data on genera 
without statistically significant differences are presented in Fig. S2. When the analysis was repeated after the 
exclusion of nine patients who received antibiotic therapy for infections that developed during radiotherapy, 
the extent of change in the average relative abundances of Fusobacterium, Leptotrichia, Capnocytophaga, and 
Parvimonas remained significantly greater in the severe group (Fig. S3). Furthermore, the average relative 

Characteristics Categories All patients(n = 43)

Age (mean ± SD) (68 ± 14)

Sex (%)
Male 35 (81%)

Female 8 (19%)

Smoking status (%)

Current 5 (12%)

Past 24 (56%)

Never 14 (33%)

Cumulative radiation dose (mean) 50–70.2 Gy (65 Gy)

Chemotherapy (%)
Yes 32 (74%)

No 11 (26%)

Primary tumor site (%)

Oral cavity 16 (37%)

Nasopharynx 3 (7%)

Oropharynx 6 (14%)

Hypopharynx 10 (23%)

Larynx 3 (7%)

Nasal cavity 1 (2%)

Parotid gland 2 (5%)

Submandibular gland 1 (2%)

Unknown Primary with Neck Metastasis 1 (2%)

Mucositis (%)

Grade 0 6 (14%)

Grade 1 9 (21%)

Grade 2 13 (30%)

Grade 3 15 (35%)

Grade 4 0 (0%)

Table 1.  Patient background and clinical characteristics.
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abundances of Fusobacterium, Capnocytophaga, Leptotrichia, and Parvimonas tended to be greater in the severe 
group post-radiotherapy. The results of the analysis after exclusion of patients who received antibiotics are 
shown in Fig. S4.

Finally, we analyzed the associations between the average relative abundances of the major oral flora at the 
genus level and the severity of oral mucositis pre-, mid-, and post-radiotherapy using Spearman’s rank correlation 
coefficient. There was no statistically significant correlation between any of the major oral flora and the severity 
of oral mucositis at any of the three time points. We also analyzed the association between the extent of change in 
the average relative abundances of the major oral flora post-radiotherapy and the severity of oral mucositis. We 
found that the average relative abundances of Veillonella (p = 0.001) and Lactobacillus (p = 0.047) had a negative 
correlation with severity, whereas those of Fusobacterium (p = 0.042), Capnocytophaga (p = 0.024), Leptotrichia 
(p = 0.012), and Parvimonas (p = 0.040) correlated positively with severity (Fig. 5). In particular, the increase in 
Fusobacterium with respect to the severity of mucositis showed a steep slope in the regression line, suggesting 
that the increase in this microbe is closely associated with the severity of mucositis.

Discussion
Recent studies have demonstrated that changes in the oral microbiota are associated with oral mucositis and 
periodontitis18,19. However, there are very few reports on the longitudinal changes in oral bacteria associated with 
radiotherapy or on the relationship between these changes and mucositis. Furthermore, there is no consensus on 
the specific bacteria associated with the severity of oral mucositis during radiotherapy11,12,20.

Fig. 1.  Changes in the composition of the oral microbiota in 43 patients undergoing radiotherapy for head 
and neck cancer. The stacked bar chart compares the changes pre-, mid-, and post-radiotherapy. Each bar 
represents the average relative abundance of the various groups of bacteria at the genus level color-coded by 
genus.
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This study revealed that radiotherapy affects the composition of the oral microbiota and identified several 
bacteria associated with the severity of mucositis. We not only examined the relationship between the relative 
abundance of the oral microbiota and the severity of oral mucositis during radiotherapy but also investigated 
the association between the extent of change in the relative abundance of the oral microbiota after radiotherapy 
and the severity of mucositis. This study is one of the largest longitudinal studies to have focused on these 
associations.

We found no major changes in the composition of the major oral flora with a relative abundance exceeding 
1% after the start of radiotherapy. However, by the end of treatment, the relative abundances exceeded 1% 
for Capnocytophaga, Alloprevotella, Parvimonas, and Campylobacter while those for Haemophilus, Neisseria, 
Lautropia, and Rothia showed a statistically significant decrease. These findings suggest that radiotherapy 
influences certain bacterial genera, leading to changes in the composition of the oral microbiota. Furthermore, 
in terms of the alpha diversity of the oral microbiota, no significant difference was observed in the Shannon index 
between before and after radiotherapy, whereas the Chao1 index showed a significant increase post-radiotherapy. 
This finding suggests that while there was no substantial change in the evenness of the oral microbiota, the 
estimated species richness increased in response to radiotherapy, which is consistent with previous studies11,12 
that reported no significant change in the Shannon index but a significant increase in the overall phylogenetic 
tree, suggesting an increase in the richness of the microbiota. The alpha diversity of the oral microbiota has been 
reported to be greater in patients with chronic gingivitis than in healthy individuals21,22, and this increase is 
known to be unfavorable for oral health. Specifically, the four genera whose abundance decreased after the start 
of treatment (i.e., Haemophilus, Neisseria, Lautropia, and Rothia) were found to be more abundant in healthy 
individuals than in patients with gingivitis23–25 and are likely to play a role in maintaining oral homeostasis. 
Rothia and Neisseria are thought to be involved in the homeostasis of nitric oxide in the host and to contribute to 
the suppression of growth of the anaerobic bacteria associated with periodontal disease26,27. Our study identified 
a state of microbial imbalance known as dysbiosis. Dysbiosis not only exacerbates inflammation in the oral cavity 
but has also been reported to have systemic adverse effects, including the worsening of atherosclerosis, diabetes, 
and cancer28. The possibility that radiotherapy may cause dysbiosis is an important clinical observation.

We confirmed an increase in four specific genera (Fusobacterium, Capnocytophaga, Leptotrichia, and 
Parvimonas) in the group that developed severe mucositis. The extent of change in the average relative abundances 
of these genera was associated with the severity of mucositis. Interestingly, there was no clear correlation between 
the average relative abundances of these genera and the severity of mucositis. This finding suggests that the 
extent of the change in relative abundance in response to treatment has a greater effect on the host than does the 
relative abundance of specific bacteria. Among the four genera associated with the severity of mucositis, some 
had a low average relative abundance. However, according to the keystone-pathogen hypothesis29, even bacteria 
with low abundance can significantly impact the condition of the host. This hypothesis suggests that a small 
number of pathogens can disrupt the host’s immune system, facilitating colonization, invasion, and immune 
evasion, thereby increasing the overall pathogenicity of the microbial community in the mucosa. Therefore, even 

Fig. 2.  Changes in the alpha diversity of the oral microbiota at pre-, mid-, and post-radiotherapy evaluated 
using the Shannon index and Chao1 index. The Chao1 index values were significantly greater mid- and post-
radiotherapy compared with those pre-radiotherapy (p < 0.05). There was no statistically significant difference 
in the Shannon index value between pre-, mid-, and post-radiotherapy. *p < 0.05.
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bacteria with a low relative abundance may adversely affect the host when their numbers increase, which may 
explain the results obtained in this study.

Among the four genera that showed a positive correlation with the severity of mucositis in this study, the increase 
in Fusobacterium appeared to be most closely associated. Fusobacterium is known for its high pathogenicity 
and has been widely studied for its role in the development of various infections, including liver abscess, lung 
abscess, and empyema30–32. Furthermore, recent studies have revealed a connection between Fusobacterium and 
the development of colorectal cancer33–35. Thus, Fusobacterium has been implicated in multiple pathologies, 
with several proinflammatory mechanisms proposed to underlie its pathogenicity. A major pathway involves 
outer membrane vesicles containing lipopolysaccharide, which stimulate Toll-like receptor 4 on epithelial cells, 
leading to activation of the NF-κB pathway and subsequent production of proinflammatory cytokines such as 
IL-6, IL-8, and TNF-α36. In addition, a recent study has shown that the Fusobacterium adhesin A can interact 
with phosphatidylethanolamine binding protein 1 to activate both MAPK and NF-κB signaling pathways, 
thereby potentially promoting inflammation37. As a result, neutrophils and other immune cells are thought to 
be recruited to the site of infection. These cells produce inflammatory mediators, such as reactive oxygen species 
and proinflammatory cytokines, which may further contribute to tissue injury and mucosal damage38. These 

Fig. 3.  Comparison of average relative abundances of the major oral flora at three time points (pre-, mid-, 
and post-radiotherapy) between patients with mild mucositis and those with severe mucositis. The bar graph 
shows the average relative abundances of the major oral flora in patients according to whether mucositis was 
mild (blue) or severe (orange). The error bars represent the standard deviation. Only genera with statistically 
significant differences are shown. * p < 0.05.
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findings highlight the multifaceted pathogenicity of Fusobacterium. This mechanism is schematically illustrated 
in Fig. S5. The other three genera (Capnocytophaga, Leptotrichia, and Parvimonas) have been reported to cause 
inflammation under conditions such as immunosuppression39–41. The local immunosuppression induced by 
radiotherapy42 and changes in the oral microbiota28 may also promote the local inflammation caused by these 
three genera.

An interesting finding in this study was the negative correlation between Lactobacillus and the severity of 
mucositis. While Lactobacillus is known to cause dental caries43, it is also used as a probiotic and reportedly 
has beneficial effects on the host, including antimicrobial and immune modulation activities44. If the decrease 
in Lactobacillus influences the increase in the four genera that showed a positive correlation with the severity of 
mucositis, administering Lactobacillus as a probiotic might prevent worsening of mucositis. This possibility is a 
subject for future research.

Nine of our patients received antibiotics during radiotherapy. Even when these patients were excluded, 
the correlation between the increase in the average relative abundance of the four genera (Fusobacterium, 
Capnocytophaga, Leptotrichia, and Parvimonas) and the severity of mucositis persisted. These findings suggest 
that antibiotics do not affect the four genera thought to contribute to the severity of mucositis. These genera are 
known to form biofilms45–48, and Capnocytophaga and Parvimonas have been reported to have synergistic effects 
with Fusobacterium in the formation of biofilms49,50. Biofilms are known to be resistant to antibiotics51, which 
might explain why the administration of antibiotics did not significantly influence our results. This finding could 
be one of the reasons why previous research has shown that antibiotics do not improve mucositis52. Targeting and 
eliminating specific bacteria that form biofilms, as in this study, could help to reduce the severity of mucositis. As 

Fig. 4.  Extent of change in the average relative abundance of the major oral flora at the genus level pre- and 
post-radiotherapy. The box plot shows significant increases in Fusobacterium, Capnocytophaga, Leptotrichia, 
and Parvimonas and decreases in Veillonella and Lactobacillus in the severe group (orange) compared with 
those in the mild group (blue) (p < 0.05).
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Fig. 5.  Associations between the extent of change in the average relative abundances of specific genera and the 
severity of oral mucositis pre- and post-radiotherapy. Spearman’s rank correlation coefficient analysis revealed 
significant positive correlations for Fusobacterium, Capnocytophaga, Leptotrichia, and Parvimonas (p < 0.05) 
and significant negative correlations for Veillonella and Lactobacillus (p < 0.05) with the severity of mucositis.
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a point of caution, antibiotics themselves can cause dysbiosis in the oral cavity, so indiscriminate use of broad-
spectrum antibiotics should be avoided in patients undergoing radiotherapy for head and neck cancer53.

This study has several limitations. First, various factors during radiotherapy, such as diet, oral hygiene habits, 
and regular medications, could have affected the oral microbiota and mucositis severity and were difficult to 
control completely. For instance, dietary changes due to mucositis-related pain and poor oral hygiene may 
disturb microbial balance, contributing to dysbiosis54,55. Chemotherapy, although limited in this longitudinal 
study, is also known to alter the oral environment through immunosuppressive mechanisms56. Most of our 
patients received treatment in an inpatient setting, where nutritional management and oral hygiene practices 
were relatively well controlled. However, such management could not be fully ensured for outpatients. Second, 
the sample size was limited, and larger studies are needed to confirm the generalizability of our findings regarding 
specific bacterial changes. More comprehensive studies are also needed to elucidate the mechanisms underlying 
the interaction between changes in the microbiota and host immunity.

In the future, monitoring the oral microbiota before and during radiotherapy may help identify patients at 
risk of developing severe oral mucositis. When an increase in Fusobacterium is observed, it may be useful to 
consider selective antimicrobial treatments to reduce the severity of mucositis. Currently, there are few studies 
that have investigated the use of selective antimicrobial strategies targeting Fusobacterium for the prevention 
of mucositis. A previous study evaluated a lozenge containing polymyxin E, tobramycin, and amphotericin 
B, which targeted Gram-negative rods including Fusobacterium, but failed to demonstrate significant clinical 
efficacy52. In addition to such antimicrobial approaches, complementary strategies such as the use of probiotics 
and novel selective antimicrobial agents are also under investigation57–59. Further studies are needed to evaluate 
the safety and efficacy of antimicrobial strategies specifically targeting virulent bacteria such as Fusobacterium.

Conclusion
Our findings indicate that changes in the oral bacterial flora, particularly an increase in Fusobacterium, are 
closely associated with the severity of radiotherapy-induced mucositis. These findings suggest that controlling 
Fusobacterium may be beneficial in preventing severe mucositis in patients with head and neck cancer undergoing 
radiotherapy. Further research should focus on targeted approaches to manage the oral microbiome, aiming to 
improve patient outcomes through effective prevention of mucositis.

Data availability
The datasets generated during the current study are available in the DNA Data Bank of Japan (DDBJ) repository 
under the accession number PRJDB19657. The data can be accessed through the following link: ​h​t​t​​​​p​s​​:​​/​​/​​d​d​b​​j​.​n​​i​g​
.​a​c​​.​​j​p​/​s​e​a​r​c​h​/​e​n​t​r​y​/​b​i​o​p​r​o​j​e​c​t​/​P​R​J​D​B​1​9​6​5​7​.​​
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