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Abstract

Introduction

The emergence of the novel coronavirus disease of 2019 (COVID-19) has led to huge dis-

ruptions in the medical field and society. The significance of training and education for

experts has been increasingly acknowledged in Japan, where the number of infectious dis-

ease (ID) specialists is reportedly insufficient. In this paper, we report the results of a web-

based survey that was conducted to reveal the ways in which the COVID-19 pandemic has

influenced medical students’ awareness of ID specialists and future career choices.

Method

This cross-sectional descriptive study was conducted in March 2021 and targeted 717 medi-

cal students belonging to Medical School of Okayama University, Japan. The questionnaire

consisted of four questions meant to assess students’ knowledge and future intentions of

becoming ID specialists.

Results

We obtained 328 eligible questionnaires (response rate: 45.7%). Of 227 (69.2%) students

who were aware of ID specialists, 99 (43.6%) answered that they came to know about them

only after the pandemic, 12 (3.7%) answered that their interest in being an ID specialist

arose during the pandemic, while 36 (11.0%) responded that they would rather not become

ID specialists. At the time of the survey, 5 students (1.5%) were aiming to become ID

specialists.

Conclusion

We observed a very low rate of interest to be an ID specialist among medical students. The

experience of the pandemic does not seem to have influenced Japanese medical students
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to choose ID as a specialty for their careers. Continuous efforts to increase the number of ID

specialists are necessary in Japan as a countermeasure against the coming pandemic.

Introduction

The novel coronavirus disease of 2019 (COVID-19), originally reported in Wuhan, China,

developed a global pandemic [1]. Despite the international efforts to highlight the importance

of infection control and prevention against SARS-CoV-2, the unprecedented virus has repeat-

edly caused surges and outbreaks everywhere in the world [2,3]. To appropriately respond to

the spread of unknown viruses, every healthcare facility has faced with extensive needs for

ever-changing burdens. Repetitive emergences of the genetic variants have made things more

complicated, urging us to manage this infectious disaster in a rapid and flexible manner [4,5].

With expert knowledge and experiences in infection control and prevention, as well as diagno-

sis and treatment, the infectious disease (ID) physicians have been expected to demonstrate

clinical and administrative leadership. In fact, amid the two years of this pandemic, majority of

them have contributed to directly managing patient care and organizing an infection control

team by healthcare facility level and/or administrative level.

In this ongoing global pandemic, the need for human resource development in the ID field

has been increasingly acknowledged. Currently, the number of ID specialists in Japan is insuf-

ficient, with the Japanese Society of Infectious Diseases reporting that there were 1691 certified

specialists as of 15th March 2022 [6]. A shortage of ID specialists is also seen in the United

States, where 41 out of 165 residency programs in 2021 were reportedly unfilled [7]. The neces-

sity of ID specialists is thus noted not only for the fight against COVID-19 but also for combat-

ing the global issue of antimicrobial resistance (AMR) organisms from a long-term

perspective. We suspect that a principal cause for this shortage is the lack of awareness of ID

specialists among medical students. We conducted a survey on how the COVID-19 pandemic

affected Japanese medical students’ attitudes and future career choices.

Materials and methods

In March 2021, a cross-sectional descriptive epidemiological study was conducted on all the

medical students belonging to Medical School of Okayama University (Japan), using a web-

based questionnaire with Google Forms. Informed consent was obtained from each student

when answering the questionnaire. The review board of Okayama University Hospital

approved the study (No. 2103–042). No particular exclusion criteria was established, and an

access URL was sent to all eligible medical students in years 1–6 via email stating the purpose

of the study. Responses were collected anonymously, and each student could answer only

once. To increase the collection rate, the respondents were told that ten people would be

selected by lottery to win a medical book of ¥5,000.

The questions in the web survey included the following items—(i) Have you heard about

“ID specialists”? (ii) (If yes) Did you know about the existence of “ID specialists” before the

COVID-19 pandemic? (iii) In the past, have you ever aimed to become an ID specialist? (iv)

After experiencing the COVID-19 pandemic for a year, are you interested in becoming an ID

specialist in the future?

Categorical variables were shown in numbers, percentages, and odds ratios (OR) with their

95% confidential intervals (CIs), which were assessed with the Chi-square test. All estimates
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were expressed as point estimates with 95% CI, and all reported p-values less than 0.05 were

considered statistically significant.

Results

Of 717 medical students, 329 (45.9%) students responded; however, one student did not agree

to be included in the analysis, and thus, the final number of eligible answers for analysis was

328 (45.7% response rate) (212 males, 113 females, 3 did not specify gender) (Table 1).

Awareness of ID specialists (Table 2)

In all, 227 (69.2%) medical students answered that they had heard about ID specialists. The

awareness about ID specialists among younger grades before clinical clerkship was about half

of the total answers (56.4% in Year 1, 47.7% in Year 2, and 56.7% in Year 3). On the other

hand, it was higher among the students of Years 4–6 who had experienced clinical clerkship

(54.1% vs. 83.4%; p<0.001; OR [95% CI], 4.3 [2.5 to 7.4]), with 74.2% in Year 4, 91.2% in Year

5, and 84.6% in Year 6. A total of 128 students (56.4%) knew the existence of ID specialists

since before the COVID-19 pandemic. Comparing the younger and senior grade students,

those during/after clinical clerkship knew the existence of ID specialists with a higher propor-

tion (19.5% vs. 57.4%; p<0.001; OR [95% CI], 5.5 [3.3 to 9.5]).

Past, current, and future intentions of becoming ID specialists (Fig 1)

When asked if they had ever thought of becoming an ID specialist, all students from Years 1

and 2 answered “Never,” indicating that none of them had any awareness of ID specialists at

the time of admission. In total, 6.1% (20/328) responded that they had been interested in

becoming ID specialists in the past but were not at the time of the survey. Overall, 5 out of 328

(1.5%) medical students, being equivalent to one student per Year, were aiming to become ID

specialists.

Table 1. Numbers and proportions of answers obtained from the medical students.

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Total

Number of total students 113 119 123 126 124 112 717

Number (%) of answer 55

(48.7%)

44

(37.0%)

60

(48.8%)

62

(49.2%)

68

(54.8%)

39

(34.8%)

328

(45.7%)

https://doi.org/10.1371/journal.pone.0267587.t001

Table 2. Questionnaire for awareness for Infectious Disease (ID) specialist among medical students.

Before clinical clerkship During/after clinical clerkship Total p values

odds ratio (95% CI)Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Have you heard about “ID specialists”?

YES 31

(56.4%)

21

(47.7%)

34

(56.7%)

46

(74.2%)

62

(91.2%)

33

(84.6%)

227

(69.2%)

-

86/159 (54.1%) 141/169 (83.4%) - p<0.001

4.3 (2.5 to 7.4)

Did you know about the existence of “ID specialists” before the COVID-19 pandemic?

YES 7

(22.6%)

10

(47.6%)

14

(41.2%)

22

(47.8%)

46

(74.2%)

29

(87.9%)

128

(56.4%)

-

31/159 (19.5%) 97/169 (57.4%) - p<0.001

5.5 (3.3 to 9.5)

COVID-19, coronavirus disease 2019; CI, confidential interval. P values were calculated by chi-square test.

https://doi.org/10.1371/journal.pone.0267587.t002
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When asked if the experience of the COVID-19 pandemic influenced their career, approxi-

mately half the students in each grade answered that it had no bearing on their careers; nearly

20%–40% of the students were not sure about it. In all, 12 (3.7%) answered that their interest

in being an ID specialist arose during the pandemic; however, 36 (11.0%) said they would

rather not become ID specialists.

Discussion

Through this survey, we found that medical students were not very keen on becoming ID spe-

cialists after one year of the COVID-19 pandemic. As of 31 January 2021, the number of mem-

bers in the Japanese Society of Internal Medicine was 116,404 [8]; therefore, the proportion of

ID specialists among internists was approximately 1.4% (the number of certified ID specialists

was 1,622) [6]. This is equivalent to those who expressed their wish to become ID specialists in

our study (1.5%; 5/328 students). We expected that the number of students pursuing ID spe-

cialties would increase after experiencing the pandemic; however, nearly half of the students

responded that it would not affect their career choice, and, notably, 11% of the students had a

negative preference for ID specialists.

Looking back, emerging pandemics such as Severe Acute Respiratory Syndrome (SARS)

[9–11], the 2009 H1N1 influenza [12], and the Middle East Respiratory Syndrome [13] have

significantly impacted medical students. The negative effects of the COVID-19 pandemic on

medical education have also been reported in various fields such as surgical training [14], pre-

clerkship, and clerkship learning [15,16], A survey on medical students in the United States

suggested that about one-fifth of the respondents considered that the COVID-19 pandemic

would unfavourably influence their choices of professional specialty [17]. Another report

revealed that career choices for being good physicians markedly increased among two-thirds

of students, although they focused on paediatric fields [18]; however, to the best of our knowl-

edge, no survey has specifically investigated medical students’ career choices toward becoming

ID specialists during an emerging pandemic.

Fig 1. Questionnaire for past, current, and future hope for Infectious Disease (ID) specialists among medical students.

https://doi.org/10.1371/journal.pone.0267587.g001
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Why did the COVID-19 pandemic not augment the number of medical students who aim

to become ID specialists? We imagine that the anxiety against invisible fear might have pre-

vailed over a sense of mission. According to a study conducted during the SARS crisis, medical

students in Malaysia, especially those from the lower years, expressed a considerable sense of

unease when going into hospital wards and observing or examining coughing patients [19].

Through daily contact with students, we feel that presently, newly admitted students tend to

choose safer and easier careers in Japan. Thus, the fact that 11% of the students in our study

had a negative impression of becoming ID specialists was sort of understand. The shortage of a

role model for medical students could also be a discouraging factor, as the results in ID special-

ists’ career paths being even less visible. The presence of and exposure to role models in medi-

cal schools can greatly influence medical students’ choice of residency training and selection of

future expertise [20,21]. In contrast to Japan and the United States [7], ID would be a popular

specialty in other countries. For instance, ID was recently the most popular specialty among

French medical students who were motivated by several factors such as a multi-system

approach, experiences of an internship during medical school, the curable diseases by appro-

priate diagnosis and treatment, and its global appeal [22]. Further research is warranted to dis-

cover the underlying rationale in avoiding a major in ID as a future career option, which

would help facilitate the career development of ID specialists. Additionally, Japanese national

policies should address the uneven distribution of doctors by their specialties rather than its

geographic unbalance [23].

The limitations of this study should be mentioned. First, it was difficult to draw solid con-

clusions owing to the lack of data before the pandemic. Second, since this study was conducted

on medical students from a Japanese university alone, its results cannot be generalised. Third,

the survey response rate was less than half (45.7%), and selection bias potentially exists. Forth,

as the questionnaire was self-reported, information bias should also be considered. Assuming

that non-responding students were not interested in the contents of the survey, we presume

that the negative preference for ID specialists would be even greater than this result.

In summary, our data indicate that the unprecedented pandemic experience has not

encouraged Japanese medical students to choose ID for their future specialty. However, if and

when a new pandemic occurs in future, ID specialists are expected to play a leading role in

implementing infection prevention measures in medical facilities and public health. Hopefully,

even though it is a small number (12 students, 3.7%), our data suggest that some students

became interested in becoming ID specialists during the pandemic. We need to continue our

recruitment efforts to increase the number of ID specialists in Japan.

Supporting information

S1 Table. Raw data from the web-based questionnaire.

(XLSX)

Acknowledgments

We would like to thank Editage (www.editage.jp) for assistance in editing this manuscript.

Declaration

The manuscript has not been published previously, in any language, in whole or in part, and is

not currently under consideration elsewhere. Informed consent was obtained from each stu-

dent when answering the questionnaire. The institutional review board of Okayama University

PLOS ONE Aiming for ID specialists amid COVID-19 pandemic?

PLOS ONE | https://doi.org/10.1371/journal.pone.0267587 April 21, 2022 5 / 7

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0267587.s001
http://www.editage.jp/
https://doi.org/10.1371/journal.pone.0267587


Hospital approved the study (No. 2103–042). We have read and understood your journal’s pol-

icies, and we believe that neither the manuscript nor the study violates any of these.

Author Contributions

Conceptualization: Hideharu Hagiya, Fumio Otsuka.

Data curation: Hideharu Hagiya.

Formal analysis: Hideharu Hagiya.

Investigation: Hideharu Hagiya.

Methodology: Hideharu Hagiya, Yuki Otsuka.

Supervision: Fumio Otsuka.

Writing – original draft: Hideharu Hagiya.

Writing – review & editing: Yuki Otsuka, Kazuki Tokumasu, Hiroyuki Honda, Yoshito Nishi-

mura, Mikako Obika.

References
1. World Health Organization. WHO Coronavirus Disease (COVID-19) Dashboard. [cited 29 Mar 2022].

Available: https://covid19.who.int/.

2. Hu B, Guo H, Zhou P, Shi ZL. Characteristics of SARS-CoV-2 and COVID-19. Nat Rev Microbiol. 2021;

19: 141–154. https://doi.org/10.1038/s41579-020-00459-7 PMID: 33024307

3. The Lancet COVID-19 Resource Centre. [cited 20 Mar 2022]. Available: https://www.thelancet.com/

coronavirus.

4. Harvey WT, Carabelli AM, Jackson B, Gupta RK, Thomson EC, Harrison EM, et al. SARS-CoV-2 vari-

ants, spike mutations and immune escape. Nat Rev Microbiol. 2021; 19: 409–424. https://doi.org/10.

1038/s41579-021-00573-0 PMID: 34075212

5. Magazine N, Zhang T, Wu Y, McGee MC, Veggiani G HW. Mutations and Evolution of the SARS-CoV-2

Spike Protein. Viruses. 2022; 14: 640. https://doi.org/10.3390/v14030640 PMID: 35337047

6. The Japanese Association for Infectious Diseases. List of Board Certified Physician of the Japanese

Association for Infectious Diseases. 2021 [cited 27 Mar 2021]. Available: http://www.kansensho.or.jp/

uploads/files/senmoni/meibo_200818.pdf.

7. National Resident Matching Program. Results and Data: Specialties Matching Service 2021 Appoint-

ment Year. [cited 31 Mar 2021]. Available: https://mk0nrmp3oyqui6wqfm.kinstacdn.com/wp-content/

uploads/2021/02/SMS_Result_and_Data_2021.pdf.

8. The Japanese Society of Internal Medicine. The number of society members. In: 2021 [Internet]. [cited

29 Mar 2021]. Available: https://www.naika.or.jp/jigyo_top/naiyo/.

9. Lim ECH, Oh VMS, Koh DR, Seet RCS. The challenges of “continuing medical education” in a pan-

demic era. Ann Acad Med Singapore. 2009; 38: 724–726. PMID: 19736579

10. McGugan S. Medical school on bypass during the SARS outbreak. Clin Invest Med. 2003; 26: 106.

PMID: 12858941

11. Patil NG, Chan Ho Yan Y. SARS and its effect on medical education in Hong Kong. Med Educ. 2003;

37: 1127–1128. https://doi.org/10.1046/j.1365-2923.2003.01723.x PMID: 14984121

12. Althwanay A, Ahsan F, Oliveri F, Goud HK, Mehkari Z, Mohammed L, et al. Medical Education, Pre-

and Post-Pandemic Era: A Review Article. Cureus. 2020; 12: e10775. https://doi.org/10.7759/cureus.

10775 PMID: 33154845

13. Park SW, Jang HW, Choe YH, Lee KS, Ahn YC, Chung MJ, et al. Avoiding student infection during a

Middle East respiratory syndrome (MERS) outbreak: a single medical school experience. Korean J Med

Educ. 2016; 28: 209–217. https://doi.org/10.3946/kjme.2016.30 PMID: 27240893

14. Calhoun KE, Yale LA, Whipple ME, Allen SM, Wood DE, Tatum RP. The impact of COVID-19 on medi-

cal student surgical education: Implementing extreme pandemic response measures in a widely distrib-

uted surgical clerkship experience. Am J Surg. 2020; 220: 44–47. https://doi.org/10.1016/j.amjsurg.

2020.04.024 PMID: 32389331

PLOS ONE Aiming for ID specialists amid COVID-19 pandemic?

PLOS ONE | https://doi.org/10.1371/journal.pone.0267587 April 21, 2022 6 / 7

https://covid19.who.int/
https://doi.org/10.1038/s41579-020-00459-7
http://www.ncbi.nlm.nih.gov/pubmed/33024307
https://www.thelancet.com/coronavirus
https://www.thelancet.com/coronavirus
https://doi.org/10.1038/s41579-021-00573-0
https://doi.org/10.1038/s41579-021-00573-0
http://www.ncbi.nlm.nih.gov/pubmed/34075212
https://doi.org/10.3390/v14030640
http://www.ncbi.nlm.nih.gov/pubmed/35337047
http://www.kansensho.or.jp/uploads/files/senmoni/meibo_200818.pdf
http://www.kansensho.or.jp/uploads/files/senmoni/meibo_200818.pdf
https://mk0nrmp3oyqui6wqfm.kinstacdn.com/wp-content/uploads/2021/02/SMS_Result_and_Data_2021.pdf
https://mk0nrmp3oyqui6wqfm.kinstacdn.com/wp-content/uploads/2021/02/SMS_Result_and_Data_2021.pdf
https://www.naika.or.jp/jigyo_top/naiyo/
http://www.ncbi.nlm.nih.gov/pubmed/19736579
http://www.ncbi.nlm.nih.gov/pubmed/12858941
https://doi.org/10.1046/j.1365-2923.2003.01723.x
http://www.ncbi.nlm.nih.gov/pubmed/14984121
https://doi.org/10.7759/cureus.10775
https://doi.org/10.7759/cureus.10775
http://www.ncbi.nlm.nih.gov/pubmed/33154845
https://doi.org/10.3946/kjme.2016.30
http://www.ncbi.nlm.nih.gov/pubmed/27240893
https://doi.org/10.1016/j.amjsurg.2020.04.024
https://doi.org/10.1016/j.amjsurg.2020.04.024
http://www.ncbi.nlm.nih.gov/pubmed/32389331
https://doi.org/10.1371/journal.pone.0267587


15. Rose S. Medical Student Education in the Time of COVID-19. JAMA—J Am Med Assoc. 2020; 323:

2131–2132. https://doi.org/10.1001/jama.2020.5227 PMID: 32232420

16. Bongomin F, Olum R, Nakiyingi L, Rejani L, Ssinabulya I, Sekaggya-Wiltshire C, et al. Internal medicine

clerkship amidst COVID-19 pandemic: clinical learning experience of undergraduate medical students

at Makerere University, Uganda: a cross-sectional study. Adv Med Educ Pr. 2021; 12: 253–262. https://

doi.org/10.2147/AMEP.S300265 PMID: 33746525

17. Byrnes YM, Civantos AM, Go BC, McWilliams TL, Rajasekaran K. Effect of the COVID-19 pandemic on

medical student career perceptions: a national survey study. Med Educ Online. 2020; 25: 1798088.

https://doi.org/10.1080/10872981.2020.1798088 PMID: 32706306

18. Hu L, Wu H, Zhou W, Shen J, Qiu W, Zhang R, et al. Positive impact of COVID-19 on career choice in

pediatric medical students: A longitudinal study. Transl Pediatr. 2020; 9: 243–252. https://doi.org/10.

21037/tp-20-100 PMID: 32775243

19. Loh LC, Ali AM, Ang TH, Chelliah A. Impact of a spreading epidemic on medical students. Malaysian J

Med Sci. 2006; 13: 30–36. PMID: 22589602

20. Wright S, Wong A, Newill C. The impact of role models on medical students. J Gen Intern Med. 1997;

12: 53–56. https://doi.org/10.1046/j.1525-1497.1997.12109.x PMID: 9034946

21. Yoon JD, Ham SA, Reddy ST, Curlin FA. Role Models’ Influence on Specialty Choice for Residency

Training: A National Longitudinal Study. J Grad Med Educ. 2018; 10: 149–154. https://doi.org/10.4300/

JGME-D-17-00063.1 PMID: 29686752

22. Peiffer-Smadja N, Ardellier FD, Thill P, Beaumont AL, Catho G, Osei L, et al. How and why do French

medical students choose the specialty of infectious and tropical diseases? A national cross-sectional

study. BMC Med Educ. 2020; 20: 397. https://doi.org/10.1186/s12909-020-02317-9 PMID: 33129325

23. Hagiya H, Fujita K, Kamiyama S, Ocho K, Yamada H, Otsuka F. Deployment of Infectious Disease

Experts and Prevalence of Antimicrobial Resistance in Okayama: A Call for Training of Specialists. Cur-

eus. 2021; 13: e16643. https://doi.org/10.7759/cureus.16643 PMID: 34462680

PLOS ONE Aiming for ID specialists amid COVID-19 pandemic?

PLOS ONE | https://doi.org/10.1371/journal.pone.0267587 April 21, 2022 7 / 7

https://doi.org/10.1001/jama.2020.5227
http://www.ncbi.nlm.nih.gov/pubmed/32232420
https://doi.org/10.2147/AMEP.S300265
https://doi.org/10.2147/AMEP.S300265
http://www.ncbi.nlm.nih.gov/pubmed/33746525
https://doi.org/10.1080/10872981.2020.1798088
http://www.ncbi.nlm.nih.gov/pubmed/32706306
https://doi.org/10.21037/tp-20-100
https://doi.org/10.21037/tp-20-100
http://www.ncbi.nlm.nih.gov/pubmed/32775243
http://www.ncbi.nlm.nih.gov/pubmed/22589602
https://doi.org/10.1046/j.1525-1497.1997.12109.x
http://www.ncbi.nlm.nih.gov/pubmed/9034946
https://doi.org/10.4300/JGME-D-17-00063.1
https://doi.org/10.4300/JGME-D-17-00063.1
http://www.ncbi.nlm.nih.gov/pubmed/29686752
https://doi.org/10.1186/s12909-020-02317-9
http://www.ncbi.nlm.nih.gov/pubmed/33129325
https://doi.org/10.7759/cureus.16643
http://www.ncbi.nlm.nih.gov/pubmed/34462680
https://doi.org/10.1371/journal.pone.0267587

