IObservationaI Study

Medicine

Epidemiological features and risk factors for

measles and rubella in Taiwan during 2011 to 2020
Chia-Peng Yu, PhD2P, Bao-Chung Chen, MD¢, Yu-Ching Chou, PhD?, Chi-Jeng Hsieh, PhD¢, Fu-Huang Lin, PhD**

Abstract

The risk of geographic transmission of infectious diseases due to air travel varies greatly. Our aim is to survey empirical data @

provide a retrospective historical perspective on measles and rubella. This study used the open data website provided by the
Taiwan Centers for Disease Control (TCDC) to extract the reported numbers of measles and rubella case between 2011 and
2020. There were 306 cases of measles and 135 cases of rubella. The incidence of measles and rubella per million population
were 0 to 6.0 and O to 2.6, respectively. There was a gradual increase in the numbers of cases in those aged 20-39 years, and
distinct duration patterns. It indicated that the risk of contracting rubella has significantly decreased in the last 5 years. Measles
cases aged 20 to 39 years accounted for 72.5% of all cases. Rubella cases aged 20 to 39 years accounted for 59.3% of all
cases. The male and residency in the Taipei metropolitan area or northern area were identified as potential risk factors for measles
and rubella. Coverage with the first dose of the measles, mumps and rubella (MMR) vaccine in Taiwan increased from 97.31%
to 98.86%, and the uptake rate of the second dose of the MMR vaccine increased from 95.73% to 98.39% between 2010 and
2020. Furthermore, the numbers of imported cases of measles (n = 0) and rubella (n = 0) reported during the coronavirus disease
2019 (COVID-19) pandemic were lower than those from 2011 to 2019. Measles and rubella cases were imported most frequently
from Cambodia and Vietnam. This study represents the first report of confirmed cases of acquired measles and rubella from
surveillance data of the TCDC between 2011 and 2020, also demonstrates that the numbers of cases of measles and rubella
significantly decreased in Taiwan during the COVID-19 pandemic.

Abbreviations: COVID-19 = coronavirus disease-2019, MMR = measles, mumps and rubella, TCDC = Taiwan centers for

disease control, TNIDSS = Taiwan national infectious disease statistics system.
Keywords: epidemiology, incidence, measles, retrospective study, rubella

1. Introduction

Measles is highly contagious; the transmission rate in suscepti-
ble individuals ex-posed to measles is 90%.!"?! The annual inci-
dence of measles cases reported world-wide decreased by 83%,
from 145 cases to 25 cases per million population, between
2000 and 2017.81In 2017, it was estimated that 109,000 people
died from measles worldwide, which was than 545,000 people
in 2000. During this period, 21.1 million deaths were prevented
by measles vaccination.™

The recent increase in the measles incidence in the United
States and other industrialized countries was part of a world-
wide increase in reported measles cases, which began in 2018
and continued until 2019. The countries with the largest num-
ber of measles cases reported in the last 6-month period were
Madagascar, Ukraine, India, Brazil, the Philippines, Venezuela,
Thailand, Kazakhstan, Nigeria, and Pakistan.’! Most cases in
the world occur in countries with weak health systems, and
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refusal to vaccinate is a risk factor for measles outbreaks.
The World Health Organization listed “vaccine hesitancy” as
1 of the top 10 global health threats in 2019.1! Measles virus
belongs to the Paramyxoviridae family and is transmitted
mainly through respiratory droplets and secretions.”! Measles
virus shedding from the nasopharynx begins before the typical
morbilliform rash appears, and the virus can survive in the air
or on objects and surfaces for up to 2 hours.!®! Transmission
occurs via person-to-person contact as well as airborne droplets.
Measles transmission between airplane passengers in air-ports
and during flights has been described,”'?! and large outbreaks
in crowded areas such as schools and densely populated com-
munities can occur.

Rubella is a contagious viral infection, usually causing
benign systemic illness resembling a mild case of measles and
previously known as “germane” (hence, “German”) mea-
sles.!'>1¥ The reported incidence of rubella in the United States
was 58 cases per 100,000 population before the vaccine was
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released in 1969. Fewer than 0.5 cases per 100,000 people
were reported in 1983. There was an outbreak of rubella in
California and Pennsylvania in the United States, and the dis-
ease became epidemic again in the United States in 1990 and
1991. The United States officially announced that rubella had
been eliminated in 2004.1") Rubella was officially declared to
be eliminated from the Americas in 2015.1" Among 194 coun-
tries, 168 (87%) included rubella vaccination in vaccination
programs, of which 81 (42%) eliminated the transmission of
rubella by the end of 2018.1'"! Despite these advances, rubella
cases continue to occur, and there were 14,621 cases worldwide
in 2018.1"1 According to reports, African and Southeast Asian
countries have the highest incidence of rubella.!"”! The rubella
virus is a member of the Togavirus family, which includes 2
genera of small, enveloped RNA viruses: Alphavirus and
Rubivirus.?2! If a pregnant woman is infected with rubella,
the virus can be transmitted vertically to the fetus through the
placenta, which may cause stillbirth, spontaneous abortion or
damage to the main organs of the fetus. This is called congeni-
tal rubella syndrome.?>23!

Taiwan is located at 22° to 25° N and 102° to 122° E and
has a subtropical climate. The monthly average temperature
ranges from 16°C to 29°C, and the monthly average rela-
tive humidity ranges from 75% to 90%. Taiwan is a devel-
oped country with a per capita gross domestic product of
US$34,523.24 Tourists from overseas, especially countries that
are near Taiwan, including China and Southeast Asian coun-
tries, often import respiratory diseases (such as measles and
rubella infection) into Taiwan through air tourism.!?*! This may
indicate that the effect of epidemic prevention measures to
control or eliminate the disease may be limited. Local cases of
measles and rubella occur in Taiwan throughout the year, and
a number of imported cases are re-ported every year. However,
there is very little epidemiological information from big data
to explore the risks of measles and rubella in Taiwan. To bridge
this knowledge gap, this study accessed the Taiwan National
Infectious Disease Statistics System (TNIDSS)?’! to analyze
the numbers of domestic and imported cases of measles and
rubella considering epidemiological characteristics and trends
such as age, sex, season, and area of residence from 2011 to
2020.

2. Materials and Methods
2.1. Ethical policy

This study analyzed information that is freely available in the
public domain and open datasets for which data have been
properly anonymize; therefore, this study did not require ethical
approval. The authors guarantee the added value of this study,
thus conforming to the guidelines for public use of government
reports.!26271

2.2. Data source

Because both measles and rubella are notifiable diseases in
Taiwan, once a measles/rubella case has been identified, it is
mandatory that it is reported to the centers for disease control.
Therefore, this study used the open data website provided by
the Taiwan Centers for Disease Control (TCDC) to ex-tract
reported case numbers for measles and rubella between January
and December 2011 to 2020.28

2.3. Data analysis

This was a retrospective study of all measles and rubella cases
since 2011. We confirmed the number of people diagnosed with
measles and rubella from 2011 to 2020 and examined the distri-
butions of their epidemiological characteristics (sex, age, time of

Medicine

diagnosis, residence), differences, and results. Descriptive data
are presented as means and summary statistics, where appropri-
ate. Categorical variables were compared using the chi-square
test/Fisher’s exact probability test. All statistical analyses were
performed using SPSS (IBM SPSS version 21; Asia Analytics
Taiwan, Taipei, Taiwan). All statistical tests were 2-sided, with
an a value of 0.05. P values of <.05 were considered to represent
statistical significance.

3. Results

Table 1 shows the epidemiological features of domestic and
imported cases of measles in Taiwan between 2011 and 2020.
Table 2 shows the epidemiological features of domestic and
imported cases of rubella in Taiwan between 2011 and 2020.
Table 3 shows an epidemiological feature analysis of measles
and rubella cases. Among the 110 imported cases of measles
for which the region of import is known, 30 (27.3%) patients
had traveled to China, 25 (22.7%) to Thailand, 23 (20.9%) to
Vietnam, 15 (13.6 %) to the Philippines, 7 (6.4 %) to Indonesia, 4
(3.6%) to Cambodia, 3 (2.7%) to India and 3 (2.7%) to China.
For travelers from Taiwan, the relative risk of contracting mea-
sles was 12.45 for travel to Thailand, 9.59 for travel to Vietnam,
6.62 for travel to the Philippines, 3.67 for travel to Indonesia,
71.06 for travel to Cambodia, 9.47 for travel to India, and 0.42
for travel to South Korea compared with the risk associated
with travel to China (Table 4). Among the 78 imported cases
of rubella for which the region was known, 38 (48.7%) had
traveled to China, 21 (26.9%) to Vietnam, 5 (6.4%) to Japan,
4 (5.1%) to the Philippines, 4 (5.1%) to Malaysia, 3 (3.8%)
to Indonesia, and 3 (3.8%) to Thailand. For travelers from
Taiwan, the relative risk of contracting rubella was 6.91 for
travel to Vietnam, 0.23 for travel to Japan, 1.39 for travel to
the Philippines, 0.71 for travel to Malaysia, 1.24 for travel to
Indonesia, and 1.18 for travel to Thailand compared with the
risk associated with travel to China (Table 4). Table 5 shows the
measles, mumps and rubella (MMR) vaccine coverage for mea-
sles and rubella in Taiwan between 2011 and 2019. The inci-
dence per 1000,000 population and numbers of measles cases
reported in Taiwan that were locally transmitted and imported

Epidemiological features of domestic and imported cases of
measles in Taiwan between 2011 and 2020.

All cases Domestic cases Imported cases

Variable N = 306 (%) N =183 (%) N =123 (%)
Sex

Male 177 (57.8) 103 (56.3) 74 (60.2)

Female 129 (42.2) 80 (43.7) 49 (39.9)
Age group

<20 57 (18.6) 26 (14.2) 31(25.2)

20-39 222 (72.5) 145 (79.2) 77 (62.6)

49-59 27 (8.8) 12 (6.6) 15(12.2)

>60 0 0 0
Yr group

2011-2015 105 (34.3) 66 (36.1) 39(31.7)

2016-2020 201 (65.7) 117 (63.9) 84 (68.3)
Season

Spring 173 (56.5) 123 (67.2) 50 (40.7)

Summer 62 (20.3) 30 (16.4) 32 (26.0)

Fall 19(6.2 94.9 10(8.1)

Winter 52 (17.0) 21(11.9) 31(25.2)
Residency

Northern 230 (75.2) 144 (78.7) 86 (69.9)

Central 45 (14.7) 29 (15.8) 16 (13.0)

Southern 29 (9.5) 10 (5.5) 19 (15.4)

Eastern 2 (0.6) 0 2 (1.6)
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Epidemiological features of domestic and imported cases of
rubella in Taiwan between 2011 and 2020.

All cases Domestic cases Imported cases

Variable N =135 (%) N =48 (%) N =87 (%)
Sex

Male 87 (64.4) 28 (58.3) 59 (67.8)

Female 48 (35.6) 20 (41.7) 28 (32.2)
Age group

<20 10 (7.4) 3(6.3) 7(8.0)

20-39 80 (59.3) 33(68.9) 47 (54.0)

49-59 44 (32.6) 11 (22.9) 33(37.9)

>60 1(0.7) 1(@2.1) 0
Yr group

2011-2015 93 (68.9) 8(79.2) 55 (63.2)

2016-2020 42 (31.1) 10 (20.8) 32 (36.8)
Season

Spring 73 (54.1) 24 (50) 49 (56.3)

Summer 28 (20.7) 11 (22.9) 17 (19.5)

Fall 13(9.6) 9(18.8) 4 (4.6)

Winter 21 (15.6) 4(8.3) 17 (19.5)
Residency

Northern 84 (62.2) 32 (66.7) 52 (59.8)

Central 26 (19.3) 11 (22.9) 15(17.2)

Southern 24 (17.8) 4(8.3) 20 (23.0)

Eastern 1(0.7) 1@2.1) 0

Epidemiological features of measles and rubella cases in Taiwan
between 2011 and 2020.

Measles cases Rubella cases

Variable N = 306 (%) N =135 (%) P
Sex
Male 177 (57.8) 87 (64.4) 192
Female 129 (42.2) 48 (35.6)
Age group
<20 57 (18.6) 10 (7.4) <.001
20-39 222 (72.5) 80 (59.3)
49-59 27 (8.9) 44 (32.6)
>60 0 1(0.7)
Yr group
2011-2015 105 (34.3) 93 (68.9) <.001
2016-2020 201 (65.7) 42 (31.2)
Season
Spring 173 (56.5) 73 (54.1) .628
Summer 62 (20.3) 28 (20.7)
Fall 19 (6.2) 13 (9.6)
Winter 52 (17.0) 21 (15.6)
Residency
Northern 230 (75.2) 84 (62.2) .032
Central 45(14.7) 26 (19.3)
Southern 29 (9.5) 24 (17.8)
Eastern 2(0.6) 1(0.7)

between 2011 and 2020 are shown in Figure 1. The incidence
per 1000,000 population and numbers of rubella cases reported
in Taiwan that were locally transmitted and imported between
2011 and 2020 are shown in Figure 2. Measles and rubella cases
were imported to Taiwan from 5 continents and various coun-
tries, respectively (Figs. 3 and 4).

4. Discussion

Because of global climate change and increased travel between
continents, air-borne diseases in Taiwan, including measles and
rubella, are more likely to spread than in the past. Humans
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Travel destinations of 110 persons with imported cases of
measles and 78 persons with imported cases of rubella in
Taiwan between 2011 and 2020.

No. of air
passengers
Country of destination* No. cases (100,000) R.R.
Measles
China 30 271.82 Reference
Thailand 25 18.20 12.45
Vietnam 23 21.74 9.59
Philippines 15 20.52 6.62
Indonesia 7 17.27 3.67
Cambodia 4 0.51 71.06
India 3 2.87 9.47
South Korea 3 64.20 0.42
Rubella
China 38 271.82 Reference
Vietnam 21 21.74 6.91
Japan 5 156.12 0.23
Philippines 4 20.52 1.39
Malaysia 4 40.53 0.71
Indonesia 3 17.27 1.24
Thailand 3 18.20 1.18

*Case numbers larger than or equal to 3 are listed.

face new challenges in the control of these diseases. Prior to
vaccination and the revival of immunization programs, mea-
sles accounted for high child morbidity and mortality,*”! with
at least 95% of children aged under 15 years contracting mea-
sles,B% resulting in over 2 million deaths and 15,000 to 60,000
cases of blindness worldwide per annum. The health conse-
quences of measles and rubella infections can be lifelong and
include economic losses for individuals, families and societies.!!
This study analyzed publicly available annual summary data of
reported imported and domestic measles and rubella cases from
2011 to 2020 published by the TCDC and is the first report
covering such an area in Taiwan in the past 10 years. During the
period of investigation, more than 90% of the cases of measles
and rubella were imported from Asian countries. The number of
imported cases of measles was greater than the number of local
cases. Between January 2011 and December 2020, the number
of imported cases reached a cumulative total of 210 (123 for
measles and 87 for rubella). Most of the imported cases orig-
inated in China (68 cases), Viethnam (44 cases), and Thailand
(28 cases). Hot zones for measles and rubella are mainly dis-
tributed in the tropical and subtropical areas of the Northern
Hemisphere, in which relatively high temperatures and numer-
ous travelers are the main causes of disease spread.? In other
words, airlines contribute substantially to airborne disease
transmission, and busy airports are breeding grounds for patho-
gens (viruses, bacteria, etc). Therefore, the government should
provide disease information and establish control measures for
inbound travelers from disease hot zones to improve the effec-
tiveness of epidemic control.

This study comparing measles and rubella cases between
2011 and 2020 revealed no significant differences between
sexes. Specifically, sex was not a risk factor for measles and
rubella; however, the rate was slightly higher in males (57.8%
for measles cases and 64.4% for rubella cases) than in females.
Patient age exhibited a significant difference. Cases of measles
occurred mainly in 20- to 39-year-olds (attack rate = 72.5%);
rubella cases also predominantly occurred in 20- to 39-year-
olds (attack rate = 59.3%). The younger population accounted
for a larger proportion of confirmed cases, probably because
young adults contacted infected surfaces and were exposed
to infected air-borne droplets more frequently than other age
groups, and they tended to underestimate the risk of contracting



Yu et al. ® Medicine (2022) 101:43

Medicine

Immunization coverage of measles and rubella in Taiwan between 2011 and 2019.

Yr*
MMR vaccine 2011 2012 2013 2014 2105 2016 2017 2018 2019 Overall
First dose
Target population (person) 194,689 178,619 200,667 239,045 197,948 215,705 215,853 210,429 197,663 1850,618
Vaccinated population (person) 190,910 173,817 197,208 235,140 194,546 211,738 212,455 207,425 195,418 1818,657
Vaccination coverage (%) 98.06 97.31 98.28 98.37 98.28 98.16 98.43 98.57 98.86 98.3
First grade of elementary school
Target population (person) 215,365 210,527 200,866 205,350 201,453 194,849 188,148 220,908 217,881 1855,347
Vaccinated population (person) 211,890 206,696 196,791 199,285 196,399 189,694 180,119 213,423 211,801 1806,098
Vaccination coverage (%) 98.39 98.18 97.97 97.05 97.49 97.35 95.73 96.61 97.21 97.3
MMR = measles, mumps and rubella.
*Taiwan’s CDC has not released 2020 data up to August 2021.
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a disease. Vaccination is one of the most effective medical mea-
sures for preventing infectious diseases. Even though there are
recommendations for specific occupational groups that have an
increased risk of infection, for example, armed forces personnel,
there are gaps in the vaccination rates of this personal. Previous

(a mean age of 27.7 = 6.5 years) and control groups (27.9 = 6.3
years). This study suggest that it is possible reason that because
the younger adults are a high-risk group for measles and rubella,
a high vaccination rate is required to prevent the spread and
transmission of measles and rubella.® Over the last 5 years,
there has been a significant increase in the number of measles
cases and a significant decrease in the number of rubella cases.
This study indicates that different respiratory diseases have had
significant disease burdens in different years. Similar epidemic
trends also emerged according to season of confirmation; spe-
cifically, the numbers of confirmed measles and rubella cases
increased in spring and summer. These increases may have
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Figure 4. Rubella cases reported in Taiwan that were globally transmitted (a)
and imported from Asia (b) between 2011 and 2020.

occurred because imported cases accelerated the spread of the
disease, thereby indirectly increasing the number of domestic
cases. A significant difference was also observed in the patients’
places of residence. Taipei city is a metropolitan center located
in northern Taiwan, in which residents were probably exposed
to more imported cases of measles and rubella, contributing to
the larger number of confirmed cases; thus, they had a higher
risk of acquiring the disease. Overall, patient age, duration by
year and residency at confirmation may be risk factors for mea-
sles and rubella in the Taiwanese population.

Foreign research has demonstrated that hot environments
are associated with rapid disease transmission due to contam-
ination with various pathogens.’¥ Considering temperature
increases every decade over the past 40 years, the United Nations
World Meteorological Organization stated in its annual assess-
ment report!®! in late 2019 that climate change has progressed
beyond human capacity to adapt. Global temperatures since
2019 have exceeded those before the industrial revolution by
1.1°C, and this decade will be the hottest in history. According
to Taiwan’s Central Weather Bureau,®®! Taiwan’s average tem-
perature in 2019 was 24.56°C, which was 0.34°C higher than
that in 2018 and the highest since 1947. Therefore, the large
numbers of confirmed cases of measles and rubella in the fall of
2019 were probably caused by increased temperatures during
this year. Increases in temperature also accelerate viral replica-
tion in the community and expand the geographic spread of dis-
eases. Taiwan is facing climate change and a climate emergency,
both of which require an immediate response. Because of global
warming, Taiwan has a mild climate and is more suitable for the
survival and reproduction of respiratory viruses during spring
and summer; this has contributed to the spread of airborne dis-
eases (e.g., measles and rubella), posing a great threat to public
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health. The government should develop public health policies
in advance and thoroughly implement preventive measures to
safeguard the health of citizens.

Declines in respiratory infectious diseases, such as inva-
sive pneumococcal disease, tuberculosis and influenza, were
reported in early 2020 in Taiwan.’’-3"! Recently, Rana et al“"!
reported that a rapid reduction in the number of measles cases
during the coronavirus disease 2019 (COVID-19) pandemic
was observed in Pakistan. In this study, a similar scenario was
seen for measles and rubella in Taiwan. The numbers of mea-
sles and rubella cases dramatically reduced to zero in 2020,
which marks the beginning of the COVID-19 outbreak. Zero
cases in a year had not been achieved in the previous 9 years.
Decreased numbers of imported cases of measles and rubella
(transmission) in Taiwan during the COVID-19 pandemic may
perhaps be attributed to the implementation of aggressive infec-
tion control measures during this period. First, the implementa-
tion of “border control,” particularly with regard to China since
the early COVID-19 out-break, might have directly led to the
absence of imported measles and rubella cases and indirectly
reduced the occurrence of imported case-associated locally
transmitted cases. Second, infection control measures, such as
mask wearing, increased hand washing, crowd avoidance and
social distancing, might have helped reduce the risk of measles/
rubella spread by reducing exposure to contaminated surfaces
and airborne droplets. These interventions may have prevented
the circulation of locally transmitted measles/rubella cases, as
has been reported for other airborne infectious diseases in South
Korea.*!! However, it is also possible that underreporting or
underdiagnosis due to the fear of visiting hospitals during the
COVID-19 pandemic may have resulted in underestimates of
the numbers of actual measles and rubella cases. Further study
comparing the number of people visiting clinics for respiratory
symptoms during the COVID-19 pandemic with those in previ-
ous years may help estimate the effect of this issue.

Ideally, control efforts should focus on immunization, fol-
lowed by outbreak control, elimination, and finally eradica-
tion.*?l Population immunity >95% is needed to interrupt
ongoing measles transmission.*3! Global coverage of a first
measles vaccine dose increased from 72% to 85% between
2000 and 201044 and again in 2019 with 122 countries (63%
of World Health Organization member states) achieving > 90%
coverage, a 42% increase from 86 (45%) countries in 2000. In
Taiwan, measles has been listed as a reportable disease since
1985 and is under control after the implementation of effec-
tive vaccination and the strengthened quality of the surveillance
system. In Taiwan, coverage with the first dose of the MMR
vaccine increased from 97.31% to 98.86% between 2010 and
2020. This study indicated that Taiwan’s MMR vaccine cover-
age rate was indeed better than the global average. This also
highlights Taiwan’s public health measures and sustainable
efforts in medical care. It is well known that measles elimina-
tion is not achievable without 2 doses of the MMR vaccine,
though much progress has occurred in this area. The estimated
global coverage of the second dose measles-containing vaccine
(2) nearly quadrupled between 2000 and 2019, from 18% to
71%, largely due to an 86% increase in the number of coun-
tries providing an MCV2 (from 95 to 177 countries between
2000 and 2019).1*! Taiwanese coverage of the second dose of
the MMR vaccine increased from 95.73% to 98.39% between
2010 and 2020. Vaccine (e.g., MMR) coverage of preschool or
school-age children in Taiwan is overseen by the government’s
health department. This study suggests that children require
publicly funded vaccines to strengthen protection against infec-
tious diseases.

Individuals at risk for measles/rubella include children too
young to be vaccinated, those who have not been vaccinated
for medical or other reasons, those who have not received a
second dose of the MMR vaccine, and those for whom the
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vaccine failed to elicit a protective immune response (a very
small fraction of those immunized). Travel to areas where mea-
sles is endemic or contact with ill persons arriving from these
countries increases the risk of exposure to measles.**! Data from
other studies show that approximately half of the travelers with
measles and rubella returning to developed countries had trav-
eled to Asia.*! Our study revealed similar findings for Taiwan.
Immigration and the increased movement of international pop-
ulations (e.g., travelers from China, Vietnam, Cambodia, and
Thailand) affect morbidity caused by diseases in Taiwan, sim-
ilar to the results of a previous study.*”! In addition, this study
found that all cases of measles and rubella among patients
increased when the numbers of imported cases of measles and
rubella among immigrants and international travelers increased.
This study suggests that international passengers arriving from
abroad to a destination country might be a risk factor for mea-
sles and rubella in Taiwan.

This study has 2 limitations. First, the TCDC’s TNIDSS
(infectious disease statistics) includes only basic epidemiological
data of patients with measles and rubella and provides no clini-
cal data. Therefore, in this study, differences or trends in clinical
data of patients could not be compared. Second, data provided
by the TNIDSS contain no information about the genotypes
or strains of measles and rubella viruses isolated. Accordingly,
this study could not analyze the type of measles or rubella virus
strain ins Taiwan or perform phylogenetic comparisons between
viral strains in Taiwan and other countries. This study has the
advantage of using diverse data provided by Taiwan’s public
sector on its online platform (including the initial version of
the platform). All historical data are stored on this platform,
and researchers can use this data to conduct statistical analyses
and create academic value. Such data are worth exploring to
guide expansion of the monitoring of infectious diseases and
their characteristics, thereby continually increasing the capacity
of scientific research.

5. Conclusions

This study was the first in Taiwan to analyze the epidemio-
logical characteristics and trends of imported and domestic
cases of measles and rubella from 2011 to 2020. On the basis
of data from the TCDC, 306 cases of measles and 135 cases
of rubella occurred. The incidence of measles and rubella per
million population was 0 to 6.0 and 0 to 2.6, respectively.
Moreover, the data analyzed in this study showed signifi-
cant differences with regard to sex (male patients accounted
for the largest proportion), age (patients aged 20-40 years
accounted for the largest proportion), season of confirmation
(spring accounted for the largest proportion), and place of
residence (Taiwan’s northern area accounted for the largest
proportion). The largest number of imported cases of measles
came from Cambodia. The largest number of imported cases
of rubella came from Vietnam. This study also demonstrated
that measles and rubella transmission decreased in Taiwan
during the COVID-19 pandemic. Aggressive implementa-
tion of infection control and prevention measures during the
COVID-19 pandemic can, therefore, be seen as advantageous
for not only limiting the severe acute respiratory syndrome
coronavirus 2 outbreak but also limiting outbreaks of other
infectious diseases, such as measles and rubella, as focused
on in this study. This information will be useful for policy
makers and clinical experts in directing prevention and con-
trol measures regarding measles and rubella, which causes ill-
ness among the Taiwanese population. This study highlights
the importance of longitudinal and geo-graphically extended
studies to understand the implications of airborne disease
transmission in the Taiwanese population. Critical data were
identified to inform future surveillance and research efforts
in Taiwan.
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