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ABSTRACT
Introduction: During the last decade, measles has become an important re-emerging disease in
Thailand. The objective of this study was to measure measles seroprevalence and its influencing
factors and to plan for an improved vaccination program.
Methods: A total of 600 participants aged between 9 months and 50 years were divided into
seven groups those represent birth cohorts that experienced different measles vaccination
policies. Participants’ blood samples were obtained to measure measles immunoglobulin G (IgG)
levels.
Results: None of the participants in the 9-month age group had measles IgG levels beyond a
protective level. Participants in the following age groups: 2 ½, 5–15, 16–29, 30–33, 34–40, and
41–50 years had 82% (95% confidence interval [CI] 73.3–90.7), 50% (95% CI 36.1–63.9), 52%
(95% CI 42.3–62.7), 70% (95% CI 61.1–78.9), 88.8% (95% CI 84.1–93.5), and 98.8% (95% CI
96.4–100.0) measles seropositivity, respectively. The study did not find any significant factors
affecting measles seropositivity.
Conclusion: Individuals aged 15–34 years are vulnerable to measles infections. Supplementary
vaccination in special situations, including post-exposure prophylaxis during an outbreak among
young adults or providing for high-risk occupations, such as healthcare personnel, should be
encouraged.
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INTRODUCTION
Measles is a highly contagious, airborne-transmitted disease that mostly occurs among children
younger than 5 years of age and young adults. It causes high-grade fever, cough, coryza,
conjunctivitis, tiny white spots on the inside of the mouth (Koplik’s spots), and rash. Measles can
also cause various complications, including pneumonia, otitis media, diarrhea, encephalitis, and
subacute sclerosing panencephalitis.(1) Measles can be prevented by vaccination; therefore, the
World Health Organization (WHO) launched the Measles Strategic Plan in September 2013 to
decrease global measles deaths by at least 95% by 2015 compared to the levels in 2000 and to
achieve measles elimination in at least five WHO regions by 2020. After implementation, this
program objective has proven unlikely to be achieved in some regions, especially in Southeast
Asia. Therefore, the high-level consultation between member states in March 2019 concluded
that the draft “Strategic Plan for Achieving and Sustaining Measles and Rubella Elimination in
the WHO South-East Asia Region: 2020–2024” be adopted and fully implemented by all
countries to ensure that the 2023 goal is achieved.(2)
Before the measles vaccine implementation era, all individuals were susceptible to
measles. Most people experienced natural infection during childhood. Over 90% of individuals
were infected before 10 years of age. Only young infants were protected by passively acquired
maternal antibodies after a few months of life. Fortunately, natural infection results in lifelong
protection.(3) Currently, the WHO recommend two doses of measles vaccine for all children and
proposes the strategy's components, including achieving and maintaining high coverage (>90%)
nationally with the routinely scheduled first dose of measles-containing vaccine among children
aged 1 year and ensuring that all children receive a second opportunity for measles
immunisation.(4) The estimated number of deaths from measles dropped from 750,000 in 2000 to
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197,000 in 2007. However, the incidence of measles has been rising again in the past several
years, despite vaccine coverage remaining high in many countries. According to the WHO
report, measles is still common, particularly in parts of Africa and Asia. In 2018, more than
140,000 people died of measles. The overwhelming majority (>95%) of measles deaths occur in
countries with low per capita incomes and weak health infrastructure.
In Thailand, vaccines containing measles have been incorporated into the National
Immunisation Program since 1984, and the first dose of monovalent measles vaccine (M) was
administered to infants at 9–12 months of age. In 1996, the second dose of measles vaccine was
administered to 6-year-old children and was replaced by the trivalent measles–mumps–rubella
(MMR) vaccine in 1997. Since 2014, Thai recommendations have adjusted the schedule of the
second-dose measles vaccination from 6 years to 2.5 years of age. This latest immunization
program of measles is mandatory and implemented homogenously across the country among the
populations born and living in Thailand. Therefore, in 2013, measles vaccine coverage in
Thailand was relatively high at 98.7% and 93.8% in children aged 9 months and 7 years,
respectively.(5) After measles vaccination implementation, the incidence of measles dramatically
decreased from 16.49 cases per 100,000 population in 2002 to 4.49 cases in 2008 and
subsequently rose again to 8.89 cases per 100,000 population during 2017–2019.(5) There have
been many outbreaks in several parts of Thailand, especially in the southern region and some
other provinces including Nakhon Nayok. While the vaccine coverage in Nakorn Nayok
province was approximately 90% for the last ten years. The WHO aims to reduce the global
annual measles incidence to <5 cases per million population. The burden of measles outbreaks
does not only affect the general population but also healthcare personnel.(4) Surprisingly, most of
the patients were young adults who should have received two doses of the measles-containing
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vaccine. Therefore, this study aimed to establish the seroprevalence of measles according to age
group in 2018 that represent birth cohorts that experienced different measles vaccination policies
and to understand the factors contributing to measles seropositivity.

METHODS
The participants were healthy children attending well-baby clinics and healthy adults with acute
illnesses visiting outpatient clinics and inpatient department at HRH Princess Maha Chakri
Sirindhorn Medical Center, Srinakharinwirot University, Thailand. The subjects had to meet the
following criteria to include them in the study: be of good general health (apart from acute
illness); have no chronic illness; not undergoing immunosuppressive therapy; have no clinical
signs of infection with HIV or other immunodeficiency disorders; healthcare providers or those
who worked at healthcare facilities were excluded. 600 randomized participants aged between 9
months and 50 years were enrolled in this study from June 2018 to May 2019, and were divided
into seven groups by age those represent birth cohorts that experienced different measles
vaccination policies, including 9 months (before receiving the first dose of the measlescontaining vaccine), 2 ½ years (before receiving the second dose of the measles-containing
vaccine), 5–15 years, 16–29 years (who were expected to have already received two doses of the
measles-containing vaccine), 30–33 years (who were expected to receive only one dose of the
measles-containing vaccine), 34–40, and 41–50 years (who had never received a measlescontaining vaccine). General data, such as sex, race, underlying disease, history of measles
infection, and vaccination, were recorded in a case record form. Thereafter, 1 mL of blood
samples were centrifuged at 3,500–4,000 rpm for 10 min to extract sera specimens and stored at
–80 °C in a refrigerator. The presence of specific antibodies against measles from serum samples
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was determined using the enzyme-linked immunosorbent assay. We used the EROIMMUNTM
semiquantitative measles virus immunoglobulin G (IgG) test (Lübeck, Germany), which allows
both qualitative and quantitative interpretation. The concentration of IgG antibodies was
calculated from the measured values of optical density and the calibration curve according to the
manufacturer’s instructions. The results were reported in the international unit (IU/mL).
According to instruction of the test kit, the qualitative results were reported as positive (IgG level
≥275 IU/mL), borderline (IgG level of 200–274 IU/mL), and negative (IgG level <200 IU/mL).
This study was approved by the Institutional Review Board of Srinakharinwirot University
(SWUEC-189/61E).
Statistical Analysis
SPSS Statistics version 22 (IBM SPSS Statistics Inc., Chicago, IL, USA) was used to
evaluate the data. Descriptive data, including age, sex, race, residential area, smoking, parental
education, and history of measles infection, were calculated, and presented as frequency,
percentage, mean and standard deviation. In addition to descriptive statistics, the associations
between these factors and measles seroprevalence were tested using multivariate logistic
regression, with a p-value <0.05 indicating statistical significance.

RESULTS
A total of 631 people were screened for eligibility but only 600 participants aged 9 months to 50
years were enrolled from June 2018 to May 2019 (fig. 1). The distribution of participants by age
group was as follows: 9 months, 8.3%; 2 ½ years, 8.3%; 5–15 years, 8.3%; 6–29 years, 16.7%;
30–33 years, 16.7%; 34–40 years, 28.3%; and 41–50 years, 13.4%. Of these participants, 391
(65.2%) were men, and 99.8% were Thai (Table I).
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The overall measles IgG prevalence was 69.7%. (95% confidence interval [CI] 66.3–
73.5). The seroprevalence among children aged 9 months who were unvaccinated was 0%. The
geometric mean titer (GMC) was 77.7 ± 27.0 IU/mL and increased to 82.0% (95% CI 73.3–
90.7), GMC 1,109.8 ± 1,069.8 IU/mL at age 2 ½ years (after receiving a single dose and before
receiving the 2nd dose of the vaccine); however, the seropositivity gradually decreased among
older children and young adults aged 5–15 and 16–29 years who were expected to have already
received two doses of the measles-containing vaccine at 50.0% (95% CI 36.1–63.9) and 52.0%
(95% CI 42.3–62.7), respectively, and among those aged 30–33 years who were expected to have
received only one dose of the measles-containing vaccine at 70.0% (95% CI 61.1–78.9). Their
GMCs were 581.2 ± 871.3, 666.3 ± 926.6, and 1,153.6 ± 1,153.0 IU/mL, respectively. The
seroprevalence was highest in participants aged 34–40 and 41–50 years who had not been
vaccinated with the measles vaccine at 88.8% (95% CI 84.1–93.5) and 98.8% (95% CI 96.4–
100), respectively. Their GMCs were 1,764.2 ± 1,409.9 and 1762.4 ± 1,212.9 IU/mL,
respectively. The vaccination history of all participants aged younger than 15 years was retrieved
from the medical document but almost all those aged older than 15 years were self-reported
(98.1%). The vaccine completion rate was 98% and 82.0% in the 2 ½ and 5-15 years group,
respectively. Most participants in 16-29, 30-33, 34-40 and 41-55 years group did not remember
their vaccination history (71%, 86%, 83% and 80%, respectively) and reported being fully
vaccinated only 3.0%, 1.0%, 0% and 0%, respectively. These data are summarized in Fig. 2 and
Table II.
The seropositive rate and antibody titers in individuals younger than 33 years (who were
expected to have received at least a single dose of the measles vaccine) were significantly lower
than in older populations (unvaccinated or expected to have been naturally infected). In
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multivariate analysis, various factors, including sex, hometown, place of birth (Government
hospital, private hospital or outside hospital), smoking, and level of parental education, did not
affect their seropositivity and antibody titers, as shown in Table III.

DISCUSSION
Over the last decade, several measles outbreaks have occurred among infants and young adults in
different parts of the world, including Thailand, particularly in the southern region. Although, the
overall vaccination coverage in Thailand has been high, approximately 95%.(5) But the vaccine
coverage in Nakhon Nayok province (where this study site is located) was relatively low at 90%
during the last decade. Normally, a single-dose measles-containing vaccine is 95% effective(6),
with more than 99% of children developing immunity after the second dose.(7,8) In this study, the
overall measles seropositivity was only 69.7%, which is consistent with the findings of previous
studies (71.5–76.8%)(9,10). The seroprevalence from two previous studies in Thailand in 2009 and
2016 were 78.5% (95% CI 77.6–79.4) and 81% (95% CI 78.8–83.5), respectively(11,12), whereas
that from a recent study in Thailand in 2019 and another previous study in the United States
demonstrated higher seropositivity at 84.3% (95% CI 82.6–86.0) and 97.8% (95% CI 97.3–98.2),
respectively.(13,14) These discrepancies might have originated from the difference in variation of
age groups, vaccination program and vaccine coverage in each country; nevertheless, the
population aged 5–30 years was the most susceptible in all studies.
Our data demonstrated that the seroprevalence of children aged 9 months who were
unvaccinated and expected to have partial immunity against measles from their mother was 0%.
Leuridan et al. and Nicoara et al. also showed that the antibodies against measles before 12
months of age were extremely low.(15–17) In addition, previous studies have demonstrated that the
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passive antibody is highest in the 1st month of life (2,020 IU/mL) and rapidly declines until
almost absent at 8–9 months of age.(10,18–20) We also found low residual maternal measles
antibodies (77.7 IU/mL) at 9 months of age. This low preexisting antibody from mothers may
interfere with the efficacy of the 1st dose of the measles vaccine but not enough for disease
prevention. Primary vaccine failure (a failure to mount an immune response to the 1st dose of
measles vaccine) occurred at approximately 18% (measured at 2 ½ years of age before receiving
the second dose) in this study, implying that approximately one-fifth of the children aged
between 12 months and 2 ½ years are at risk of measles infection. These results are consistent
with those of many studies.(7,21) Probably for this reason, 23.8% of reported cases in 2020
involved children of preschool age (particularly in 0-2 years of age).(5,11) However, the Thai
National Immunisation Program still recommended that all children be vaccinated with the first
dose of MMR at 9 months of age because the incidence in children aged younger than 1 year was
as high as 147.5 cases per 100,000 population.(5) But from 2021 onwards, the
Advisory Committee on Immunisation Practice of Thailand has consequently modified the
recommendation, with the second dose of the MMR vaccine, previously administered to children
aged 4–6 years, now being administered at 1.5 years of age instead to minimize this failure
gap.(9,22) Conversely, many countries and the United States Centers for Disease Control and
Prevention recommend the first dose of measles at 12 months of age or older to avoid this
drawback.(22–24)
Moreover, we also found that children aged 5–15, 16–29, and 30–33 years, who were
expected to receive at least 1–2 dose(s) of the measles-containing vaccine, had the lowest
seroprevalence (50%, 52%, and 70%, respectively), which did not reach the targeted 93–95% for
disease prevention on a national scale.(3,25,26) These findings potentially explain the relatively
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high measles prevalence among populations aged 15–34 years.(5,27) We hypothesized the
unexpectedly low seroprevalence among the population aged 5-34 years might be from the low
vaccination rate and waning immunity. Our study demonstrated only 82% of those aged 5-15%
has completed vaccination. Only 2% of participants aged 15-34 years confirmed receiving 2
doses of vaccine and most participants did not remember their vaccination history. Moreover, the
WHO database demonstrated the national vaccine coverage in Thailand in 1985-1998, 19892002 and 2003-2013 was 26%, 80-94% and 91-94%, respectively comparing with 95% in 2015
onward.(28) These results were consistent with those of many previous studies that demonstrated
a U-curve pattern of measles seroprevalence. The prevalence and GMC of the antibodies were
highest among children aged 3–6 years and extremely low in children and young adults aged 11–
30 years.(9,10,13) However, another study from the US reported that measles seroprevalence was
highest among those aged 6–11 years and 12–19 years (96.8%, 95% CI 94.5–98.4, and 93.2%,
95% CI 89.8–95.7, respectively).(14) Although the seroprevalence seemed higher than in other
studies, the point estimate of these age groups also did not reach 95% in the 20–39-year age
group (87.9%, 95% CI 84.8–90.6). In Thailand, one study showed unexpectedly low
seropositivity and measles IgG levels in populations aged 1–19 years (76–82% and 21.0–736.2
IU/mL, respectively).(12) Additionally, another study focusing on Thai men revealed moderately
low seroprevalence in young adults aged 18–30 years (70.9–92.4%).(11) Furthermore, the latest
data in 2014 remained consistent, with older children and young adults also being the most at
risk of measles infection.(29)
In contrast, our participants aged older than 30 years, especially adults aged over 40
years, who had never received any measles-containing vaccine and were expected to have had
past natural infection, had higher seroprevalence and mean antibody titer. This finding
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corroborates the results of most previous studies.(10,13,14) Despite the high prevalence, most of our
participants aged 34–50 years (88.8%) could not recall any history of measles vaccination or
measles infection, which contrasts with their seroprevalence and antibody titer. According to the
National immunization program implementation, although, these age groups represented the
population who were expected to never be received or received only one dose of the measles
vaccine, and additionally, the national vaccine coverage during 1978–1985 was extremely low.
Conversely, WHO reported the incidence of measles in Thailand was very high before 1990. The
peaked number of measles cases was approximately 47,000 and 38,500 cases per year during
1980–1985 and 1986–1990.(30) Because of these measles outbreaks, we proposed that the higher
seroprevalence of the participants aged 30–39 years and older might be from the natural infection
which could produce higher antibody level than vaccine-induced antibody. Some previous study
hypothesized that the vaccine-induced antibody against measles may decrease over time because
of the lack of a natural booster.(11) The measles IgG level in those aged younger than 33 years
who represented vaccinated birth cohort was approximately two-times lower than that in those
aged over 40 years who represented unvaccinated birth cohort (844.2 vs. 1763.6 IU/mL). Many
studies have reported similar results, in which immunity against measles from natural infection
remains longer and more potent than vaccine-induced immunity.(18,29,32) However, many
guidelines still recommend two doses of the measles-containing vaccine as evidence of
immunity.(1,23) Currently, there has been a breakout of measles infections globally.(33) Despite the
measles-vaccine failure, cases of illness remain milder in the vaccinated population than those
occurring in unvaccinated patients,(34) and these cases still require considerable public health
efforts to prevent an outbreak.
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Possible factors, including age group, parental education, residence region (rural vs.
urban area), place of birth (e.g. in or outside the hospital), and smoking (direct and passive
smoker) did not affect measles seropositivity on multivariate analysis. Most previous studies did
not indicate any influencing factors. Nevertheless, one study in the northern and southern
America regions indicated that the seroprevalence of measles antibodies in non-Hispanic Blacks
was significantly higher than that in non-Hispanic Whites, and the seroprevalence among
Mexican Americans was lower than that in non-Hispanic Whites.(35) Moreover, another study in
Thailand during 2007–2008 discovered that higher education level was also related to higher
seropositivity.(12) Measles seroprevalence was lowest in the northern region and highest in the
southern region;(11) however, most measles outbreaks have occurred in the southern region in the
past five years. Unfortunately, our study was unable to assess whether certain influencing
factors, especially nationality and regions, affected seroprevalence because this was a single-site
study and approximately all participants were Thai.
There were some limitations to our study. First, our data were collected from a single site,
thus not representing the overall seroprevalence in the whole country. The ELISA assay was
used in this study while plaque reduction neutralisation test (PRNT) is the gold standard for
evaluating humoral immunity to measles because of higher sensitivity. But PRNT is a
complicated assay, tends to be operator-dependent and very limited in Thailand especially in the
rural area. The seroprevalences were probably higher especially in borderline/negative cases if
PRNT was used. Additionally, most participants, particularly adults and elderly persons, could
not remember their history of measles vaccination and measles infection accurately. However,
the seroprevalence of our participants who reported a history of measles infection was high
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(97.6%, 95% CI 93.0–100). These data indicated that we could partially rely on reported history
of measles infection as evidence of immunity.
This serosurveillance study could provide the opportunity to clarify the local measles
immune status. The measles vaccination should be vigorously promoted to maintain highest
coverage. At given time point, the individuals aged 15–34 years are relatively vulnerable to
measles infections. Supplementary vaccination in special situations, including post-exposure
prophylaxis during an outbreak among young adults or providing for high-risk occupations, such
as healthcare personnel, should be encouraged.
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FIGURES
631 participants assessed for eligibility

31 ineligibles because they did not meet
the inclusion criteria
- 28 were the healthcare workers
- 3 participants whose age did not meet
the criteria

50 assigned to 9
month-old group

50 assigned to
2 ½ year-old group

50 assigned to 5-15
year-old group

100 assigned to 3033 year-old group

100 assigned to 1629 year-old group

80 assigned to 41-50
year-old group

170 assigned to 3440 year-old group

Fig. 1 600 individuals aged between 9 months and 50 years were enrolled and divided into 7
groups by age those represent birth cohorts that experienced different measles vaccination
policies to evaluate measles IgG prevalence in each age group.
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*

Fig. 2 Measles seropositive rate and IgG level across all age groups. Each age group represents
an expected vaccination history. The scale on the left represents the percentage seropositive rate
according to the cutoff point of the measles IgG level: positive, ≥275 IU/mL; borderline, 200–
274 IU/mL; and negative, <200 IU/mL. The scale on the right represents the mean measles IgG
level. *GMC, geometric mean titer
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Table I Demographic characteristics of study participants
Characteristics

Number (%)

Measles seroprevalence
Positive,

Borderline,

Negative,

% (95% CI )

% (95% CI )

% (95% CI )

600 (100)

69.7 (66.1-73.3)

7.8 (6.8-7.8)

22.5 (19.2-25.7)

9 months

50 (8.3)

0

0

100

2 ½ years

50 (8.3)

82 (73.3-90.7)

6 (0-12.5)

12 (3.0-21.0)

5-15 years

50 (8.3)

50 (36.1-63.9)

14 (4.4-23.6)

36 (22.7-49.3)

16-29 years

100 (16.7)

52 (42.3-62.7)

16 (8.9-23.1)

32 (22.9-31.1)

30-33 years

100 (16.7)

70 (61.1-78.9)

12 (5.7-18.3)

18 (10.5-25.5)

34-40 years

170 (28.3)

88.8 (84.1-93.5)

4.7 (1.6-7.8)

6.5 (2.8-10.2)

41-50 years

80 (13.4)

98.8 (96.4-100)

1.3 (0-3.7)

0

Male

209 (34.8)

66 (59.6-72.4)

9.1 (5.3-12.9)

24.9 (19.1-30.7)

Female

391 (65.2)

71.6 (67.2-76)

7.2 (4.7-9.7)

21.2 (17.2-25.2)

Central

500 (75)

68.4 (64.4-72.4)

8.2 (5.8-10.6)

23.4 (19.7-27.1)

North

11 (1.8)

81.8 (70.2-93.4)

0

18.2 (0-41.0)

South

6 (1.0)

100

0

0

East

66 (11.0)

71.2 (60.3-82.1)

9.1 (2.2-16.0)

19.7 (10.2-29.2)

West

4 (0.7)

75 (33.0-100)

25 (0-67.4)

0

Northeast

63 (10.5)

71.4 (60.3-82.5)

4.8 (0-10.0)

23.8 (13.3-34.3)

Overall
Age

Sex

Hometown
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Birthplace
Government hospital 527 (87.8)

67.4 (63.4-71.4)

8.2 (5.9-10.5)

24.5 (20.9-28.1)

Private hospital

16 (2.7)

75 (53.8-96.2)

6.3 (0-18.2)

18.8 (0-37.9)

Others/unknown

57 (9.5)

89.4 (81.5-97.3)

5.3 (0-11.1)

5.3 (0-11.1)

Direct smoker

45 (7.5)

80 (68.4-91.6)

15.6 (5.0-26.2)

4.4 (0-23.3)

Passive smoker

93 (15.5)

59.1 (49.2-69.0)

8.6 (3.0-14.2)

32.3 (22.8-41.8)

Non-smoker

462 (77.0)

70.8 (66.7-74.9)

6.9 (4.6-9.2)

22.3 (18.6-26.0)

Kindergarten

2 (0.3)

100

0

0

Primary school

310 (51.7)

79.4 (74.9-83.9)

6.8 (4.0-9.6)

13.9 (10.1-17.7)

Junior high school

58 (9.7)

63.8 (57.9-69.7)

17.2 (7.5-26.9)

19.0 (0.9-29.0)

High school

126 (21.0)

61.1 (52.6-69.6)

7.1 (2.7-11.5)

31.7 (28.0-35.4)

Bachelor’s degree

89 (14.8)

52.8 (42.5-63.1)

4.5 (3.7-5.3)

42.7 (37.7-47.7)

Master’s degree or

11 (1.8)

63.6 (49.7-76.9)

9.1 (0-26.6)

27.3 (1.0-53.6)

4 (0.7)

50 (1.0-99.0)

50 (1.0-99.0)

0

Smoking

Parental education

higher
Unknown

History of measles infection
Yes

41 (6.8)

97.6 (93.0-100)

0

2.4 (0-7.0)

No

559 (93.2)

67.6 (63.8-71.4)

8.4 (6.2-10.6)

24 (20.5-27.5)

*CI, confidence interval
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Table II Measles seroprevalence, IgG level, rate of vaccination and national vaccine coverage according to age group and expected
vaccination history
Expected vaccination
history

Age as of

Birth

National

2018

year

vaccine

Rate of vaccination (%)
Yes

coverage(28)

Seropositive

GMC
(IU/mL) ± SD

No/

Unknown/

rate %

incomplete

cannot

(95% CI*)

remember
Maternal immunity or pre

9 months

2017

1st dose of vaccination

95%

0

50 (100)

0

0

77.7 ± 27.0

1 (2.0)

0

82 (73.3-90.7)

1,109.8 ±

(MCV2 )

(n=50)
Pre 2nd dose of vaccination

2½

(n=50)
Post 2 doses of vaccination

5-15 years

(n=50)

2015-

95%

49

2016

(MCV2)

(98.0)

2003-

91-94%

41

2013

(MCV2)

(82.0)

Post 2 doses of vaccination

16-29

1989-

80-94

(n=100)

years

2002

(MCV2)

Post single dose of

30-33

1985-

26%

1,069.8
3 (6.0)

6 (12.0)

50 (36.1-63.9)

581.2 ± 871.3

3 (3.0)

26 (26.0)

71 (71.0)

52 (42.3-62.7)

666.3 ± 926.6

1 (1.0)

13 (13.0)

86 (86.0)

70 (61.1-78.9)

1,153.6 ±
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vaccination (n=100)

years

1988

(MCV1 )

Natural infection (n=170)

34-40

1978-

-

years

1984

41-50

1968-

years

1977

Natural infection (n=80)

*CI, confidence interval;

GMC, geometric mean titer;

-

1,153.0
0

0

29 (17.0)

16 (20.0)

SD, standard deviation;

141 (83.0)

64 (80.0)

88.8 (84.1-

1,764.2 ±

93.5)

1,409.9

98.8 (96.4-

1,762.4 ±

100)

1,212.9

MCV1, one dose of measles vaccine coverage;

MCV2, two doses of measles vaccine coverage
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Table III Multivariate odds ratios between measles seropositivity and possible influencing
factors.
Crude analysis

Factors

Crude OR*

95%CI

Adjusted analysis
p-value

adjusted OR

95%CI

p-value

Sex
Male

1.23

0.83-1.83

0.308

1.42

0.87-2.31

0.158

Female

Ref

-

-

Ref

-

-

Central

1.22

0.77-1.93

0.391

1.38

0.81-2.35

0.237

Other

Ref

-

-

Ref

-

-

Smoker/passive
smoker

1.06

0.67-1.67

0.802

1.28

0.75-2.19

0.366

Non-smoker

Ref

-

-

Ref

-

-

Junior high school or
lower

0.31

0.21-0.46

0.001

1.07

0.63-1.82

0.798

High school or higher

Ref

-

-

Ref

-

-

Government hospital

5.51

1.69-17.95

0.005

1.70

0.50-5.83

0.40

Private hospital

3.92

0.70-21.74

0.118

0.66

0.10-4.14

0.655

Outside hospital

Ref

-

-

Ref

-

-

Hometown

Smoking

Parental education

Birthplace

*OR, odd ratio; †CI, confidence interval
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