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Objective: Following the national announcement of Measles Elimination 2012, numerous measures have been taken to 
control the incidence Hangzhou. However, the number of incidences remained at a level still higher than the elimination 
target. The present study aims to describe the epidemiological characteristics of measles, and proposes reasonable 
methods to achieve the target in Hangzhou.

Method: Analyze characteristics of measles using descriptive epidemiology based on cases collected by the National 
Notiðable Diseases Surveillance System (NNDSS) from 2004 to 2011.

Results: A total of 4712 confirmed cases were enrolled by the NNDSS with 7.87 per 100 000 people of incidence rate 
on average from 2004 to 2011. Individuals living in urban districts had higher risk of contracting measles than counties. 
Infants aged < 1 y observed the highest incidence rate with 239.35/100 000, and the age-specific incidence rate declined 
along with age-group but the trend reversed at adults. 52.20% of cases were floating cases and the measles vaccina-
tion was significantly different from the local cases ( x2 = 51.65, p < 0.001). February to June was the epidemic period for 
measles incidence with 81.88% of cases reported in cluster.

Conclusion: The descriptive characteristics of measles suggested that factors included infant and adult individual, 
migrant population, and living urban area might be relate to the elimination target. More efforts were need to ensure 
susceptible population had accepted qualified measles vaccination.
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Introduction

Measles is one of the most devastating infectious diseases for 
humans and has caused millions of death worldwide each 
year before introduction of measles vaccine (MV). China as a 
developing country, the morbidity of measles was 1145.75/ 
100,000 before using MV in 1967 y.1 In the past decades, 
the routine measles immunization recommendations and 
supplementary immunization activities were proposed to 
population, which substantial decreased the morbidity and 
mortality of measles. According to publication, the incidence 
rate in 2010 reduced to 2.68 per 10 0000 people, which was the 
lowest level in the past 20 y.1 Hangzhou as the capital of Zhejiang 
province located eastern coastline is a developed city of China, 
started providing MV to population in 1967. In order to improve 
level of population immunity, besides the first dose MV at 8 
mo old, the government provide an additional MV or measles 
contained vaccine (MCV) to other age groups. The vaccination 
schedule has also changed with time, two doses of free MCV 
were proposed as basic vaccination recommendation. Moreover, 

MCV supplementary immunization has been given at times to 
children from preschool to senior high school age. However, 
the measles has not subsided significantly in recent years, and 
similar as previous data the outbreaks still comes back every 3 
to 5 y.2 Meanwhile, with improved economic environment in 
Hangzhou,  floating population from mid or west district of 
China mainland flocks in each year. Researches described that 
compared with local population; more defective immunization 
and less healthcare service demand have been made available 
to the floating population.3-7 These are probably challenges for 
Measles Elimination target in the next phase in Hangzhou. The 
present study aimed to review the measles prevention progress 
in Hangzhou, to describe the epidemiologic characteristics of 
measles in the recent years, and proposed reasonable ways to 
Measles Elimination target finally in Hangzhou.

Results

The incidence rate and proposed measles vaccination schedule 
from 1967 y in Hangzhou. According to the historical data from 
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1955 y, the incidence rate of measles reached thousands degree 
per 100 000 people, especially in 1959 the figure increased to 
2543.51/100 000, which could cause 20~50 per 100 000 death 
each year. When MV injected to susceptible population aged 
over 8 mo, it obviously decreased to hundreds level later. The 
1990s showed a lower incidence compared with other periods, 
but the rate returned to high degree since 2000 y. A 3 to 5 y 
interval of measles epidemic could find in the figure (Fig. 1). In 
Hangzhou, the first vaccination of measles vaccine was practiced 
in 1967 y. People can get infected with measles over 8 mo were 
recommended to accepted one dose MV or MCV vaccination. 
To keep on reducing measles case and strengthen immunity level 

of population, Hangzhou CDC proposed that 7 y old (Primary 
school age) as the second vaccination time in 1977 to 1979 y. Eight 
month and 7 y old schedule reconsidered latterly and upgraded 
to add newly enrolled student at colleges. There have been other 
modification in the last decade such as the second dose changed 
to 12 to 23 mo old and 18 to 24 mo and re-proposed 7 y or pri-
mary school age vaccination. According to Chinese government’s 
Measles Elimination proclaim, besides routine vaccination rec-
ommendation, supplementary immunization activities covered 8 
mo to high school age, ignored individual’s vaccination or infec-
tion history was implemented since 2005 y. In all activities, MV 
or MCV was vaccinated free.

Table 1. The general characteristics of measles cases

Characteristics Category Case (N) Percentage (%)

Sex
Male 2513 53.33

Female 2199 46.67

Regional distribution
Urban 3913 83.04

Suburban 799 16.96

Reported year

2004 171 3.63

2005 1337 28.37

2006 317 6.73

2007 586 12.44

2008 1706 36.21

2009 283 6.01

2010 197 4.18

2011 115 2.44

Floating status*
Local 2219 47.80

Floating 2423 52.20

Vaccination*

Yes 767 16.51

No 1958 42.15

Unknown 1920 41.33

Confirmed method
Lab 4441 94.25

Clinical 271 5.75

Note: *Floating status missed 70 cases, Vaccination missed 67 cases.

Figure 1. The incidence rate of measles in Hang Zhou from 1955 to 2011.
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The general characteristics of measles cases reported by 
NNDSS from 2004 to 2011 y. From 2004 to 2011 y, a total of 
4712 cases were enrolled with 7.87 per 100 000 people of inci-
dence rate on average. The age ranged 12 d to 72 y and median 
value was 21 y old, male to female ratio was 1.14. Together the 
number of case in 2005 and 2008, the percentage reached 64.58 
nearly twice more than the amount of the other years, more than 
a half of case as floating population (52.20%). Only 16.51% 
individuals had measles vaccination according to registration or 
self-reported. Most of case’s confirmation was through lab testing 
(94.25%) (Table 1).

The geographical distribution of measles and incidence by 
epidemiological intensity. Figure  2 showed that eight urban 
districts located northeast of Hangzhou with a smaller area 
compared to five suburban counties. From 2004 to 2011 y, the 
measles incidence of urban districts was 9.96 per 100 000 people 
on average, higher than the rate calculated at suburban counties 
(3.88/100 000). In the urban districts, 19.29 at Jianggan district 
was the highest rate and 5.28 at Shangcheng district was the lowest 
rate. Suburban counties ranged 1.20 to 6.01 and the highest and 
lowest rate belonged to Lin’an and Chun’an. Considering the 
geographical factor and epidemiological intensity at meanwhile, 
4.80 per 100 000 people was observed when the disease was 
sporadic and significantly increased to 26.98 when the disease 
was epidemic at urban districts. The incidence range of suburban 
counties was much gentle as 1.48 to 11.20 (Fig. 3).

The age-specific incidence rate of measles by epidemiologi-
cal intensity. As Figure 4 showed, children aged < 1 y had higher 
risk of measles. The percentage of this group was 27.57% and 
the age-specific incidence was 239.35/100 000 on average from 

2004 to 2011 y. The rate would rise to 530.85 when the dis-
ease was epidemic and reduce to 100.97 under sporadic inten-
sity. Thereafter, the incidence decreased obviously with age: the 
10~and 13~group maintained a low degree as 4.57 and 2.71. But 
measles incidence reversed among adult population, 5.93 per 
100,000 people was reported among the group aged more than 
15 y, contributed 54.97 percent (2598 people) in all the reported 
cases. If adult cases are grouped by a 5 y space, 78.06 percentage 
of cases (2028 people) are between 20 and 39 y and 52.51% was 
female (1065 people) (Fig. 5). A total of 1303 infant cases (age < 
1 y) were reported by the system, and cases aged between 5 and 7 
mo contributed to 51.50% (Fig. 6).

The measles vaccination information of case grouped by 
floating status. Divided cases aged less than 1 y into two groups 
by 8 mo (The initial month to accept MCV). 20.00% had mea-
sles vaccination in the cases whose age was reasonable to accept 
measles vaccine. The vaccinated rate was 21.21% of local cases 
and 19.00% of floating cases with no significant difference 
between 2 groups (x2 = 2.89, p = 0.09). However, excluded age > 
15 y cases to calculated the rate by floating status. 51.83% of local 
cases had measles vaccination, significantly higher than 30.96% 
of floating case (x2 = 51.65, p < 0.001) (Table 2)

The time distribution of measles in one year grouped by epi-
demiological intensity. February to June seemed as a peak for 
measles incidence in one year, 81.88% cases were reported dur-
ing this period. By the different epidemiological intensity, the 
tendency of sporadic intensity was less obvious than epidemic 
intensity. Percentage of case in February to June was 65.92 for 
sporadic intensity and 91.05 for epidemic intensity with signifi-
cant difference ( x2 = 472.44, p < 0.001) (Fig. 7)

Figure 2. The geographical distribution of measles from 2004 to 2011.
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Discussion

This study suggested measles still seemed as a public-
health problem in Hangzhou. Floating population 
might be a risk factor for controlling the spread of 
measles. People lived in urban areas likely to risk higher 
chance of infecting measles than counties. Infants 
and adults were the distinguished components for the 
mortality of measles, and spring to early summer per 
year was the epidemic seasons of measles.

As a target, the Measles Elimination 2012 was 
established by the Regional Committee of the World 

Health Organization (WHO) Western 
Pacific Region in 2005.8 Following this 
proposition, Chinese government had drafted 
the 2006~2012 National Measles Elimination 
Action Plan in 2006 included effective measles 
vaccine vaccination policy, dependable 
measles cases surveillance system and unified 
cases diagnoses and treatment of disposal 
process. Through reviewing the historical 
data, it’s revealed that widespread use of MV 
or MCV has had a significant impact on 
measles epidemiology. In Hangzhou, measles 
incidence sustained a moderately intensity but 
still short of the recent elimination target . A 
low incidence in 1990s existed at the decline 
on measles in the past decades. There are  
significant differences betweendistribution of 
measles in 1990s (published in Chinese) with 
the present data, more cases were reported 
among infants aged less than 1 y and fewer cases 
were reported among 1 to 14 y old children 
from 2004 to 2011. Therefore, infants and 
adult cases seemed to be the key reason for the 
reverse of measles incidence according to our 

Figure 5. The percentage of adult cases grouped by a 5-y interval.

Figure 3. The incidence of measles by geographical distribution and epidemiological intensity.

Figure 4. The age-specific incidence of measles by epidemiological intensity.
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speculation. Because both reported and investigated coverage 
rate of the first dose MCV under 1 y old infant were more than 
95%, and similar high rate for the second dose among low aged-
group in Hangzhou. Furthermore, supplemental immunization 
programs (SIPs) were proposed to infant to teenage, accepting 
an additional dose of MCV, and were executed despite the 
individuals’ vaccination history. The above could explain the low 
incidence observed among this population. However, measles 
incidence still had a typical cycle in the recent years. In 2005 
and 2008 y, the rate raised more than 20 per 100 000 people. 
Some studies related  this phenomenon with the accumulation 
of susceptible population.9-11 Unfortunately, the coverage rate of 
MCV on whole population could not be estimated in the present 
study. Abundant studies based on Chinese population only 
focused the coverage of groups aged under 15 y. Nevertheless, the 
seroepidemiology could suggest the defect about the immunity of 
measles among population. There were routine surveillance data 
from different provinces showed the positive rate of IgG of whole 
population was not optimistic, especially among adults.12,13

There was no doubt that measles incidence had significantly 
geographical distribution. In China, northern and western 
provinces presented high incidence according to national 
surveillance data.1 In this study, the measles incidence of urban 
districts almost tripled of counties’, and sharply increased when 
the intensity of disease became epidemic. This might associate 
with population density, percentage of floating people, climate, 
life style, and others social factors. Analysis of American measles 
during 1980 to 1989, found that counties reporting measles more 
frequently during the decade had higher median populations, 
population densities, and percentage of black and Hispanic 
populations than those counties reporting less frequently.14

Infant had the highest measles incidence in the present study. 
This phenomenon was mainly because of decline of antibody 
from mother and timely vaccination. Among infants under 8 
mo especially for those who didn’t  accept MCV vaccination 
per recommendation, risk of measles increased along with 
the birth time. The recommended age for initial vaccination 
had been changed several times. In the early 1980s, WHO 

Figure 6. The distribution by month of cases aged less than 1 y.

Table 2. The vaccinated information of case by age and migrant status

Age (year)
Local case (%) Floating case (%)

unvaccinated vaccinated unknown unvaccinated vaccinated unknown

< 8 mo* 478 322

8~11 mo 140(57.38) 103(42.21) 1(0.41) 177(74.06) 55(23.01) 7(2.93)

1~ 26(39.39) 40(60.61) 210(57.69) 102(28.02) 52(14.29)

4~ 4(14.29) 20(71.43) 4(14.29) 64(36.16) 73(41.24) 40(22.60)

7~ 4(23.53) 13(76.47) 15(26.79) 21(37.50) 20(35.71)

10~ 3(10.00) 27(90.00) 5(29.41) 10(58.82) 2(11.77)

13~ 9(37.50) 9(37.50) 6(25.00) 4(25.00) 8(50.00) 4(25.00)

> 15 220(16.65) 155(11.73) 946(71.61) 276(22.72) 127(10.45) 812(66.83)

Total of age ≥ 8 month 406(23.47) 367(21.21) 957(55.32) 751(36.04) 396(19.00) 937(44.96)

Note: *Age < 8 mo case was not calculated to total. Missed 70 cases of floating status and 67 cases of vaccination, a total of 98 cases were excluded in this 
table. Case age ≥ 8 mo by floating status ×2 = 2.89, p = 0.09. Case age between 8 mo and 15 y by floating status ×2 = 51.65,p < 0.001.
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established a policy for measles immunization, recommended the 
administration of a single dose of measles vaccine at 9 mo of age.15 
Meanwhile, some literature had referred to consider 6 mo as the 
starting vaccination age for children.16-18 In China, the ages for 
the initial vaccination also had been changed several times. The 
recent research at Qinghai province concerned about duration 
of maternally derived antibody against measles, suggested an 
earlier administration of the first dose of measles vaccination 
should be considered.19 However, the reality was that practiced 
an earlier procedure for the first vaccination of measles remained 
a controversy. In the present study, the incidence of adults was 
not the high as infant but contributed a dominant percentage of 
all cases (54.97%). There was no proposed vaccination schedule 
to protect adults from measles. This population risk to infection 
of measles might associate with no vaccination, unqualified 
vaccination, or too long time to protect by antibody. In this 
group, more than 50% of cases aged 20 to 39 y and 52.51% of 
cases were female. If mothers did not acquire qualified immunity 
against measles, infant might in term fail to acquire enough 
antibodies. In additional, the proportion of adult cases increased 
obviously along with the controlling of child cases. Previous 
investigation in Africa had found this change of epidemiological 
characteristic of measles following the introduction of routine 
infant immunization programs.20 while the vaccination 
programs had primarily targeted infants, children or teenagers, 
those older people who were not vaccinated, unqualified 
vaccinated or never experienced natural infection remained 
susceptible to measles. A total of 1278 cases aged 8 mo to 15 y 
old were reported in this study and 68.00% were floating cases. 
Basing on ours acknowledge, the amount of floating population 
in this group was less than local population in Hangzhou. These 
infants and children might changed living place or migrated 
from hometown times along with theirs parents, and brought 
problems to receive an effective vaccination. Furthermore, 
although SIP activities had executed for times, covered different 
age group among children, part of floating children also had 
only one dose vaccination of measles.

April was the time that measles incidence 
occurred in clusters in the present study. 
Furthermore, the time distribution had 
changed along with different epidemiological 
intensity of disease. February was the starting 
of traditional season of measles infection. At 
the same time, people would migrate from 
hometown after having spring festival in 
China. Much susceptible individuals moved 
into, which would enhance the intensity of 
measles’s spread.

Based on listed epidemiological 
characteristics of measles above, more 
strategies to Measles Elimination should 
be considered while implemented routine 
immunizations well in Hangzhou. Suggestions 
were that ensured all children accepting two 
dose MCV timely, implemented catch-up 
activities at some specially urban areas where 

floating population usually stayed in mass, and widely advertised 
knowledge of harm and prevention about measles among 
population. The present study had some limitations. Descriptive 
epidemiology was employed, which could not find significant 
factors for the epidemic of measles. If the characteristic of floating 
population and seroepidemiology could add to analysis, it might 
help to extract reasonable measures for the measles elimination. 
Ineffective to collect the age-cohort data, induced could not 
compute the incidence rate of adult groups. Other related 
factors as policy, hospital infection, education and so on were 
not included, which could provide other valuable information to 
Measles Elimination. However, the study showed characteristics 
of measles in the eastern coastline city in China, infants and 
adult people were high-risk population for infecting measles, and 
floating population might generate new challenges for measles 
elimination.

Materials and Methods

Data source. Hangzhou has a population of approximately 
8.5 million people in 2011 y, with a land area of 16 596 km2, 
divided into 8 urban districts (Shangcheng, Xiacheng, Jianggan, 
Gongshu, Xihu, Bingjiang, Xiaoshan, Yuhang) and 5 suburban 
counties (Lin’an, Fuyang, Tonglu, Jiande, Chun’an). Each district 
and county had set a Center for Disease Prevention and Control 
(CDC) and several Community Health Centers (CHCs).

The National CDC established the National Notiðable 
Diseases Surveillance System (NNDSS) in 2004 y, which used to 
monitor epidemic diseases including measles, Neonatal tetanus, 
Acute Flaccid Paralysis, and then updated it into higher version 
for expanding variety of infectious diseases and increasing factors 
of case investigation like measles in 2008 y. The procedure of 
measles surveillance as follows: a. Physician working at medical 
institution was required to report suspected measles case within 
24 h to CDC by the NNDSS system online. b. CDC staffs 
were responsible for case investigation when they receiving the 
measles reporting information, to gather related information 

Figure 7. The time-distribution of measles grouped by epidemiological intensity.
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including age, gender, address, vaccination status, and clinical 
symptoms data such as rash onset, fever, conjunctivitis. CDC 
staff also need know the likely source of exposure, the site of 
transmission, the patient’s travel history , the importation status 
of the disease, any links to other cases, follow up the outcome 
of disease (complications and death), and collect blood sample 
or etiology specimens for verification. c. CHCs workers were in 
charge of disinfection of case’s living or working place, emergence 
vaccination for susceptible population, health education and so on.

Following is source of figure referred to the present study. The 
population, history incidence rate (IR) of measles and vaccination 
schedule was from the annuals of disease surveillance reports of 
HangZhou CDC each year. Information of reported measles 
cases from 2004 to 2011 y could download from NNDSS for 
analyzing.

The criteria of suspect measles and confirmation. About the 
criterion, suspect case reported by physician was any person with 
fever and generalized maculopapular rash with cough, coryza, 
conjunctivitis or any person suspected by a health professional as 
having measles.

Blood sample or virus isolation for confirmation was tested 
by CDCs or hospital lab authorized by Hangzhou CDC, and 
with unified method and reagent. A laboratory confirmation was 

defined as having tested positive for measles IgM of an individual 
who had no association with measles vaccination or isolation of 
the measles virus. A confirmed case of measles included case that 
is either laboratory confirmed or a case that meets the clinical 
diagnosis by physician or epidemiologically links to a laboratory-
confirmed case.

The definition of factors. Migrant status included local and 
floating situation, decided by household registration. The local 
case was one had household registration and usual lived at the 
place for disease onset, opposite to the floating case means like an 
imported case for the area of occurring disease. Epidemiological 
intensity of measles disease included sporadic and epidemic style 
separated by the incidence rate. In the present study, the inci-
dence of 2005 and 2008 y were set as epidemic intensity and 
other years recognized as sporadic intensity.

Statistical analysis. Statistical analysis was performed with 
SPSS version 13.0 (SPSS Inc., Chicago, IL). Employed frequency 
to describe the characteristics of measles case, used Chi-square to 
test the significant difference among groups. The level of signifi-
cance for all analyses designated as p-value less than 0.05.
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