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Abstract

Introduction: Endemic measles persists in China, despite >95% reported coverage of two
measles-containing vaccine doses and nationwide campaign that vaccinated >100 million children
in 2010. An increasing proportion of infections now occur among adults and there is concern that
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persistent susceptibility in adults is an obstacle to measles elimination in China. We performed a
case-control study in six Chinese provinces between January 2012 to June 2013 to identify risk
factors for measles virus infection and susceptibility among adults.

Methods: Persons =15 years old with laboratory-confirmed measles were age and neighborhood
matched with three controls. Controls had blood specimens collected to determine their measles
1gG serostatus. We interviewed case-patients and controls about potential risk factors for

measles virus infection and susceptibility. Unadjusted and adjusted matched odds ratios and

95% confidence intervals (Cls) were calculated via conditional logistic regression. We calculated
attributable fractions for infection for risk factors that could be interpreted as causal.

Results: 899 cases and 2498 controls were enrolled. Among controls, 165 (6.6%) were
seronegative for measles 1gG indicating persistent susceptibility to infection. In multivariable
analysis, hospital visit and travel outside the prefecture in the prior 1-3 weeks were significant risk
factors for measles virus infection. Occupation and reluctance to accept measles vaccination were
significant risk factors for measles susceptibility. The calculated attributable fraction of measles
cases from hospital visitation was 28.6% (95% CI: 20.6-38.8%).

Conclusions: Exposure to a healthcare facility was the largest risk factor for measles virus
infection in adults in China. Improved adherence to hospital infection control practices could
reduce risk of ongoing measles virus transmission and increase the likelihood of achieving and
sustaining measles elimination in China. The use of control groups stratified by serological status
identified distinct risk factors for measles virus infection and susceptibility among adults.
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Introduction

The presence of a safe and effective vaccine for measles has allowed many countries to
successfully control the disease and reduce the global burden of disease substantially. All

six World Health Organization (WHO) regions now have measles elimination goals, but no
other region has yet been able to replicate the previous success of the WHO Region of

the Americas [1]. In 2006, China endorsed an action plan for measles elimination by 2012
[2]. This plan was modeled on the successful elimination plan in the Americas, including a
2-dose routine measles-containing vaccine (MCV) schedule with > 95% coverage and use
of supplementary immunization activities (SIAs) [3]. In September 2010, China conducted a
synchronized nationwide SIA and vaccinated>100 million children aged 8 months—14 years

[4] (Fig. 1).

In 2012, the WHO Western Pacific Region, including China, recorded its lowest-ever
measles incidence (5.9 per million population) [5], and appeared to be approaching
elimination. However, endemic measles virus transmission in China has not been interrupted
[6,7], and a large resurgence in measles cases was seen in 2014 and 2015[8]. The resurgence
revealed ongoing and emerging challenges; these include changing measles epidemiology,
with increased measles incidence occurring among young adults and infants too young to

be vaccinated, as well as heterogeneity of measles epidemiology among subnational areas
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and specific populations [8]. During 2014 through 2016, among all cases reported in China,
over 40% were among adults of 20 years or above [9,10], and sustained measles virus
transmission among adults was documented in a community setting [11].

The low measles incidence after the nationwide measles SIA in 2010 provided an
opportunity to assess the impact and limitations of a vaccination strategy targeting children
in epidemiological situations where adults make up a large percentage of measles case-
patients [6]. We conducted an all-age case-control study during 2012-2013 to understand
remaining barriers to measles elimination in China and guide further targeted efforts to reach
this goal. Results for infants and children have already been published [12,13]; in this paper,
we summarize results for persons aged > 15 years. The specific objectives of this analysis
were to identify risk factors for measles virus infection and susceptibility in adults following
a nationwide measles vaccination campaign targeting children up to age 14 years.

Methods

2.1. Study location and time

Since 1986, China’s 31 mainland provinces have been divided into three groups according to
economic and social development: eastern, central, and western regions [14,15]. We selected
six provinces for the study based on geography and measles epidemiology as described

in detail previously [12]. Jiangsu, Zhejiang, and Shandong were selected from the more
developed eastern region, and Henan, Gansu, and Yunnan from the less developed central
and western regions. We combined the central and western regions because of overall similar
demographics and measles epidemiology. These six provinces have a total population of
around 406.8 million, 29.3% of the total population of China in 2017 [16]. The study sought
to investigate all laboratory-confirmed measles cases reported from these provinces from
January to December 2012. Because the number of reported cases did not meet the estimated
sample size requirement by the end of 2012 (see below), we extended the study for 6 more
months to cover the 2013 peak measles season.

2.2. Sample size

2.3.

We powered the study for separate analysis of the eastern and central/western regions.
Assuming a risk factor prevalence in controls of 30%, and a population seroprevalence of
85% (based on assessment of provincial measles serosurveys), 250 adult cases with three
age and neighborhood matched controls in each of the eastern and central/western regions
would provide a 90% power to detect a 20% difference in exposure prevalences.

Measles surveillance and case selection

A case-based, laboratory-supported measles surveillance system (MSS) was established in
China in 1997, initially in selected provinces, and implemented nationwide in 2009 [17].
Every suspected measles case seeking healthcare in a hospital or identified by county

level CDC staff during an outbreak investigation will be reported to the system after
investigation by county-level CDC staff using a standardized, in-person questionnaire.
China’s Measles Laboratory Network consists of over 330 prefecture-level laboratories, 31
provincial laboratories, and one national laboratory that has been accredited by WHO as a
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Regional Reference Laboratory continuously since 2003. We used this measles surveillance
system to identify cases for the study.

Once a suspected measles case-patient seeks health care, the healthcare provider is expected
to report the case within 24 h. Suspected measles cases are confirmed based on laboratory
findings, an epidemiologic link, or clinical criteria. For this study, only case-patients
confirmed by positive IgM enzyme-linked immunosorbent assay (SERION ELISA anti-
measles virus IgM, Institut Virion\Serion GmbH) or isolation of measles virus in a WHO
Global Measles and Rubella Laboratory Network accredited laboratory were enrolled.
Reported cases were enrolled sequentially up to the desired sample size. Case-patients were
excluded if they received MCV 7-14 days before rash onset [18] or declined to participate
in the study. Case-patients were enrolled through June 2013 in each province until the
calculated sample size was reached for each age group.

2.4. Control selection

2.5.

We enrolled three neighborhood controls matched to case-patients within the following age
strata: 15-24 years, 25-34 years, and = 35 years. Controls were selected starting with the
household closest to that of the case-patient. If more than one age eligible individual lived in
the household, we selected the one closest in age to the case-patient. Subsequent households
were visited until three eligible controls were found and enrolled. Potential controls were
excluded if they refused consent for study participation or if they had a history of fever and
rash in the previous 3 months, to ensure that they were unlikely to be undiagnosed measles
cases.

Laboratory testing

IgM testing of suspected cases was performed per the established laboratory testing
protocols of China Centers for Disease Control and Prevention (CDC)/provincial CDCs.
For controls, 3 ml of blood was collected at the time of interview after informed consent was
obtained. Serum separated samples were transported under cold storage to the provincial
CDC and stored at —20 °C until testing. ELISA testing of serum samples for measles IgG
using the Verion kit was performed at National Measles and Rubella Laboratory in China
CDC, which was Regional Reference Laboratory for Measles in WHO’s Western Pacific
Region. 1gG titers were considered positive if = 200 1U/ml, negative if <200 IU/ml. IgG
negative individuals were assumed to be susceptible to measles infection. We therefore
had three control groups in our analysis: all controls regardless of serostatus, 1gG positive
controls and IgG negative controls.

2.6. Data collection

Trained investigators conducted in-house face-to-face interviews with case-patients and
controls using a standard questionnaire. Variables collected included demographic
characteristics, vaccination history, hospital exposure, health care service utilization and
access, occupation, education level, details of daily commute, recent travel in the past three
weeks and migration status. Migration status was defined by either a history of having at
least one previous residence outside of the current county of residence or a history of ever
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having migrated from a different county, prefecture, or province to the current place of
residence.

Data analysis

A summary description of demographic variables and risk factors of interest was completed
for all case-patients and controls by region. To analyze variables potentially associated

with susceptibility to measles in adults, seropositive controls (indicating individuals with
immunity to measles) were compared to a combined group of seronegative controls

(still susceptible to infection) and case-patients (who were susceptible before their recent
infection). Matched odds ratios (mORs) and 95% confidence intervals (ClIs) for risk

factors were calculated via conditional logistic regression. Adjusted matched odds ratios
(amORs) were obtained from a multivariable conditional logistic regression. Model building
sequentially assessed each factor’s significance, then significant factors were further
assessed adjusted for other variables for the most parsimonious multivariable model. To
analyze variables potentially associated with measles infection in adults, cases-patients
were compared to seronegative controls using mORs and amORs via conditional logistic
regression. Attributable fractions (AF) were calculated for those exposure risk factors that

could be interpreted as causal, using the formula: AF = P[E| D] * (1 - WIR); where P[E | D]

is the observed prevalence of the exposure among cases. We used bootstrapping to calculate
a 95% CI for the AF by repeatedly sampling with replacement n matched sets, where n is the
total number of matched sets available in the analysis [19]. The 2.5th and 97.5th percentiles
of 500 estimated AFs define the 95% CI.

2.8. Ethical considerations

We obtained written informed consent from participants over the age of 18, and from parents
or guardians of children under 18 years old. Verbal assent for participation was also obtained
from children aged 15-18 years old for blood specimen collection. The study protocol was
reviewed and approved by the Ethics Review Committee of the WHO Regional office for
Western Pacific Region (Unique ID Number: 2011.24.CHN.05.EPI), and the Ethical Review
Committee of China CDC(Unique ID: 201117). The protocol was reviewed in accordance
with CDC human research protection procedures and determined to not be human subjects
research requiring institutional review board review.

3. Results

From January 2012 through June 2013, the six study provinces reported 30,249 suspected
measles cases (32% of the national total), of which 5978 (20%) were eventually classified
as measles. Among these 5978 case-patients, 5876 (98%) were laboratory confirmed, six
were epidemiologically confirmed and 96 were clinically compatible. Among the laboratory
confirmed cases, 1982 (34%) were in adults aged > 15 years. The percentage of measles
cases in adults aged = 15 years ranged from 14% in Henan Province to 57% in Zhejiang
Province. For this study, 899 (45.4%) case-patients aged = 15 years were enrolled: 591 from
the eastern region and 308 from central/western region. Zhejiang contributed the largest
number of case-patients (282), followed by Shandong (242), Yunnan (167), Jiangsu (72),
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Henan (70), and Gansu (66). Enrolled and non-enrolled case-patients did not significantly
differ by age group (x? = 1.81, p = 0.40) or sex (x2 = 0.25, p = 0.61). In total, 5994
households were visited, and 2756 potential controls were approached. Among them, 2498
controls were enrolled, 258 were excluded for either refusing consent for participation,
refusal for blood sample, or having a history of fever and rash in the past 3 months.

A total of 899 case-patients, 2333 seropositive controls and 165 seronegative controls were
included in the analysis (Table 1). Case-patients did not differ from controls by sex or
age-group. Among enrolled case-patients, 58% were female, and the percentage was similar
between the eastern and central/western regions. Over 40% of case-patients were in the
25-34 year-old age group in both regions, but case-patients in the central/western region
were younger than in the eastern region (p = 0.0002). Among controls, overall 93.4% were
seropositive (n = 2333) for measles IgG, and seropositivity varied little by age-group and
region: seropositivity ranged from 91% in Gansu and Jiangsu to 95% in Shandong (data
not shown). Case-patients and controls had different rates of visit to a hospital or clinic

for any reason at least once in the 8-21 days before rash onset or interview: 32% of case-
patients, 4% of seropositive controls, and 5% of seronegative controls. Reasons for visits
included fever and cough (14% case-patients, 1% controls), other illness (5% case-patients,
1% controls) and other non-illness visits (14% case-patients, 3% controls). Visits were
further classified as inpatient (10% case-patients, 0.4% controls) and non-inpatient (21%
case-patients, 4% controls).

On univariate analysis, measles immune individuals (seropositive controls) were more
likely than measles susceptible individuals (seronegative controls and case-patients) to have
a college education, work in a college setting or as a healthcare worker rather than a
factory setting, have had a measles vaccination, or report being willing to receive measles
vaccination (Table 2). Since only 44% of case-patients and 62% of controls were aware of
their vaccination status, vaccination history was excluded from the multivariable analysis.
The multivariable analysis indicated that immune adults were more likely to work in a
college [amOR 5.11 (95% CI: 2.81, 9.30)] or health care setting [amOR 7.3 (95% CI: 3.85,
13.83)], and were more likely to report a willingness to receive measles vaccination [amOR
1.79 (1.21, 2.65)].

From univariate and multivariable conditional logistic regressions, case-patients were more
likely than seronegative controls to have visited the hospital for a reason other than
vaccination in the 8-21 days before rash onset or investigation date [amOR 13.86 (95%

Cl: 3.26, 58.96)]; and they were more likely to have traveled outside the prefecture in the
prior 1-3 weeks [amOR 4.27 (95% CI: 1.07, 16.98)] (Table 3). The attributable fraction for
any non-vaccine hospital visit and for travel outside the prefecture in the prior 1-3 weeks
was 28.6% (95% Cl: 20.6-38.8%) and 14.3% (95% ClI: 4.3-24.4%), respectively.

4. Discussion

Our case-control study of adult measles in 6 provinces of China has shown that: (1)
immunity among controls was very high (>90%), and associated with working in a college
environment or in the health care system; (2) independent attributable fractions of an adult
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acquiring measles virus infection were 28% for visiting a hospital and 14% for traveling
outside of the prefecture one to three weeks prior to measles onset; and (3) no other risk
factor examined was able to explain a programmatically-meaningful amount of measles
virus transmission to adults. Among controls, over 90% stated willingness to receive
measles vaccination. The implication of these findings is that no single programmatic action
will be able directly to eliminate measles among adults in China; rather, a combination of
programmatic actions including strengthening of infection control procedures in hospitals
and carefully targeted vaccine campaigns against groups with expected lower immunity
levels is likely to be needed.

4.1. Strengths and Weaknesses

Strengths of the study include that (1) measles case identification and verification was
conducted by a real-time, national measles and rubella surveillance system that has met
WHO quality and sensitivity standards continuously since 2011; (2) all of the measles cases
were laboratory confirmed and laboratory testing of cases and controls was performed by
the National Measles and Rubella Laboratory network, which consists of WHO-verified
reference laboratories for the WHO Western Pacific Region; (3) measles immunity was
measured directly among controls to provide an objective assessment of immunity, (4) three
controls were matched per case to provide additional sample size for analyses of controls’
factors associated with immunity or susceptibility to measles. This study was part of a
full-age measles case control study. Therefore, published findings from the other age groups
[12,13], can be compared with these finding for a broader understanding of measles virus
transmission in China.

Weaknesses of the study include that only six of China’s 31 provinces were studied, limiting
generalization to the entire country. Countering this limitation is that the six provinces

were selected to be representative of the three different regions of China based on social
developmental status - east, middle, and western China. Even though the national measles
surveillance system met and continues to meet WHO quality criteria, it is highly unlikely
that all measles cases were reported, especially milder cases and those not medically-
attended. Therefore, the cases cannot be said to represent all measles cases in the study
provinces. Few case-patients or controls knew their measles vaccination status or had access
to their measles vaccination history. Recall of measles vaccination status is unreliable and
subject to recall bias, especially for adults who would have been vaccinated years to decades
earlier. That few adults know their measles vaccination status was understood before the
study was conducted, and it was for this reason that we measured the controls’ immunity to
measles. Exclusion of fever-rash cases from the control group may have caused an upward
bias of the risk factor “visiting a hospital’. However, because<10% of potential controls were
excluded for any reason, we believe that any upward bias will be small.

4.2. Study in the context of the scientific literature

High population immunity is known to be necessary to eliminate measles; however, an

open question is how high immunity must be among adults for successful elimination of
measles. A 2016 symposium about closing measles and rubella immunity gaps among adults
and adolescents stated that “evidence that susceptible adult populations can maintain virus
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transmission in the absence of susceptible childhood populations is, so far, inconclusive,”
and that the “level of priority that should be given to addressing immunity gaps in
adolescents and young adults remains unclear” [20]. Our study did not answer the question
of the necessity of closing an immunity gap among adults, but rather provided evidence

as to where transmission was occurring, although less than a third of transmission could

be attributed to a single risk factor. However, although not representative of the population
due to the neighborhood matching approach to control enroliment, our study did show that
among controls, immunity was high -- at the same level as that seen in the United States
among adults as shown by Lebo and colleagues [21].

Nosocomial transmission of measles virus is a well-described phenomenon, as hospitals

and other healthcare settings emerge as a significant place of transmission when a country

is at or near the elimination of measles [22]. Health care personnel are at a 2- to 19-fold
increased risk of occupational exposure to measles virus, and health care personnel are
known to participate in chains of measles virus transmission. It is for this reason that some
countries have implemented requirements to demonstrate proof of measles immunity among
health care workers [23]. Hospital-based measles outbreaks have been documented in China,
as shown by Jia and colleagues [24]. Our study of adults is consistent with the current

belief that nosocomial transmission of measles virus is important, and is also consistent with
findings from this study’s companion case-control studies. The risk of measles in these six
provinces attributable to visiting the hospital was 43% among children < 8 months (too
young to vaccinate in China) and 32% among children 8 months to 14 years of age [12,13].
Another case-control study conducted in China showed visiting a hospital to be a significant
risk factor, and demonstrated nosocomial transmission in an intravenous drip treatment room
[25].

Travel and migration are also well known risk factors for acquisition of measles virus.
Internal travel and migration in China is very high; travel during the Chinese Spring

Festival is the largest annual movement of humans in the world, with an estimated 3 billion
individual trips taking during the 40 days around Spring Festival [26]. In China, travel is
believed to be a risk factor for acquiring measles among susceptible persons, although not
all studies found an association with travel. For example, Wagner and colleagues found
inter-city travel to be protective against measles in Tianjin, although they believed that travel
may have been confounded by correlation with socioeconomic status [27]. Our study’s two
companion case control studies both found travel to be a significant risk factor. Travel

is different than migration, in which families move from one place to another, often in
job-related moves. China has large internal migration, and a previous analysis of measles
surveillance data by Ma and colleagues showed that nearly 50% of reported measles cases in
China were among individuals living in a different county than that in which they were born

[6].

Implications for the program

It was reassuring to see a high level of immunity among controls, and that health care
workers were more likely to be immune to measles than adults of other occupations.
However, we found that the single largest risk factor for a susceptible adult acquiring
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measles was a recent visit to a hospital. Considering that visiting a hospital was the

largest risk factor in the companion case-control studies implies that regardless of age,
visiting a hospital is associated with a significant risk of exposure to measles. Furthermore,
nosocomial transmission will remain important even after endemic transmission is
interrupted. For example, the experience in the United States is that hospitals remain as
potential sites of transmission following measles virus introduction, and that responding

to hospital-based measles outbreaks is very expensive [28]. Reducing measles virus
transmission in hospitals in China is likely to help reduce transmission of measles virus

in the country overall.

Our finding that immunity among control subjects to measles virus was above 90% and
that few adults knew or had access to their immunization records, coupled with the very
large size of the adult population (>500 million adults in the study age group), implies
that campaigns to close a relatively small immunity gap among adults would be difficult
or inefficient. If all adults are targeted, the vast majority of those targeted for vaccination
will be immune already. A selective campaign targeting those who cannot show a history
of being vaccinated or having had measles will be challenged by the small percent of
adults with vaccination records. Our finding that travel poses a risk of measles is not

a programmatically actionable finding. With the development of a highly efficient travel
infrastructure, travel within China is increasing, which is simply part of the environment in
which measles elimination must occur.

4.4. Recommendations

This study and its companion studies support several recommendations. First, high quality
measles surveillance must continue, with careful observation of the incidence among
different age groups. Surveillance can provide useful information on direct and indirect
protection against measles and will help determine whether adult transmission will hinder
elimination of measles.

Second, effort should be directed to make hospitals and health care facilities safer

from measles, including vaccination strategy for health care workers. We believe that
government and professional health care organizations, especially those involved with
hospital infection control, should establish guidelines for prevention of nosocomial measles
and hospital control measures after contact with a measles case-patient, along the lines of
recommendations of Botelho-Nevers and colleagues [22].

Third, studies, including mathematical modeling studies, should be used to identify high-
value targets for vaccination that can accelerate elimination of measles in China. These
target groups may be subsets of adults (e.g., health care workers and college students)

or they may be older children, as has been identified by Hao and colleagues in a recently-
published modeling study that was based on a national serological survey [29].

5. Conclusion

As China is nearing the elimination of measles, the epidemiology of measles has been
changing. The incidence of adult measles is decreasing, but the proportion of measles among
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adults is increasing. Our study and its companion studies identified visiting a hospital as
a significant risk factor for acquiring measles. Mitigating this risk factor will be important
during and after elimination of measles in China.
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Fig. 1.

Adult measles cases in China, 1988-2018, by absolute number and proportion of all reported

measles cases.
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