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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 more than 100 million 

children in 2010. We performed a case–control study in six Chinese provinces during January 
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2012 through June 2013 to identify risk factors for measles infection among children aged 0–7 

months.

Methods: Children with laboratory-confirmed measles were neighborhood matched with three 

controls. We interviewed parents of case and control infants on potential risk factors for measles. 

Adjusted matched odds ratios (mOR) and 95% confidence intervals (CIs) were calculated by 

multivariable conditional logistic modeling. We calculated attributable fractions for risk factors 

that could be interpreted as causal.

Results: Eight hundred thirty cases and 2303 controls were enrolled. In multivariable analysis, 

male sex (mOR 1.6 [1.3, 2.0]), age 5–7 months (mOR 3.9 [3.0, 5.1]), migration between counties 

(mOR 2.3 [1.6, 3.4]), outpatient hospital visits (mOR 9.4 [6.6, 13.3]) and inpatient hospitalization 

(mOR 107.1 [48.8, 235.1]) were significant risk factors. The calculated attributable fractions for 

hospital visits was 43.1% (95% CI: 40.1, 47.5%) adjusted for age, sex and migration.

Conclusions: Hospital visitation was the largest risk factor for measles infection in infants. 

Improved hospital infection control practices would accelerate measles elimination in China.
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1. Introduction

A safe and effective vaccine for measles has been available for more than 50 years, 

successfully eliminating the disease in many countries. However, an estimated 122,000 

measles-related deaths occurred worldwide in 2011 [1]. All six World Health Organization 

(WHO) regions now have measles elimination goals, but none have yet replicated the 

success of the WHO Region of the Americas [1]. In 2012, the WHO Western Pacific Region 

recorded its lowest-ever measles incidence (5.9 per million population) [2], and appeared to 

be approaching elimination. A large part of this success was due to adramatic reduction in 

the incidence of measles in China, historically the source of most measles cases in the 

region, and the primary worldwide reservoir for the H1 measles genotype [3].

In line with the WHO Western Pacific Region goal of measles elimination by 2012, China in 

2006 endorsed an action plan for measles elimination [4]. This plan to rapidly close the 

immunity gap in children was similar to the successful AMR elimination plan, including a 2-

dose routine measles-containing vaccine (MCV) schedule with >95% coverage and use of 

supplementary immunization activities (SIAs) [5]. In China, a first MCV dose is now given 

at age 8 months and a second between 18 and 23 months with >95% reported coverage for 

both doses [6]. To close accumulated immunity gap among children with many measles 

cases reported, between 2004 and 2009, 27 of 31 mainland provinces conducted 

unsynchronized province-wide SIAs targeting children aged 8 months to 14 years [6,7]. In 

September 2010, China conducted a synchronized nationwide SIA and vaccinated more 

than100 million children aged 8 months to 14 years [8]. After a stable measles incidence of 

50–100 cases per million population from1994 to 2008, incidence decreased rapidly in 2011 

to 7.4 (Fig. 1). However, endemic measles virus transmission was not interrupted after the 

campaign [9].
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National measles surveillance in China has shown an increasing proportion of cases in 

infants <8 months old, a remarkable decrease in incidence and percentage of cases in 

children aged 8 months to 14 years old, and an increase in the proportion of cases, but not 

overall incidence, in adults aged ≥15 years. Between 1993 and2013, the proportion of 

measles cases among those aged <8 months increased from <5% [10] to 31% [11]. Among 

children aged 8 months to 14 years, the proportion of cases decreased from 83% to 42%; and 

adult measles cases increased from 12% to 27% [10,11]. Infants <8 months old are not 

eligible for measles vaccination, unfortunately, this age group has had the highest incidence 

of measles in China since 2005 [8,12–14]. In 2013, the median age of confirmed measles 

case-patients in China decreased to 11 months, the lowest since measles surveillance began 

[9].

The notably 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 infants younger than the recommended age for 

vaccination make up most measles case-patients [9]. As risk factors for measles likely differ 

by age group, we conducted a case–control study during 2012–2013, after the nationwide 

SIA, to identify risk factors for measles infection among infants, children, and adults, and to 

guide further measles elimination efforts in China. In this paper, we report results for infants 

aged ≤7 months.

2. 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 [6,15]. We selected 

six provinces for the study based on geographic groupings mentioned above, an incidence of 

measles during 2005–2010 of >40cases per million population, sustained measles virus 

transmission in 2011, and >50% of cases occurring in infants aged 0–7 months and adults 

aged ≥15 years. On the basis of these criteria, 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 (Fig. 2). These six provinces have a total 

population of around 394.5 million, 29.6% of the total population of China in 2010 [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

For sample size calculation and data analysis, we combined cases from the central and 

western regions because of overall similar demographics and measles epidemiology. We 

calculated sample size separately for each of three age groups (infants, children and adults, 

as defined above). For infants, assuming a risk factor prevalence in controls of 30%, 134 

infant cases with three matched neighborhood controls in each of the eastern and central/

western regions would provide a 90% power to detect an odds ratio (OR) >2 with 95% 
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confidence [17,18]. To account for a possible non-participation rate of 10%, we sought to 

investigate 150 infant cases per area.

2.3. Case selection

A case-based measles surveillance system with laboratory support has been in place in 

China since 2009 [19]. Once a suspected measles case 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. Case-patients were excluded if they received MCV 7–14 days before rash onset 

[20] or declined to participate in the study. Cases were enrolled in each province until the 

calculated sample size was reached for each age group or through June 2013, whichever 

came first.

2.4. Control selection

We enrolled three 0–7 month old neighborhood matched controls for each 0–7 month case-

patient. 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 caregivers refused consent for study 

participation or if the control infants had a history of fever and rash in the previous 3 

months, to ensure that they were unlikely to be undiagnosed measles cases.

2.5. Data collection

Trained investigators conducted in-house face-to-face interviews with parents of case-

patients and controls using a standard questionnaire. Variables collected included 

demographic characteristics, hospital exposure, routine vaccination history, and any reasons 

for non-vaccination if appropriate, health care service utilization and access, and migration 

status. Receipt of routine vaccines was determined by household-retained vaccination card, 

clinic-based vaccination records, or parental recall if written vaccination records were 

unavailable. Migration status was defined by either a personal history of the child having at 

least one previous residence outside of the current county of residence or a family history of 

ever having migrated from a different county, prefecture, or province to the current place of 

residence.

2.6. Data analysis

A summary description of demographic variables and risk factors of interest was completed 

for all cases and controls. Matched odds ratios (mORs) and 95% confidence intervals (CIs) 

for risk factors were calculated via conditional logistic regression overall and by region. 

Adjusted matched odds ratios were obtained from a multivariable conditional logistic model. 

Model building sequentially assessed each factor’s significance adjusted for other variables 

in the model, as well as effect modification on the primary variable of interest, hospital visits 
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for reason other than vaccination. Attributable fractions (AF) were calculated for those 

exposure risk factors that could be interpreted as causal, using the formula: AF = P[E|D] × 

(1 − (1/mOR)), 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 [21]. The 2.5th and 97.5th percentiles of 500 estimated AFs define the 95%CI.

2.7. Ethical considerations

We obtained written informed consent from parents or guardians of participating children. 

The study protocol was reviewed and approved by both 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 Center for disease control and 

prevention (Unique ID Number: 201117).

3. Results

From January 2012 through June 2013, the six study provinces reported 30,249 suspected 

measles cases (32.3% of the national total), of which 5978 (19.8%) were eventually 

classified as measles. Among these 5978 case-patients, 5876 (98.3%) were laboratory 

confirmed, 6 (0.1%) were epidemiologically confirmed and 96 (1.6%) were clinically 

compatible. Among the laboratory confirmed cases, 1730 (29.4%) were in infants aged <8 

months, 2164 (36.9%) were children aged 8 months through 14 years, and 1982 (33.7%) 

were in adults aged ≥15 years. The percentage of measles cases in infants aged <8 months 

ranged from 22.5% in Gansu to 39.8% in Henan. During this period, six measles-related 

deaths were reported in the six provinces; three of these deaths were in infants <8 months. 

Among 471 cases of all ages with genotype results, 439 (93.2%) were H1, and 32 (6.8%) 

were D9 genotype (30 from Yunnan province and 2 from Shandong province).

In total, 830 (47%) case-patients aged <8 months were enrolled in this study: 360 from the 

eastern region and 470 from central/western region. Yunnan contributed the largest number 

of case-patients (254), followed by Henan (182), Shandong (177), Zhejiang (143), Jiangsu 

(40), and Gansu (34). Enrolled and non-enrolled case-patients did not significantly differ by 

age group (χ2 = 0.008, p = 0.93) or sex (χ2 = 0.21, p = 0.65). The number of case-patients 

increased progressively with age from three in the <1-month-oldage-group to 259 in the 7-

month-old age-group; 79% of cases were in 5–7 month old children (Table 1). Among all 

potential control infants approached, 2520 controls were enrolled, 25 refused con-sent for 

participation, and two were excluded for a history of fever and rash in the past 3 months. 

After enrollment, 217 (8.5%) control infants were excluded from analysis because they were 

aged >8 months; therefore, 2303 controls were included in the analysis.

Case-patients were more frequently male and older (median age: 6 months, IQR: 5–7 

months) than controls (median age: 5 months, IQR: 3–6 months) (Table 1). The sex 

distribution and median age of case-patients was similar between the eastern and central/

western regions. Although ≥97% of case-patients and controls in both regions reported 

possession of a vaccination card, cases were less frequently up-to-date with all 

recommended vaccines (57% vs. 84%). Case-patients and controls has similar rates of visit 
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to a hospital or clinic for any reason at least once in the 8–21 days before rash onset or 

interview, 58% and 46%, respectively (data not shown). However, 45% of case-patients 

compared with only 5% of controls reported at least one visit to a hospital or clinic for a 

reason other than vaccination 8–21 days before rash onset or date of interview (Table 1). 

Reason for visits included fever and cough (37% case-patients; 3% controls), other illness 

(10% case-patients, 2% controls) and other non-illness visits (4% case-patients,1% controls). 

Visits were further classified as inpatient (24% case-patients, 1% controls) and non-inpatient 

(21% case-patients, 5% controls). Case-patients and controls in the eastern region more 

frequently reported a history of changing residence or family migration (county, prefecture, 

and province), parental education beyond primary school, having one or no siblings, and 

residence in a multistory building than case-patients and controls from the central/western 

regions (Table 1).

From univariate conditional logistic models, case-patients were more likely than controls to 

have visited the hospital for a reason other than vaccination in the 8–21 days before rash 

onset or investigation date. This was true for all case-patients as well when stratified by 

eastern and central/western regions (Table 2). Both inpatient hospitalization and outpatient 

hospital visits were significantly associated with being a case-patient overall and in each 

region. A personal history of changing residences was associated with being a case-patient 

in both regions. Additional risk factors for both regions included male sex, age 5–7 months, 

and missing vaccine doses for other antigens (Table 2). In multivariable analysis, male sex 

(mOR 1.6 [1.3, 2.0]), age 5–7 months (mOR 3.9 [3.0, 5.1]), migration between counties 

(mOR 2.3 [1.6, 3.4]), outpatient hospital visits (mOR 9.4 [6.6, 13.3]) and inpatient 

hospitalization (mOR 107.1 [48.8, 235.1]) remained significant risk factors. The calculated 

attributable fractions of measles cases for any non-vaccine hospital visit was 43.1% (95% 

CI: 40.1, 47.5) adjusted for age, sex and migrating from a different county. The AF for 

inpatient visits was 23.8% (95% CI: 21.0, 27.4) and for outpatient was 19.2% (95% CI: 16.6, 

22.8).

We calculated vaccination coverage among age eligible subsets for each dose of HBV, DPT, 

and OPV. Ignoring the matched design, the first dose vaccination coverage was similar 

between case-patients and controls; however coverage was lower for second and third dose 

coverage among case-patients for all antigens (Table 3). 1813 missed vaccinations doses 

among cases and controls, 1660 (91.6%) caregivers reported a reason for the missed dose. 

Most commonly, parents incorrectly believed that the child was too young for vaccination or 

reported contraindication to vaccination; together, these causes were responsible for 56–66% 

of all missed vaccination opportunities.

4. Discussion

In our study, hospital exposure was the primary risk factor for measles infection in infants 

under vaccination age. The combined attributable fraction of 43% for inpatient and 

outpatient hospital visits suggests that up to two in every five measles cases in pre-

vaccination age children in China could be caused by nosocomial exposure. Recent careful 

outbreak investigations in China have demonstrated hospital exposure in up to 58% of case-

patients aged <1 year [22] and have documented infusion rooms, inpatient wards, and 
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waiting areas [22–25], as likely sites of disease acquisition, efficient locations for measles 

transmission as they are enclosed and frequently crowded [26–28].

A recent review of nosocomial measles transmission worldwide highlighted increasing 

reports of hospital transmission in the past decade, especially among young adults and 

infants in countries nearing measles elimination [29]. Several factors make measles easily 

transmissible in hospital settings. Measles is extremely contagious with reported basic 

reproductive numbers from 6.2 to 15 [30], and is most transmissible in the early stage. 

Before the onset of rash, measles is not easily distinguished from other febrile respiratory 

illnesses. The respiratory symptoms facilitate production of infectious droplets, which can 

remain aerosolized for several hours [31,32]. As measles incidence falls, clinicians are less 

familiar with the disease manifestations and diagnosis is frequently delayed or missed 

altogether. Studies of hospitalized measles patients have documented correct initial 

diagnosis rates of <20% [33], and prompt initiation of airborne isolation in <10% during the 

contagious phase [34]. Strict adherence to appropriate precautions for all patients with 

respiratory symptoms would not only decrease the likelihood of measles transmission but 

also reduce the risk for nosocomial spread of tuberculosis, influenza, and other pathogens 

spread via airborne route. A recent study in Inner Mongolia demonstrated that 68% of 

healthcare workers (HCWs) were positive for latent tuberculosis, among the highest reported 

prevalence worldwide, suggesting widespread nosocomial transmission [35]. Studies from 

other countries have documented that HCWs have an up to 19-fold increased risk for 

acquiring measles when compared with the general public [36,37]. Because they might 

transmit disease to patients, HCWs should either have documented protection against 

measles or be vaccinated before starting work. Hospitals should maintain up-to-date records 

of the protection status of all HCWs at their facilities in a readily accessible and searchable 

format [29]. These steps would help reduce the risk for nosocomial outbreaks and protect 

vulnerable populations such as infants from measles infection.

In line with the national surveillance data [11], cases in our study most frequently occurred 

in children aged 5–7 months. We observed very few cases in 0–2 month-old infants and 

cases steadily increased with age, consistent with the youngest infants being protected from 

infection by maternal antibodies. This correlates with previous sero-epidemiological studies 

of measles antibodies in China, which demonstrated decreasing seropositivity rates from 

>70% in <1 month-old-infants to as low as 0–19% at 6 months [38–41]. As the majority of 

Chinese infants are susceptible to measles before becoming eligible for MCV1 [42], these 

infants must be protected by optimizing strategies to maintain sufficient herd immunity. 

Children should therefore receive the first dose of MCV as soon as they are eligible. Since 

infants of mothers with vaccine-induced immunity lose passive immunity to measles 

approximately 3 months earlier than infants of mothers with immunity acquired via measles 

disease [43], vaccination of infants as young as 6 months old can be considered in outbreak 

settings when a large proportion of cases occur in children under 8 months of age or the 

attack rate for children <8 months is high [43,44]. Because of lower vaccine efficacy at this 

age, these children should be re-vaccinated as soon as possible after age 8 months [44].

Children who were not up-to-date with other immunizations were at increased risk for 

measles infection, despite not yet being eligible for measles vaccination. This was true 

Ma et al. Page 7

Vaccine. Author manuscript; available in PMC 2019 May 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



despite case-patients and controls having generally similar demographics, apart from case-

patients being slightly older than controls. Why children who have not received other 

vaccines would be at risk for measles infection is unclear from our data, but it might suggest 

that there is a subset of children who are both at increased risk of not receiving timely 

vaccination and of being exposed to measles virus. These children might have increased 

exposure to older children who have not been vaccinated against measles or have increased 

exposure to healthcare settings where they miss vaccination opportunities and are at elevated 

risk for measles infection. For immunization programs, this finding might present an 

opportunity to identify early a cohort of children at increased risk for measles acquisition. 

Defaulter tracking of children in immunization clinics could allow this high-risk group to be 

targeted for close follow-up to ensure that timely measles vaccination is accomplished. The 

most frequent reason for missed vaccination was lack of knowledge about the appropriate 

age for vaccination. This suggests that increased parental education on the importance of 

timely vaccination and the recommended vaccination schedule is needed.

Our study has several limitations. The case-based measles reporting system in the six 

provinces, like all surveillance systems, undoubtedly misses cases because of incomplete 

reporting from community health systems—although the non-measles discard rate is as high 

as 4 per 100,000 population, which may affect the representativeness of included case-

patients. Despite a deliberate attempt to select provinces with a range of demographic and 

epidemiological characteristics, findings from this study might not apply to all regions in 

China. However, the similarity of results between study regions suggests nosocomial 

measles transmission is likely an important risk factor for measles among infants aged <8 

months in many areas of China. The exclusion of controls with fever and rash from the study 

could bias the study toward increasing the association between previous hospital exposure 

and measles infection, because these potential controls would presumably be more likely to 

have visited a hospital previously but would be excluded from our study. Available data 

indicate that exclusions due to fever and rash were few and would therefore be unlikely to 

significantly alter the strong association between hospital exposure and measles infection 

among infants. Parents of measles case-patients might be more likely to recall hospital visits 

because of heightened awareness of events preceding the illness, but interviewers, carefully 

trained before administering the interview, asked detailed standard questions to elicit 

hospital exposure history similarly for both case-patients and controls. Neighboring 

matching of cases with controls, utilized to reduce the risk of differential exposure to 

measles virus given the low level of recent disease transmission in China, limits the ability to 

look at residence as a risk-factor for infection. This also likely lead to an underestimation of 

the association between migration status and infection, as recent migrants in eastern China 

tend to predominately cluster in certain neighborhoods.

Protecting children too young for measles vaccination depends on maintaining sufficient 

herd immunity and insulating infants from possible exposure. Enhancing hospital infection 

control practices in China is necessary to decrease the risk for measles transmission among 

this vulnerable group. Additional educational programs for healthcare workers on infection 

control to raise awareness of the risk for nosocomial disease transmission to both patients 

and staff are required. Ill children should be physically separated as much as possible from 

well children in hospitals to reduce the risk for exposure. Fever and rash cases should be 
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isolated promptly, preferably in negative-pressure rooms if hospitalized, and hospitalization 

of suspected measles patients should be limited to those with serious complications. 

Increased collaboration between the immunization and infection control programs at all 

levels in China is needed to implement measures to prevent measles transmission in 

hospitals and accelerate progress toward measles elimination in China.
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Fig. 1. 
Incidence of reported measles cases by year, and the evolution of measles vaccine routine 

immunization schedule—China, 1951–2013. Abbreviation: MV, measlesvaccine; SIAs, 

supplementary immunization activities; M, months; Y, years.
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Fig. 2. 
Provinces participating in the case control study—China, 2012–2013.
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