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Abstract:



Enterovirus 71 (EV71) usually causes hand-foot-and-mouth disease (HFMD) with severe clinical symptoms and even deaths in China. There is no efficient antiviral drug to protect against severe EV71-associated HFMD, making the development of EV71 vaccines therefore a priority. However, the potential target subject population(s) to be immunized with EV71 vaccine are not well understood. In this study, we characterized the epidemiology regarding EV71-associated HFMD on the basis of provincial-level surveillance. We extracted data on EV71-associated HFMD from the National Notifiable Disease Reporting System in Zhejiang Province, China between 1 January 2009 and 31 December 2013 (n = 7650). The higher incidence rate of EV71 cases occurred in those children aged 12–23 months, with boys being predominant. Interestingly, different peaks activities of EV71 infection was observed in different calendar year, with one peak in 2009 and 2013 and two peaks in 2010–2012. However, EV71 infection seemed to predominately occur in warm season and a distinguished cyclic peak that seemed to be of about 12 months. Children aged 12–23 months are thus identified as an important target population for public health intervention, for example, it is recommended that these key subjects immunized with EV71 vaccine. In addition, an enhanced surveillance system for EV71-associated with HFMD needs to focus on generic and phylogenetic analysis.
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1. Introduction


Hand-foot-and-mouth disease (HFMD) is an emerging infectious disease caused by a group of viruses, including enteroviruses, coxsackieviruses, echoviruses, and polioviruses. Infection with enterovirus 71 (EV71) is of particular concern as it accounts for a major proportion of severe diseases and deaths in infants and young children during large scale HFMD outbreaks, particularly in the Asia-Pacific region [1,2,3,4,5].



EV71-associated HFMD, which causes fever, skin rash, blisters and ulcers on hands, feet and mouth, and may further develop into pulmonary oedema, aseptic meningitis, encephalitis of the brainstem, and other complications, has become an important public health issue in China in recent years [6]. National notifiable diseases surveillance on EV71-associated HFMD showed that this disease had a high incidence rate (1.2 cases per 1000 person-years) and accounted for approximately 500–900 reported deaths per year in China from 2008 through 2012 [7].



To date, there is no efficient antiviral drug to protect against severe EV71-associated HFMD. Moreover, health education and social distancing measures seem not to have a significant effect on controlling and preventing EV71-associated HFMD [8]. The development of EV71 vaccines therefore is a priority. Recently, several EV71 vaccine candidates were evaluated in humans in mainland China, Singapore, and Taiwan [9,10,11,12]. Some are expected to be licensed in the near future. The study of epidemiological characteristics is critical to provide the baseline data for future vaccine clinical trials. Therefore, this study will focus on the epidemiological study of EV71-associated HFMD in Zhejiang Province based on the surveillance data from the National Notifiable Disease Reporting System (NNDRS).




2. Subjects and Methods


2.1. Sample Collection


From 1 January 2009 to 31 December 2013, samples were collected from the first five patients with probable disease who visited outpatient departments every month in each of 90 counties or districts throughout the whole province of Zhejiang. The samples from all severe cases were also collected.




2.2. Case Definitions


HFMD is a class “C” notifiable disease in China. Physicians in hospitals are required to report infected cases into the NNDRS within 24 h. All probable and laboratory-confirmed HFMD cases have been reported on a mandatory basis since 2 May 2008. A probable case of HFMD is diagnosed as a patient with popular or vesicular rash on hands, feet, mouth or buttocks, with or without fever. A laboratory-confirmed case was defined as a probable case with a laboratory evidence of infection detected by polymerase chain reaction (PCR) or virus isolation, including EV71, COX 16, as well as non-EV71 and non COX16. Cases were classified as severe if they had any neurological complications or cardiopulmonary complications.




2.3. Reported EV71-Associated HFMD


All laboratory-confirmed cases of EV71-associated HFMD are reported. The epidemiological information of each EV71-associated HFMD case was included and reported as follows: demographic information (gender, birth date, occupation, symptoms onset date, and diagnosis date), and virus serotype (EV71) for laboratory-confirmed cases.




2.4. Data Resources and Data Analysis


Reported EV71-associated HFMD cases during 1 January 2009 and 31 December 2013 were exported from the NNDRS. Data on demographic information during the study period were exported from annual statistical review reports published by the Zhejiang Provincial Bureau of Statistics [13]. Age groups were defined as 0–11, 12–23, 24–35, 36–47, 48–59, 60–71, and ≥72 months. Occupations were reported according to internet-based NNDRS user guide, including scattered children, preschool children, school children, and others. Scattered children are defined as children whose care were given by their family members. Preschool children are classified as those children who are enrolled in the kindergarten or the nursery. School children are classified as those enrolled in the elementary school and above. The geographic distribution of reported EV71 cases was determined on the basis of the 11 cities of Zhejiang Province.



The reported incidence rate (R) of EV71-associated HFMD cases was calculated by dividing the number of reported EV71-associated HFMD cases (C) via the NNDRS by the number of inhabitants (I) registered in local public health facilities (R = C/I). Reported incidence rates were calculated per 100,000 persons. The incidence rates, stratified by the overall population, gender, and age group were adjusted according to the 2013 Zhejiang provincial population distribution using the direct method of standardization [14]. Population density is calculated by dividing the number of inhabitants registered in public health facilities by land area in square kilometers. Cases density is calculated by dividing the number of reported cases by land area in square kilometers. Person’s correlation test was used to analyze whether population density and cases density correlated with each other. All calculations were performed using Statistical Package for the Social Sciences, version 16.0 (SPSS, Chicago, IL, USA) and Excel 2016 (Microsoft, Redmond, WA, USA).



The ethics committee of the Zhejiang Provincial Center for Disease Control and Prevention approved this study (Ethical approval code: ZJCDC20140224). Because data were acquired from the secondary hand and analyzed anonymously, no participant was required to provide written informed consent.





3. Results


3.1. Characteristics of Severe and Fatal EV71-associated HFMD Cases


Between 2009 and 2013, a total of 526,446 HFMD cases were reported via NNDRS, including 508,469 (96.6%) probable cases and 17,977 (3.4%) laboratory-confirmed cases. Among the total of 17,977 reported laboratory-confirmed HFMD cases, 7650 (42.6%) cases were reported to be infected with EV71 virus, 4254 (23.7%) cases were associated with Cox 16 virus and 6073 (33.8%) were other non-EV71 and non-Cox16 viruses. Of the 7650 cases, 909 (11.9%) cases were severe and 76 cases (1.0%) resulted in death of the patient, with the highest incidence rate corresponding to the 12–23 months and 0–11 months age groups, respectively, between 2009 and 2013 (Table S1). Of 909 severe cases, 615 cases (66.6%) were males and 294 (32.3%) were females. The severity rate of males-to-females is 2.0. Among the 76 fatal cases, 45 (59.2%) were males and 31 (40.8%) were females. The fatality rate of males-to-females is 1.5.




3.2. Description of Overall Trends of EV71-Associated HFMD


The annual average incidence rate of reported HFMD cases with EV71 infection was 2.9 cases per 100,000 persons between 2009 and 2013. The incidence rate maintained a low level in 2009 (0.9 cases per 100,000 population). It was sharply increased to peak in 2010 (4.6 cases per 100,000 population) and gradually decreased from 3.8 cases per 100,000 population in 2011 to 1.8 per 100,000 in 2013 (Figure 1).


Figure 1. Incidence rate of reported EV71 cases by year, 2009–2013.
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3.3. Age Distribution


Incidence rate of EV71-associated HFMD cases varied greatly with age group during the study period. The highest incidence rate occurred in children aged 12 months to 23 months, followed by the rates in children aged 24–35 months and those aged 36–47 months, respectively. The lowest rate in those population aged ≥72 months (Table 1).



Table 1. Number and incidence rate of reported EV71 cases by age group, 2009–2013.







	
Age Group

	
2009

	
2010

	
2011

	
2012

	
2013

	
2009–2013




	
(Months)

	
N

	
R

	
N

	
R

	
N

	
R

	
N

	
R

	
N

	
R

	
N

	
R






	
0–11

	
62

	
10

	
388

	
62.5

	
219

	
46.4

	
158

	
35.9

	
94

	
21.7

	
921

	
35.6




	
12–23

	
123

	
20

	
642

	
104.0

	
625

	
133.2

	
521

	
105.2

	
304

	
62.2

	
2215

	
82.5




	
24–35

	
111

	
17.9

	
547

	
88.3

	
493

	
104.8

	
401

	
80.9

	
215

	
44.1

	
1767

	
65.6




	
36–47

	
88

	
14.2

	
375

	
60.9

	
398

	
85.1

	
320

	
65.5

	
183

	
38.1

	
1364

	
51.1




	
48–59

	
47

	
7.5

	
236

	
38.1

	
168

	
35.7

	
170

	
34.8

	
106

	
22.1

	
727

	
27.1




	
60–71

	
16

	
2.5

	
114

	
18.1

	
92

	
19.3

	
92

	
20.4

	
37

	
8.4

	
351

	
13.3




	
≥72

	
22

	
0.1

	
82

	
0.2

	
90

	
0.2

	
73

	
0.1

	
38

	
0.1

	
305

	
0.1








N: number, R: incidence rate (1/100,000). The age group population in 2013 was defined as the denominator to calculate the standardized incidence rate.








Since children younger than 71 months accounted for 97% of the total reported cases (Figure S1), they were chosen to further analysis the yearly trend of the number of reported cases per month age group between 2009 and 2013 (Figure 2). The peaks and troughs of these yearly trends matched very well with each other. It was observed that peaks occurred among children aged 11 months, 23 months, 35 months, 47 months, 59 months, and 71 months, respectively. The height of peaks however steadily deceased with month age.


Figure 2. Number of reported EV71 cases aged less than 71 months by one month age, 2009–2013.
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3.4. Gender Distribution


The incidence rates of reported EV71 cases by gender are presented in Table 2. For each year between 2009 and 2013, the rate was significantly higher in males than females. During the study period, 4794 cases were males and 2856 were females, correspondingly, the incidence rates of reported EV71 cases were 3.5 cases per 100,000 males and 2.2 cases per 100,000 females (Table 2). The incidence ratio of boy-to-girl was 1.7:1 in 2009, 1.6:1 between 2010 and 2012, and 1.4:1 in 2013, respectively.



Table 2. Number and incidence rate of reported EV71 cases by gender, 2009–2013.







	
Year

	
Male

	
Female

	
Ratio (Male/Female)




	
N

	
R

	
N

	
R






	
2009

	
297

	
1.1

	
172

	
0.7

	
1.7




	
2010

	
1497

	
5.7

	
887

	
3.5

	
1.6




	
2011

	
1318

	
4.7

	
767

	
2.9

	
1.6




	
2012

	
1098

	
3.9

	
637

	
2.4

	
1.6




	
2013

	
584

	
2.1

	
393

	
1.5

	
1.4




	
Total

	
4794

	
3.5

	
2856

	
2.2

	
1.6








N: number; R: incidence rate (1/100,000). The gender population in 2013 was defined as the denominator to calculate the standardized incidence rate.









3.5. Occupational Distribution


During 2009–2013, the majority of EV71 cases occurred in scattered children (Table 3). Total of 5223 cases (68.3%) of EV71 infections were from scattered children, 2256 cases (29.5%) were from preschool children and 155 cases (2.0%) were school children.



Table 3. Number of reported EV71 cases by occupation, 2009–2013.







	
Occupation

	
2009 (%)

	
2010 (%)

	
2011 (%)

	
2012 (%)

	
2013 (%)

	
2009–2013 (%)






	
Scattered children

	
286 (61.0)

	
1617 (67.8)

	
1451 (69.6)

	
1195 (68.9)

	
675 (69.10)

	
5224 (68.3)




	
Preschool children

	
166 (35.4)

	
724 (30.4)

	
584 (28.0)

	
504 (29.0)

	
278 (28.5)

	
2256 (29.5)




	
School children

	
16 (3.4)

	
40 (1.7)

	
42 (2.0)

	
33 (1.9)

	
24 (2.5)

	
155 (2.0)




	
Others

	
1 (0.2)

	
3 (0.1)

	
8 (0.4)

	
3 (0.2)

	
0 (0)

	
15 (0.2)




	
Total

	
469 (100)

	
2384 (100)

	
2085 (100)

	
1735 (100)

	
977 (100)

	
7650 (100)











3.6. Seasonal Distribution


Cases of EV71 infection were reported throughout the year during 2009–2013, but its annual predominance appeared in different month period. Figure 3 showed different peak activities of EV71 infection between 2009 and 2013. One peak was observed in 2009 and 2013 while two peaks were observed in 2010, 2011 and 2012. A small peak (from April to June) was seen in 2009 and 2013, while a high peak (from April to August) and a second, small peak (around October) were found in 2010, 2011 and 2012.


Figure 3. Monthly distribution of reported EV71 cases, 2009–2013.



[image: Ijerph 14 00033 g003]






A bigger reported number of EV71 cases (≥500 cases) were observed in warm season (from May to October) between 2009 and 2013, compared with the reported number in cold season (from January to April, and from November to December) (Figure 3).




3.7. Geographic Distribution


Figure 4 shows the geographic distribution of accumulated reported EV71 cases from 2009 through 2013. Cases infected with EV71 were reported in 11 cities throughout the whole province, with the high reported number in Wenzhou, Ningbo, Jiaxing, and Zhoushan. The top four cities in terms of the number of reported EV71 cases per square kilometer were Wenzhou, Ningbo, Jiaxing, and Zhoushan, respectively (Table 4). Cases density and population density were correlated with each other (Pearson’s correlation coefficient = 0.80, p = 0.003).


Figure 4. Geographic distribution of accumulated reported EV71 cases, 2009–2013.
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Table 4. Correlation relationship between population density and reported cases density.







	
City

	
Population/km2

	
Reported Cases/km2 *






	
Wenzhou

	
773.98

	
0.17




	
Ningbo

	
774.83

	
0.16




	
Jiaxing

	
1149.85

	
0.14




	
Zhoushan

	
778.65

	
0.11




	
Shaoxing

	
594.99

	
0.06




	
Huzhou

	
497.17

	
0.06




	
Taizhou

	
634.24

	
0.05




	
Quzhou

	
239.98

	
0.04




	
Jinhua

	
4900

	
0.04




	
Hangzhou

	
524.25

	
0.04




	
Lishui

	
122.38

	
0.03








km2: square kilometer; * Pearson’s correlation coefficient = 0.80, p = 0.003.










4. Discussion


To the best of our knowledge, this is the first population-based study on epidemiological description of EV71-associated HFMD in Zhejiang Province, China, covering 7650 cases from the NNDRS in the past 5 years. The surveillance results showed the estimated annual incidence rate of EV71-assoicated HFMD was similar as the annual average incidence rate of EV71-associated HFMD of the whole nation (5/100,000) [7].



The trends of incidence rate of reported EV71-associated HFMD cases by age appeared upward and then downward, with a low incidence rate occurred in children aged 0–11 months and in those aged ≥60 months and a peak incidence were seen in children aged 12–23 months. This surveillance results indicated that children aged 0–23 months were more susceptible to develop severe clinical symptoms, even death. These findings were similar with the previous studies [7,15,16,17,18]. The potential reason for the age-specific incidence trend may be related with pre-existing antibodies against EV71. Previous seroepidemiological studies showed that the trends of EV71 neutralizing antibodies during early childhood were changed as a “V” shape with increased age. For neonates, most of them had maternal serological antibodies. However, their maternal EV71 neutralizing antibodies levels waned when their month age increased. Less than half of infants aged 7–12 months old had seropositivity and a few of toddlers had adetectable antibodies level. Thereafter, majority of children aged 1–3 years showed higher positive EV71 neutralizing antibodies level due to natural EV71 infection [15,16,17,18,19].



This study showed that the majority of reported EV71-associated HFMD cases were scattered children, which is consistent with the results of previous studies conducted in Guangzhou city, Guangdong Province and Rizhao city, Shandong Province, China [20,21]. The potential reason may be related with the following factors. In China, the scattered children are usually less than 3 years old and taken care by their grandparents with low level education and poor health-related knowledge. Moreover, those scattered children live in the crowded living places with poor sanitation.



This study result also showed that the cyclic peaks of reported number of EV71 cases occurred in children with every 11-month-age interval, e.g., 11, 23, 35, 47, 59, and 71 months age. Seropositivity of EV71 neutralizing antibodies can protect children from EV71-assocated diseases and low level seropositivity with EV71 neutralizing antibodies in children contribute to the high incidence of EV71 infection. It may be explained that children infected with EV71 could recur every 11-month interval, which is agreement with the previous study conducted in Fujian [22] and Beijing [23]. The interval time of EV71-associated HFMD recurrence was reported to be less than 12 months. Nevertheless, epidemiological data showed the interval length of recurrence of HFMD due to EV71 varied in different countries, for example, every 2–4 years in Malaysia [24], every 2–3 years in Taiwan [25], we therefore suggest to strengthen regional routine surveillance on EV71 to optimize the targeted subjects of vaccination. That complication of a primary series of EV71 vaccine before 11 months of age after birth should be essential.



Another finding of this study was the number of reported cases per square kilometer was correlated with the population density, reflecting the high reported number of cases in relative crowded cities. The similar finding was reported in other studies, which were conducted in other areas [26,27]. Poor sanitation or poor ventilation may confer to the result.



Another interesting finding in this study was the absence of October peak in 2009 and 2013. Coincidently, 2009 H1N1 and 2013 H7N9 pandemics occurred. During these periods, all Zhejiang inhabitants were advised to take particular care with personal hygiene and social distancing measures, especially, frequently hand washing and getting away from the crowed places. These two measures, together with community hygiene measures, probably resulted in reduced viral transmission chances between sick and healthy children and hence decreased number of reported EV71 cases. Various factors may affect this shift, for example, meteorological factors, population density, and herd immunity [28,29].



There are a few limitations in this study. First, this is a study based on hospital-reported cases. Those cases who did not see the doctors were excluded via NNDRS during the study period. The results in this study could be biased by this factor, which induced lower reported incidence rate per year. Secondly, there is no available data on circulating EV71 subgenogroups in the NNDRS. Therefore, future enhanced surveillance systems is recommended to focus on testing EV71 subgenogroups and further monitoring EV71 virus based on genetic and phylogenetic analysis.




5. Conclusions


EV71-associated HFMD remains an important public health problem in Zhejiang. In order to prevent and control EV71-associated HFMD, all susceptible children are suggested to take into account to take public health intervention, e.g., being immunized with EV71 vaccine until they reach 12–23 month, in addition to enhancing the individual hygiene measure.
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