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1. Introduction

Among infectious diseases in China, Acquired Immune 
Deficiency Syndrome (AIDS) has recently become the 
leading cause of death, and the number of AIDS-related 
deaths is significantly higher than that due to any 
other infectious disease (1). Epidemiological reports 
of Human Immunodeficiency Virus (HIV)/AIDS from 
the United States, Brazil, and South Africa have been 
published (2-6). At present, there are several regional 
reports on the incidence of HIV/AIDS in China (7-
9), but national reports of the clinical epidemiology of 
HIV/AIDS are rare. Therefore, HIV/AIDS prevention 
and control poses a challenge in China due to the lack of 
complete and accurate information on the epidemiology 
of HIV/AIDS. The current study retrospectively 

analyzed the HIV/AIDS morbidity, mortality, and case 
fatality rates, as well as hospital discharges in China 
from 2004 to 2011, to determine the distribution and 
characteristics of the HIV/AIDS population and provide 
further information on and guidance for HIV/AIDS 
prevention and control in China and the rest of the 
world.

2. Materials and Methods

2.1. Data sources

Most of the data in this study were obtained from the 
"China Public Health Statistics Yearbook (2005-2012)." 
The number of patients hospitalized each year and 
treatment outcomes were obtained from the "Statistical 
Annual Report of Medical Service in China." Data 
regarding morbidity, mortality, and fatality rates of 
infectious diseases were obtained from Annual Statistics 
on Infectious Diseases that Must be Reported by Law in 
the "Chinese Public Health Statistical Yearbook." These 
data were collected from a total of 31 regions in China 
and excluded Hong Kong and Macao.
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2.2. Definitions

Morbidity from infectious diseases that must be 
reported by law = number of cases of infectious 
diseases that must be reported by law/population × 
100,000.
 Mortality from infectious diseases that must be 
reported by law = number of deaths from infectious 
diseases that must be reported by law/population × 
100,000.
 Fatality rate from infectious diseases that must be 
reported by law = number of deaths from infectious 
diseases that must be reported by law/number of cases 
× 100%. 
 Age-specific mortality among males (females) = 
number of deaths among males (females) of a certain 
age group/average male (female) population of the 
same age group. 
 The number of discharged patients refers to the 
number of inpatients who were discharged from acute 
care hospitals. 
 Urban and rural area classification: urban areas 
include municipalities and prefecture-level cities while 
rural areas include counties and county-level cities, 
towns, and villages. 
 Urban and rural populations were calculated 
according to "Regulations on Statistical Classification 
of Urban and Rural Areas (draft)" released by the 
National Bureau of Statistics in 1999.
 Population refers to the total number of living 
individuals within a certain area at a certain time point.

2.3. Statistical analysis

Data were analyzed using the Statistical Package for the 
Social Sciences (SPSS) version 19.0. A chi-square (χ2) 
test was performed, and the mean ± standard deviation 
(S.D.) was determined.

3. Results

3.1. HIV/AIDS in China

The HIV/AIDS morbidity, mortality, and fatality rates 
per year were first determined based on the the total 
population of China for that year, and then the p value 
was calculated using a Chi-square (χ2) test. The HIV/
AIDS morbidity rate (1/100,000) and mortality rate 
(1/100,000) continually increased in China from 2004 
to 2011 (p < 0.01). The AIDS fatality rate (%) increased 
from 2004 to 2008 and then decreased yearly from 
2009 to 2011 (p < 0.01; Figure 1).
 Statistical analysis of data from 31 regions in China 
from 2004−2011 indicated the following: i) The regions 
with the highest HIV/AIDS morbidity rates were Henan 
Province from 2004 to 2006, Guangxi Province from 
2005 to 2011, and Yunnan Province from 2006 to 2011. 

ii) The regions with the highest HIV/AIDS mortality 
rates were Henan Province from 2004 to 2009, Yunnan 
Province from 2007 to 2011, and Guangxi Province 
from 2009 to 2011. iii) The areas with the highest 
HIV/AIDS fatality rates included Gansu Province 
(90.91%) in 2004, Jiangxi Province (66.13%) in 2005, 
Gansu Province (80%), and the Ningxia Autonomous 
Region (100%) in 2006, Henan Province in 2008, 
the Inner Mongolia Autonomous Region (100%) in 
2009, Henan and Hainan provinces (100%) in 2010, 
and Hainan Province (72.92%) in 2011. Regions with 
low HIV/AIDS fatality rates included Tibet (0%) in 
2007 and Beijing (12.68%) in 2008. In addition, the 
regions with HIV/AIDS morbidity and mortality rates 
above the national averages were Xinjiang, Sichuan, 
and Chongqing from 2009 to 2011 (Table 1), while 
Shanghai had an HIV/AIDS morbidity rate above the 
national average from 2010 to 2011.

3.2. HIV/AIDS mortality rate

The HIV/AIDS mortality rate among Chinese residents 
from 2004 to 2011: The HIV/AIDS mortality rate in 
rural areas was higher than that in urban areas of China. 
In addition, the HIV/AIDS mortality rate among men 
was higher than that among women (p < 0.01; Figure 2).

3.3. Hospitalization of HIV/AIDS patients in China

Distribution by age groups. HIV/AIDS patients 
discharged from Chinese hospitals from 2004 to 2011 
fell primarily into three age groups: 15-44 years, 45-
59 years, and 60 years and older. The proportion of 
HIV/AIDS patients who were younger decreased 
from 72.7% in 2004 to 55.5% in 2011, the proportion 
of middle-aged patients increased from 18.3% to 
27.1%, and the proportion of elderly patients increased 
from 6.6% to 15% (Figure 3). Men accounted for the 
majority of HIV/AIDS patients among individuals aged 
60 years and older (p < 0.01).
 Differences between rural and urban areas. From 
2004 to 2011, the number of HIV/AIDS patients 
discharged from city-level hospitals was higher than 
that of HIV/AIDS patients discharged from county-
level (rural) hospitals (p > 0.05) (Figure 4).

53

Figure 1. The HIV/AIDS morbidity (1/100,000), mortality 
(1/100,000), and fatality rates (%) in China from 2004−2011.
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4. Discussion

4.1. HIV/AIDS morbidity and mortality rates in China 
are continuing to increase

The high HIV/AIDS morbidity rate in Henan Province 
was mainly due to the illegal selling of blood by poor 
donors (selling blood is illegal in China). This rate has 
decreased since 2007, as the government took great 
measures to crack down on the illegal blood trade (10). 
Guangxi and Yunnan are close to the Golden Triangle 
in Burma, where injectable drug use was once the main 
source of HIV transmission, but unprotected sex has 
recently become a major source of HIV transmission 

Figure 2. Gender-specific HIV/AIDS mortality rates 
(1/100,000) in rural and urban areas of China from 
2004−2011.

Figure 3. Age-specific proportions (%) of HIV/AIDS 
patients discharged from Chinese hospitals from 2004-2011.

Figure 4. Number of HIV/AIDS patients discharged from 
Chinese hospitals from 2004-2011 (person) (total, city-level 
and county-level hospitals).
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(10). Studies in Guangxi found that most HIV/AIDS 
patients come from low-income families. HIV/AIDS 
patients in Yunnan Province primarily live in regions 
such as Honghe and Dehong (11). The HIV/AIDS 
morbidity rate continually increased in China from 
2004 to 2011, primarily due to the high morbidity rates 
in these three provinces. In addition, the HIV/AIDS 
morbidity and mortality rates in Xinjiang, Sichuan, and 
Chongqing were higher than the national averages, with 
injectable drug use and sexual activity serving as the 
main modes of HIV transmission. These issues, as well 
as an increase in men having sex with men and HIV 
transmission between married couples, lack of services 
to prevent mother-to-child HIV transmission, and an 
increased resistance to anti-HIV drugs, are common in 
these regions.
 The HIV/AIDS mortality rate in Henan Province 
decreased significantly when the morbidity rate was 
controlled, as high morbidity is always associated with 
high mortality (1). Yunnan Province is closer to Burma 
than Guangxi Province, and HIV transmission through 
transnational marriage is more common in Yunnan. The 
HIV/AIDS mortality rate continually increased in China 
from 2004 to 2011, primarily due to the high mortality 
rates in these three provinces.

4.2. The HIV/AIDS fatality rate in China has continually 
decreased since 2009

Despite the continuous increase in HIV/AIDS morbidity 
and mortality rates and the limited availability of anti-
HIV drugs in China, the HIV/AIDS fatality rate has 
been effectively controlled, as many local governments 
have made great efforts to prevent and control HIV/
AIDS. The "Four Frees and One Care" policy (free 
screening test, free treatment of poor AIDS patients, 
free schooling for orphans of AIDS patients, free 
counseling and antiretroviral therapy for pregnant 
women with HIV, and social assistance for affected 
households) is one such measure. However, some 
regions continue to suffer from a shortage of health 
care services, an increase in anti-HIV drug resistance, 
and inadequate attention to HIV/AIDS prevention 
and control, resulting in higher than national average 
fatality rates. These regions include Gansu, Ningxia, 
Inner Mongolia, and Jiangxi, where the economic 
conditions are relatively poor. The HIV/AIDS fatality 
rate increased in these provinces due to multiple 
factors, including a poor economy, a lack of health care 
services, individuals not wishing to be tested, patients 
not wishing to disclose their status, lack of early 
treatment, and opportunistic infections (12,13). Data 
from Hainan showed that high HIV/AIDS fatality rates 
increased for two years running. Therefore, the rate of 
HIV detection must increase and early treatment must 
be provided to HIV/AIDS patients in this province. 
According to current statistics, the HIV/AIDS fatality 

rates in Guangxi and Yunnan will probably increase in 
the near future. The low HIV/AIDS fatality rate in Tibet 
might be due to the low rate of HIV detection due to 
factors including its remote geographic location, health 
care conditions, and religion. Beijing is the political 
and cultural center of the country, with a booming 
economy and the country's best health care services. 
Therefore, the residents of Beijing are more aware of 
the importance of HIV prevention (10). Accordingly, 
Beijing had a low HIV/AIDS fatality rate in 2008.

4.3. Differences between HIV/AIDS patients in rural 
and urban areas

Rural areas of China are relatively poor, with high rates 
of drug use and unprotected sex. Low awareness of 
HIV/AIDS prevention and a lack of heath care service 
are more common in rural areas than in urban areas. 
HIV/AIDS typically remains undetected until the late 
stage of the disease. Therefore, the HIV/AIDS fatality 
rate in rural areas is higher than that in urban areas. 
This also means that the HIV/AIDS fatality rate is 
higher among HIV/AIDS patients who live in the poor 
regions of China.
 Although the number of hospitalized HIV/AIDS 
patients in China increased from 581 in 2004 to 13,223 
in 2011, this only accounted for a small proportion of 
the HIV/AIDS patients in China, as the number of new 
cases in China in 2011 totaled 20,450 (1). Rural areas 
had fewer hospitalized HIV/AIDS patients than did 
cities.

4.4. Availability of HIV/AIDS specialists in China

The proportion of Chinese physicians specializing 
infectious diseases dropped from 2.4% in 2005 to 
0.9% in 2011. A three-tier medical treatment system 
has been established in China where general hospitals 
are the principal care provider, specialized hospitals 
provide backup, and basic medical and health facilities 
are auxiliaries. In 2011, 39.04% of Chinese medical 
and health facilities were general hospitals and these 
facilities outnumber specialized hospitals by 6.75 to 1. 
In addition, 44.63% of practitioners worked in general 
hospitals. The proportion of medical practitioners 
caring for urban and rural populations in China 
differed, with 2.78 physicians per 1,000 individuals in 
urban areas and 0.96 physicians per 1,000 individuals 
in rural areas in 2011. There are 164 infectious disease 
hospitals and 9,307 practicing physicians in China 
in 2011, and 135 hospitals were located in cities 
while only 29 were located in rural areas. There were 
10,219,397 visits for outpatient services compared to 
662,258 hospitalizations. The number of urban HIV 
patients exceeded that of rural patients by 1.22-fold 
(1). Overall, the outlook for general hospitals is more 
hopeful than that for specialized hospitals in China. 
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A huge workload and low income are the main causes 
of the high rate of turnover for doctors working in 
infectious disease hospitals. Based on these data, China 
is clearly experiencing a severe shortage of physicians, 
particularly in rural areas where there is a higher 
demand for HIV/AIDS health care professionals.

4.5. Economic burden of HIV/AIDS care

The estimated number of HIV/AIDS patients in China 
was approximately 780,000 until the end of 2011; of 
these, only 154,000 were AIDS patients and 48,000 
were newly discovered cases (14). That means that 
approximately 578,000 cases were undetected. The 
average annual income per person in 2011 was 23,979.2 
RMB in urban areas of China and 9,833.1 RMB in 
rural areas. The hospitalization cost was 7,108.2 RMB 
per discharged HIV/AIDS patient in China in 2011 
(1). The total hospitalization cost could be as high 
as 93,990,000 RMB when calculated on the basis of 
13,223 hospitalized patients. If the total hospitalization 
cost is calculated on the basis of 154,000 HIV/AIDS 
patients, then it would be a sizable economic burden 
for China. The financial cost of HIV/AIDS treatment 
is also a major financial burden for individual patients, 
particularly for those from poor regions, as not all care 
is covered by the government.
 Hospitalized HIV/AIDS patients in China are 
primarily in the age range of 15-44 years. These young 
patients tend to work far from home, being part of 
the migrant population in cities (10,15). They may 
also transmit HIV to their sexual partners, many of 
whom might become pregnant. Not only are the life 
expectancy and quality of life of individuals with HIV 
affected, but many of their children become orphaned 
and represent a major societal burden (6,16-18).
 The number of HIV/AIDS patients aged 60 years 
and older has increased. One reason is because many 
HIV/AIDS patients who were infected with HIV at a 
younger age have become older and fallen into this 
age group. In addition, male patients account for the 
majority of patients in this age group. Men over 60 still 
desire sex, regardless of whether they are from cities 
or rural areas. However, many of these individuals lack 
awareness of HIV prevention and rarely use condoms, 
thus increasing the rate of HIV infection (10-12).

4.6. Measures taken by the Chinese Government to 
improve HIV/AIDS care

The number of hospitalized HIV/AIDS patients is 
rather low in China and most of these patients receive 
treatment at city-level hospitals. This includes some 
rural patients who cannot receive appropriate treatment 
at local hospitals due to the lack of medical resources 
and poor economic conditions. Since the majority of 
HIV/AIDS patients live in poor rural areas of China, 

controlling HIV/AIDS morbidity and mortality rates 
in rural areas is difficult since county-level hospitals 
cannot provide appropriate diagnostic and treatment 
services. Therefore, the overall HIV/AIDS epidemic 
in China will be a challenge to control, and rural areas 
should be key targets for HIV/AIDS prevention and 
control in China. Public education of HIV prevention 
should be provided to increase awareness. The 
government's "Four Free and One Care" policy (free 
screening test, free treatment for poor AIDS patients, 
free schooling for orphans of AIDS patients, free 
counseling and antiretroviral therapy for HIV-infected 
pregnant women, and care and economic assistance to 
affected households) needs to be implemented in these 
areas. Long-distance medical services and knowledge 
sharing (19,20) are also keys to HIV/AIDS control in 
China, particularly in the poor regions.
 The Chinese Government has directed great 
attention to the prevention and control of HIV/
AIDS. Although problems such as the availability 
of many commercial and free anti-HIV medications 
remain because China is a developing country, the 
Government has taken important measures to prevent 
and control HIV/AIDS in China. These efforts 
include establishing the Classification and Diagnostic 
Criteria of HIV/AIDS for Adolescents and Adults and 
publishing materials such as the "National Manual 
for Free Antiretroviral Treatment of HIV/AIDS" and 
the "Guidelines on Diagnosis and Treatment of HIV/
AIDS." In January 2012, the first 58 clinical pathways 
for diagnosis and treatment of HIV/AIDS and related 
diseases in China were recommended by the Clinical 
Pathway Pilot Project of the Ministry of Health of 
the People's Republic of China (21). At present, there 
are a total of 32 approved anti-HIV drugs from six 
major classes available in China. The recommended 
standard protocols include: highly active antiretroviral 
therapy (HAART): two nucleotide reverse transcriptase 
inhibitors (NRTIs) plus one NNRTI; or two NRTIs 
plus a boosted protease inhibitor (PI) (with ritonavir); 
and if necessary, combinations of three NRTIs. Since 
the availability of anti-HIV drugs in China is limited, 
the first-line regimen for patients who have not 
received any prior anti-virus medications is zidovudine 
(AZT) or stavudine (d4T) plus lamivudine (3TC) plus 
nevirapine (NVP) or efavirenz (EFV). For patients who 
fail to respond to the first-line regimen, the second-
line regimen is tenofovir disoproxil fumarate (TDF) 
(abacavir [ABC] for children) plus 3TC + r (22). In 
January 2012, the "Notice regarding Publication of 
China's 12-Year Action Plan to Contain and Control 
HIV/AIDS" was issued by the General Office of the 
State Council of the People's Republic of China. This 
official document stated that the number of new HIV/
AIDS cases should decrease by 25% and the fatality 
rate should decrease by 30% at the end of 2015 
compared to 2010, and the total number of HIV/AIDS 
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patients should be less than 1,200,000 (23). Local 
governments at various levels are required to expand 
HIV/AIDS education and intervention, increase the 
safety of blood collection and use to prevent iatrogenic 
transmission, expand HIV/AIDS monitoring, testing, 
and treatment, improve services for and management 
of HIV/AIDS patients, and provide classification 
guidelines. Therefore, the Chinese Government is 
clearly determined to prevent and control HIV/AIDS.
 In  conc lus ion ,  in format ion  regard ing  the 
epidemiologic features of HIV/AIDS in China and early 
outcomes of government policies is the key to controlling 
the HIV/AIDS pandemic in China. This information 
can help with HIV/AIDS prevention and control around 
the world. Effective measures to control the HIV/AIDS 
pandemic in China include taking additional measures 
to surveil and monitor HIV infection among the migrant 
worker population in cities, among men over age 60, 
and in poor regions with high HIV/AIDS morbidity 
rates (10,12,24-25).

Acknowledgements

The authors wish to thank Victor L Yu, MD, Professor 
of Medicine, University of Pittsburgh, and Yusen 
Eason Lin, PhD, MBA, Professor, Graduate Institute 
of Human Resources and Knowledge Management, for 
reviewing and editing this manuscript.
 This study was supported by the 12th Five-Year 
Infectious Disease Research Project: The Use and 
Optimization of the Standard Regimen for Diagnosis 
and Treatment of Tuberculosis in HIV/AIDS Patients 
in China (No. 2012ZX10001-003), the 12th Five-Year 
Major Science and Technology Project on Discovery 
of Major New Drugs: Construction of a Technology 
Platform for Clinical Evaluation of Anti-HIV Drugs 
(No. 2012ZX09303013), and the Three Year Action 
Plan to Enhance Development of the Public Health 
System in Shanghai: Construction of Dedicated 
Medical Facilities for AIDS Treatment in Shanghai (No. 
GW III-13).

References

1. Ministry of Health of the People's Republic of China. 
China Public Health Statistics Yearbook 2012. 1st ed., 
Peking Union Medical College Press, Beijing, China.

2. Metcalfe JZ, Porco TC, Westenhouse J, Damesyn M, 
Facer M, Hill J, Xia Q, Watt JP, Hopewell PC, Flood J. 
Tuberculosis and HIV co-infection, California, USA, 
1993-2008. Emerg Infect Dis. 2012; 19:400-406.

3. De Souza SM, Teles SA, Rezza G, Pezzotti P, Gir E. 
Epidemiology of HIV infection in central Brazil: Data 
from voluntary counseling and testing centers. J Assoc 
Nurses AIDS Care. 2013; 2:1-9.

4. Saba HF, Kouyoumjian SP, Mumtaz GR, Abu-Raddad 
LJ. Characterising the progress in HIV/AIDS research 
in the Middle East and North Africa. Sex Transm Infect. 
2013; 89 (Suppl 3):iii5-9.

5. Gow J. The HIV/AIDS epidemic in Africa: Implications 
for U.S. Policy. Health Affairs. 2002; 21:57-69.

6. J Madise N, Ziraba AK, Inungu J, Khamadi SA, Ezeh 
A, Zulu EM, Kebaso J, Okoth V, Mwau M. Are slum 
dwellers at heightened risk of HIV infection than other 
urban residents? Evidence from population-based HIV 
prevalence surveys in Kenya. Health Place. 2012; 
18:1144-1152. 

7. Lu L, Jia M, Zhang X, Luo H, Ma Y, Fu L, Lu J. Analysis 
for epidemic trend of Acquired Immunodeficiency 
Syndrome in Yunnan Province of China. Chin J Prev 
Med. 2004; 38:309-312. (in Chinese)

8. Zhu Q, Liu W, Chen J, Li R, Liang F, Zhuo Y, Guo N. 
Analysis of the prevalence of AIDS in Guangxi Province, 
China from 1989-2003. Journal of Applied Preventive 
Medicine 2009; 14:70-73. (in Chinese)

9. Sherer R, Gui X, Zhan F, Teter C, Ping DL, Wykoff RF. 
Rapid antiretroviral therapy scale-up in Hubei Province, 
China. Health Affairs. 2008; 27:1140-1147.

10. Zeng Y. AIDS prevention and control. Chinese Journal 
of Experimental and Clinical Virology. 2007; 21:1. (in 
Chinese)

11. Duan S, Ding Y, Yang Y, Lu L, Sun J, Wang N, Wang L, 
Xiang L, Jia M, Wu Z, He N. Prevalence and correlates 
of HIV discordance and concordance among Chinese-
Burmese mixed couples in the Dehong prefecture of 
Yunnan province, China. Sex Health. 2012; 9:481-487.

12. Zeng Y, Wu Z. Containment of the AIDS epidemic in 
China. Bulletin of the Chinese Academy of Sciences. 
2000; 2:115-119. (in Chinese)

13. Li L, Lin C, Wu Z, Lord L, Wu S. To tell or not to tell: 
HIV disclosure to family members in China. Dev World 
Bioeth. 2008; 8:235-241.

14. National Health and Family Planning Commission of 
the People's Republic of China. Brief Report on Disease 
Prevention & Control and Patriotic Health Work. The 
fifth Issue in 2011.

15. Imrie J, Hoddinott G, Fuller S, Oliver S, Newell ML. 
Why MSM in rural South African communities should 
be an HIV prevention research priority. AIDS Behav. 
2013; 17:70-76.

16. Rochat TJ, Mkwanazi N, Bland R. Maternal HIV 
disclosure to HIV-uninfected children in rural South 
Africa. A pilot study of a family-based intervention. 
BMC Public Health. 2013; 13:147.

17. Gamell A, Letang E, Jullu B, Mwaigomole G, Nyamtema 
A, Hatz C, Battegay M, Tanner M. Uptake of guidelines 
on prevention of mother-to-child transmission of HIV in 
rural Tanzania: time for change. Swiss Med Wkly. 2013; 
14:143-150. 

18. Damonti J, Doykos P, Wanless RS, Kline M. HIV/
AIDS in African children: The Bristol-Myers Squibb 
Foundation and Baylor response. Health Affairs. 2012; 
31:1636-1642.

19. Tanser F, Bärnighausen T, Grapsa E, Zaidi J, Newell ML. 
High coverage of ART associated with decline in risk of 
HIV acquisition in rural KwaZulu-Natal, South Africa. 
Science. 2013; 339:966-971.

20. Campbell C, Nhamo M, Scott K, Madanhire C, 
Nyamukapa C, Skovdal M, Gregson S. The role of 
community conversations in facilitating local HIV 
competence: Case study from rural Zimbabwe. BMC 
Public Health. 2013; 13:354.

21. Lu H. Clinical Pathways for Treatment of HIV/AIDS 
and Related Diseases. 1st ed., Shanghai Science & 



www.biosciencetrends.com

BioScience Trends. 2014; 8(1):52-58.58

Technology Press, Shanghai, China, 2012.
22. Lu H. Diagnostic Protocol for HIV/AIDS and Related 

Diseases. 1st ed., Shanghai Science & Technology Press, 
Shanghai, China, 2009; pp. 2-14.

23. The Central People's Government of the People's 
Republic of China. Notice regarding Publication of 
China's 12-Year Action Plan to Contain and Control 
HIV/AIDS by the General Office of the State Council 
of the People's Republic of China. http://www.gov.
cn/zwgk/2012-02/29/content_2079097.htm (accessed 
February 12, 2014). 

24. Mayer KH, Bekker L, Stall R, Grulich AE, Colfax G, 
Lama JR. Comprehensive clinical care for men who have 
sex with men: An integrated approach. Lancet. 2012; 
380:378-387. 

25. Joska JA , Hoare J , S t e in DJ , F l i she r AJ . The 
neurobiology of HIV dementia: Implications for practice 
in South Africa. Afr J Psychiatry (Johannesbg). 2011; 
14:17-22.

 (Received October 4, 2013; Revised December 21, 2013; 
Accepted February 3, 2014)


