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Changes in and shortcomings of control strategies, drug stockpiles, 
and vaccine development during outbreaks of avian influenza A 
H5N1, H1N1, and H7N9 among humans
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Asghar Hammad Ali1, Yangyang Cheng1, Lingzhong Xu1,*
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1. Introduction

The experience of the 2003 SARS outbreak in Asia 
emphasized the need to enhance the capacity to 
fight emerging infectious diseases include disease 
surveillance, transparency in reporting, and regional 
collaboration and cooperation. Increasing available 
information, enhancing awareness, and introducing 
policies have dramatically increased the capacity to 
prevent and control emerging infectious diseases. 
However, defects in existing prevention and control 
systems are consistently noted during the fight against 
a new disease, and such systems must never stop 
improving. This paper seeks to provide a reference for 
the future prevention and control of emerging infectious 

diseases by summarizing the control strategies, the 
status of drugs and vaccines, and shortcomings during 
two major outbreaks of pandemic influenza (H5N1 
in 2003, H1N1 in 2009) and human infection with 
influenza A (H7N9) virus in China recently.

2. Pandemic influenza A (H5N1) in 2003

2.1. The epidemiology of pandemic influenza A (H5N1) 
in humans

According to the latest data from the World Health 
Organization (WHO) (1), 15 countries reported a total 
of 622 laboratory-confirmed human cases and 371 
deaths of H5N1 avian influenza, with a total case-
fatality rate of 0.597, from February 1, 2003 to March 
12, 2013 (Table 1, Figure 1). As Table 1 shows, the 
two countries with the most cases and deaths were 
Indonesia and Egypt. However, the highest case-fatality 
rate was in Cambodia (the Lao People's Democratic 
Republic and Nigeria are excluded since cases were so 
rare).

Review

Summary The purpose of this review is to provide a reference for the future prevention and control 
of emerging infectious diseases by summarizing the control strategies, the status of drugs 
and vaccines, and shortcomings during three major outbreaks of avian influenza among 
humans (H5N1 in 2003, H1N1 in 2009, and H7N9 in 2013). Data on and documents 
regarding the three influenza outbreaks have been reviewed. Results indicated that the 
response to pandemic influenza outbreaks has improved markedly in terms of control 
strategies, stockpiles of antivirals, and vaccine development. These improvements 
also suggest advances in disease surveillance, transparency in reporting, and regional 
collaboration and cooperation. These trends also foreshadow better prospects for 
prevention and control of emerging infectious diseases. However, there are shortcomings 
since strategies failed to focus on high-risk groups, quantitative and measurable results 
(both direct and indirect) were unclear, and quantitative assessment is still lacking.

Keywords: Direct and indirect results, rapid-response stockpile, guidelines, timetable
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Figure 1. Areas with confirmed human cases of avian influenza A (H5N1) reported to the WHO, 2003-2013.

Table 1. Cumulative number of confi rmed human cases of avian infl uenza A (H5N1) reported to the WHO, 2003-2013

Country

Azerbaijan

Bangladesh

Cambodia

China

Djibouti

Egypt

Indonesia

Iraq

LPDRa

Myanmar

Nigeria

Pakistan

Thailand

Turkey

Viet Nam

Total

2003

1/1
(100.0)

3/3
(100.0)

4/4
(100.0)

a LPDR: Lao People's Democratic Republic; b Case-fatality rates are given as percentages (number of deaths/number of cases).

2004

17/12
(70.6)

29/20
(69.0)

46/32
(69.0)

Cases/deaths (Case-fatality rateb)

2005

4/4
(100.0)

8/5
(62.5)

20/13
(65.0)

5/2
(40.0)

61/19
(31.2)

98/43
(43.9)

2006

8/5
(62.5)

2/2
(100.0)

13/8
(61.5)

1/0
(0.0)
18/10
(55. 6)
55/45
(81.8)

3/2
(66. 7)

3/3
(100.0)

12/4
(33.3)

115/79
(68.7)

2007

1/1
(100.0)

5/3
(60.0)

25/9
(36.0)
42/37
(88.1)

2/2
(100.0)

1/0
(0.0)
1/1

(100.0)
3/1

(33.3)

8/5
(62.5)

88/59
(67.1)

2008

1/0
(0.0)
1/0

(0.0)
4/4

(100.0)

8/4
(50.0)
24/20
(83.3)

6/5
(83.3)

44/33
(75.0)

2009

1/0
(0.0)
7/4

(57.1)

39/4
(10.3)
21/19
(90.5)

5/5
(100.0)

73/32
(43.8)

2010

1/1
(100.0)

2/1
(50.0)

29/13
(44.8)

9/7
(77.8)

7/2
(28.6)

48/24
(50.0)

2011

2/0
(0.0)
8/8

(100.0)
1/1

(100.0)

39/15
(38.5)
12/10
(83.3)

62/34
(54.8)

2012

3/0
(0.0)
3/3

(100.0)
2/1

(50.0)

11/5
(45.5)

9/9
(100.0)

4/2
(50.0)

32/20
(62.5)

2013

9/8
(88.9)

2/2
(100.0)

1/1
(100.0)

12/11
(91.7)

Total

8/5
(62.5)

6/0
(0.0)
30/27
(90.0)
45/30
(66.7)

1/0
(0.0)

170/61
(35.9)

192/160
(83.3)

3/2
(66.7)

2/2
(100.0)

1/0
(0.0)
1/1

(100.0)
3/1

(33.3)
25/17
(68.0)
12/4

(33.3)
123/61
(49.6)

622/371
(59.7)
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 Moreover, many strategies were implemented 
in different countries at the same time. In India, 
for instance, the most important strategy to prevent 
pandemic influenza A (H5N1) was the ban on 
importing live chickens and other poultry products from 
countries affected by 'bird flu'. Other strategies were 
also implemented, such as requiring persons handling 
poultry to wear masks and gloves, cleaning kitchen 
surfaces and utensils before and after use, cooking 
chicken until its boiling temperature was reached, and 
controlling human traffic in poultry farms (22,23). As 
a result of India's strategies, no human cases of H5N1 
infection were detected in the country (24) despite the 
fact that it is one of the world's most populous and 
has an extremely high population density. The Thai 
government developed a public health response to the 
emerging disease. First, response strategies included 
active case surveillance, prompt outbreak investigation 
and control, proper case management with hospital 
infection control, and improved public communication; 
the response was backed up by the stockpiling and 
distribution of essential medical supplies. These 
strategies were continuously maintained and improved 
(25). The response strategies adopted and maintained 
in Thailand resulted in a continuous decline in human 
infections. The number of human cases dropped 
from 17 in 2004 to 5 in 2005 and 3 in 2006. The year 
2007 passed without detection of a human case in 
the presence of well-maintained surveillance (1). The 
Chinese government formulated a national emergency 
plan to deal with highly pathogenic avian influenza in 
2004 (26), a program for diagnosis and treatment of 
human avian influenza in 2005 (27), and an emergency 
plan to deal with people infected with highly pathogenic 
avian influenza in 2006 (28) during the fight against 
H5N1. The number of cases of human H5N1 infection 
in China decreased after 2006 (1).
 Furthermore, developed countries such as the 
United States and members of the European Union also 
adopted strategies to fight H5N1 infection in humans. 
The US Homeland Security Council published a 
National Strategy for Pandemic Influenza in December 
2005 (29). The US Department of Health and Human 
Services published a Pandemic Influenza Plan the same 
month (30). Members of the European Union cast a 
vote for a council directive on community measures for 
the control of avian influenza (31).
 There were also specific strategies that focused 
more on the characteristics of the spread of H5N1. 
Transmission of the H5N1 virus from a patient to a 
health care worker (32) was reported after prolonged, 
close, and unprotected contact with a severely ill 
patient, and serological evidence of patient-to-health 
care worker transmission was reported (33). The WHO 
recommended use of personal protective equipment 
(gown, gloves, goggles, and a surgical mask) and 
implementation of standard, contact, and droplet 

 According to WHO reports (1-5), more than 50% 
of the infected people were under 20 years of age, and 
90% were under 40 years of age. The overall case-
fatality rate was 59.7% (Table 1). The highest fatality 
rate among all age groups was for people ages 10 to 
39 years. The fatality rate of pandemic influenza A 
(H5N1) among different age groups differed from 
the fatality rate of seasonal influenza (the elderly had 
the highest fatality rate). The case-fatality rate (2004-
2006) was highest in 2004 (69%), dropping in 2005 
(43.9%) and then increasing again in 2006 (68.7%). 
The evaluation of mortality and time intervals between 
cases of infection and hospitalization and between cases 
of infection and death indicated that the disease pattern 
had not changed much from 2004 to 2006. Cases 
appeared all year long. The peak in cases of human 
infection occurred in the winter and spring in mostly 
the Northern hemisphere during all three years.

2.2. The response to pandemic influenza A (H5N1)

2.2.1. Strategies to control pandemic influenza A (H5N1)

The world paid great attention to the outbreak of H5N1 
infection among humans and worked hard to respond to 
the threat. To begin with, there were plenty of general 
control strategies. After the outbreak of SARS and 
pandemic influenza A (H5N1), the WHO issued a series 
of guidelines to control H5N1, as shown in Table 2 (6-16).
 In addition to those guidelines, other strategies 
were also implemented, such as the WHO global 
influenza preparedness plan in May 2005 (17) and 
collection, preservation, and shipping to specimens to 
diagnose avian influenza A (H5N1) virus infection in 
October 2006 (18). Two of these strategies are the most 
important. The WHO adopted International Health 
Regulations (2005) in May 2005 (19) "to prevent, 
protect against, control and provide a public health 
response to the international spread of disease in ways 
that are commensurate with and restricted to public 
health risks, and which avoid unnecessary interference 
with international traffic and trade". In November 2005, 
the Food and Agriculture Organization (FAO), World 
Organization for Animal Health (OIE), and WHO 
jointly published a Global Strategy for the Progressive 
Control of Highly Pathogenic Avian Influenza 
(HPAI) (20). This strategy was a worldwide H5N1 
control strategy emphasizing the capacity to handle 
pandemic influenza, cooperation, and the exchange of 
information.
 The effect  of  these general  s t rategies  was 
significantly. The number of cases reflects the direct 
result of control strategies. Based on WHO data on 
disease outbreaks (1,21), the number of cases decreased 
after 2006. However, the overall case-fatality rate did 
not decrease with the number of cases according to the 
data shown in Table 1.
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Table 2. WHO guidance documents on pandemic infl uenza A (H5N1), pandemic infl uenza A (H1N1), and infl uenza A (H7N9)

Publication date

    2004

    2005

    2006

    2007

    2008

    2009

    June,2007
    May,2008

    June,2008
    April,2009

   May,2009

    June,2009

    July,2009
    September,2009
    October,2009
    November,2009

    December,2009

    February,2010
    April,2010
    May,2010

    July,2010
    August,2010

    April 2013

Pandemic influenza A (H5N1)

No.

1
2
1
2
3
1
2
1
2
1

1

1
1

1
1
2
3
1
2
3
4
5
6

7
8
9
10
11
12
13
14
15
16
1
2
3

4

1
1
1
1
2
3
4
5
1

2
3

1
1
1

1
1

1

2

                                                                            Guidelines

Guidelines for the use of seasonal influenza vaccine in humans at risk of H5N1 infection.
WHO guidelines for global surveillance of influenza A (H5N1).
WHO guidelines for the collection of human specimens for laboratory diagnosis of avian influenza infection.
WHO laboratory bio-safety guidelines for handling specimens suspected of containing avian influenza A virus.
WHO guidance on public health measures in countries experiencing their first outbreaks of H5N1 avian influenza.
WHO rapid advice guidelines on pharmacological management of humans infected with avian influenza A (H5N1) virus.
WHO case definitions for human infections with influenza A (H5N1) virus.
WHO guidelines for investigation of human cases of avian influenza A (H5N1).
Clinical management of human infection with avian influenza A (H5N1) virus.
Protection of individuals with high poultry contact in areas affected by avian influenza H5N1: consolidation of pre-
existing guidance.
WHO guidelines for the storage and transport of human and animal specimens for laboratory diagnosis of suspected 
avian influenza A infection.

Infection prevention and control of epidemic- and pandemic-prone acute respiratory diseases in health care.
Pandemic influenza preparedness and mitigation in refugee and displaced populations. WHO guidelines for 
humanitarian agencies.
Reducing excess mortality from common illnesses during an influenza pandemic.
Viral gene sequences to assist update diagnostics for influenza A (H1N1) - GenBank accession numbers.
Viral gene sequences to assist update diagnostics for influenza A (H1N1).
Global surveillance during an influenza pandemic.
Case management of influenza A (H1N1) in air transport.
Clean hands protect against infection.
Considerations of influenza A (H1N1) and HIV infection.
Advice on the use of masks in the community setting in influenza A (H1N1) outbreaks.
Pandemic influenza prevention and mitigation in low resource communities.
Update of WHO biosafety risk assessment and guidelines for the production and quality control of human influenza 
pandemic vaccines.
Characteristics of the emergent influenza A (H1N1) viruses and recommendations for vaccine development.
Protocol for antiviral susceptibility testing by pyrosequencing.
Sequencing primers and protocol.
Status of candidate vaccine virus development for the current influenza A (H1N1) virus.
Countries able to perform PCR to diagnose influenza A (H1N1) virus infection in humans.
Instruction on how to obtain CDC realtime RT-PCR kits for detection of influenza A (H1N1).
Summary report of a High-Level Consultation: new influenza A (H1N1).
Recommendations of the Strategic Advisory Group of Experts (SAGE) on influenza A (H1N1) vaccines.
WHO Technical Consultation on the Severity of Disease Caused by the new influenza A (H1N1) virus infections.
WHO ad hoc scientific teleconference on the current influenza A (H1N1) situation.
Consultation on potential risks of pandemic (H1N1) 2009 influenza virus at the human-animal interface.
Influenza A (H1N1) patient care checklist.
Behavioural interventions for reducing the transmission and impact of influenza A (H1N1) virus: a framework for 
communication strategies.
WHO Consultation on suspension of classes and restriction of mass gatherings to mitigate the impact of epidemics 
caused by the new influenza A (H1N1).
WHO recommendations on pandemic (H1N1) 2009 vaccines.
Reducing transmission of pandemic (H1N1) 2009 in school settings.
CDC protocol of realtime RT-PCR for influenza A (H1N1).
Pandemic influenza A (H1N1) 2009: considerations for tuberculosis care services.
Clinical management of human infection with pandemic (H1N1) 2009: revised guidance.
Summary of available potency testing reagents for pandemic (H1N1) 2009 virus vaccines.
WHO interim technical advice for case management of pandemic (H1N1) 2009 on ships.
Interim planning considerations for mass gatherings in the context of pandemic (H1N1) 2009 influenza.
Infection prevention and control in health care for confirmed or suspected cases of pandemic (H1N1) 2009 and 
influenza-like illnesses.
Preliminary review of D222G amino acid substitution in the haemagglutinin of pandemic influenza A (H1N1) 2009 viruses.
Statement from WHO Global Advisory Committee on vaccine safety about the safety profile of pandemic influenza A 
(H1N1) 2009 vaccines.
WHO guidelines for pharmacological management of pandemic (H1N1) 2009 influenza and other influenza viruses.
Laboratory biorisk management for laboratories handling pandemic influenza A (H1N1) 2009 virus.
Clinical management of adult patients with complications of pandemic influenza A (H1N1) 2009 influenza: emergency 
guidelines for the management of patients with severe respiratory distress and shock in district hospitals in limited-
resource settings.
Pregnancy and pandemic influenza A (H1N1) 2009: information for programme managers and clinicians.
Surveillance recommendations for Member States in the post-pandemic period.

WHO suggested that the infection prevention and control of epidemic- and pandemic-prone acute respiratory diseases 
in health care is still effectively.
Real-time RT-PCR protocol for the detection of A (H7N9) influenza virus.

Pandemic influenza A (H1N1)

Influenza A (H7N9)
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precautions for routine care of patients with H5N1 virus 
infection (34,35).
 Public knowledge of avian influenza is an important 
component of a control strategy. However, this 
knowledge was insufficient. Studies (36-39) indicated 
a relatively low level of public knowledge of avian 
influenza, suggesting that control strategies needed to 
improve health education.

2.2.2. Drugs and vaccines to treat pandemic influenza 
A (H5N1)

Table 3 shows the timetable of drug stockpiling and 
development of vaccines against H5N1. After the 
outbreak of pandemic influenza A (H5N1) in February 
2003, the WHO tried to stockpile enough treatment 
courses of oseltamivir as an effective drug against 
H5N1 infection among humans in the beginning of 
2006. In January 2006, Roche (a major manufacturer of 
oseltamivir) announced that it would donate 2 million 
treatment courses of oseltamivir to the WHO (40). In 
April 2006, Roche announced that another 3 million 
treatment courses were ready to be shipped to sites of 
pandemic influenza outbreaks (41). As this information 
shows, amassing effective drug stockpiles took three 
years.
 In April 2004, the WHO obtained the wild-type 
H5N1 virus and provided it to the National Institute of 
Allergy and Infectious Diseases (NIAID) for research 
and development of a vaccine (42). In August 2005, 
NIAID declared that the vaccine had proven effective 
during the first phase of adult experiments (43,44). 
Although there were several H5N1 vaccines for several 
of the avian H5N1 varieties, the continual mutation 
of H5N1 rendered them of limited use to date: while 
vaccines can sometimes provide cross-protection 
against related flu strains, the best protection would 
be from a vaccine specifically produced for any future 
pandemic flu virus strain (45). However, "pre-pandemic 

vaccines" had been created, were being refined and 
tested, and did have some promise both in furthering 
research and preparedness for the next pandemic 
(46,47). Therefore, candidate vaccines to prevent H5N1 
infection had been developed, but they were not ready 
for widespread use because of the continual mutation of 
H5N1 (48).

2.3. Shortcomings during the outbreak of pandemic 
influenza A (H5N1)

The outbreak of pandemic influenza A (H5N1) in 2003 
was the first serious pandemic influenza outbreak the 
world faced after SARS. Much work had done during 
the fight against the outbreak of H5N1, and huge 
successes had been achieved. However, the response 
had shortcomings that should be discussed. First of all, 
the strategies did not focus on the younger population 
as a high-risk group. According to data from the 
WHO, the younger population had the highest 
proportion of cases and the highest case fatality rate. 
However, there is no evidence of a specific strategy 
focusing on the younger population. Therefore, 
prevention strategies should put more emphasis on 
high-risk groups to better control the spread of H5N1. 
Second, an evaluation process was missing. Although 
avian influenza H5N1 is not currently a substantial 
threat (phase 3 pandemic alert for avian influenza 
H5N1 according to the WHO) (49), an evaluation 
of pandemic influenza A (H5N1) still needs to be 
performed. Third, the stockpiling of effective drugs 
and vaccine development was relatively slow. As 
mentioned above, amassing an effective drug stockpile 
took more than three years, and no effective vaccine 
had been developed. Therefore, more attention should 
be paid to drug stockpiles and the development of 
vaccines. Lastly, the results of strategies were unclear, 
especially with regard to indirect results. Further 
research should be conducted.

Table 3. The timetable of drug stockpile and vaccine development of H5N1 and H1N1

Time

February 2003

April 2004
(14 months after first outbreak)

August 2005
(30 months after first outbreak)

April 2006
(38 months after first outbreak)

April 2009

April 2009
(same month of first outbreak)

May 2009
(1 month after first outbreak)

July 2009
(3 months after first outbreak)

                                              Event

First outbreak of H5N1 in Hong Kong, China.

Isolation of wild type viruses of H5N1.

Valid result during the first stage of vaccine's adults experiment.

Rapid response stockpile of oseltamivir gets ready.

First outbreak of H1N1 in Mexico.

Deploying rapid-response stockpile of drug.

Isolation of wild type viruses of H1N1.

Vaccination against pandemic H1N1 influenza first implemented in China.
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3. Pandemic influenza A (H1N1) in 2009

3.1. The epidemiology of human pandemic influenza A 
(H1N1) 2009

The emergence of a new H1N1 virus in early 2009 was 
the cause of the first influenza pandemic of the 21st 
century (50,51). In early April 2009, a new influenza 
A (H1N1) 2009 virus emerged among humans in 
California and Mexico, quickly spreading worldwide 
through human-to-human transmission. By August 2010, 
when the transition from a pandemic to post-pandemic 
period was announced, 18,449 laboratory-confirmed 
deaths from pandemic influenza A (H1N1) 2009 had 
been recorded (52) (Figure 2). However, the actual 
number of influenza A (H1N1) cases worldwide remains 
unknown, as most cases were diagnosed clinically and 
were not confirmed in the laboratory. In most countries, 
the capacity for laboratory diagnosis was so stressed 
that diagnosis was limited to hospitalized patients (53). 
However, the total number of cases of pandemic H1N1 
influenza worldwide was probably on the order of 
several tens of millions (54,55). Modeling estimates of 
the global burden of pandemic influenza A (H1N1) 2009 
ranged from several tens of millions to 2 billion (56). 
The official number of deaths from laboratory-confirmed 
pandemic influenza A (H1N1) 2009 infection worldwide 
reported to the WHO as of May 7, 2010 was at least 
18,449 (52). This number appears to be much lower than 
the estimated annual global mortality associated with 
seasonal influenza. However, the actual fatality of the A 
(H1N1) 2009 pandemic cannot be accurately ascertained 
at this time. Given the relatively high mortality rates 
for at-risk groups and hospitalized patients (57,58), the 
annual mortality due to A (H1N1) 2009 is presumed to 
be higher.

 Geographically, pandemic influenza A (H1N1) 
transmission remains most active in parts of South 
Asia and in limited areas of tropical South and Central 
America. After the first two cases emerged in California, 
208 countries, overseas territories, and communities had 
reported laboratory-confirmed A (H1N1) 2009 cases 
in humans on December 30, 2009 and more than 214 
reported such cases on April 18, 2010. Most countries 
in the Southern hemisphere reported more cases of 
pandemic H1N1 in 2009 than any of the seasonal 
subtypes.
 One characteristic feature of the H1N1 2009 
pandemic is that it disproportionately affected young 
children. Studies and data show that the virus was 
spreading rapidly around the world and appeared to 
primarily affect children and young adults (59,60), and 
the same was true of the outbreak of H5N1 in 2003.

3.2. The response to pandemic influenza A (H1N1) 2009

3.2.1. Strategies to control pandemic influenza A (H1N1) 
2009

With experience fighting the outbreak of SARS and 
H5N1 in 2003, the world responded rapidly after 
the H1N1 outbreak. After the outbreak of H1N1 in 
February and early March 2009 in Mexico, the WHO 
issued a series of guidelines for control of H1N1, as 
shown in Table 2 (61-66).
 As usual, those guidelines were accompanied by 
control strategies, such as WHO recommendations for 
the post-pandemic period (67) in August 2010. During 
the fight against the outbreak of H1N1, school closure 
was a policy option considered in some countries, such 
as Argentina and Japan. Argentina and Japan had closed 
all schools early in their epidemic by extension of or 

Figure 2. Areas with confirmed human deaths due to avian influenza A (H1N1) reported to the WHO, April 2009 - August 2010.
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overlap with school holidays, while other countries 
closed only certain schools (68). Studies (69,70) and 
data showed that these general strategies had significant 
results. Based on the disease outbreak data from the 
WHO (71-73), the number of cases decreased after 
November 2009. However, according to outbreak data 
(71,72) the overall case-fatality rate remained steady.
 Each country also had different control strategies. 
Since the breakout of H1N1, vigorous responses 
to influenza A H1N1 were implemented by the 
Chinese government, which included aggressive case 
identification, vaccine development, and mass vaccination 
at a speed and scale unparalleled elsewhere (73). One 
study used a counterfactual to evaluate the results of 
these responses (74) and found that China would have 
had 139,693 cases of infection and 2,266 deaths. In fact, 
there were only 5,542 cases of infection and 6 deaths, 
suggesting that these responses were effective. The 
Italian government also implemented several control 
strategies, including containment measures, surveillance, 
communication of data, and mitigation measures. After 
these strategies were implemented, the incidence of 
influenza-like illness in Italy decreased from a peak of 
almost 20% to almost 6% (75).
 However, some strategies were also ineffective. 
Egypt, which had no cases of H1N1, implemented 
a policy in March 2009 to prohibit raising pigs and 
by ordering the "killing of all pigs in the country and 
compensating the farmers for the loss." In fact, the 
virus is not transmitted by pigs, so the pig slaughter did 
nothing to stop the spread of H1N1 (76).
 Because of the experience with H5N1, health care 
workers tended to use personal protective equipment 
and vaccination (77,78), limited their infection. Because 
of this trend, few cases of patient-to-health care worker 
transmission were reported during the outbreak of 
pandemic influenza A (H1N1) 2009.
 The level of public knowledge of H1N1 increased 
in comparison to the outbreak of H5N1. Studies (79,80) 
showed an average level of public knowledge of H1N1 
(had knowledge about general influenza and preventive 
measures but lacked an adequate understanding of 
H1N1), suggesting that control strategies had improved 
in comparison to the outbreak of H5N1 but that health 
education still needed to be improved.

3.2.2. Drugs and vaccines to treat pandemic influenza A 
(H1N1) 2009

Table 3 presents the major timeline for drug stockpiling 
and vaccine development during the outbreak of 
pandemic influenza A (H1N1) 2009. After the outbreak 
of H5N1, the WHO began to store emergency stocks 
of oseltamivir. Like the H5N1 virus, the H1N1 virus 
was susceptible to the drugs oseltamivir and zanamivir, 
so the WHO started deploying 3 million doses of the 
drug to Mexico and to 71 pre-identified low-income 

countries immediately after the declaration of pandemic 
alert Phase 5 on April 29, 2009 (81,82). Within a month, 
this rapid-response stockpile had been delivered and the 
WHO was to provide additional shipments as required 
during the course of the pandemic. Some higher-income 
countries subsequently donated antivirals to the global 
response.
 In May 2009, the WHO sent the wild-type H1N1 
virus to vaccine manufacturers that requested it 
(83). At the same time, WHO Collaborating Centers 
for Influenza (WHO CCs), Essential Regulatory 
Laboratories (ERLs), and other institutions were 
developing candidate vaccines with coordination by 
the WHO. In July 2009, vaccination against pandemic 
H1N1 influenza was first implemented in China 
(84), followed by a large number of other countries. 
The safety of the A (H1N1) 2009 vaccines had been 
thoroughly monitored during various clinical trials. 
Current data show that the pandemic influenza vaccines 
are well-tolerated and behave like corresponding 
seasonal vaccines in terms of safety and absence of 
severe adverse events. Compared to the development 
of vaccines against H5N1, there was a significant 
improvement in both timeliness and results.

3.3. Shortcomings during the outbreak of pandemic 
influenza A (H1N1) 2009

Compared to the fight against pandemic influenza 
A (H5N1) in 2003, the fight in 2009 was a marked 
improvement. Both direct results and indirect results of 
control strategies improved. A rapid-response stockpile of 
antivirals had been prepared in advance, and the stockpile 
was quickly delivered. Vaccines were also developed 
faster. The WHO also evaluated pandemic influenza 
(H1N1) 2009 after the pandemic. Therefore, the response 
to pandemic influenza improved significantly.
 However, there were shortcomings during response 
to the outbreak of pandemic influenza (H1N1) 2009. 
First of all, just like the strategies against pandemic 
influenza A (H5N1) in 2003, strategies against H1N1 
also failed to pay enough attention to the younger 
population as a high-risk group. There is no evidence of 
a specific strategy focusing on the younger population 
beside the school closure mentioned above. Second, 
the evaluation needed to go further. The evaluation of 
H1N1 was a qualitative evaluation, lacking convincing 
quantitative evidence.

4. The outbreak of influenza A (H7N9)

4.1. The epidemiology of human cases of influenza A 
(H7N9)

On March 31, 2013, the National Health and Family 
Planning Commission (NHFPC) of China (formerly 
the Ministry of Health) announced three confirmed 
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human cases of influenza A (H7N9) (February 19th, 
February 27th, and March 15th) (85). Prior to April 11, 
2013, a total of 38 patients in China were confirmed 
to be infected with the influenza A (H7N9) virus; of 
these patients, 10 died, 19 had a severe infection, and 9 
had a mild infection (86). Cases also appeared in the 4 
provinces of Shanghai (18 cases, 6 deaths), Jiangsu (12 
cases, 1 death), Anhui (2 cases, 1 death), and Zhejiang 
(6 cases, 2 deaths) and in 23 cities (87) (Table 4 and 
Figure 3). To date, no epidemiological link between 
confirmed cases has been reported. More than 760 
close contacts of the confirmed cases are being closely 
monitored. Sporadic distribution was observed in cases 
where no person-to-person transmission was noted.

 The source of infection and the mode of transmission 
are currently unknown. No association with outbreaks 
of disease among animals or clear exposure to animals 
has been established. Some of the confirmed cases 
involved individuals who had contact with animals or 
with environments in which animals were located. The 
virus has been found in a pigeon in a market in Shanghai. 
The possibility of animal-to-human transmission is being 
investigated, as is the possibility of human-to-human 
transmission (88).

4.2. The response to influenza A (H7N9)

4.2.1. Strategies to control influenza A (H7N9)

Since detection of the first case, many actions have been 
taken by the WHO, national authorities, and technical 
partners. On April 5, 2013, the WHO suggested that 
infection prevention and control of epidemic- and 
pandemic-prone acute respiratory diseases in health 
care is still effective at preventing and controlling the 
infection in health care settings (88). A Real-time RT-
PCR Protocol for the Detection of A (H7N9) Influenza 
Virus was published on April 8, 2013 (89). As more 
information becomes available, the WHO will revise its 
guidance and actions accordingly as they did in the past 
pandemic cases (Table 2).
 In addition to the WHO, individual countries also 
took action. Table 5 shows control strategies adopted 
by China and the United States. China's NHFPC issued 
a notice on enhancing efforts to prevent and control 
human infection with H7N9 avian influenza (90), a 
scheme for diagnosis and treatment of human infection 
with H7N9 avian influenza (Version 1, 2013) (91), and a 
guideline on prevention and control of human infection 
with H7N9 avian influenza in hospitals (2013) (92) on 
April 3, 2013. The scheme for diagnosis and treatment 
of human infection with H7N9 avian influenza (Version 
2, 2013) was improved (93), and procedures to diagnose 
cases of human infection with H7N9 avian influenza (94) 
were established on April 10, 2013. On April 9, 2013 
the Centers for Disease Control and Prevention (CDC) 
of the United States activated its Emergency Operations 
Center (EOC) in Atlanta. Activation was prompted 
because the novel H7N9 avian influenza virus has never 
been seen before in humans and because reports from 
China have linked it to severe human disease (95). In 
addition, the CDC issued guidance to US clinicians 
and public health departments (96) on how to test for 
this virus on April 5, 2013, and the CDC issued interim 
guidance on case definitions for possible H7N9 cases 
in the United States (97) (April 5, 2013) and interim 
infection control guidance for U.S. health care workers 
(98) (April 11, 2013).
 However, the results of these control strategies cannot 
be quantitatively assessed based on existing information. 
As mentioned above, however, these strategies were timely.

Case-fatality ratea

 33.3
  8.3
50.0
33.3
26.3

Table 4. Cumulative number of confi rmed human cases of 
avian infl uenza A (H7N9) reported to the WHO, February 
1 - April 11, 2013
Region

Shanghai
Jiangsu
Anhui
Zhejiang
Total

Cases

18
12
  2
  6
38

Deaths

  6
  1
  1
  2
10

a Case-fatality rates are given as percentages (number of deaths/
number of cases).

Figure 3. Areas with confirmed human cases of avian 
influenza A (H7N9) in China reported to the WHO, March 
31 - April 11, 2013.
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4.2.2. Drugs and vaccines to treat influenza A (H7N9)

Laboratory testing conducted in China has shown that 
the influenza A (H7N9) viruses are sensitive to the anti-
influenza drugs known as neuraminidase inhibitors 
(oseltamivir and zanamivir). Because of the small 
number of cases and the rapid-response stockpile of drug 
stockpiled after outbreak of H5N1, there are no reports 
of drug shortages. These drugs have yet to be used to 
treat H7N9 infection. On April 5, 2013, about one month 
after the outbreak of H7N9, China's Food and Drug 
Administration (CFDA) approved the production of a 
new anti-influenza drug (a peramivir sodium chloride 
injection) that has proven effective in fighting influenza 
H7N9 according to existing clinical trials (99).
 No vaccine for the prevention of influenza A (H7N9) 
infections is currently available. However, viruses have 
already been isolated and characterized from the initial 
cases. The NHFPC of China indicated that vaccine 
development is underway. Generally, 6 to 8 months are 
needed to develop an effective vaccine, yet more time 
may be needed to develop the effective vaccine against 
a new virus like H7N9. The Ministry of Science and 
Technology of the People's Republic of China launched 
research on the H7N9 avian influenza virus (100) on 
April 10, 2013, and the development of vaccine should 
be completed within seven months.
 Because of the experience with H5N1 and H1N1, 
the response to influenza A (H7N9) was timely in terms 
of both drug stores and vaccine development.

4.3. Suggestions regarding the fight against influenza A 
(H7N9) based on previous experience

As mentioned above, there have been marked strides in 
preventing pandemic influenza. Control strategies are 
faster and more effective, a rapid-response stockpile 
of antivirals is ready, and vaccines are developed more 
efficiently. These improvements also suggest advances 
in disease surveillance, transparency in reporting, and 
regional collaboration and cooperation. A faster response 
comes only with good disease surveillance, the spread 
of influenza can be controlled only with transparency in 
reporting, and international strategies will be effective only 

with constructive regional collaboration and cooperation. 
As these trends continue, they offer prospects of a faster 
response, better disease surveillance, more open reporting, 
and closer international cooperation.
 However, there are still some concerns. To begin 
with, more attention should be given to high-risk groups. 
Experience shows that control strategies consistently focused 
on the general level and placed less emphasis on high-
risk groups. Groups that are at risk for influenza A (H7N9) 
infection have not been identified, and control strategies 
should be targeted more toward possible high-risk groups.
 Moreover, quantitative and measurable results (both 
direct and indirect) should be evident. Although reducing 
the number of cases is important, indirect results, such as 
improvement of health professionals (capacity, awareness, 
etc.) and improvement of vaccine manufacturers, should be 
evident.
 Finally, quantitative assessment should be performed. 
Overwhelming evidence is vitally needed to better identify 
shortcomings and forecast future influenza outbreaks. 
Therefore, quantitative assessment should be performed 
during an outbreak.

5. Conclusion

The response to influenza outbreaks has improved 
markedly. The response was faster and more effective in 
terms of control strategies, stockpiling of antivirals, and 
vaccine development. These improvements also suggest 
advances in disease surveillance, transparency in reporting, 
and regional collaboration and cooperation. These trends 
also foreshadow better prospects for prevention and control 
of emerging infectious diseases.
 However, there are shortcomings since strategies failed 
to focus on high-risk groups, quantitative and measurable 
results (both direct and indirect) were unclear, and 
quantitative assessment is still lacking.
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Table 5. Strategies to control infl uenza A (H7N9) adopted in China and the United States

Date issued

April 3, 2013

April 5, 2013

April 10, 2013

April 11, 2013

Control strategy

Notice on enhancing efforts to prevent and control human infection with H7N9 avian influenza.
Scheme for diagnosis and treatment of human infection with H7N9 avian influenza (Version 1, 2013).
Guideline on prevention and control of human infection with H7N9 avian influenza in hospitals (2013).

Human Infections with Novel Influenza A (H7N9) Viruses.
Interim Guidance on Case Definitions to be Used for Novel Influenza A (H7N9) Case Investigations in the 
United States.

Scheme for diagnosis and treatment of human infection with H7N9 avian influenza (Version 2, 2013).
Procedures to diagnose cases of human infection with H7N9 avian influenza.

Interim Guidance for Infection Control Within Healthcare Settings When Caring for Patients with Confirmed, 
Probable, or Cases Under Investigation of Avian Influenza A (H7N9) Virus Infection.

   Issued by

NHFPC of
China

US CDC

NHFPC of
China

US CDC
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1. Introduction

The enteric protozoan parasite Entamoeba histolytica 
causes an estimated 50 million cases of amebic 
colitis and extraintestinal abscess, which result in 
100,000 deaths annually (1). Entamoeba dispar is 
morphologically indistinguishable from E. histolytica, 
but it is nonpathogenic (2,3). E. histolytica infections 
have different clinical outcomes. Most infections 
remain asymptomatic, whereas some infected patients 
develop diarrhea and dysentery. Only a few infections 
develop extra-intestinal complications, such as liver 
abscess.
 Several E. histolytica infections in China are 
reported every year. The average infection rate of 
amebiasis in China was 0.949% in the 1990s. A 2006 

Summary This study is the first to isolate an Entamoeba histolytica strain from Chinese amoebic 
patients and to conduct a detailed examination of its virulence. A fecal sample that contains 
cysts of E. histolytica was obtained from Guangxi province. The sample was cultured 
axenically and then cloned by limiting dilution, and named as XLAC. In vitro and in vivo 
tests were conducted to evaluate the virulence of the Entamoeba isolate. The E. histolytica 
strain XLAC was successfully cloned and cultured axenically. DNA regions that contain 
hexokinase, glucose-6-phosphate isomerase, phosphoglucomutase, and heavy subunit of 
lectin genes were amplified by PCR. The PCR products were then sequenced. Virulence 
analysis suggested that the XLAC strain was similar to the HM1:IMSS strain at the genetic 
level. In vitro and in vivo tests also implicated these strains to be similar. These findings 
may be attributed to the low expression levels of pathogenic genes obtained through real-
time PCR. The XLAC strain restored its virulence after it was injected into hamster liver. 
This study may be a good model for studying virulence changes in E. histolytica.
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survey of HIV-positive patients in China showed a 
serum-positive rate of 7.9% for E. histolytica (4). A 
recent study in seven provinces in China has shown a 
serum-positive rate of 0.53% to 9.04% for E. histolytica 
(5). However, insufficient pathogenic information on 
Chinese E. histolytica strains is currently available. The 
E. histolytica strain utilized in the current paper was 
obtained from Guangxi Province. In vitro and in vivo 
tests were conducted to evaluate the virulence of the 
Entamoeba isolate.

2. Materials and Methods

2.1. Sample collection

Stool and blood samples were obtained from 120 
villagers in August, 2011 in Xilin County, Guangxi 
Province, China.

2.2. Indirect fluorescence antibody assay (IFA)

The IFA test was performed as previously described 
using formalin-fixed trophozoites smeared on glass 



www.biosciencetrends.com

BioScience Trends. 2013; 7(2):77-81.

slides. Fluorescein isothiocyanate-conjugated goat 
immunoglobulin G (IgG) to whole human IgG (MP 
Biomedicals-Cappel, Solon, OH, USA) was used as the 
second antibody.

2.3. Culture conditions

A fecal sample that contains Entamoeba cysts was 
suspended in water for 24 h to remove Blastocystis spp. 
The sample was then cultured in modified Tanabe-Chiba 
medium (6) at 37°C. The trophozoites were treated with 
a cocktail of antibiotics and then cultured monoxenically 
with live Crithidia fasciculata in TYI-S-33 medium 
supplemented with 15% adult bovine serum (Gibco, 
Life Technologies, Carlsbad, CA, USA) at 37°C. The 
trophozoites of the strain were cultured axenically in 
TYI-S-33 medium and then cloned through limited 
dilution.

2.4. PCR analysis and sequence

Genomic DNA was extracted from the axenic cultures 
using a QIAamp DNeasy kit (Qiagen, Valencia, CA, 
USA) (7). The genomic DNA was subjected to PCR 
for the amplification of hexokinase (HXK), glucose-
6-phosphate isomerase (GPI), phosphoglucomutase 
(PGM), and heavy subunit of lectin genes (LecHgl). 
The primers and PCR conditions for E. histolytica were 
based on previously described procedures (8,9). PCR 
was performed briefly in a 50 μL reaction mixture using 
TaKaRa Ex-taq® DNA Polymerase (Takara, Dalian, 
China).
 The PCR products were subjected to direct 
sequencing after purification using a QIAquick PCR 
purification kit (Qiagen) using a BigDye Terminator 
v3.1 Cycle sequencing kit (Applied Biosystems, 
Carlsbad, CA, USA). The reactions were run on an ABI 
Prism 3100 Genetic Analyzer (Applied Biosystems). 
Sequence data were analyzed using ClustalX Ver. 1.83 
(Conway Institute UCD Dublin, Dublin, Ireland).

2.5. Erythrophagocytosis assay

Type O human erythrocytes from healthy donors 
were washed and suspended in TYI-S-33 medium. 
Erythrocytes (2 × 107) were incubated with 2 × 105 
trophozoites in 0.4 mL TYI-S-33 medium at 37°C 
for 10 min. After being lysed with free and adherent 
erythrocytes through the addition of distilled water, 
the trophozoites were fixed and stained with a 
3,3-diaminobenzidine (Sigma-Aldrich, St. Louis, 
MO, USA) solution containing hydrogen peroxide 
(Sinopharm Group Co. Ltd., Shanghai, China). The 
number of ingested erythrocytes was determined by 
examining 300 trophozoites. The experiments were 
repeated three times. Statistical analysis was performed 
using Student's t-test.

2.6. Erythrocyte adherence assay

The trophozoites (2 × 105) were incubated with 2 × 
107 type O human erythrocytes for 5 min at 4°C. The 
erythrocyte-trophozoite suspension was then fixed in 
2.5% glutaraldehyde (Sigma-Aldrich). Afterwards, 
the erythrocytes were washed with PBS and stained 
with a 3,3-diaminobenzidine (Sigma-Aldrich) solution 
containing 0.2% H2O2 (Sinopharm Group Co. Ltd.). The 
number of amoeba with at least three erythrocytes was 
scored by examining 300 trophozoites. The experiments 
were repeated three times. Statistical analysis was 
performed using Student's t-test.

2.7. Apoptosis in Jurkat cells

Entamoeba trophozoites were washed with and 
suspended in RPMI 1640 medium (Gibco, Life 
Technologies). The trophozoites (2 × 104) were incubated 
with 105 Jurkat cells (The Cell Bank of Chinese Academy 
of Science, Shanghai, China) for 20 min at 37°C. The 
cells were then washed twice and stained with FITC-
conjugated annexin V (Sigma-Aldrich). The numbers 
of apoptosis and total cells were determined under a 
microscope. The experiments were repeated three times. 
Statistical analysis was performed using Student's t-test.

2.8. Expression of the heavy subunit of lectin genes

Total RNAs of E. histolytica trophozoites were isolated 
using an RNeasy mini kit (Qiagen) and used for cDNA 
synthesis using a GeneAmp RNA PCR kit (Applied 
Biosystems). A reaction mixture that contains SYBR 
Premix Ex Taq (Takara), specific primers, and the 
cDNAs was used for quantitative real-time PCR analysis. 
The primer pairs used were previously described (10). 
Forty cycles of amplification were performed using the 
ABI PRISM 7500 Sequence Detection System (Applied 
Biosystems). The fluorescence intensity in each cycle 
was also recorded using the ABI PRISM 7500 Sequence 
Detection System (Applied Biosystems). The relative 
quantification of the data obtained from the ABI PRISM 
7500 Sequence Detection System software version 
2.0.1 (Applied Biosystems) was performed by the 
comparative CT method using actin genes as internal 
standards. The experiments, including the culture of 
trophozoites and the isolation of RNA, were repeated 
three times.

2.9. Hepatic challenge with E. histolytica

Sixteen 6-week-old male hamsters (Shanghai Songlian 
Experimental Animal Farm, Shanghai, China) were 
used. The hamsters were challenged with intrahepatic 
inoculation of 106 E. histolytica trophozoites into the 
left lobe of the liver. The hamsters were sacrificed 7 
d after the challenge. The percentage of the abscessed 
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apoptosis rates to the blank control of the XLAC 
and SAW755CR strains were 17.8% and 35.2%, 
respectively (Figure 2). A significant difference in 
relative apoptosis rate was observed between the XLAC 
and SAW755CR strains (p < 0.001).

liver was calculated as the weight of the abscess divided 
by the recorded weight of the liver before abscess 
removal. The E. histolytica trophozoites were again 
subjected to the erythrophagocytosis assay after being 
injected into hamster liver. 

3. Results and Discussion

The present study was processed during 2012. Among 
the 120 stool samples, 11 were discovered to be 
positive for Entamoeba species by microscopy. One E. 
histolytica infection, named XLAC, was finally defined 
via the IFA assay. The XLAC strain was successfully 
cloned and cultured axenically.
 The DNA regions of the XLAC strain that contain 
LecHgl and isozyme genes were amplified by PCR. The 
PCR products were sequenced directly. The nucleotide 
sequences of the LecHgl, HXK, and PGM genes from 
XLAC were identical to those of the HM1:IMSS strain. 
The nucleotide sequences of the GPI gene from XLAC 
were identical to those of the SFL-3 and BF-841 strains. 
These sequences had one nucleotide substitution. 
However, no differences in amino acid sequences were 
observed between the XLAC and HM1:IMSS strains.
 The XLAC strain was evaluated for erythro-
phagocytosis. The SAW755CR strain was used as the 
control. The rates of erythrocyte-ingesting trophozoites 
of the XLAC and SAW755CR strains were 30.7% 
and 79.3%, with 1.1 and 5.7 ingested erythrocytes per 
trophozoite, respectively (Figure 1A). A significant 
difference in erythrophagocytosis was observed between 
the XLAC and SAW755CR strains (p < 0.001).
 The adherence of the XLAC and SAW755CR 
strains to human erythrocytes is shown in Figure 1B. 
The adherence rates of the trophozoites of the XLAC 
and SAW755CR strains to human erythrocytes were 
16.3% and 47.4%, respectively. A significant difference 
in adherence was found between the XLAC and 
SAW755CR strains (p < 0.001).
 Jurkat cells were incubated with E. histolytica 
trophozoites for 20 min at a 5:1 ratio. The relative 

Figure 1. Erythrophagocytosis and erythrocyte adherence of Entamoeba histolytica. (A), Erythrophagocytosis of E. histolytica 
XLAC and SAW755CR strains. (B), Erythrocyte adherence of E. histolytica XLAC and SAW755CR strains. * p < 0.001.

Figure 2. Apoptosis in Jurkat cells. Jurkat cells were 
incubated with E. histolytica trophozoites for 20 min at a 
5:1 ratio. The relative apoptosis rates to the blank control of 
the XLAC and SAW755CR strains were 17.8% and 35.2%, 
respectively. *p < 0.001.

Figure 3. Expression of the heavy subunit of lectin genes. 
The quantitative expression of the LecHgl gene in the XLAC 
and SAW755CR strains was measured. Real-time reverse 
transcription PCR was performed using actin genes as internal 
standards. The mean value of the relative expression level of 
XLAC LecHgl to SAW755CR LecHgl was estimated to be 
0.669. * p < 0.001.



www.biosciencetrends.com

BioScience Trends. 2013; 7(2):77-81. 80

 Real-time reverse transcription PCR was performed 
to measure quantitatively the expression of the LecHgl 
genes in the XLAC and SAW755CR strains. The results 
were analyzed by the comparative CT method using 
actin genes as internal standards. The experiments were 
repeated in triplicate. The mean value of the relative 
expression level of XLAC LecHgl to SAW755CR 
LecHgl was estimated to be 0.669 (Figure 3). A 
significant difference in the expression level of LecHgl 
was found between the XLAC and SAW755CR strains 
(p < 0.001).
 Ten hamsters developed amebic liver abscesses 
7 d after they were challenged with an intrahepatic 
inoculation of XLAC strain trophozoites. The mean 
mass of the abscesses was 21.7% of the liver mass 
(Table 1). By contrast, no amebic liver abscess 
formation was observed in the PBS control group. The 
presence of erythrophagocytosis in the XLAC strain 
after passage hamster liver was also evaluated. The 
original XLAC strain was used as the control. The 
rate of erythrocyte ingestion after trophozoite passage 
hamster liver was 61.7%, which was higher than the 
37.7% rate of the original XLAC strain. The number of 
ingested erythrocytes after XLAC trophozoite passage 
hamster liver was 2.3 per trophozoites, which was 
higher than the 1.15 per trophozoites of the original 
XLAC strain. The XLAC strain restored its virulence 
after being injected into hamster liver. 
 The ability of E. histolytica trophozoites to invade the 
colon and other tissues depends on several pathogenic 
factors. One of the most important factors is the 
galactose- and N-acetyl-D-galactosamine-inhibitable 
cell surface lectin of the ameba. The lectin mediates the 
adherence of trophozoites to human colonic mucins, 
colonic epithelial cells, neutrophils, and erythrocytes. 
The lectin is also important in the cytolytic event that 
follows adherence (11,12). Zymodeme analysis was 
employed to discriminate the virulent E. histolytica and 
the nonvirulent E. dispar. The analysis indicates that 
HXK is a key enzyme and that GPI and PGM are also 
useful. The amino acid sequences of the LecHgl, HXK, 
GPI, and PGM genes from XLAC were identical to 
those of the HM1:IMSS strain. This result suggests that 
the virulence of the XLAC strain is similar to that of the 
HM1:IMSS strain.
 In Japanese amebiasis patients, the crude antigen of 
the Asian E. histolytica strain HK9 generates a higher 
serum-positive rate than that of the Mexican strain 
HM1:IMSS (unpublished data). This result suggests 
that the local E. histolytica strain is more suitable 

for diagnosing amebiasis. No axenic E. histolytica 
strain has been isolated from China in the past years. 
This study is the first to isolate the E. histolytica 
strain XLAC from Chinese amebic patients. Detailed 
examination of its virulence may play an important role 
in further diagnostic studies of Chinese amebiasis.
 E. histolytica loses its virulence after a long in vitro 
culture. However, E. histolytica can restore its virulence 
by injecting it into hamster liver (13,14). In the present 
study, 106 E. histolytica trophozoites injected into 
hamster liver can induce liver abscess, whereas 5 × 105 
E. histolytica trophozoites cannot (data not shown). 
The rate of erythrocyte ingestion after the injection of 
XLAC trophozoites was higher than that of the original 
XLAC strain. The XLAC strain restored its virulence 
after it was injected into hamster liver. This study can be 
a good model for studying the virulence changes in E. 
histolytica.
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1. Introduction

The prevalence of asthma in Taiwan has increased 
from 1.3% in 1974, to 13.1% in 2004 with a one 
percent increase annually over the past decade (1). 
The predominant dust mites in Taiwan that have 
been implicated in allergy are Dermatophagoides 
pteronyssinus and Dermatophagoides farinae (2). The 
climate is warm (average temperature: 22°C) and humid 

(average relative humidity: 76%), more than 90% of 
children with asthma have positive skin test responses 
to house dust mite (HDM), and D. pteronyssinus was 
found to be the primary species accounting for 78% of 
house dust mite (HDM) in Taipei (3).
 At least 22 allergenic components in house dust 
mites have been cloned and identified (4). Among 
them, more than 80% of the HDM-allergic children 
with asthma have positive skin test reactions to group 1 
and group 2 (Der p 1 and Der p 2) (5). Both in vitro IgE 
binding studies and in vivo skin tests revealed that more 
than 90% of the allergic children with asthma and mite 
allergy in Taiwan reacted to both Der p 1 and Der p 2 (6).
 The occurrence and severity of asthma symptoms 
are related to environmental allergens (7). Aeroallergen 

Summary Aeroallergen avoidance has been promoted in order to prevent sensitization and the 
correlation between the level of allergen exposure and sensitization has been reported. 
The aims of this study were to monitor environmental mite infestation and to design an 
effective Der p 2 detection kit to estimate the number of mites in house dust samples. 
House dust samples were collected from 6 carpets and 2 mattresses monthly from April 
2010 to March 2011. The total number of mites was counted under microscopes and 
Der p 2 concentrations were measured using Der p 2 ELISA kits. The detection kit was 
constituted using Der p 2 specific mouse monoclonal antibody as capture antibody, and 
rabbit polyclonal antibody as detection antibody. Both Der p crude extract and rDer p 2 
were used as internal standards. The number of mites in the dust samples was significantly 
higher in the mattresses as compared with that in the carpets and the total number of 
dust mites was higher in the summer than any other seasons. The concentration of Der p 
2 components in Der p crude extract was analyzed and the results showed that each gram 
of Der p crude extract contained 53.4 mg of Der p 2. When the number of mites and Der p 
2 concentration were measured for the correlation analysis, the results showed that there 
was a good correlation between Der p 2 and number of mites with R2 = 0.9667. Dust mites 
were significantly increased in the dust samples collected from mattresses especially in the 
summer. The good correlation between Der p 2 concentration and mite numbers indicated 
that the measurement of Der p 2 can be used to replace direct mite counting. Using the 
Der p 2 detection method to monitor environmental mite infestation may be beneficial for 
allergic subjects to prevent disease activation.

Keywords: Dermatophagoides pteronyssinus, Der p 2, house dust mites, environmental allergen
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avoidance has been promoted in order to avoid 
sensitization, and a correlation between the level 
of allergen exposure and sensitization has been 
shown previously (8). It is important to monitor the 
environmental allergen Der p in house dust. Our 
previous findings showed that dust mites increased 
in July and August and decreased in the winter, as 
determined by direct mite count in the dust sample 
collected from households of asthmatic patients (2).
 It has been reported that a seasonal variation of 
Der p 1 was found as determined by ELISA based 
immunoassay. However, there were no seasonal 
variations in Der p 5 level (5,6). This discrepancy may 
be due to the different characteristics of Der p 1 and 
Der p 5. The protein concentration of each allergenic 
component might be different due to their enzymatic 
activity in the dust. Since it has been reported that Der 
p 2 was present in the mite body and can be used as 
an indicator of number of mites in the dust samples, it 
is feasible to use Der p 2 concentration to reflect mite 
count in the dust (9). A variety of techniques have been 
developed to measure levels of specific allergens in the 
environment using ELISA-based immunoassays for 
major allergens, such as Der p and Der f 1 and 2, Fel d 1, 
Bla g 1 and 2, Can f 1, Mus m 1, and Rat n 1 (10). There 
were high sequences of homology regarding mite group 
2 allergens (Der p 2 and Der f 2) according to structure 
analysis. The crude extracts of D. pteronyssinus and D. 
farinae could be recognized by MoAb-C1 (generated 
by Der p 2) with a molecular weight of 16 kDa in our 
previous study, and therefore it is feasible to use these 
antibodies which are prepared from group 2 allergen to 
detect group 2 allergen in house dust (11). In this study 
both monoclonal antibody and polyclonal antibodies 
were generated for the development of the Der p 2 
ELISA kit. The aim of this study was to develop an 
effective detection kit to measure Der p 2 concentrations 
in the dust samples and to correlate these concentrations 
with mite numbers counted using an inverted phase 
microscope.

2. Materials and Methods

2.1. Preparation of mite extracts

D. pteronyssinus  was obtained from Allergen 
Pharmacia (Uppsala, Sweden). Mites were extracted 
by homogenizing after resuspending in phosphate-
buffered saline (PBS) containing aprotinin (0.1 
IU/mL; Sigma Chemicals, St. Louis, MO, USA) 
and phenylmethylsulfonyl fluoride (1 mmol/L; 
Sigma). After centrifugation at 10,000 g for 30 min, 
the supernatant was dialyzed against 0.05 mol/L of 
ammonium carbonate, pH 8.0. It was then freeze-dried 
in aliquots and stored at 4°C until use. The protein 
content was determined by Lowry's method, using 
bovine serum albumin as is standard.

2.2. Recombinant Der p 2 preparation

The cDNA of group 2 D. pteronyssinus allergen 
(Der p 2) was cloned into the commercial expression 
vector pIC9 (Invitrogen, USA) for the extracellular 
expression in the yeast Pichia pastoris according 
to the instruction manual. Expression of rDer p 2 
by fermentation cultures was generated. In brief, 
fermentation was performed in a 1,000 mL flask with 
200 mL buffered glycerol-complex (BMGY) medium 
(Invitrogen, USA). The temperature was maintained 
at 30°C and the concentration of dissolved oxygen 
(DO) was maintained at 35% by DO-agitation. The pH 
was adjusted to 7.0 by 15% NH3H2O. Fermentation 
was started by adding 200 μL of seed culture to the 
200 mL of BMGY. After complete consumption of 
glycerol in the medium, a glycerol fed-batch phase 
was initiated by addition of 50% glycerol. Expression 
of recombinant Der p 2 was induced by the addition 
of methanol after glycerol was exhausted again. 
Purified recombinant protein Der p 2 was prepared as 
previous described (12). The cell-free supernatant was 
collected and the protein components were fractionated 
through ammonium sulfate (50%) precipitation and 
centrifugation. The pellet was dissolved in PBS buffer 
and dialysis against PBS buffer. The proteins will be 
then concentrated by Amicon Ultra centrifugal filter 
devices with an exclusion size of 10 kDa (Millipore, 
Bedford, MA). The addition rate was adjusted 
according to pH and DO. One milliliter of the culture 
was withdrawn to determine rDer p 2 expression using 
SDS-PAGE analysis.

2.3. Monoclonal and polyclonal antibody production

Monoclonal antibodies (MoAbs named as C1) against 
Der p 2 were prepared as previously described (13) 
and its immunoglobulin isotype belonged to IgG1 
kappa. Briefly, spleen cells obtained from BALB/c 
mice immunized with the rDer p 2 were fused with 
murine plasmacytoma NS-1 cells in the presence of 
polyethylene glycol (molecular weight 1, 500 daltons; 
Merck, Hohenbrunn, Germany). Antibody-producing 
hybrid cells were screened using the enzyme-linked 
immunosorbent assay (ELISA) and recombinant GST-
Der p 2 and GST alone. Briefly, hybridomas producing 
MoAbs were expanded and the Der p 2 specificity of 
the MoAbs was determined by ELISA with rDer p 2.
 Polyclonal antibody anti-rDer p 2 was obtained 
from a New Zealand rabbit, which was injected once 
subcutaneously with rDer p 2 emulsified with primary 
complete Freund's adjuvant (10 mL, Sigma, St. Louis, 
MO, USA) and boosted incomplete Freund's adjuvant 
(10 mL, Sigma, St. Louis, MO, USA) once in every 
two weeks for a total of 3 times. Rabbit serum was 
obtained and store in −80°C before use, after the last 
immunization.
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separately onto wells of polyvinyl microtiter plates 
(Costar, Cambridge, Mass., USA) by the addition of 
100 μL of a 0.4 μg/mL solution of C1 monoclonal 
antibody in PBS, pH 8.0 for 3 h at RT. After blocking 
with 1% skimmed milk, it was then incubated for 1 h 
at RT. Wells were washed with PBS containing 0.05% 
Tween-20 (Southern Biotech Association, Birmingham, 
Ala., USA) (PBST). Zero point one gram of dust from 
each sample was added in 25 mL PBS, and the standard 
response curves were constructed from reference 
recombinant Der p 2 antigen solutions in the range of 
62.5 ng/mL to 1,000 ng/mL. Wells were washed again 
with PBST, polyclonal antibody from rabbit serum 
(1:1,000 dilute in PBST) was added to the wells and 
incubated for 2 h at RT. After washing with PBST, 
peroxidase-conjugated goat anti-rabbit IgG were added 
to each well and were incubated for 1 h at 37°C, and 
the bound enzyme substrate were detected with ABTS 
substrate (Invitrogen, USA). The reaction was stopped 
with 50 μL 0.01% sodium azide (NaN3) after 15 min, 
and the optical density were measured at 450 nm in 
a multiscan spectrophotometer (Sunrise, TECAN, 
Switzerland). Results were expressed as EU.

2.7. Statistical analysis

Results of mite numbers were expressed as a mean for 
each sampling locations. Data of seasonal variations at 
different distributions were represent as mean ± 2 × S.D. 
for each groups. The differences between groups were 
analyzed with a non-paired t-test. p-values less than 0.05 
were considered statistically significant. Correlations 
were analyzed using Pearson's χ2 test in the allergen 
protein concentrations and mite numbers.

3. Results

3.1. Mite distribution in the house dust samples

The number of mites in the house dust samples 
collected from two carpets and six mattresses were 
analyzed. A total of 12 specimens from April 2010 
until March 2011 were collected in each sampling 
locations.  The results showed that there were 
significantly more mites in the mattresses than in 
the carpets for the four seasons (Figures 1 and 2). 
Seasonal variation of mite count was also observed 
in the mattresses (Table 1). The mite population in 
the mattresses was higher in the summer as compared 
with other seasons (Figure 2).

3.2. Protein profiles and Western blot analysis of D. 
pteronyssinus crude extracts

The protein profiles of D. pteronyssinus crude extracts 
or rDer p 2 on SDS-PAGE showed several protein 
bands existing in the crude extracts and one single 

2.4. SDS-PAGE and immunoblotting analysis

In order to identify the components recognized 
by antibodies, protein components were separated 
and performed immunoblotting with MoAb (C1), 
polyclonal antibody and human IgE antibody. The 
D. pteronyssinus crude extract and rDer p 2 were 
separated by sodium dodecyl sulfate polyacrylamide 
gel (SDS-PAGE) and transferred onto a polyvinylidene 
fluoride membrane (Millipore, Chelmsford, MA). 
After being blocked with skimmed milk, membranes 
were reacted with anti-rDer p 2 MoAb (C1) from mice 
(1:1,000 dilution), polyclonal antibodies from rabbits 
(1:2,500 dilution), or serum samples from patients (1:5 
dilution). Blots were then immersed with horseradish 
peroxidase (HRP)-conjugated goat anti-mouse IgG 
antibodies (1:1,000 dilution) (Biosource, Camarillo, 
CA), goat anti-human IgE antibodies (1:1,000 
dilution) (Biosource, Camarillo, CA) or goat anti-
rabbit IgG antibodies (1:5,000 dilution) (Chemicon, 
Temecula, CA) and washed with PBS after each 
treatment. Finally, blots were immersed with enhanced 
chemiluminescence reagent (Pierce, Rockford, IL) for 
2 min and exposed to X-ray films.

2.5. Collection of dust and counting of mites from dust 
sample

Random samples were collected every month between 
April 2010 and March 2011 from eight sample sites 
(six carpets from conference rooms and the library 
and two mattresses in the on-duty room) in a hospital 
environment. About 1 m2 of surface area of each site 
was vacuumed for 1 min, following which each dust 
sample in the container of the vacuum cleaner was 
brushed completely into a plastic bag and analyzed. 
Zero point one gram from each sample was isolated 
and added to one milliliter of PBS. The suspension was 
poured through a 45-μm-pore filter and the material 
remaining on the filter, rinsed in an integrid petri-dish 
for mite number counting. Additional dust samples 
were picked up and extracted for the measurements of 
Dp and Der p 2 concentration by ELISA as described 
continuously. Mites were counted under an inverted 
phase contrast microscope (OLYMPUS SZ-PT, Japan) 
and the mite concentration was expressed as the 
number of mites per 1 g of dust. In order to properly 
identify and count the mites, the mites were picked 
up by hand using a 25-gauge needle under an incident 
light microscope, then immersed in polyvinyl alcohol 
solution on a microscope slide and covered with a glass 
cover.

2.6. ELISA

ELISA was performed as previously described (13). 
The C1 monoclonal antibody used were coated 
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protein existing in the recombinant protein (Figure 3A). 
In the crude extracts of D. pteronyssinus, a molecular 
weight of 16 kDa could be reacted with by rabbit 
anti-Der p 2 polyclonal antibodies and mouse anti-
Der p 2 monoclonal antibodies. A strong signal either 
existed in rDer p 2 which reacting with rabbit anti-
Der p 2 polyclonal antibodies and mouse anti-Der p 
2 monoclonal antibodies (Figure 3B). Several IgE-
binding proteins in the D. pteronyssinus crude extract as 
determined by the D. pteronyssinus-sensitive sera, only 

one major allergen with molecular weight around 16 kDa 
could be detected. Neither D. pteronyssinu crude extract 
nor rDer p 2 was observed in the serum from the healthy 
individual. 

3.3. Der p 2 concentration in D. pteronyssinus crude 
extract

The mouse anti-Der p 2 monoclonal antibody-C1 
used for capture antibody and the rabbit anti-Der p 2 

Table 1. Number of mites isolated from dust samples collected from two mattresses (M1, M2) and six carpets (C1‒C6) 
from April 2010 until March 2011
Sample 
No.

C1
C2
C3
C4
C5
C6
M1
M2
# Number of mites/1 g; C: Carpet; M: Mattress; *The dust sample was collected after the mattress and the duty room was cleaned.

2010
Apr

160#

  80
180
  80
110
  90
600
640

May

  80
190
  60
  20
160
160
200*

480

   Jun

   130
   120
     90
     40
   180
   140
   540
1,580

   Jul

     90
   150
     40
     80
   160
     80
   670
1,030

Aug

110
190
260
  60
100
140
370
480

Sep

150
  80
190
  40
  70
120
320
420

Oct

  90
  70
140
110
100
  90
250
370

Nov

  60
110
  80
100
  90
190
680
590

Dec

110
170
130
  90
  60
150
550
690

2011
Jan

130
  90
120
150
170
  80
490
630

Feb

110
130
  80
  70
110
130
350
490

Mar

  70
140
160
  80
120
180
580
550

Figure 1. The number of mites from different survey sites 
included carpets (C1-C6) and mattresses (M1-M2). Mite 
numbers represent the samples taken from the carpets (black 
bars) and represent samples taken on the mattresses (white 
bars). A total of 12 specimens from April 2010 until March 
2011 were collected in each sampling locations.

Figure 2. Seasonal variation of the distribution of mite 
number at different indoors locations. Mite numbers 
represent the samples taken from the carpets (black bars) and 
represent samples taken on the mattress (white bars). Data 
represent means ± S.D. in a single experiment, representative 
of an experimental n of 6. *p < 0.05.

Figure 3. Protein profiles and Western blot of D. 
pteronyssinus crude extracts and recombinant Der p 2. 
(A), Proteins were analyzed on 12% SDS-PAGE and present 
with Coomassie blue staining. M: protein marker; Dp: D. 
pteronyssinus crude extracts; rDer p 2: recombinant Der p 2; 
BSA: Bovine serum albumin. (B), Western blot analysis with 
different antibodies. PolyAB: rabbit anti-Der p 2 polyclonal 
Ab; C1-AB: mouse anti-Der p 2 monoclonal Ab; P(+): patient 
allergic to D. pteronyssinus; N(-): healthy individual.
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polyclonal antibody used for detection antibody were 
performed to detect the concentrations of Der p 2 in the 
environmental samples. The known concentrations of 
D. pteronyssinus crude extract or rDer p 2 were used 
as protein standard. The known protein concentrations 
of D. pteronyssinus crude extract or rDer p 2 were 
measured by ELISA analysis, and the results of ELISA 
data were presented in absorption unit (AU) OD450 nm 
as standard curve (Figures 4A and 4B). The correlation 
between known D. pteronyssinus protein concentration 
and ELISA absorbance units (AU) OD450 nm was 
determined (Figure 4A), the correlation between known 
rDer p 2 concentration and ELISA AU OD450 nm was 
determined (Figure 4B), and the correlation between 
Der p 2 and D. pteronyssinus extract was determined 
(Figure 4C).
 When series dilution of D. pteronyssinus crude 
extracts were measured for the Der p 2 protein 
concentrations, the results showed that each gram of 
D. pteronyssinus crude extract contains 53.4 mg of 
Der p 2 (Figure 4C). For the development of Der p 2 
ELISA kit, there were good correlation between rDer p 
2 protein concentrations with OD 450 nm ELISA unit 
(R2 = 0.9923) and the detectable range of rDer p 2 was 
between 62.5 ng/mL and 1 μg/mL (Figure 4B).

3.4. The correlation of mite number with Der p 2 protein 
concentration in house dust samples

A total of 12 house dust samples were selected for the 
correlation analysis. The Dp or Der p 2 concentrations 
were determined using ELISA with anti-Der p 2 MoAbs 
C1. The data were calculated by the formula from 
Figures 4A and 4C as showed in the Table 2. The Dp or 
Der p 2 protein concentrations in the house dust samples 
were measured after the mite numbers were determined. 
The results showed that there was good correlation (R2 
= 0.9667) between Der p 2 protein concentrations and 
mite numbers (Figure 5).

Table 2. Measurements of allergen concentrations and mite numbers in the dust samples

Year/Month

2010 Jun

2010 Jul

2010 May

2011 Jan

2011 Feb

a: Data were calculated by the formula "y = 194.92 x - 2.2078" from the Figure 4A; b: Data were calculated by the formula "y = 0.0239 x + 0.0295" 
from the Figure 4C; c: 1 g dust/10 mL PBS; d: 1 g dust/ 10 mL PBS; e: The correlation between Der p 2 protein concentrations and mite numbers was 
performed to acquire the formula "y = 201.47 x - 31.412" as showed in the Figure 5.

Sample No.

M1
M2
M1
M2
M1
M2
C1
M1
M2
C1
M1
M2

Dp (μg/mL)

15.92a

36.19
21.96
26.06
  9.86
15.19
  5.59
14.36
19.62
  5.39
12.21
14.56

Der p 2 (μg/mL)

0.42b

0.89
0.56
0.65
0.27
0.40
0.17
0.38
0.50
0.16
0.32
0.37

Dp (μg/g of dust)

159.22c

361.91
219.63
260.61
  98.60
151.91
  55.91
143.60
196.23
  53.94
122.16
145.56

Der p (2 μg/g of dust)

4.21d

8.93
5.64
6.52
2.71
4.02
1.72
3.80
5.01
1.58
3.21
3.78

Number of Mites (n)

  54e

158
  67
103
  20
  48
  13
  49
  63
  13
  35
  49

Figure 4. Der p 2 protein concentrations in the extract of 
D. pteronyssinus. Der p 2 mouse monoclonal antibody C1 
was used for capture antibody, rabbit polyclonal antibody was 
used for detection antibody and rDer p 2 was used as protein 
standard. The correlation between D. pteronyssinus protein 
concentration and ELISA Absorbance Units (AU) OD450 
nm was determined (A), the correlation between Der p 2 
concentration and AU(OD450 nm) was determined (B), and 
the correlation between Der p 2 and D. pteronyssinus extract 
was determined (C).
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4. Discussion

In this study, we demonstrated that house dust 
mites could be identified in a hospital environment, 
particularly in the mattresses of the on-duty room, 
which had a significantly higher number of mites as 
compared with those in the carpets from the conference 
rooms and the library. A similar finding was observed 
in our previous report that the number of mites in the 
mattresses in the bedroom was more prominent than in 
the carpets of the sitting room (2). Both species of dust 
mite D. pteronyssinus and D. farinae were identified 
in the house dust as our previously described (data not 
shown) (2). Although the number of mites increased in 
summer, there were no significant changes as compared 
to other seasons, and this discrepancy may be due 
to the constant room temperature maintained by air-
conditioning in the on-duty room in the summer.
 The composition analysis of Der p 2 in the D. 
pteronyssinus crude extract showed that the concentration 
of Der p 2 in whole mite extracts was 53.4 mg/g, 
indicating that there was only a trivial amount of Der p 2 
in the whole body extract. Despite the trivial amount of 
Der p 2, more than 80% Der p sensitive asthmatics have 
Der p 2 specific IgE antibodies. This result indicated that 
Der p 2 may play an important role in D. pteronyssinus 
sensitization. In previous study, we have demonstrated 
that Tyr p 2 is the major allergenic component in 
storage mite Tyrophagus putrescentiae of allergic 
rhinitis patients and processes high level cross-reactivity 
with Der p 2 (14). The IgE-binding titers of group 2 
allergens were well correlated and the binding activity 
of Tyr p 2 could be absorbed by Der p 2 (14). Indeed, 
group 2 allergens are more cross-reactive not only 
between dust mites D. pteronyssinus and D. farinae, 
but also with other storage mites T. putrescentiae 
and Lepidoglyphus destructor (15). However, there 
was few storage mites been found in dust samples 

Figure 5. The correlation of Der p 2 protein concentrations 
and mite number were analyzed. A total of twelve dust 
samples were selected for the correlation analyzes Der p 2 
ELISA kit was used to measure the protein concentration of 
Der p 2 (μg/mL). Number of mite was counted under inverted 
phase contrast microscope. The correlation were obtained by 
linear fit analysis R2 = 0.9667 (p < 0.001).

collected from the hospital carpets and mattress in this 
study. Similar results had been reported that nearly 
bedding samples collected in Korea homes were found 
to contain a large number of house dust mite but few 
of storage mite T. putrescentiae (16). House dust mites 
D. pteronyssinus and D. farina are the major species in 
the bedding and bedroom floor, however, storage mite 
T. putrescentiae mainly identified in the kitchen floor. 
Although the group 2 mite allergens with a high level 
of cross-reactivity, it does not interfere the results from 
different sampling locations.
 Previous studies have demonstrated that Der 
p 1 and Der p 5 can be detected in the house dust 
samples (5,6). However, these reports did not show the 
correlations between the concentration of Der p 1 and 
Der p 5 with the actual number of house dust mites in 
the environment (5,6). Our study demonstrated that 
Der p 2 concentrations had a strong correlation with 
the number of mites in the house dust samples. This 
result indicated that Der p 2 might be more relevant to 
mite infestation in the environment. Although the non-
enzymatic characteristics of Der p 2 might be different 
from the enzymatic allergens of house dust mites, it 
cannot be clarified unless the two types of allergens in 
the dust samples are measured simultaneously. Since 
Der p 1 was not analyzed in this study, whether it can 
be used to reflect the number of mites remains unclear 
and requires further investigation.
 The developments of allergic diseases are directly 
related to allergen levels, such as mite density in house 
dust. The best way of dealing with allergic disease is 
believed to be a combination of allergen diagnosis, 
environment control and medication. In this study, 
the strong correlation between Der p 2 concentrations 
and number of mites had been found indicated that the 
measurement of Der p 2 can be used to reflect mite 
count in the environment. The easy detection of mite 
number through Der p 2 measurement is an effective 
method of indoor allergen management. Allergen 
avoidance in habitant can reduce prevalence of allergic 
diseases (16).
 Both monoclonal antibody and polyclonal antibodies 
were generated in this study for the development of 
the Der p 2 ELISA kit. The aim of this study was to 
develop an effective detection kit to measure Der p 2 
concentrations in the dust samples and to correlate these 
concentrations with mite numbers counted using an 
inverted phase microscope. We developed an effective 
detection kit to measure Der p 2 concentrations in dust 
samples. The Der p 2 measurements of monitor mite 
infestation may be beneficial for allergic subjects to 
help to prevent disease activation. A systematic review 
indicates that extensive allergen control in bedrooms 
may reduce perennial allergic rhinitis symptoms induced 
by house-dust mite exposure (17). Therefore, the 
monitoring of dust mite infestation in the environment 
is important for asthmatic patients. In this study, a Der p 



www.biosciencetrends.com

BioScience Trends. 2013; 7(2):82-88. 88

2 ELISA kit was developed and could accurately reflect 
the environment infestation of Der p, indicating that this 
Der p 2 ELISA kit could be used in a clinical setting.
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1. Introduction

Ankylosing spondylitis (AS) is a progressive chronic 
disease characterized by inflammatory response and 
pathological mineralization. The prevalence of AS is 
0.24% in the Chinese population, which is similar to the 
incidence in Caucasians (1). Twin and family studies 
have shown that genetic factors play an important role 
in the pathogenesis of AS. Most previously identified 
genetic risk variants for AS are related to the immune 
response. Until recently, in a GWAS study in the Chinese 

Han population, Gu et al. (2) discovered two new 
susceptibility loci rs4552569 and rs17095830 near genes 
(between HAPLN1-EDIL3 at 5q14.3 and within ANO6 
at 12q12) related to cartilage development and bone 
formation. Our previous study also identified a novel 
single nucleotide polymorphism (SNP) site (c.4488+74 
G > A) in low-density lipoprotein receptor-related protein 
5 (LRP5) gene was associated with AS in the Chinese 
Han population (3). These data support the hypothesis 
that specific polymorphisms in the bone formation genes, 
in particular pathological mineralization-related genes 
might predispose to AS.
 Multiple lines of evidence indicated the potential 
importance of extracellular pyrophosphatase metabolism 
regulators tissue-nonspecific alkaline phosphatase 
(TNAP) and the human orthologue of mouse progressive 
ankylosis (ANKH) in the pathological mineralization of 
AS (4). Furthermore, several human and mouse diseases 
manifested by hydroxyapatite (HA) crystal deposition in 
the soft tissues of tendons and/or ligaments resembling 

Summary The aim of this study was to investigate two mineralization-related genes TNAP and 
ANKH polymorphisms associated with ankylosing spondylitis (AS) in the North Chinese 
Han population. We carried out a case-control study in Chinese AS cohorts involving 278 
AS patients and 286 unrelated healthy controls. Five TNAP SNPs (rs3200254, rs1256348, 
rs1472563, rs1780329, rs3767155) and four ANKH SNPs (rs25957, rs26307, rs27356, 
rs28006) were genotyped by the Multiplex Snapshot method. There were significant 
differences in genotype (permutated p = 0.00481) and allele (permutated p = 0.0126) 
frequencies of the rs26307 ANKH SNP between AS patients and controls. Logistic 
regression analysis suggested an association of AS with the polymorphism in an additive 
model (OR = 0.640, 95%CI = 0.480-0.853, p = 0.0023, permutation 10,000 corrected p = 
0.0158) and a dominant model (OR = 0.599, 95%CI = 0.423-0.846, p = 0.0037, permutation 
10,000 corrected p = 0.022). Haplotype analysis identified the ANKH haplotype rs26307(C)/
rs27356 (T) as a predisposing factor for AS (OR = 1.53, 95%CI = 1.165-2.071, p = 0.0026, 
permutation 10,000 corrected p = 0.0103). This study provides evidence that variation in 
the ANKH gene influences susceptibility to AS in the Northern Han Chinese population.
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AS have been related to defects in TNAP and ANKH 
genes (5). Some TNAP and ANKH SNPs have been 
variably reported to be associated with AS susceptibility 
in Caucasians (6-8). As ancestry-based heterogeneity 
may exist in AS susceptibility between Chinese and 
European populations, replication is needed to confirm 
the potential genetic influences of TNAP and ANKH on 
AS in other groups. Here we assessed the association of 
nine previously identified SNPs in the TNAP and ANKH 
genes in Chinese AS patients.

2. Patients and Materials 

2.1. Patients 

We analyzed nine SNPs in 278 unrelated Chinese Han 
AS patients (215 male and 63 female) and 286 healthy 
Chinese Han controls (206 male and 80 female) in 
Shandong Province, in North China. All of the case 
and control subjects were original local residents of 
Shandong Province of China. Patients with AS was 
diagnosed according to the modified New York criteria 
and were patients in Shandong Provincial Hospital and 
LinYi People's Hospital. The healthy control subjects 
were matched to the patients in sex, age and geographic 
location. The study was approved by the ethics 
committee of our institution, and written informed 
consent was obtained.

2.2. Genotyping 

Nine previously reported polymorphisms of TNAP 
(rs3200254, rs1256348, rs1472563, rs1780329, 
rs3767155) and ANKH (rs25957, rs26307, rs27356, 
rs28006) were genotyped by the Multiplex Snapshot 
technique according to the manufacturer's protocol. 
Briefly, all nine SNPs were amplified by a Multiplex 
PCR kit (Qiagen, Germany). The PCR products were 
included in a single base extension (SBE) reaction with 
a SNaPshot Multiplex reagent Kit (Applied Biosystems). 
Snapshot products were then analyzed in the ABI 
PRISM 3130xl Genetic Analyzer (Applied Biosystems). 
Genotypes were determined by GeneMapper 4.1 
software (Applied Biosystems). Genotyping was 
tested repetitively in 10% masked random samples 
by different investigators and all the results were 
completely concordant. Detailed information on the 
PCR primers and SBE oligonucleotides used are shown 
in supplemental Table S1 (http://www.biosciencetrends.
com/docindex.php?year=2013&kanno=2).

2.3. Statistical analysis

Hardy-Weinberg equilibrium was tested for each SNP 
on controls. Genotype and allele distributions between 
cases and controls were compared using χ2 tests. The 
main analysis used to test for association was multiple 

logistic regression models, adjusted for age and gender. 
Multiple testing corrections were performed based upon 
10,000 random permutations of the sample data. All 
above analyses were run using PLINK v1.07. Haplotype 
analyses were performed using the Haploview 4.2 
program. Statistical power was estimated using 
STPLAN 4.3 software. The level of significance for all 
statistical tests was defined as a p value < 0.05.

3. Results

The alleles and genotypes frequencies of AS patients 
and controls in the total samples are given in Table 
1. The distribution of genotypes of TNAP and ANKH 
polymorphisms were within the range of Hardy-
Weinberg equilibrium. We estimated the power of 
our study material and found that our sample size had 
more than 80% power to detect an odds ratio (OR) of 
1.50 for AS between carriers and non carriers with a 
significance level (alpha) of 0.05 for each SNP.
 SNPs rs1256348 of TNAP, rs26307 and rs27356 
of ANKH showed a significant association with AS 
(rs1256348 genotype p = 0.0499, allele p = 0.016; 
rs26307 genotype p = 0.0101, allele p = 0.00195; 
rs27356 genotype p = 0.0119, allele p = 0.0085, 
respectively), but only rs26307 remains significant after 
multiple testing using 10,000 permutations (genotype 
permutated p = 0.00481, allele permutated p = 0.0126), 
and rs27356 showed a marginal statistically significant 
level (genotype permutated p = 0.055, allele permutated 
p = 0.0596). The T allele of rs26307 significantly 
lowered the risk of developing AS (OR = 0.634, 95% 
CI = 0.475-0.847).
 In order to rule out confounding in our crude 
association analyses, we reevaluated the polymorphism 
effect of rs26307 and rs27356 under 3 different models 
using logistic regression adjusted for age and gender. 
The ANKH rs26307 polymorphism was found to 
decrease the risk of AS using the additive model (CC 
versus. CT versus. TT: OR = 0.640, 95%CI = 0.480-
0.853, p = 0.0023, permutation 10000 corrected p = 
0.0158) and the dominant model (CC + CT versus. 
TT: OR = 0.599, 95%CI = 0.423-0.846, p = 0.0037, 
permutation 10000 corrected p = 0.022); and the ANKH 
rs27356 polymorphism was found to decrease the risk 
of AS via a recessive model (CC versus. CT + TT: OR 
= 0.267, 95%CI = 0.0975-0.731, p = 0.010, permutation 
10,000 corrected p = 0.0414).
 The linkage disequilibrium (LD) block structure 
revealed one haplotype block including rs26307 and 
rs27356 in the ANKH gene (Figure 1). The major 
haplotype combination of rs26307 (C) and rs27356 (T) 
is significantly associated with AS as a predisposing 
common haplotype (OR = 1.53, 95%CI = 1.165-2.071, 
p = 0.0026, permutation 10,000 corrected p = 0.0103); 
the minor haplotype combination of rs26307 (T) and 
rs27356 (C) defined a significantly protective common 
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that a TNAP  haplotype marker [rs3767155(G)/
rs3200254(G)/rs1780329(T)] in men is significantly 
associated with AS in multiplex families affected (8). 
Our results revealed no association between AS and these 
three TNAP variants, either individually or by conforming 
haplotypes, which contradicts the results of Tsui HW 
et al., and is consistent with the results of Zhang et al. 
in a South Chinese population (9). We further revealed 
that no association exists between AS and the other two 
TNAP variants rs1256348 and rs1472563 in the Northern 
Chinese population, which is not consistent with the 
results of Tsui HW et al. (8). In agreement with the 
results of the previous study in the Chinese population 
(9), our data do not support the speculation that the TNAP 
gene confers susceptibility to AS in the Chinese Han 
population. 
 Four variants in ANKH (rs27356, rs26307, rs25957, 
and rs28006) have previously been genotyped in 
AS patients in two independent studies in Caucasian 
populations, but their results were inconsistent. In a 
study in a Portuguese population, the four markers 
demonstrated no significant single-locus disease 
associations with AS and disease severity, as measured 
by BASDAI, BASFI, BASMI, or mSASSS. However, in 
another study in a Canadian population, ANKH rs26307 
was significantly associated with AS only in affected 
men; furthermore, a haplotype marker [rs26307/
rs27356] at the 3' end of the gene was significantly 
associated with AS in men while another haplotype 

haplotype (OR = 0.659, 95%CI = 0.487-0.890, p = 
0.0064, permutation 10,000 corrected p = 0.0264) 
(Table 2). 

4. Discussion

In order to better understand the role of TNAP and 
ANKH in the pathological mineralization of AS, we 
conducted an analysis testing the association of their 
polymorphism genes to AS patients in a Northern Han 
Chinese population.
  A previous family-based association study by Tsui 
HW et al. in the Canadian population documented 

Figure 1. Linkage disequilibrium (LD) structure of the 
SNPs and haplotype blocks analyzed in this study.

Table 1. Genotype and allele frequencies and disease susceptibility

Gene

TNAP

TNAP

TNAP

TNAP

TNAP

ANKH

ANKH

ANKH

ANKH

SNP

rs1256348
Cases
Controls

rs1472563
Cases
Controls

rs1780329
Cases
Controls

rs3200254
Cases
Controls

rs3767155
Cases
Controls

rs25957
Cases
Controls

rs26307
Cases
Controls

rs27356
Cases
Controls

rs28006
Cases
Controls

Minor
Allele

C

T

A

C

T

C

T

C

T

    p

0.0499

0.497

0.950

0.781

0.300

0.956

0.0101

0.0119

0.924

C/C
246 (0.885)
269 (0.941)

C/C
61 (0.219)
67 (0.234)

A/A
64 (0.230)
69 (0.241)

C/C
56 (0.201)
60 (0.211)

C/C
125 (0.450)
147 (0.514)

C/C
4 (0.014)
4 (0.014)

C/C
191 (0.687)
163 (0.570)

C/C
  5 (0.018)
18 (0.063)

C/C
201 (0.723)
211 (0.738)

C/T
31 (0.112)
17 (0.059)

C/T
139 (0.500)
129 (0.451)

A/C
134 (0.482)
135 (0.472)

C/T
138 (0.496)
141 (0.495)

C/T
123 (0.442)
110 (0.385)

C/G
72 (0.259)
71 (0.248)

C/T
  77 (0.277)
103 (0.360)

C/T
80 (0.288)
92 (0.322)

C/T
73 (0.263)
71 (0.248)

    OR (95% CI) 

2.06 (1.134-3.743)

1.039 (0.8226-1.314)

0.976 (0.7726-1.233)

0.9672 (0.7649-1.223)

1.18 (0.9167-1.518)

1.049 (0.7499-1.467)

0.634 (0.4746-0.8468)

0.6699 (0.497-0.904)

1.064 (0.7616-1.487)

T/T
1 (0.004)
0 (0.000)

T/T
78 (0.281)
90 (0.315)

C/C
80 (0.288)
82 (0.287)

T/T
84 (0.302)
84 (0.295)

T/T
30 (0.108)
29 (0.101)

G/G
202 (0.727)
211 (0.738)

T/T
10 (0.036)
20 (0.070)

T/T
193 (0.694)
176 (0.615)

T/T
4 (0.014)
4 (0.014)

    p

0.016

0.746

0.839

0.780

0.199

0.781

0.00195

0.0085

0.716

C
523 (0.941)
555 (0.970)

C
261 (0.469)
263 (0.460)

A
262 (0.471)
273 (0.477)

C
250 (0.450)
261 (0.458)

C
373 (0.671)
404 (0.706)

C
80 (0.144)
79 (0.138)

C
459 (0.826)
429 (0.750)

C
  90 (0.162)
128 (0.224)

C
475 (0.854)
493 (0.862)

T
33 (0.059)
17 (0.030)

T
295 (0.531)
309 (0.540)

C
294 (0.529)
299 (0.523)

T
306 (0.550)
309 (0.542)

T
183 (0.329)
168 (0.294)

G
476 (0.856)
493 (0.862)

T
97 (0.174)
143 (0.250)

T
466 (0.838)
444 (0.776)

T
81 (0.146)
79 (0.138)

Genotype (%) Allele (%)
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marker [rs28006/rs25957] at 5' end of the gene was 
significantly associated with AS in women (6). In the 
present study, we found a positive association between 
ANKH rs26307 polymorphism and AS. There was 
a significant difference in genotype distribution of 
rs26307 between AS and controls even after adjusting 
for age and gender. The presence of the minor T allele 
has a protective role for developing AS when compared 
with the presence of the major C allele, which can also 
be interpreted as a risk factor. Also, our results reflected 
a relationship between the ANKH haplotype (rs26307/
rs27356) and the risk of AS, suggesting that the minor 
alleles [rs26307(T)/rs27356(C)] were a protective factor 
for AS. However, no association between the haplotype 
[rs26307(C)/rs27356(C)] and AS were observed in this 
study. Furthermore, no significant interaction between 
gender and rs26307 genotype and halpotype has been 
identified in this study, which is different from the 
results of Tsui et al. (6).
 In conclusion, our findings suggest that genetic 
variant rs26307 at ANKH might influence susceptibility 
to AS in a Northern Han Chinese population but 
without a strong gender predilection. Further genetic 
association studies with a larger sample and functional 
analysis are needed to investigate the potential roles of 
ANKH in the mineralization pathogenesis of AS.
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Tabe 2. Haplotype analysis of ANKH (rs26307/rs27356) in cases and controls*

Haplotypes

CT
TC
TT

Freq.

0.785
0.191
0.022

pc: p value adjusted by 10000 permutations; *: CC haplotype were left out for its frequency < 0.01. 

No. of Cases

457
  88
    9

No. of Controls

428
127
  16

           χ2

9.059
7.428
1.805

pc

0.0103
0.0264
0.7433

p

0.0026
0.0064
0.1791
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1. Introduction

Members of the transforming growth factor-β (TGF-β) 
superfamily regulate diverse biological cellular 
functions, such as cellular growth, differentiation and 
development. The activities and cellular signaling 
of the TGF-β superfamily members are regulated 
through multiple mechanisms. For example, multiple 
extracellular binding partners for the TGF-β family, 
such as decorin (1), follistatin (2,3), chordin and noggin 
(4), have been characterized as regulators of TGF-β 

signaling. Follistatin-like 1 (FSTL1) is also a TGF-β 
superfamily binding protein; it has recently been 
identified as a bone morphogenetic protein 4 (BMP4) 
antagonist controlling embryonic development in mouse 
(5-8) and zebrafish models (9,10). In vivo, FSTL1 is 
expressed temporally and spatially and is generally 
associated with tissues undergoing remodeling, either 
during normal developmental processes or in response 
to injury. Evidence has implicated FSTL1 in a number 
of pathologic conditions, including inflammation (11), 
rheumatoid arthritis (12-16), tumorigenesis (17-19), 
and heart disease (20,21). Functions of FSTL1 in the 
extracellular milieu are diverse and remain elusive.
 FSTL1 is a small, secreted glycoprotein belonging 
to a group of matricellular proteins that mediate cell-
matrix interactions but whose primary function is 
not structural (22,23). Its protein sequence, which is 
highly conserved throughout vertebrate evolution (> 
92% sequence identity) (24), consists of an N-terminal 
region homologous to follistatin (FS domain), and a 

Summary The matricellular protein Follistatin-like 1 (FSTL1) has been shown to negatively 
regulate bone morphogenetic protein (BMP)/Smad1/5/8 signaling by functioning as an 
antagonist and has been implicated in physiological and pathological events including 
organogenesis, immunity and cardiovascular disease. It is therefore an attractive target 
for potential therapeutic intervention studies. In this study, we established a high-
level expression system in Drosophila S2 cells which could produce about 12.5 mg of 
recombinant murine Follistatin-like 1 protein (rFSTL1) per liter of culture medium. 
The recombinant protein was then purified to greater than 95% purity using Ni-NTA 
agarose affinity chromatography followed by HiLoad 16/60 Superdex 200 gel filtration. 
The biological activity of rFSTL1 was evaluated by its ability to negatively regulate BMP/
Smad1/5/8 signaling in cultured mink lung epithelial cells. Furthermore, we crystallized 
a truncated form of rFSTL1 containing the follistatin-like domain using the sitting drop 
vapor diffusion method. In conclusion, we have generated and purified biologically active 
recombinant FSTL1 protein, which will be important for further protein structure and 
drug discovery studies. 

Keywords: Follistatin-like 1 (FSTL1), Drosophila S2 cells, affinity chromatography, biological 
activity, crystallization
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domain containing two EF-hand calcium-binding sites 
(EC domain) followed by a C-terminal domain with 
homology to the von Willebrand factor type C-like 
(VWC) domain (23,25). The domain structure of 
murine FSTL1 is shown in Figure 1A. The structure 
analysis shows that FSTL1 is a member of the Fst-
SPARC protein family, members of which possess an 
FS domain and a pair of EF-hands. Other members of 
this group of proteins include follistatin and BM-40/
SPARC/osteonectin. However, unlike follistatin, the 
FS domain of FSTL1 does not bind to activin (26), nor 
does its EC domain functionally bind to collagen as 
is the case for SPARC (23). The lack of conservation 
of important functional features common to several 
other members of the Fst-SPARC family indicates that 
FSTL1, despite its sequence homology to others, has 
evolved to acquire distinct properties. The structural 
characterization of FSTL1 has not been elucidated.
 Involvement of FSTL1 in cardiovascular tissue 
regulation has been suggested (20,27-29). Its expression 
in adult heart is induced in response to injurious 
conditions that promote myocardial hypertrophy and 
heart failure (21,30,31). The systemic administration 
of an adenoviral  vector expressing FSTL1 or 
overexpression of FSTL1 in mice protects the heart from 
ischemia/reperfusion injury or pressure overload-induced 
hypertrophy (20,21). Previous studies have shown that 
FSTL1 functions as an autocrine/paracrine regulatory 
factor and that the level of circulating FSTL1 is increased 
in patients with acute coronary syndrome, heart failure, 
and rheumatoid arthritis (16,31,32). Therefore, FSTL1 
appears to be a clinically relevant secreted protein that 
has broad cardiovascular-protective activities. Targeting 
FSTL1 protein may provide a novel therapeutic approach 
for the treatment of patients suffering from the diseases 
mentioned above.
 The objective of the current study is to generate 
and purify recombinant murine FSTL1 protein 
(rFSTL1) in an amount that is sufficient for biological 
studies, structural characterization and future antibody 
production. We report here the expression, purification, 
and characterization of full-length rFSTL1 expressed in 
Drosophila Schneider 2 (S2) cells. Moreover, we have 
obtained crystals of a truncated form of rFSTL1 that 
only contains the FS domain, which is critical for future 
structure study.

2. Materials and Methods

2.1. Materials

The PMT/BiP-HisA vector, pCoBlast vector, cellfectin, 
blasticidin, Drosophila S2 cells, and SFX-Insect 
medium were obtained from Invitrogen (Carlsbad, CA, 
USA). DNA polymerase was obtained from Roche 
Diagnostics (Basel, Switzerland). T4 DNA ligase, 
the pMD18-T vector, and NcoI and XhoI restriction 

enzymes were purchased from Takara Biotechnology 
(Dalian, China). The Amicon Ultra centrifugal filters 
(10 kDa) used for buffer exchange and filtration of 
cell culture medium were from Millipore Corporation 
(Bedford, MA, USA). Ni-NTA-agarose beads were 
obtained from Qiagen GmbH (Hilden, Germany). 
BMP4 protein was purchased from PeproTech (Rocky 
Hill, NJ, USA). The BCA protein assay kit and ECL 
reagents were purchased from Pierce Biotechnology 
(Rockford, IL, USA). Anti-FSTL1, donkey anti-goat 
and goat anti-rabbit IgG were purchased from Santa 
Cruz Biotechnology (Santa Cruz, CA, USA). Phospho-
Smad1/5/8 and total-Smad5 antibodies were purchased 
from Cell Signaling Technology (Danvers, MA, 
USA). Screening kits were purchased from Hampton 
Research (Oklahoma city, OK, USA). All primers were 
synthesized by Invitrogen (Beijing, China).

2.2. Construction of murine Fstl1 (mFstl1) expression 
plasmids

The mFstl1 fragment, which was from 55 bp to 918 bp 
excluding the signal peptide sequence, was obtained 
by PCR amplifying using the pcDNA 3.1/myc-His (-) 
A-mFstl1 plasmid (preserved by our laboratory and 
included a full-length mFstl1 fragment) (6) as a template. 
An NcoI restriction site was added to the forward primer 
(5′–GAGGAGGAACCTAGAAGCAA–3′), and an 
XhoI restriction site was added to the reverse primer 
(5′–GATCTCTTTGGTGTTCACCT–3′). The PCR 
reaction was carried out using the following reaction 
cycles: initial denaturation at 95°C for 5 min followed 
by 30 consecutive cycles of denaturation at 95°C for 30 
s, annealing at 55°C for 30 s, extension at 72°C for 30 s 
and a final extension at 72°C for 7 min.
 The amplified mFstl1 gene was gel-purified using the 
High Pure PCR Product Purification Kit (Takara). After 
digestion of mFstl1 with NcoI and XhoI, the purified 
product was inserted into the pMD18-T cloning vector. 
Positive clones were confirmed by restriction enzyme 
digestion and sequencing. pMD18-T-mFstl1 plasmid was 
extracted from an overnight liquid culture derived from 
one positive clone. The plasmid was digested with NcoI 
and XhoI and cloned into the pMT/BiP-HisA vector 
(Figure 1A). This vector contains a metallothionein 
promoter, which allows for strong, expression of 
heterologous proteins in Drosophila S2 cells upon 
inducing with CuSO4. Finally, pMT/BiP-HisA–mFstl1 
plasmid was transformed into Escherichia coli (E. 
coli) DH5α strain for amplification of the recombinant 
plasmid, and positive colonies were selected. The pMT/
BiP-HisA–mFstl1 plasmid was purified and subjected to 
DNA sequence analysis.

2.3. Expression of rFSTL1 protein

Drosophila S2 cells were stably transfected with 
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starved in serum-free medium for 24 h, and then treated 
with 20 ng/mL BMP4 together with 100 ng/mL rFSTL1 
protein for an additional 30 min.

2.6. SDS-PAGE and Western blotting

Protein samples were denatured under reducing 
conditions with β-mercaptoethanol at 100°C for 5 min 
and separated on a 12% SDS-PAGE gel followed by 
Coomassie blue staining. 
 Western blotting was performed as described 
previously (33). Equal amounts of conditioned medium 
from stably transfected Drosophila S2 cells was 
precipitated with 100% Trichloroacetic acid (TCA), 
washed with acetone twice, and then denatured under 
reducing conditions. The cells were rapidly washed 
with PBS and lysed using RIPA lysis buffer containing 
1% NaF. Protein concentrations were determined using 
the BCA protein assay. Equal amounts of total protein 
were denatured under reducing conditions. Samples 
were separated on a 12% SDS-PAGE gel. The gels were 
electroblotted onto a PVDF membrane (Millipore). The 
membranes were blocked with 5% skim milk for 1 h at 
RT, before incubation with different primary antibodies 
at 4°C overnight. The antibodies were used to recognize 
the following proteins: FSTL1 (1:200), phospho-
Smad1/5/8 (1:1000), and Smad5 (1:1000). Horseradish 
peroxidase-conjugated antibodies (goat anti-rabbit for 
phospho-Smad1/5/8 and Smad5, 1:5000; donkey anti-
goat for FSTL1, 1:1500) were used as the secondary 
detection reagents and incubated with the immunoblots 
for 2 h at RT. Bands were visualized using ECL reagents.

2.7. Crystallization and X-ray diffraction of rFSTL1

The rFSTL1 fusion protein expressed in Drosophila 
S2 cells contains a C-terminal 6xHis tag cleavable by 
TEV protease. After purification using Ni-NTA agarose 
affinity chromatography, the rFSTL1 fusion protein was 
digested with TEV protease to remove the 6xHis tag, 
and then separated with HiLoad 16/60 Superdex 200 gel 
filtration chromatography. The rFSTL1 protein without 
the C-terminal tag was used for crystallization trials.
 Crystallization conditions were initially obtained 
by screening with a variety of screening kits using the 
sitting drop vapor diffusion technique at 290 K. Crystals 
were optimized from the initial conditions using the 
hanging drop vapor diffusion technique. Diffraction-
quality crystals were obtained from a protein stock 
solution (2 mg/mL protein in a buffer containing 50 
mM Tris (pH 8.0) and 0.2 M NaCl) that had been mixed 
with an equal volume of a reservoir solution (consisting 
of 0.1 M Tris, pH 8.5 and 1.2 M sodium citrate tribasic 
dehydrate). Additional cryoprotectants were not used 
prior to data collection. High-quality diffraction data 
were collected in an in-house X-ray facility at 100 K at 
a wavelength of 1.5418 Å using a Rigaku MM-007HF 

the pMT/BiP-HisA-mFstl1 plasmid using cellfectin 
according to the manufacturer's instructions. The S2 
cells stably transfected with pMT/BiP-HisA vector 
were used as a control. To permit the selection of 
positive cell lines, the S2 cells were co-transfected 
with the pCoBlast selection vector with a ratio of 1:9, 
which confers blasticidin resistance. Stably transfected 
positive lines were established after 3 weeks of 
selection with blasticidin at 25 mg/L. For large-scale 
production of rFSTL1, cell lines were seeded at a density 
of approximately 3-5 × 106 cells/mL, and expression 
was induced with CuSO4 at a final concentration of 0.5 
mmol/L. The conditioned medium was harvested after 
3 days.

2.4. Purification of rFSTL1 protein

The conditioned medium (1 L) from stably transfected 
Drosophila S2 cells was centrifuged for 10 min at 
3,000 g to pellet cells. The supernatant was filtered 
with a 0.22 μm membrane and concentrated with 
Amicon Ultra spin centrifugal filters (Amicon Stirred 
Cell Model 8003). Subsequently, buffer containing 50 
mmol/L Tris and 500 mmol/L NaCl (pH 8.0) was added 
to the supernatant. The supernatant containing rFSTL1 
protein was subjected to Ni-NTA agarose affinity 
chromatography. The column was washed with at least 
10 column volumes of buffer containing 50 mmol/L 
Tris, 500 mmol/L NaCl and 10 mmol/L imidazole and 
then eluted with buffer containing 50 mmol/L Tris, 500 
mmol/L NaCl and 500 mmol/L imidazole. Elutions were 
analyzed using 12% SDS-PAGE. The rFSTL1 protein 
purified using Ni-NTA agarose affinity chromatography 
was then applied to a HiLoad 16/60 Superdex 200 gel 
filtration column (GE Healthcare, Uppsala, Sweden) 
at a flow rate of 1 mL/min after the column had been 
equilibrated with buffer containing 50 mM Tris-HCl 
(pH 8.0) and 500 mM NaCl. Ten fractions of 1.0 mL 
each were collected in the peak region and were then 
subjected to SDS-PAGE and Western blot analysis.

2.5. Cell culture

Mink lung epithelial (Mv1Lu) cells were obtained from 
State Key Laboratory of Biomembrane and Membrane 
Biotechnology at Tsinghua University (Beijing, China) 
with the original source from American Type Culture 
Collection (ATCC) (Manassas, VA, USA). Cells were 
maintained in DMEM (Gibco, Carlsbad, CA, USA) 
supplemented with 10% FBS (Hyclone, Logan, UT) 
and antibiotics in 5% CO2 at 37°C in a humidified 
atmosphere. The cells were divided into the following 
two treatment groups: (1) after transfection with the pc-
Fstl1 plasmid (1 μg) or pcDNA3.1 (1 μg) for 24 h, the 
cells were starved in serum-free medium for another 
24 h, and then treated with 20 ng/mL of BMP4 for 
an additional 30 min; (2) 100% confluent cells were 
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X-ray source equipped with an R-AXIS HTC image 
plate detector. The data set was processed using the 
HKL-2000 package.

3. Results

3.1. Construction of the rFSTL1 expression plasmid

We designed the expression plasmid, pMT/BiP-HisA-
mFstl1, to encode the functional domain sequence of 
murine Fstl1 without the signal peptide sequence. The 
overall design of this expression plasmid is illustrated 
in Figure 1A. A PCR product (876 bp) of the coding 
region of the Fstl1 gene (Figure 1B, lane 1) was 
N-terminally fused in-frame to the vector-derived BiP 
secretion signal peptide rather than using the native 
signal sequence of the Fstl1 gene. Constructing the 
plasmid in this way allows for secretable expression 
of the Fstl1 gene driven by the signal sequence for 
the natural Drosophila BiP protein. The recombinant 
plasmid was able to produce the rFSTL1 protein with 
a C-terminal 6xHis tag fusion, which is convenient 
for the detection of rFSTL1 protein using anti-His 
antibodies. The polyhistidine tag of rFSTL1 can bind to 
Ni-NTA agarose and is used for effective purification. 
The identity of the recombinant plasmid pMT/BiP-
HisA-mFstl1 was confirmed by restriction enzyme 
analysis (Figure 1B, lane 2) and DNA sequencing. The 
sequence was identical to that published in GenBank 
(GenBank accession no. NM_008047.5).

3.2. Expression and purification of the rFSTL1 protein

Expression of the rFSTL1 protein was carried out using 
Drosophila S2 cells as the host system. Drosophila 
S2 cells stably overexpressing rFSTL1 were grown 

in serum-free medium, and rFSTL1 was induced by 
treatment with CuSO4 for 3 days. Samples of the 
conditioned medium were harvested and subjected 
to Western blot analysis. As shown in Figure 2A, 

Figure 1. Construction of the mFstl1 expression plasmid. (A), Schematic representation of the pMT/BiP-HisA–mFstl1 expression 
plasmid. The murine Fstl1 cDNA sequence is preceded by the Drosophila metallothionein promoter (pMT). The secretion signal 
sequence of the Drosophila immunoglobulin, BiP, is included to promote secretion. Full-length murine FSTL1 is a 306 residue 
protein, while the fragment cloned into the expression vector is from 19 to 306 residues excluding the signal peptide. In addition, 
FSTL1 is composed of a follistatin-like (FS) domain, two EF-hand calcium-binding sites (EC domain), and a von Willebrand factor 
type C-like (VWC) domain. (B), Agarose gel electrophoretic analysis of the PCR product of the Fstl1 gene and double enzyme 
digestion of the recombinant plasmid. Lane M, PCR DNA ladder; lane 1, the 876 bp PCR product of Fstl1 without the signal 
peptide; lane 2, the 864 bp fragment produced by digestion of the pMT/BiP-HisA-mFstl1 plasmid with NcoI and XhoI.

Figure 2. Expression and purification of rFSTL1 protein. 
(A), Western blot analysis of rFSTL1 protein expression in 
Drosophila S2 cells. Lane 1, conditioned medium from control 
S2 cells; lane 2, conditioned medium from S2 cells expressing 
rFSTL1; lane 3, conditioned medium from CuSO4-treated 
S2 cells expressing a high level of rFSTL1. (B), SDS-PAGE 
analysis of the two-step purification of rFSTL1 protein. Lane 
M, protein molecular weight marker; lane 1, conditioned 
medium from CuSO4-treated S2 cells expressing a high level of 
rFSTL1; lane 2, rFSTL1 protein after Ni-NTA agarose affinity 
chromatography; lane 3, rFSTL1 protein after Ni-NTA agarose 
affinity chromatography followed by gel filtration using a 
HiLoad 16/60 Superdex 200 gel filtration column. (C), Size-
exclusion column profile of the rFSTL1 protein. (D), Western 
blot analysis of purified rFSTL1 protein. Lane 1, conditioned 
medium from CuSO4-treated S2 cells expressing a high level 
of rFSTL1 detected by anti-mouse FSTL1 antibody; lane 2, 
rFSTL1 protein after Ni-NTA agarose affinity chromatography 
detected by anti-mouse FSTL1 antibody; lane 3, purified 
rFSTL1 protein after Ni-NTA agarose affinity chromatography 
followed by gel filtration using a HiLoad 16/60 Superdex 200 
gel filtration column detected by anti-mouse FSTL1 antibody.
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a band representing rFSTL1 protein was detected 
with a molecular weight of about 37 kDa, the same 
molecular weight as previously reported (20). The robust 
production of rFSTL1 (approximately 12.5 mg/L) was 
evident in the conditioned medium of cells treated with 
CuSO4. No signs of degradation of rFSTL1 were visible 
on the Western blots of the conditioned medium.
 After the 3-day CuSO4 treatment, the culture 
medium was centrifuged, and the supernatant was 
collected for rFSTL1 purification. The supernatant was 
first filtered (0.22 μm) to remove particulate matter and 
was then concentrated by ultrafiltration using a 10 kDa 
molecular weight cut-off membrane. The ultrafiltration 
step effectively concentrated the supernatant, and 
also removed small impurities, such as pigment and 
aggregates. A two-step procedure was used to perform a 
large-scale purification of rFSTL1 from the concentrated 
supernatant of the culture. Ni-NTA agarose affinity 
chromatography was first used to capture rFSTL1 
protein from the supernatant via binding to the 6xHis 
tag of the fusion protein (Figure 2B, lane 2). A HiLoad 
16/60 Superdex 200 gel filtration column was then used 
to remove imidazole and other chemicals in the elution 
buffer (Figure 2B, lane 3). The position of the eluting 
peak from the gel filtration column indicated that rFstl1 
existed as a dimer in solution (Figure 2C). Purification 
of 1 L of culture medium by Ni-NTA agarose affinity 
chromatography and HiLoad 16/60 Superdex 200 
gel filtration yielded 3.75 mg of purified rFSTL1 
protein, which represents a recovery yield of about 
30% (Table 1). Analysis of a Coomassie-stained SDS-
PAGE gel with a Tanon Gis digital image gel analytical 
system demonstrated that protein purity was > 95% 
(Figure 2B, lane 3). The protein recovery and purity 
of rFSTL1 at different purification steps are shown in 
Table 1. SDS–PAGE analysis showed one broad band 
of approximately 37 kDa (Figure 2B). The identity of 
the purified recombinant fusion protein was further 
confirmed by Western blot analysis with an anti-mouse 
FSTL1 antibody (Figure 2D).

3.3. Biological activity of rFSTL1 protein

FSTL1 can function as a BMP4 antagonist and can 
negatively regulate BMP/Smad1/5/8 signaling during 
mouse embryonic lung development (6). To evaluate the 
anti-BMP4/Smad1/5/8 activity of our purified rFSTL1 
protein, we used in vitro cultured Mv1Lu cells. The 
results were then compared with those obtained using 
FSTL1 overexpression. As shown in Figure 3, BMP4 
activated downstream Smad1/5/8 signaling, as indicated 
by the increased level of phosphorylated-Smad1/5/8. As 
expected, BMP4-induced phosphorylation of Smad1/5/8 
was inhibited in Mv1Lu cells that had been transiently 
transfected with the eukaryotic expression plasmid 
pcDNA3.1/myc-His(-)A-mFstl1 (pc-Fstl1) (Figure 
3A). BMP4-induced Smad1/5/8 phosphorylation was 

also inhibited in cultured Mv1Lu cells treated with 
exogenous rFSTL1 protein (100 ng/mL) (Figure 3B), 
suggesting that the 37 kDa form of rFSTL1 can function 
in a similar manner to endogenously overexpressed 
FSTL1. Thus, the ability of rFSTL1 to negatively 
regulate BMP4/Smad1/5/8 signaling is similar to that of 
FSTL1.

3.4. Crystallization and X-ray diffraction of rFSTL1

Crystal screening of the full-length form of rFSTL1 
was performed using the sitting drop vapor diffusion 
method. Diffraction-quality crystals appeared after 
approximately 4 days under the conditions described 
in the methods section. In a SDS-PAGE check of 
resolubilized crystals of rFSTL1, the degradation of 
protein was obvious (Figures 4A and 4B). The band 
corresponded to a degradation fragment of about 10 
kDa derived from the 37 kDa full length protein. By 
N-terminal amino acid sequencing, this fragment 
was confirmed to cover the follistatin-like domain of 
rFSTL1. 
 The best crystals of the truncated form of rFSTL1 
diffracted to approximately 2.5 Å using an in-house 
Rigaku X-ray source (Figure 4C). The crystals were 

Table 1. Analysis of the rFSTL1 purification process from 
1 L conditioned medium from Drosophila S2 cells

Purification step

Supernatant
Ultrafiltration
Ni-NTA agarose affi nity 
     chromatography
HiLoad 16/60 Superdex 200 gel
     fi ltration column

Purity 
(~ %)

ND
ND

85

95

rFSTL1
 (~ mg)

12.50
10.40

8.30

3.75

Recovery
 (~ %)

100
83

66

30

ND: Not determined.

Figure 3. Biological activity analysis of the purified rFSTL1 
protein in Mv1Lu cells. (A), BMP4-induced phosphorylation 
of Smad1/5/8 was inhibited in Mv1Lu cells overexpressing 
pc-Fstl1 (1 μg). (B), BMP4-induced phosphorylation of 
Smad1/5/8 was inhibited by application of exogenous purified 
rFSTL1 protein (100 ng/mL) in Mv1Lu cells.
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hexagonal, belonging to the space group P63, and 
had one molecule per asymmetric unit; the unit cell 
dimensions were a = b = 45.58 Å, c = 68.97 Å, α = β 
= 90°, and γ = 120°. Assuming that each molecule was 
10 kDa in the asymmetric unit, the solvent content was 
approximately 42%.
 The follistatin-like domain of rFSTL1 contains 10 
cysteine residues constituting 5 pair of disulfide bonds. 
By taking advantage of the anomalous signal of sulfur, 
the structure was solved by the single wavelength 
anomalous diffraction (SAD) method. Preliminary 
analysis of the structure revealed that the follistatin-like 
domain of rFSTL1 folded similarly to that of follistatin. 
A dimer formed through a 2-fold symmetric axis could 
be identified, but its correlation with its function needs 
to be further clarified. The detailed analysis of the 
crystal structure will be discussed elsewhere (Li et al., 
unpublished data).

4. Discussion

The targeting of TGF-β/BMP signaling may be a 
favorable clinical strategy for the treatment of various 
diseases. However, inhibition of TGF-β signaling 
may have adverse effects because TGF-β superfamily 
members are highly pleiotropic cytokines. Recently, a 
significant effort has been made to identify and target 
tissue- or disease-specific mechanisms of activation 
of TGF-β superfamily members for use in clinical 

therapies. FSTL1 is a TGF-β-induced protein and 
functions diversely in the extracellular milieu, which 
makes it an excellent candidate as a drug target for 
potential therapeutic intervention. In the current report, 
we have generated a Drosophila S2 cell line stably 
expressing functional domains of murine FSTL1, and 
we have purified the recombinant protein using Ni-
NTA agarose affinity chromatography followed by 
gel filtration using a HiLoad 16/60 Superdex 200 gel 
filtration column. The resulting protein was greater than 
95% pure with a yield of 3.75 mg/L. Characterization 
of the purified product showed that it possessed BMP4 
antagonist activity. Furthermore, we performed crystal 
screening of rFSTL1; a truncated form of rFSTL1 
containing the follistatin-like domain was crystallized 
using the sitting drop vapor diffusion method.
 Previous reports have described the expression and 
purification of recombinant FSTL1 (12,23,24,27). E. coli 
strains were used as the expression host in some of these 
reports; however, in some of these studies, the expressed 
recombinant FSTL1 protein had less biological activity 
due to incomplete post-translational modification 
of FSTL1 in the prokaryotic system (12,24,27). 
Recombinant forms of FSTL1 were also expressed in 
human cells and used to compare their structural and 
functional properties with those described for other 
members of the FST-SPARC protein family (23), but 
the biological activity assay for recombinant FSTL1 
was not performed. Recently, Ouchi and colleagues, 
as well as our group, produced active recombinant 
FSTL1 protein in insect cell lines (Lepidopteran Sf9 
or Drosophila S2 cells cells) respectively (34). In this 
study, we reported in detail the production of large 
amounts of highly purified and functional rFSTL1 
using Drosophila S2 cells. Expression of recombinant 
proteins in insect cell hosts is advantageous because 
it permits production of posttranslationally modified 
eukaryotic proteins in large amounts and in a relatively 
short period of time. Moreover, in the present Drosophila 
S2 expression system, the pMT/BiP-HisA expression 
vector contained the metallothionein (MT) promoter, 
which allowed for high levels of FSTL1 expression when 
induced by copper sulfate (CuSO4) (35). In addition 
to the MT promoter, the vector also contained a BiP 
secretion signal, which promoted secretion of FSTL1 
containing proper posttranslational modifications, such 
as glycosylation (36).
 We have previously evaluated the role of rFSTL1 
protein in the negative regulation of BMP4/Smad1/5/8 
signaling in human alveolar epithelial (A549) cells (6). 
Here, we demonstrated the role of rFSTL1 in another 
lung epithelial cell line, Mv1Lu cells, suggesting that 
the biological activity of rFSTL1 is not dependent on 
cell type. We prepared rFSTL1 protein in amounts 
sufficient for use in biochemical characterization 
studies and for future antibody production.
 rFSTL1 proteins expressed in Drosophila S2 cells 

Figure 4. Crystals and diffraction pattern of the truncated 
form of rFSTL1. (A), Crystal of the truncated form of 
rFSTL1. (B) , SDS–PAGE analysis of the dissolved crystals. 
Lane M, protein molecular weight marker; lane 1, full-
length rFSTL1; lane 2, the truncated form of rFSTL1. (C), 
Diffraction pattern of a crystal of the truncated form of 
rFSTL1.
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contain highly flexible, glycosylated fragments that 
dramatically interfere with crystallization. In this report, 
even with thorough screening, only a degraded fragment 
of FSTL1 could be crystallized until now. Structure 
determination of FSTL1 is currently in progress using 
the molecular replacement method. It will be necessary 
to thoroughly optimize the crystallization conditions to 
obtain crystals of the full-length protein. The success 
in identifying crystallization conditions for rFSTL1 
will be essential to our efforts to characterize FSTL1 
both structurally and functionally and to elucidate the 
mechanisms by which FSTL1 exerts its biological 
functions.
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1. Introduction

Intraoperative optimization of fluid administration 
reduces the number of critical care admissions, the 
length of hospital stays, and incidences of mortality 
after major surgery in various clinical settings (1-4). 
Frequently used static preload variables such as central 
venous pressure (CVP) or pulmonary capillary wedge 
pressure often fail to provide reliable information on 
cardiac preload and are not capable of predicting a 
cardiac response to fluid therapy (5,6). As an alternative 
to these static variables, stroke volume variation (SVV) 
and pulse pressure variation (PPV) have been shown 

to be sensitive predictors of fluid responsiveness 
in mechanically ventilated patients undergoing 
cardiac surgery, neurosurgical procedures, and live 
transplantation (7-9). Left ventricle preload is highly 
susceptible to changes in the intrathoracic pressure 
induced by mechanical ventilation. Thus, mechanical 
ventilation results in cyclic changes of stroke volume 
(SV) predominantly in preload-dependent patients, 
but to a lesser degree in preload-independent patients. 
Alterations of SV can be assessed by the cyclic changes 
in arterial pulse pressure. Both PPV and SVV are 
increased with hypovolemia, and variations decrease if 
intravascular blood volume is restored.
 Intra-abdominal pressure (IAP) is frequently 
increased in critically ill patients. A multiple prospective 
epidemiological study involving 97 patients revealed 
that the prevalence of intra-abdominal hypertension 
(IAH) (defined as a maximal IAP of 12 mmHg or more) 
was 50.5%, and of abdominal compartment syndrome 
(defined as a maximal IAP of 20 mmHg or more) was 

Summary The purpose of the present study was to evaluate whether pulse pressure variation 
(PPV) and stroke volume variation (SVV) can predict fluid responsiveness in patients 
with intra-abdominal hypertension (IAH) in either a supine or Trendelenburg position. 
Forty mechanically ventilated patients that exhibited IAH resulting from carbon dioxide 
insufflation (up to 12 mmHg) underwent fluid therapy in either a supine or Trendelenburg 
position. Hemodynamic measurements, including PPV and SVV, were obtained before and 
after fluid therapy. Prediction of fluid responsiveness (> 10% increase in stroke volume) 
was performed by linear regression analyses. Baseline PPV and SVV values correlated 
closely with changes in stroke volume induced by fluid therapy, and were significantly 
higher in patients that subsequently responded to fluid therapy. Fluid responsiveness 
in patients in a supine position was predicted by a PPV threshold of > 10.5% and an 
SVV threshold of > 10.5%. Fluid responsiveness in patients in a Trendelenburg position 
was predicted by a PPV threshold of > 7.5% and an SVV threshold of > 7.0%. PPV and 
SVV were demonstrated to be sensitive and specific predictors of fluid responsiveness in 
patients with IAH in both the supine and Trendelenburg positions.

Keywords: Stroke volume variation, pulse pressure variation, fluid responsiveness, intra-
abdominal hypertension, Trendelenburg position
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8%, in critically ill patients (10). However, another 
prospective cohort study involving 83 patients found 
that the prevalence of IAH and abdominal compartment 
syndrome in critically ill patients were 64% and 12%, 
respectively (11). IAH was significantly associated 
with more severe organ failure, particularly renal and 
respiratory, and a prolonged intensive care unit stay 
(11-13). IAH was demonstrated to be an independent 
predictor for in-hospital mortality (14).
 Appropriate fluid therapy is of the utmost importance 
for optimizing cardiac performance and organ perfusion 
during IAH (15). It has been shown that cardiac filling 
pressures, such as CVP and pulmonary artery occlusion 
pressure, in the presence of elevated IAP may be falsely 
increased, hence misleading adequate fluid therapy (16). 
Recently, it has been demonstrated that elevated IAP 
increases the static variables of preload such as PPV and 
systolic pressure variation (SPV), especially in cases of 
hypovolemia (17,18). However, it is currently unknown 
whether PPV and SVV can serve as predictors of fluid 
responsiveness when IAH is present.
 The majority of studies have only reported on 
procedures performed on patients in a supine position. 
However, a position common in abdominal and 
gynecological surgeries is the Trendelenburg position. 
In this position, the patient is laid flat on the back with 
the feet higher than the head by 15-30 degrees in order 
to improve surgical exposure of the pelvic organs, as 
gravity pulls the intestines away from the pelvis. As a 
result, this position may increase the cardiac preload 
from the major vessels in the lower extremities, and 
decrease the compliance of the respiratory system, 
reducing functional residual capacity as the diaphragm 
is forced towards the heart, hence affecting heart-
lung interactions. Currently, it is unclear whether the 
Trendelenburg position influences the ability of SVV 
and PPV to predict fluid responsiveness, especially in 
patients with IAH.

2. Materials and Methods

2.1. Patients and anesthesia

With local ethics committee approval and patient written 
informed consent, forty mechanically ventilated patients 
undergoing laparoscopy-assisted gastrointestinal surgery 
were enrolled in this study. Twenty patients were placed 
in the supine position and surgical procedures were 
performed to remove stomach cancer. The remaining 
twenty patients were placed in the Trendelenburg 
position for the surgical removal of colon cancer. 
Patients with preoperative arrhythmias, left ventricle 
ejection fractions < 50%, valvular heart disease, 
intracardiac shunts, pulmonary artery hypertension, 
or severe peripheral vascular obstructive disease were 
excluded. 
 The patients were pre-medicated with 0.5 mg 

atropine (i.m.) 30-40 min before their arrival to 
the operating room. After placement of the routine 
hemodynamic monitoring equipment and the insertion 
of arterial and peripheral IV lines, anesthesia was 
induced with an IV infusion of midazolam (0.05 mg/
kg), propofol (1-2 mg/kg), and fentanyl (3 μg/kg), 
and maintained by using target controlled infusion of 
propofol (2-4 μg/mL) and a continuous infusion of 
remifentanil (0.3-0.8 μg/kg/min) to keep the bispectral 
index between 40 and 50. Neuromuscular blockade was 
achieved with rocuronium (0.8 mg/kg; IV). Following 
endotracheal intubation, mechanical ventilation was 
performed in a volume-controlled mode with an 
inspired oxygen concentration of 40%, a tidal volume 
of 8-10 mL/kg, an end-expiratory rate of 0 cm H2O, 
and an inspiratory/expiratory ratio of 0.5. Respiratory 
rate was adjusted to maintain an arterial carbon dioxide 
pressure between 35 and 40 mmHg.

2.2. Hemodynamic monitoring

After induction of anesthesia, a standard 7 Fr Two-
Lumen central venous catheterization set (Arrow 
International Inc. Salt Lake City, UT, USA) was 
introduced via right internal jugular vein access. CVP 
was measured using standard transducers and displayed 
on a monitor. Pressure transducers were zeroed at 
midaxillary level to ambient pressures. A 3 F tipped 
arterial catheter (Laboratoires Pharmaceutiques, Vygon, 
Ecouen, France) was inserted percutaneously into the 
left radial artery. A transducer (FloTrac, Edwards Life-
science, LLC, Irvine, CA, USA) was connected to the 
radial arterial line on one side and to the Vigileo system 
(software version 01.01; Edwards Life-science LLC, 
Irvine, CA, USA). This system enables the continuous 
monitoring of arterial pressure, cardiac output (CO), 
SV, and SVV by pulse contour analysis. This system 
needs no calibration and provides continuous CO 
measurements from the arterial pressure wave. The 
Vigileo system analyzes the pressure waveform 100 
times/sec over 20 sec, captures 2,000 data points for 
analysis, and performs its calculations on the most 
recent 20 sec data. The device calculates SV as k × 
pulsatility, where pulsatility is the standard deviation 
of arterial pressure over a 20 sec interval, and k is a 
factor quantifying arterial compliance and vascular 
resistance. The CO was calculated as follows: CO = 
heart rate (HR) × SV. Except for cardiac pre- and after-
load, alteration of HR significantly impacts the measure 
of CO. However, SV has a close relationship with 
cardiac pre-load; thus, it was selected as a measure for 
showing improvement after fluid therapy. SVV, as a 
percentage change of SV during the ventilatory cycle, 
was evaluated according to the following equation: 
SVV (%) = (maximum SV – minimum SV)/mean SV, 
where maximum and minimum SV are mean values 
of the four extreme values of SV during a period of 
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screening measures are no better than chance, whereas a 
value of 1 implies perfect performance. In our study, the 
area under the ROC curve represented the probability 
that a random pair of Rs and NRs would be correctly 
ranked by the hemodynamic variable measurement. For 
all analyses, p < 0.05 was considered to be statistically 
significant. Statistical analyses were performed using 
SPSS 15.0 software (SPSS Inc, Chicago, IL, USA).

3. Results

3.1. Hemodynamic variables before fluid therapy

Table 1 summarizes the hemodynamic variables 
before fluid therapy in patients with IAH in the supine 
position. Patient data is categorized by whether they 
were Rs (eleven patients) or NRs (nine patients) to 
subsequent fluid therapy. A retrospective comparison 
shows that prior to fluid therapy, there were no 
significant differences in mean arterial pressure (MAP), 
heart rate (HR), and CVP, whereas the cardiac output 
index (CI) and SV were significantly lower in the Rs 
than in the NRs, and SVV and PPV were significantly 
higher in the Rs than in the NRs.
 Table 2 summarizes the hemodynamic variables 
before fluid therapy in patients with IAH in the 

20 sec, and mean SV is the average value for the time 
period. Additionally, PPV was determined for the same 
time interval with the following calculation: PPV (%) = 
(maximum pulse pressure – minimum pulse pressure)/
mean pulse pressure, where maximum and minimum 
pulse pressures are mean values of the four extreme 
values of pulse pressure, and mean pulse pressure is 
the average value for the time period. The CI value was 
acquired directly from the Vigileo monitoring system.

2.3. Study protocol

After the induction of anesthesia, intraperitoneal 
insufflation of carbon dioxide was performed to create 
a pneumoperitoneum to provide surgical visualization 
of intra-abdominal structures and allow for minimal 
laparoscopic manipulations. Carbon dioxide was 
insufflated using an electronic endoflator (26430530, 
Storz, Tuttlingen, Germany). IAP was increased to 12 
mmHg and maintained at this level. When the actual 
pressure was more than 12 mmHg, an alarm was 
initiated and the air bleeder was activated to decrease 
IAP. On establishment of a pneumoperitoneum and 
prior to any surgical intervention, data of cardiac output 
index (CI), CO, SV, SVV, and PPV were recorded at 
this level of IAP. In order to perform fluid therapy, a 
6% hydroxyethyl starch solution was infused (mean 
molecular weight 130,000 Da, molar substitution 0.4) 
for 15-20 min at a rate of 0.4 mL/kg/min while IAP was 
maintained at 12 mmHg. The volume of fluid challenge 
was set at 7 mL/kg. After a 15 min stabilization, the 
same measurements were recorded at an IAP of 12 
mmHg after fluid therapy.

2.4. Statistical analysis

All hemodynamic variables were analyzed as continuous 
variables and expressed as the mean ± S.D. Assuming 
that a 10% change in SV was required for clinical 
significance, patients were separated into responders (Rs) 
and non-responders (NRs) by changes in SV ≥ 10% and 
< 10%, respectively, after fluid therapy. Hemodynamic 
variables before fluid therapy were compared between 
Rs and NRs using a two-tailed t-test. Hemodynamic 
variables before and after fluid therapy were compared 
in Rs or NRs using a non-parametric Wilcoxon rank 
sum test. The correlation between changes in SV and 
preload variables before fluid therapy was assessed by 
Pearson's correlation. To assess the ability of different 
hemodynamic variables to discriminate Rs and NRs 
after fluid therapy, Receiver Operating Characteristic 
(ROC) curves were generated for SVV, PPV, CVP, CO, 
and SV, with evaluation of the discriminating threshold 
value of each variable. The area under the ROC curve 
for each variable was calculated and compared by one-
way analysis of variance (ANOVA). Values for each area 
can be between 0 and 1. A value of 0.5 indicates that the 

Table 1. Hemodynamic variables of responders and non-
responders before fl uid therapy in patients with IAH in a 
supine position

Items

MAP (mmHg)
HR (beat/min)
CVP (mmHg)
CI (l/min/m2)
SV (mL/beat)
SVV (%)
PPV (%)

Non-responders
        (n = 9)

74.78 ± 7.73
62.89 ± 7.06
  7.56 ± 2.65
  3.02 ± 0.74
81.11 ± 19.12
  8.89 ± 2.26
  8.56 ± 1.81

   Responders
      (n = 11)

73.18 ± 11.85
69.91 ± 11.44
  7.36 ± 2.25
  2.53 ± 0.68
65.09 ± 15.66
13.27 ± 1.68
14.00 ± 2.79

p value

NS
NS
NS

p < 0.05
p < 0.05
p < 0.05
p < 0.05

Values are mean ± S.D., MAP = mean arterial pressure, HR = heart rate, 
CVP = central venous pressure, CI = cardiac output index, SV = stroke 
volume, SVV = stroke volume variation, PPV = pulse pressure variation, 
NS = not signifi cant.

Table 2. Hemodynamic variables of responders and non-
responders before fl uid therapy in patients with IAH in the 
Trendelenburg position

Items

MAP (mmHg)
HR (beat/min)
CVP (mmHg)
CI (l/min/m2)
SV (mL/beat)
SVV (%)
PPV (%)

Non-responders
        (n = 11)

87.00 ± 4.99
66.00 ± 12.11
  8.64 ± 2.20
  3.09 ± 0.67
83.80 ± 25.21
  7.73 ± 3.32
  8.81 ± 3.37

   Responders
      (n = 9)

76.10 ± 10.77
74.50 ± 13.40
  7.33 ± 3.61
  2.71 ± 0.48
64.10 ± 11.03
12.70 ± 2.95
13.10 ± 3.14

p value

NS
NS

p < 0.05
p < 0.05
p < 0.05
p < 0.05
p < 0.05

Values are mean ± S.D., MAP = mean arterial pressure, HR = heart rate, 
CVP = central venous pressure, CI = cardiac output index, SV = stroke 
volume, SVV = stroke volume variation, PPV = pulse pressure variation, 
NS = not signifi cant.
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Trendelenburg position. Patient data is similarly 
categorized by response to subsequent fluid therapy, 
with nine patients categorized as Rs, and eleven as 
NRs. Prior to fluid therapy, there were no significant 
differences in MAP and HR, whereas CI, SV and CVP 
were significantly lower in the Rs than in the NRs, and 
SVV and PPV were significantly higher in the Rs than 
in the NRs.

3.2. The effect of fluid therapy on hemodynamic variables

Table 3 summarizes the hemodynamic variables before 
and after fluid therapy in patients with IAH in the 
supine position. Fluid therapy did not significantly 
change MAP, HR, or CI in Rs and NRs. However, fluid 
therapy was associated with an increase in SV and CVP 
in the Rs, whereas these measures did not differ before 
and after fluid therapy in the NRs. More importantly, 
fluid therapy induced significant decreases in PPV and 
SVV in both Rs and NRs.
 Table 4 summarizes the hemodynamic variables 
before and after fluid therapy in patients with IAH in 
the Trendelenburg position. After fluid therapy, MAP, 
HR and CVP were not significantly changed in Rs and 
NRs. Fluid therapy was associated with an increase in 
SV and CI in the Rs, but did not differ before and after 
fluid therapy in the NRs. As occurred in patients in 
the supine position, fluid therapy induced significant 
decreases in PPV and SVV in both Rs and NRs in the 

Trendelenburg position.

3.3. Fluid responsiveness to fluid therapy

Figure 1 illustrates the correlations between the change 
in SV and hemodynamic variables before fluid therapy 
in patients with IAH in the supine position. There was 
no significant correlation between the change in SV 

Figure 1. Prediction of fluid responsiveness in patients 
with IAH in the supine position. No correlation was 
observed between baseline CVP and the change in SV 
after fluid therapy (a); Conversely, baseline PPV and SVV 
correlated closely with the change in SV induced by fluid 
therapy (b and c); Moreover, baseline PPV correlated 
significantly with baseline SVV (d).

Table 3. Hemodynamic variables of responders and non-responders before and after fl uid therapy in patients with IAH in 
a supine position

Items

MAP (mmHg)
HR (beat/min)
CVP (mmHg)
CI (l/min/m2)
SV (mL/beat)
SVV (%)
PPV (%)

     Before

73.18 ± 11.85
69.91 ± 11.44
  7.36 ± 2.25
  2.53 ± 0.68
65.09 ± 15.66
13.27 ± 1.68
14.00 ± 2.79

Values are mean ± S.D., MAP = mean arterial pressure, HR = heart rate, CVP = central venous pressure, CI = cardiac output index, SV = stroke volume, 
SVV = stroke volume variation, PPV = pulse pressure variation, NS = not signifi cant.

       After

79.00 ± 11.87
67.64 ± 9.36
10.09 ± 2.81
  3.15 ± 0.79
82.00 ± 16.85
  7.27 ± 2.19
  7.09 ± 2.39

p value

NS
NS

p < 0.05
NS

p < 0.05
p < 0.05
p < 0.05

    Before

74.78 ± 7.73
62.89 ± 7.06
  7.56 ± 2.65
  3.02 ± 0.74
81.11 ± 19.12
  8.89 ± 2.26
  8.56 ± 1.81

     After

80.11 ± 8.96
64.33 ± 7.68
  9.33 ± 3.04
  3.32 ± 0.82
85.56 ± 20.10
  6.11 ± 1.83
  5.89 ± 1.27

p value

NS
NS
NS
NS
NS

p < 0.05
p < 0.05

Non-responders (n = 9)Responders (n = 11)

Table 4. Hemodynamic variables of responders and non-responders before and after fl uid therapy in patients with IAH in 
the Trendelenburg position

Items

MAP (mmHg)
HR (beat/min)
CVP (mmHg)
CI (l/min/m2)
SV (mL/beat)
SVV (%)
PPV (%)

     Before

76.10 ± 10.77
74.50 ± 13.40
  7.33 ± 3.61
  2.71 ± 0.48
64.10 ± 11.03
12.70 ± 2.95
13.10 ± 3.14

Values are mean ± S.D., MAP = mean arterial pressure, HR = heart rate, CVP = central venous pressure, CI = cardiac output index, SV = stroke volume, 
SVV = stroke volume variation, PPV = pulse pressure variation, NS = not signifi cant.

      After

84.20 ± 10.09
71.40 ± 14.24
10.33 ± 4.77
  3.31 ± 0.61
79.10 ± 13.11
  7.10 ± 1.59
  6.50 ± 1.78

p value

NS
NS
NS

p < 0.05
p < 0.05
p < 0.05
p < 0.05

    Before

87.00 ± 4.99
66.00 ± 12.11
  8.64 ± 2.20
  3.09 ± 0.67
83.80 ± 25.21
  7.73 ± 3.32
  8.81 ± 3.37

     After

88.20 ± 7.57
67.80 ± 14.20
10.91 ± 2.74
  3.44 ± 0.66
88.90 ± 24.88
  5.36 ± 1.36
  5.27 ± 1.49

p value

NS
NS
NS
NS
NS

p < 0.05
p < 0.05

Non-responders (n = 11)Responders (n = 9)
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and CVP before fluid therapy (r = 0.139, p = 0.558). In 
contrast, both the SVV and PPV before fluid therapy 
correlated significantly and closely with the change in 
SV induced by fluid expansion (r = 0.469, p = 0.037; 
r = 0.533, p = 0.015, respectively). Moreover, the 
baseline PPV correlated with the baseline SVV prior to 
fluid therapy (r = 0.885, p < 0.01). 
 Figure 2 illustrates the correlations between the 
change in SV and hemodynamic variables before fluid 
therapy in patients with IAH in the Trendelenburg 
position. There was no significant correlation between 
the change in SV and CVP before fluid therapy (r = 
0.109, p = 0.647). Conversely, both the SVV and PPV 
before fluid therapy correlated significantly and closely 
with the change in SV induced by fluid expansion as 
was observed in patients in the supine position (r = 

0.884, p < 0.001; r = 0.831, p < 0.001, respectively). 
Additionally, the baseline PPV was significantly 
correlated with the baseline SVV prior to fluid therapy (r 
= 0.940, p < 0.01).

3.4. Discriminating thresholds between Rs and NRs

The discriminating thresholds of hemodynamic 
variables between Rs and NRs in the supine position 
were evaluated by constructing ROC curves (Figure 3). 
The areas under the ROC curves were: 0.955 for PPV, 
0.960 for SVV, 0.399 for CO, 0.480 for CVP, and 0.197 
for SV. The areas for PPV and SVV were statistically 
greater than those for SV, CVP and CO (p < 0.01). 
A PPV threshold of 10.5% allows for discrimination 
between Rs and NRs with a sensitivity of 90.9% and 
a specificity of 88.9%. An SVV threshold of 10.5% 
allows for discrimination between Rs and NRs with a 
sensitivity of 100% and a specificity of 77.8%.
 The discriminating thresholds of hemodynamic 
variables between Rs and NRs in the Trendelenburg 
position were also evaluated by constructing ROC 
curves (Figure 4). The areas under the ROC curves 
were: 0.859 for PPV, 0.854 for SVV, 0.493 for CO, 0.372 
for CVP, and 0.327 for SV. The areas for PPV and SVV 
were statistically greater than those for SV, CVP and 
CO (p < 0.01). A PPV threshold of 7.5% allows for 
discrimination between Rs and NRs with a sensitivity 
of 100% and a specificity of 54.5%, and an SVV 
threshold of 7% allows for discrimination between Rs 
and NRs with a sensitivity of 100% and a specificity of 
63.6%.

4. Discussion

To optimize cardiac performance and organ perfusion, 
it is imperative that optimal preload conditions are 

Figure 2. Prediction of fluid responsiveness in patients 
with IAH in the Trendelenburg position. No correlation 
was observed between baseline CVP and the change in 
SV after fluid therapy (a). Conversely, baseline PPV and 
SVV correlated closely with the change in SV induced by 
fluid therapy (b and c). Moreover, baseline PPV correlated 
significantly with baseline SVV (d).

Figure 3. ROC analyses for PPV, SVV, CO, SV and CVP as predictors of increases in SV of more than 10% after fluid 
therapy in patients with IAH in the supine position. Areas under the ROC curves for PPV and SVV were significantly greater 
than those for CO (a), SV (b), and CVP (c). A PPV threshold of > 10.5% allows for discrimination between Rs and NRs with a 
sensitivity of 90.9% and a specificity of 88.9%. Overall sensitivity and specificity between Rs and NRs were 100% and 77.8% 
with a SVV threshold of > 10.5%.
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achieved in patients undergoing surgical procedures. 
Measurements of cardiac filling pressures, namely 
CVP and pulmonary artery occlusion pressure, are 
insensitive and sometimes misleading in the assessment 
of circulating blood volume (5,6). A more accurate 
method for preload assessment is based on the heart-
lung interactions and the measurement of PPV and 
SVV by arterial waveform analysis in mechanically 
ventilated patients. Many studies have demonstrated 
that PPV and SVV are highly sensitive in predicting 
fluid responsiveness in mechanically ventilated patients 
undergoing cardiac surgery, neurosurgical procedures, 
and live transplantation (7-9).  However, some 
procedures utilize the insufflation of carbon dioxide, 
such as for minimal laparoscopic manipulations, which 
induce IAH. The induction of IAH, as well as the 
adoption of the Trendelenburg position, has potential 
hemodynamic and respiratory consequences. The 
influence of IAH on the predictive ability of PPV and 
SVV is currently under debate. To our knowledge, 
no patient-based clinical investigations have been 
performed to clarify whether PPV and SVV can reliably 
predict fluid responsiveness in patients with IAH in 
supine or Trendelenburg positions.
 Our findings indicate that baseline PPV and SVV 
correlate significantly and closely with the change in 
SV induced by fluid therapy, and baseline PPV are 
strongly correlated with baseline SVV in mechanically 
ventilated patients with IAH. These results indicate 
that PPV and SVV are still accurate indices of fluid 
responsiveness during IAH even when the patients are 
placed in the Trendelenburg position. Our findings are 
in accordance with a previously published article by 
Jacques et al. who reported in an animal experimental 
study that PPV and SVV remained the reliable indices 
of fluid responsiveness in the presence of 30 mmHg of 
IAP, and threshold values discriminating Rs and NRs 

were higher than during normal IAP (18). Although, 
another experimental animal study by Renner et al. 
indicated that only PPV, and not SVV, was a sensitive 
and specific predictor of fluid responsiveness during 
increased IAP (19). These inconsistencies are likely 
due to the differences in the measurement methods 
used to calculate SVV. Renner et al. acquired SVV 
with a PiCCO system (Pulsion Medical Systems, 
Munich, Germany). This device needs a femoral artery 
and derives SV from pulse contour analysis of arterial 
femoral pressure. The measurement of SVV may be 
biased due to vascular constraint in the presence of 
IAH. Gruenewald et al. report that IAH affects the 
continuous CO and SV measurement base on pulse 
contour analysis with a PiCCO system, which is likely 
due to the elevated femoral arterial impedance (20). 
In the present study, SVV was measured using the 
Vigileo system by means of a radial artery catheter. 
SVV from pulse contour analysis of radial pressure 
may be more reliable than pulse contour analysis of 
femoral pressure, as arterial radial impedance should be 
not affected by IAH. Jacques et al. measured the SVV 
using an ultrasound transit-time flow probe around the 
aortic root (18). This measurement is less likely to be 
influenced by IAH. The strong correlations we found 
between PPV and SVV further reinforce the reliability 
of this SV measurement. Likewise, Jacques et al. also 
demonstrated that there was a significant correlation 
between PPV and SVV. In contrast to SVV and PPV, 
the preload variable of CVP failed to predict fluid 
responsiveness in the presence of IAH, as there was no 
correlation between baseline CVP and change in SV 
induced by fluid therapy. Our findings are consistent 
with most studies in which static preload variables do 
not predict fluid responsiveness (5,6).
 The areas under the ROC curves show the ability 
of the hemodynamic parameters to discriminate 

Figure 4. ROC analyses for PPV, SVV, CO, SV and CVP as predictors of increases in SV of more than 10% after fluid 
therapy in patients with IAH in the Trendelenburg position. Areas under the ROC curves for PPV and SVV were significantly 
greater than those for CO (a), SV (b) and CVP (c). A PPV threshold of > 7.5% allows for discrimination between Rs and NRs 
with a sensitivity of 100% and a specificity of 54.5%. Overall sensitivity between Rs and NRs was 100% with a SVV threshold 
of > 7.0%.
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between Rs and NRs after fluid therapy. Our study 
shows that areas under the curves for PPV and SVV 
are statistically greater than for CVP, demonstrating the 
superiority of PPV and SVV over CVP as predictors 
of fluid responsiveness in the presence of IAH. In 
the supine position, we found a threshold value of 
10.5% for PPV and of 10.5% for SVV to induce an 
SV increase of 10% or more. In the Trendelenburg 
position, we found a threshold value of 7.5% for PPV 
and of 7.0% for SVV to induce an SV increase of 10% 
or more. These threshold values in the Trendelenburg 
position were lower than those in the supine position, 
which may result from the effect of head-down tilting 
on cardiac preload. Russo et al. demonstrated that head-
down positioning was capable of increasing the venous 
return, enlarging left ventricular end-diastolic volume, 
and elevating the SV in normal and elevated IAP (21). 
Hirvonen et al. demonstrated that the Trendelenburg 
position in awake and anesthetized patients increased 
pulmonary arterial pressures, CVP and pulmonary 
capillary wedge pressures, and these pressures further 
increased at the beginning of IAH (22). The elevated 
IAP influences the intrathoracic pressure by pushing 
the diaphragm upward, thus decreasing respiratory 
system compliance (23). Moreover, IAH during carbon 
dioxide-induced pneumoperitoneum decreases the 
venous return from the lower extremities, thus reducing 
the left ventricular end-diastolic volume and shortening 
cardiac preload (24,25). An experimental animal study 
indicated the threshold value for PPV dramatically 
increased from 11.5% to 20.5% after elevating IAP up 
to 25 mmHg (19). Thus, we postulate that threshold 
values may be gradually increased with the elevation 
of IAP. To our knowledge, the present study is the first 
patient-based clinical investigation devoted to clarifying 
the discriminating thresholds for PPV and SVV in 
the presence of IAH. Therefore, we did not compare 
the threshold values with the previously published 
investigations, nor did we measure the discriminating 
threshold values between Rs and NRs in the absence of 
IAH. 
 Some limitations of our study should be noted. 
Firstly, fluid therapy was performed at a moderate IAP 
of 12 mmHg, and therefore it remains unclear whether 
the higher grade of IAP influences the feasibility of PPV 
and SVV in predicting fluid responsiveness. Secondly, 
we did not perform hemodynamic measurement 
and fluid expansion before the IAP was applied. 
Consequently, the effect of IAP on the discriminating 
threshold values could not be clarified. Thirdly, 
the IAH was pre-operatively induced by increasing 
abdominal volume with carbon dioxide insufflation, 
which may be different from conditions that occur 
secondarily to abdominal compression in critically 
ill patients. Fourthly, the hemodynamic measurement 
was performed only with the FloTrac system. Future 
studies may include the use of thermodilution and 

echo techniques to further demonstrate the efficacy 
of hemodynamic indices. Thus, our results cannot be 
directly extrapolated to critically ill patients.
 In conclusion, we demonstrate that PPV and SVV are 
sensitive and specific predictors of fluid responsiveness 
in patients with IAH. The Trendelenburg position does 
not alter their abilities to predict fluid responsiveness, 
although it reduces the discriminating threshold values 
for PPV and SVV between Rs and NRs of fluid therapy.
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1. Introduction

Over the past decade, avian influenza derived from 
animal reservoirs has become a major challenge (1). 
Recent outbreaks detected in fowl and wild birds in 
many Asian, European, and African countries are 
devastating to the poultry industry and also to public 
health (2). Among the avian influenza viruses, only 
Orthomyxoviridae Influenzavirus A is known to infect 
birds, so it has been termed avian influenza A virus as 
a result. Type A influenza viruses are classified into 
16 hemagglutinin (HA) subtypes and 9 neuraminidase 
(NA) subtypes (3). Influenza A viruses are further 
divided into low-pathogenic avian influenza (LPAI) and 
high-pathogenic avian influenza (HPAI) viruses based 
on their pathogenic properties in chickens. Infection of 
fowl with the H7 subtype is of great concern because 
of its high pathogenicity (4). Fowl were infected with 
avian influenza A (H7) viruses in Italy in 2000, Chile 

in 2002, the Netherlands in 2003, British Columbia, 
Canada in 2004, and Saskatchewan, Canada in 2007 
(5). Unlike other virus subtypes, H7 influenza viruses 
of both lineages have been predominantly associated 
with ocular disease in humans, typically in the form of 
conjunctivitis (6). In 2000, human infection with the 
H7N3 subtype of the avian influenza virus was reported 
in Northern Italy (7). In 2003, H7N7 led to 89 cases 
of human infection and 1 death in the Netherlands (8). 
In 2004, an H7H3 outbreak occurred in humans in 
Canada (9). Within the H7 subtype, the LPAI H7N9 
strain, which was collected in the Czech Republic in 
2007, appears to have become highly pathogenic after 
introduction into domestic poultry (4). Prior to 2011, 
H7N9 viruses were reported to cause infections in fowl 
in many countries such as the Czech Republic, Spain, 
the US, and Mexico (10,11). In the spring of 2013, 
human infections with H7N9 broke out on the China 
mainland, and there have been 24 cases of infection and 
7 deaths thus far (12). The current report describes the 
clinical characteristics and treatment of two patients 
with avian influenza virus (H7N9).

2. Case report

Since February 2013, three patients from Shanghai 

Summary Avian influenza is one of the most dangerous contagions in poultry worldwide, and avian 
influenza A viruses are the major pathogens responsible. Outbreaks of H7N9, a strain 
of the avian influenza A virus H7 subtype, have increasingly been reported in several 
countries since 2007. This spring, H7N9 broke out in China and has thus far caused 24 
cases of infection and 7 deaths. Recently, we treated two patients with H7N9 infection. 
The infection was characterized by respiratory symptoms, fever, rapid progression, and 
significant hypoxemia. Laboratory tests showed a low level or decrease in leukocytes, a drop 
in blood platelets, and an increase in myocardial enzymes and aspartate aminotransferase. 
Oseltamivir, anti-infective drugs, and immunoglobulin were administered. Supplemental 
oxygen or non-invasive mechanical ventilation helped to relieve symptoms. This report 
provides information on the clinical characteristics and treatment of two Chinese patients 
with H7N9.
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and Anhui Province, China were infected with avian 
influenza virus (H7N9); two of the patients died but one 
survived. H7N9 was successfully isolated from these 
patients by the Chinese Center for Disease Control and 
Prevention on the afternoon of March 29th. To date, 
there have been 19 or 20 confirmed cases of patients 
infected with H7N9 in China, six of whom had already 
died. On April 6th, two patients were admitted and were 
confirmed to be infected with H7N9 by the Shanghai 
Public Health Clinical Center.
 Case I: This case involved a 74-year-old male who 
had previously been exposed to poultry. The patient 
had a cough, fever, and shortness of breath for 7 days 
before being admitted to hospital (Figure 1). The 
patient indicated that the cough, fever, and shortness 
of breath began on March 31, 2013 after a cold. 
Examination revealed a maximum body temperature of 
39.3°C, WBC of 5.5 × 109/L, N% of 79.6%, Cr of 157 
μmol/L, and BUN of 12.1 mmol/L. Chest CT revealed 
inflammation of the lower lobe of the left lung. The 
patient was treated with ceftazidime for 3 days to 
fight the infection, but no improvement was noted. 
On April 5, 2013, another examination was conducted 
and the results revealed WBC of 2.95 × 109/L, N% of 
80.4%, and large areas of inflammatory cell infiltrates 
in both lungs. On the second day, the patient's blood 

pressure decreased (89/49 mmHg) and the patient 
developed hypoxemia (arterial oxygen 7.47 kPa) and 
hyponatremia (122 mmol/L). The patient's respiratory 
secretions were sent to the Shanghai Center for Disease 
Control and Prevention for nucleic acid tests, which 
suggested positivity for H7N9. The patient was treated 
with oseltamivir to fight the virus and moxifloxacin 
to fight infection. The patient was also administered 
methylprednisolone 40 mg/d. Non-invasive mechanical 
ventilation and symptomatic and supportive treatment 
were provided to prevent spasms, loosen phlegm, and 
correct the patient's electrolyte imbalance. Afterwards, 
the patient's body temperature returned to normal and 
his shortness of breath improved. On April 6, 2013, 
a third examination was conducted and the results 
indicated WBC of 5.41 × 109/L and N% of 90.30%. 
Serology and blood gas analysis indicated an SpO2 of 
99.30% ↑, Pa of 20.10 KPa ↑, AST of 86.00 U/L ↑, 
LDH of 886.00 U/L ↑, BUN of 16.20 mmol/L ↑, Cr of 
159.60 umol/L ↑, CK of 170.00 U/L, and CKMB of 
18.00 U/L.
 Past history: Coronary disease and liver disease due 
to schistosomiasis.
 Physical examination: Temperature of 35.6°C, pulse 
of 98 beats/min, respiratory rate of 30 breaths/min, and 
BP of 148/85 mmHg. The patient was alert and oriented 
and appeared fatigued. The patient had a very sickly 
appearance, shortness of breath, cyanotic lips, and a 
barrel chest. Moist rales were present in both lungs. 
The patient had a regular rhythm, soft abdomen, and no 
dropsy in the lower limbs.
 Diagnosis upon admission: Viral pneumonia 
(H7N9), acute respiratory failure, coronary disease, 
class III cardiac function, and renal insufficiency.
 Anti-infective therapy: Sulperazon, moxifloxacin, 
and oseltamivir. Noninvasive assisted ventilation and 
symptomatic therapy and supportive treatment were 
used. 
 The treatment improved the patient's level of 
consciousness and the patient's overall condition. The 
patient's lips were no longer cyanotic. The patient 
occasionally coughs, producing a small amount of 
white phlegm, and he breathes somewhat heavily after 
activity. The patient did not develop a fever or chest 
pain again. Physical examination: heart rate of 70 beats/
min, respiratory rate of 28 breaths/min, SPO2 of 98%, 
and BP of 116/70 mmHg. Coarse breath sounds and 
moist rales were heard in both lungs while the patient 
was helped with a non-invasive ventilator.
 Case II: This case involved a 65-year-old male who 
had a fever for 5 days and a cough for 2 days (Figure 2).
The patient began to feel dizzy and have chills and 
a fever after paying respect to deceased relatives on 
March 31, 2013. The patient's body temperature was 
38.0°C and the patient had no coughing or sputum. The 
patient described being admitted to a local hospital on 
April 2, 2013 and undergoing symptomatic treatment 
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Figure 1. Chest CT of a 74-year-old male patient on April 
5th, 2013.
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H7N9. Anti-viral, anti-inflammatory, and symptomatic 
treatments were continued, leading the patient's 
condition to stabilize.
 Past history: The patient had a history of hypertension 
for 5 years with managed blood pressure.
 Physical examination: Temperature of 36.5°C, pulse 
of 82 beats/min, respiratory rate of 21 breaths/min, and 
BP of 118/74 mmHg. The patient was alert and oriented 
and appeared fatigued. Dullness to percussion and 
weak breath sounds were heard in the lower lobe of the 
left lung. There were no dry or moist rales in the lungs, 
heart sounds were strong, and the abdomen was soft. 
There was no dropsy in the lower limbs.
 Diagnosis: Infection with the avian influenza virus 
(H7N9).
 Treatment: The patient received the anti-infective 
drugs moxifloxacin, cefoperazone sulbactam, and 
oseltamivir. Supplemental oxygen and symptomatic and 
supportive treatment were provided.
 The patient still coughs, producing a small amount 
of white phlegm, and he breathes heavily after activity. 
Physical examination: Oxygen flow of 5 L/min with 
the help of a nasal catheter, pulse of 86 beats/min, 
respiratory rate of 32 breaths/min, SPO2 of 98%, and 
BP of 126/80 mmHg. The patient's condition improved 
and his lips are no longer cyanotic. Slightly coarse 
breath sounds were heard in both lungs, but there were 
no rales.

3. Discussion

Influenza in birds, or avian influenza, is a viral infectious 
disease that is highly pathogenic to birds but rarely 
pathogenic to swine. The avian influenza virus is highly 
species-specific, but in rare circumstances it will cross 
the species barrier to cause infection in human beings. 
The World Health Organization has been concerned 
about the avian influenza virus since humans were 
reportedly infected with the avian influenza virus in 
Hong Kong in 1997. Since then, the disease has broken 
out sporadically in Asia. Severe outbreaks have occurred 
in East Asia, primarily in Vietnam, South Korea, 
and Thailand since December 2003, causing several 
fatalities in Vietnam. At the present time, countries as 
far as Eastern Europe have also reported cases. In March 
2012, Taiwan garnered attention by first reporting 
cases of highly pathogenic avian influenza H5N2. On 
September 18, 2012, the Department of Agriculture of 
Guangdong Province published a bulletin on highly 
pathogenic avian influenza occurring in Zhanjiang. 
This report described a new virus that reassembled the 
internal genes from the avian influenza virus H9N2 to 
cause infection in humans. 
 One of the two patients in the current cases had 
a clear history of direct contact with poultry and the 
other did not. Both had respiratory symptoms, fever, 
rapid progression, and significant hypoxemia. Basic 

for an "upper respiratory infection". On April 3rd, the 
patient's body temperature rose to 39°C and a chest 
CT showed inflammatory cell infiltration of the lower 
lobe of the left lung. A routine blood test indicated 
WBC of 3.5 × 109/L, N% of 72.4% and PLT of 101 
× 109/L. Anti-inflammatory treatment with penicillin 
resulted in no improvement. On April 4th, the patient 
began to cough, producing white, purulent sputum with 
blood and he gasped after activity. A routine blood test 
was again conducted, revealing WBC of 2.98 × 109/
L, N% of 72.1%, Plt of 76 × 109/L, and CRP of 66 mg/
L. Supplemental oxygen was provided and the patient 
was given the anti-viral drug oseltamivir and the anti-
inflammatory drug ceftriaxone. On April 5th, a chest 
CT showed improvement in lesions of the lower lobe of 
the left lung. Serology and blood gas analysis on April 
6th indicated PCO2 of 3.90 KPa, PO2 of 7.30 KPa, AST 
of 77.00 U/L, LDH of 492.00 U/L, CK of 1854.00 U/
L, and CK-MB of 31.00 U/L. There was significant 
inflammation in the upper lobe of the right left lung and 
the lower lobe of the left lung, pleural effusion in both 
lungs, and lymph node shadows in the mediastinum, 
suggesting viral pneumonia. Therefore, the patient's 
respiratory secretions were sent to the Shanghai Center 
for Disease Control and Prevention for H7N9 nucleic 
acid tests on April 6th; the specimens were positive for 

Figure 2. Chest CT of a 65-year-old male patient on April 
6th, 2013.
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laboratory tests revealed a low level or decrease in 
leukocytes, a drop in blood platelets, and an increase in 
myocardial enzymes and aspartate aminotransferase. The 
patients were confirmed to have H7N9 infection, and 
oseltamivir, anti-infective drugs, and immunoglobulin 
were administered for symptomatic and supportive 
treatment. Supplemental oxygen or non-invasive 
mechanical ventilation helps to relieve symptoms (13). 
Thus far, there are no grounds for the use of hormone 
treatment.
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