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Laboratory Confirmatory Rate of Pandemic Influenza 
(H1N1 2009) Virus in Korean Households with Index 
Case

Background: Influenza transmission in households a subject of renewed 

interest especially in pandemic situation. We performed this study to investigate 

the laboratory-confirmatory rate in household contacts with index cases of 

pandemic influenza (H1N1 2009).

Materials and Methods: For three months from 1 September and 29 November 

2009, people who had a history of close contact with confirmed cases of 

pandemic influenza (index case) were recruited. The information on the study 

participants was collected using a standardized questionnaire. Presence of the 

pandemic influenza (H1N1 2009) infection was confirmed by real-time reverse-

transcription polymerase chain reaction (RT-PCR). 

Results: A total of 113 index cases and 141 household contacts were inve-

stigated. One hundred and four index cases (92.0%) were younger than 20 

years. The median age of household contacts was 40 years. Twenty eight 

household contacts (19.8%) had acute respiratory illness (ARI). Overall, 

10.6% of enrolled household contacts were positive in RT-PCR for pandemic 

influenza (H1N1 2009). The positive rate of household contacts with ARI was 

25.0% and it was 7.1% in household contacts without ARI. The positive rate 

was significantly higher in children and young adults under 30 years (28.3%) 

compared with that in household contacts older than 30 years (8.3%). 

Conclusions: This results showed a significant role of mild symptomatic or 

asymptomatic pandemic influenza (H1N1 2009) patients as a virus carriers in 

households. 
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Introduction
 

Influenza virus can spread rapidly between people in close 

settings, through inhalation or contact with infected droplets, to 

those around them such as members of households, classmates 

at school, co-workers at work, and comrade in a military (1). 

Information on the dynamics of viral transmission is required 

to effectively control the viral spread. Traditionally, seasonal 

influenza transmission dynamics has been best characterized 

based on the household data (2). Pandemic influenza (H1N1 2009) 

is also known to spread rapidly within members of households (3) 

and several epidemiologic studies described the transmissibility 

of the pandemic influenza (H1N1 2009) in household settings (3-

6). However, most of the studies used influenza-like illness (ILI) 

as a parameter of influenza even though many ILI cases were not 

confirmed as influenza by laboratory test (7).       

The present study was conducted to investigate the laboratory-

confirmatory rate of the household contacts with index case of 

pandemic influenza (H1N1 2009).

Materials and Methods

1. Case definitions

Close contact was defined as exposure to an index case at a 

distance of <1 meter over 1 hour beginning 7 days before or after 

symptom onset of the index case (5, 8). An acute respiratory illness 

(ARI) was defined by the presence of at least two of the symptoms 

of fever or feverishness, cough, sore throat, and rhinorrhea (4). 

We defined index case as the first person in a household who had 

influenza-like illness and was positive for pandemic influenza 

(H1N1 2009) virus by real-time reverse-transcriptase polymerase 

chain reaction (RT-PCR). 

2. Study participants

This study was performed in Armed Forces Seoul Hospital 

(Seoul, Republic of Korea), that provides primary health care 

services to live-out military personnel and their family members 

residing in Seoul. Between 1 September and 29 November 2009, 

people who had a history of close contact with index case were 

recruited in this study. The index cases were identified at either our 

hospital or other hospitals. When the an index case were identified 

at other hospitals, we got their medical records to confirm 

whether they satisfied the definitions of index case. All index cases 

took oseltamivir immediately after the positive confirmatory 

test. The information of household contacts was collected 

using a standardized questionnaire regarding demographic 

characteristics, underlying diseases and influenza symptoms. We 

collected throat swabs from the household contacts, which were 

tested to confirm the diagnosis of pandemic influenza (H1N1 

2009) infection by real-time RT-PCR. After initial visit to hospital, 

all the household contacts were instructed to be confined at home 

while their clinical signs and symptoms were monitored for 7 days. 

If the household contacts had a new ARI during this period, they 

visited our hospital again and a throat swab was repeated. This 

epidemiologic study was approved by the Institutional Review 

Boards of The Armed Forces Medical Command (Seongnam-si, 

Gyeonggi-do, Republic of Korea). Informed consent was obtained 

from all study participants. 

3. Real-time RT-PCR assay

The real-time RT-PCR assay was performed by the Green Cross 

Company (Seoul, Republic of Korea) using the AccuPowerⓇ New 

Influenza A (H1N1) Quantitative RT-PCR kit (Bioneer Co., Daejon, 

Republic of Korea) in accordance with the manufacturer’s 

instructions. 

4. Statistical analysis

Differences in proportions were tested with χ2 test or Fisher 

exact test, and differences in continuous variables were tested 

with a Student t test. A  P value of <0.05 was considered significant. 

All data were analyzed using SPSS for Windows 13.0 (Chicago, IL, 

USA).

Results

A total of 113 index cases from 111 households were identified 

in this study. Data on 141 household contacts were available. 

One hundred four (92.0%) of the index cases were younger than 

20 years and their median age was 11.7 years. All patients took 

oseltamivir within 72 hours after symptoms onset. There was 

no hospitalization or death associated with pandemic influenza 

(H1N1 2009) infection among the participants in this study. 

Table 1 shows the characteristics of enrolled household 

contacts. Their median age was 40 years, ranged 2-72 years. Most 

of them (79.4%) were middle aged (20-49 years) adults. Sixteen 

household contacts (11.3%) were younger than 20 years. Thirty 

four household contacts (24.1%) were female. Seven (5.0%) had 

chronic medical illnes such as hypertension (n=5), chronic hepatitis 

(n=2), previous myocardial infarction (n=1), hypercholesterolemia 

(n=1). One hundred seven household contacts (75.9%) were 
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parents of the index cases and 19 (13.5%) were siblings. Forty 

household contacts (28.4%) had one or more influenza-like 

symptoms. Most common presenting symptoms were cough 

(9.9%), throat pain (9.2%) and rhinorrhea (8.5%). Twenty eight 

household contacts (19.8%) manifested the defined symptoms of 

ARI. Of 141 household contacts, 15 (10.6%) were positive by the 

real-time RT-PCR for pandemic influenza (H1N1 2009). 

When household contacts were compared according to 

whether they had ARI or not, household contacts with ARI were 

younger than those without ARI (Table 2). Sexual difference was 

not observed between two groups. Laboratory-confirmatory 

rate was 25.0% in household contacts with ARI and 7.1% in those 

without ARI (P=0.006). 

Fig. 1 shows the positive rates of 2009 H1N1 virus in RT-PCR 

according to age groups. The rate of positive results in RT-PCR was 

significantly higher in young household contacts under 30 years 

compared with that in household contacts older than 30 years (28.3 

vs 8.3%, P=0.03). There was no positive case in people over 50 

years. 

When RT-PCR positivity of household contact was analyzed 

according to index case ages (<20 years vs ≥20 years), there was 

no significant differences (10.8% vs. 9.1%, P>0.05). 

Two cases developed new ARI during the follow-up; and 

repeated swab revealed that the test result was turned to positive 

in one of them. All confirmed household contacts were treated 

with oseltamivir. No pandemic vaccine was used in any study 

participants before and during the study period.  

Discussion

This study described the real-time RT-PCR positive rate for 

pandemic influenza (H1N1 2009) in household contacts in Korean 

households. Overall, 10.6% of enrolled household contacts were 

positive in the real time RT-PCR. Laboratory-confirmatory rate 

Table 1. Characteristics of the Household Contacts
Characteristics All cases (n=141)

Age, median (range), years 40 (2-72)

Age, years

0~9 5 (3.5%)

10~19 11 (7.8%)

20~49 112 (79.4%)

50~64 11 (7.8%)

≥ 65 2 (1.4%)

Female sex 34 (24.1%)

Medical illness 7 (5.0%)

   Hypertension 5 (3.5%)

   Hypercholesterolemia 1 (0.7%)

   Previous MI 1 (0.7%)

   Chronic viral hepatitis 2 (1.4%)

Travel history* 2 (1.4%)

Relationship to index case

   Parent 107 (75.9%)

   Sibling 19 (13.5%)

   Spouse 10 (7.1%)

   Grandparent 5 (3.5%)

Symptoms 40 (28.4%)

Fever (>38℃) 3 (2.2%)

Cough 14 (9.9%)

Throat pain 13 (9.2%)

Rhinorrhea 12 (8.5%)

Myalgia 3 (2.1%)

Headache 5 (3.5%)

Diarrhea 1 (0.7%)

ARI 28 (19.8%)

Repeat swab† 5 (3.5%)

RT-PCR(+) 15 (10.6%)

MI, myocardial infarction; ARI, acute respiratory illness; RT-PCR, reverse-transcription 
polymerase chain reaction.
*travel history to risk area within 14 days before study participation.
†3 was repeated throat swabs due to inadequate sampling at the first swab and 2 was due 
to newly developed ARI during the follow-up. 

Table 2. Comparisons between Household Contacts with ARI and without ARI

Characteristics
With ARI
(n=28)

Without ARI
(n=113)

P

Age, mean±SD, years 30.4±11.7 39.8±11.8 <0.001

Age <30 years 10 (35.7%) 11 (9.7%) 0.001

Female sex 10 (35.7%) 24 (21.2%) 0.109

Medical illness 5 (7.1%) 2 (4.4%) 0.626

RT-PCR(+) 7 (25.0%) 8 (7.1%) 0.006

ARI, acute respiratory illness; RT-PCR, reverse-transcription polymerase chain reaction

Figure 1. Positive rates in RT-PCR according to age groups of enrolled household 
contacts. The rate of positive results in RT-PCR is significantly higher in children 
and young adults, and there is no positive case in people over 50 years. Numbers 
on the bar represent the ratio of positive cases to total cases. RT-PCR, reverse-
transcription polymerase chain reaction. 
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of pandemic influenza (H1N1 2009) was 25.0% in household 

contacts with ARI, while it was 7.1% in household contacts without 

ARI. Asymptomatic infected persons play an possible role as virus 

carriers since they might potentially spread virus to others (9). 

Investigators previously detected influenza viruses in respiratory 

specimens from healthy children without symptom (10, 11). In case 

of seasonal influenza, asymptomatic infection accounts for about 

one thirds of all influenza cases (12). In our results, infection rate 

of pandemic influenza (H1N1 2009) in asymptomatic household 

contacts was relatively low when compared with seasonal 

influenza. We thought that these findings did not mean lower 

infectivity of pandemic influenza (H1N1 2009). This finding might 

be explained as follows. First, we did not estimate the number 

of cases with ILI but laboratory-confirmed cases. Secondly, the 

use of antiviral agent in the early phase of pandemic influenza 

might lower infection rate. Sophia et al. reported recently that 

household contacts of index patients who had taken oseltamivir in 

seasonal influenza had a statistically insignificant but lower risk of 

developing laboratory-confirmed infection (13). Asymptomatic 

household contacts with viral carriage can continue to work 

or go to school, increasing the chance of exposure of other 

workers or classmates. Therefore, isolation of asymptomatic or 

mild symptomatic household contacts who continue their daily 

activities in the early phase of pandemic is justified to decrease 

the risk of virus spread. Early and accurate identification through 

laboratory confirmation such as RT-PCR can be helpful to decide 

patient isolation. 

In this study, household contacts of younger than 30 years 

had higher positive rate in RT-PCR. Our result is consistent with 

those of previous reports describing suggesting that children 

and adolescents are especially vulnerable to pandemic influenza 

(H1N1 2009) than adults and elderly (4, 14). This can be explained 

by the suggestion that pandemic influenza (H1N1 2009) has 

enough antigenic similarity to related H1N1 influenza virus strains 

of the past and it protects older people exposed to them previously 

(14). 

In seasonal flu, children shed virus for 40-80% longer periods 

than adults, and household contacts of index patients younger 

than 20 years had a higher risk of laboratory-confirmed secondary 

infection (13). In this study, however, laboratory confirmatory rate 

of household contacts were not different by two age groups of 

index cases. Because most index patients (92.0%) were younger 

than 20 years in this study, further study is needed to clarify this 

point.  

This study has at least two potential limitations. First, there was 

a shortage of information on other family members who did not 

visit our hospital and we could not assess household secondary 

attack rate. Second, if infected household contacts had not been 

shedding virus at the time of specimen collection, they would have 

tested negative in confirmatory test. Therefore, there would be a 

possibility of underestimating the number of cases with positive 

results.  

In conclusion, laboratory-confirmatory rate was higher 

in young household contacts, implying their vulnerability to 

pandemic influenza (H1N1 2009) infection. In addition, 7.1% in 

household contacts without ARI were positive in confirmatory test. 

Considering the important role of asymptomatic virus carriers, 

this finding suggests that mild symptomatic or asymptomatic 

household contacts should receive strict infection control 

measures, especially during early pandemic period.
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