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Background: Observations on the role of pre-symptomatic transmission in the spread of 

influenza virus are scanty. In June 2009, an outbreak of pandemic A(H1N1) 2009 infection 

occurred at a teenager’s party in Germany. 

We performed a retrospective cohort study among party guests to identify risk factors for 

pandemic A(H1N1) 2009 infection.  

Methods: Symptomatic pandemic A(H1N1) 2009 infection diagnosed by polymerase chain 

reaction between 1-14 June 2009 was defined as the outcome. Contact patterns among party 

guests were evaluated.  

Results: In eight (36%) of 27 party guests the outcome was ascertained. A travel-returnee from 

a country with endemic pandemic A(H1N1) 2009 who fell ill towards the end of the party was 

identified as the source case. Party guests with pandemic A(H1N1) 2009 infection had talked 

significantly longer to the source case than non-infected persons (p-value: 0.001). Importantly, 

none (0/9) of those who had left the party prior to the source case’s symptom onset became 

infected compared to 7 (41%) of 17 who stayed overnight (p= 0.06), and these persons all had 

transmission-prone contacts to the source case.  

Conclusions: In this outbreak with one index case there was no evidence to support pre-

symptomatic transmission of pandemic A(H1N1) 2009. Further evidence is required, ideally 

from larger studies with multiple index cases, to more accurately characterize the potential for 

presymptomatic transmission of influenza virus. 

 

Key words: influenza A virus, H1N1 subtype; outbreak; cohort study; epidemiology; 

transmission; presymptomatic infectiousness 
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After its first identification in Mexico in April 2009 the pandemic influenza virus A (H1N1) 2009 

rapidly spread over all continents. On 11 June 2009, WHO raised the pandemic alert from level 

5 to 6, marking the official beginning of the 2009 influenza pandemic.  

Symptom-based interventions, such as isolation of cases, contact tracing and quarantine, were 

important public health measures to contain infection and delay spread at the early stages of 

the 2009 pandemic [1-3]. Their success may be limited if a substantial proportion of 

transmissions occurs through apparently healthy individuals (presymptomatic or asymptomatic) 

[4]. To our knowledge, there are no experimental or controlled studies, and only one 

observational study on presymptomatic transmission [5]. Therefore, viral presence in the upper 

respiratory tract is used as a proxy to infer infectiousness, also of symptom-free individuals [6-

9]. However, even in these studies, data on viral shedding in the presymptomatic phase are 

scanty, and the relationship between nasopharyngeal virus detection and transmission is 

uncertain [7].  

 

We report on the investigation of a pandemic A(H1N1) 2009 outbreak in a confined setting of a 

teenager’s party in Germany in June 2009, where most of the exposure time was during the 

source case’s presymptomatic period.  

 

Methods 
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Outbreak setting  

A group of 28 teenagers celebrated a party for two female teenage friends on 31 May 2009. The 

two friends had returned from Argentina - a country with community transmission of pandemic 

A(H1N1) 2009 at that time - two days earlier by air travel. By that time, less than 100 human 

cases, mostly travel-related, with confirmed pandemic A(H1N1) 2009 infection had been notified 

in Germany. 

The party was held in a private house and lasted from 6 p.m. until the following morning. 

Eighteen party guests, including the two returnees, stayed overnight, the remaining nine left the 
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party between 11.30 p.m. and 1 June 2 a.m. One of the returnees (R1), female / 16 years of 

age, became symptomatic with influenza-like illness (ILI), defined as fever and cough or sore 

throat, on 1 June after 2 a.m. and stayed until 11.30 a.m. She was the first party guest with 

pandemic A(H1N1) 2009 infection confirmed by real-time reverse transcription-polymerase 

chain reaction (rRT-PCR) on 4 June. The other returnee (R2) had experienced symptoms of 

mild respiratory disease (coryza) since 26 May and was still mildly symptomatic during the 

party. She developed ILI on 2 June. After the diagnosis of pandemic A(H1N1) 2009 infection of 

R1 was reported to the local health authority on 4 June, the health officers contacted all party 

guests and asked about respiratory symptoms, fever or myalgia during the time since the party. 

Symptomatic individuals were tested between 4-7 June by nasal and throat swabs for pandemic 

A(H1N1) 2009 using rRT-PCR [10] performed at the Bavarian Health and Food Safety 

Authority, Oberschleissheim.  
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Cohort study  

We conducted a retrospective cohort study among all party guests to identify the source case 

and characterize transmission risks. We defined a case as pandemic A(H1N1) 2009 infection 

confirmed by rRT-PCR who developed ILI between 1 and 5 June.  

Between 13 and 22 June we administered a questionnaire to the party guests. The 

questionnaire covered demographical characteristics, symptoms at or after the party (e.g., 

fever, cough, sore throat, myalgia), potential exposures to pandemic A(H1N1) 2009 cases 

outside the party cohort, party attendance (time of arrival and departure) and information on 

duration and frequency of contacts during the party, which was assessed by the following 

variables: duration of talking (0 minutes, 1-14 minutes, 15-60 minutes, >1-4 h, >4 h) at ≤ 1 meter 

distance to each of the other party guests; frequency of hugging or kissing each of the other 

party guests (0x, 1-2x, 3-5x, >5x), and other contact types, e.g., staying overnight, sharing 

drinks, dancing with somebody. We obtained written informed consent of the participants’ 

parents. Data were entered into an Epidata database (version 3.1) and analyzed using Stata® 

(v10.1 StataCorp, USA). We considered two-sided p-values <0.05 statistically significant. 
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Source identification: We hypothesized that one or both of the returnees were the source 

case(s) for the other party guests since they returned to Germany from a country, which had 

already reported community transmission of pandemic A(H1N1) 2009 at the time. We compared 

talking to and hugging or kissing R1 and R2 between infected and non-infected party guests 

using the Wilcoxon rank-sum test. We assumed that pandemic A(H1N1) 2009 infected persons 

had talked longer to the source case(s) and hugged or kissed her or them more often than 

uninfected persons. We also compared clinical manifestation, dates of symptom onset and 

dates of sampling between R1 and R2.  

Risk factor analysis for pandemic A(H1N1) 2009 infection: Due to the small sample size and the 

presence of “zero cells”, we employed bivariable exact logistic regression to compute odds 

ratios, 95% confidence intervals (CI) and two-sided p-values for all contact variables. To this 

end, we dichotomized the categorical contact variables (i.e. talking to the source case, hugging 

or kissing the source case) using their respective median as cut-off. 

 

Results 

Overall, 27 (96%) out of 28 guests participated in the study. Their average age was 16 years 

(range 15-19 years), 15 (55%) were girls. 

Of 27 individuals, 25 could be contacted initially by the local health authority. Of these, ten (8 

with ILI, 2 with symptoms not fitting the ILI case definition) were tested by rRT-PCR. All 8 

individuals with ILI were positive. According to the questionnaires, four additional persons, of 

whom one had ILI, reported respiratory symptoms with onset during the outbreak period. In 

total, 9 ILI cases were ascertained, of whom 8 were tested and positive. Of 5 individuals with 

symptoms not fitting the ILI definition, two were tested and had a negative result. 

Of 15 female individuals, 7 (47%) became cases compared to only one (8%) of 12 males 

(p=0.06). 

 

136 Source identification 
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Cases (excluding the returnees) reported a significantly longer duration of talking to R1 and a 

higher number of hugs and kisses exchanged with her than non-cases (table 1). In addition, 

symptoms and timing of disease onset and sampling of R1 are fully compatible with influenza. 

By contrast, we found no significant differences with respect to the contact variables for R2 

between cases and non-cases. She likely had two respiratory illnesses, of which the first, 

starting already on the 26 May, was not influenza-like. Furthermore, the positive sample was 

taken 9 days after onset of the first respiratory illness, which does not support an influenza 

infection at that time. In contrast, the second respiratory illness, occurring one day after disease 

onset of R1, was an ILI and it is highly likely to find influenza virus in an influenza-infected 

person 2 days after disease onset. Taken together, we concluded that R1 was the source case 

who infected also R2. 
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Incubation period 

The date of contact with the symptomatic index case was 1 June. Dates of symptom onset for 

the other cases ranged from 2 June through 5 June, corresponding to an incubation period of 1-

4 days with a mean of 1.5 days. 
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Risk factor analysis for pandemic A(H1N1) 2009 infection 

Having identified R1 as the source case, we included R2 in the following analyses (n=26). All 

variables relating to R1 had increased odds for infection (table 2). Strength of association for 

becoming a case was highest for talking to R1 ≥ 15 minutes (OR 16.9, 95% CI 2.12 - +Inf), and 

kissing or hugging her more than twice (OR 11.6, 95% CI: 1.24 - 179.08). All party guests 

reported talking to the source case, but none of those who had talked to R1 <15 minutes 

became a case. None (0/9, 95% CI: 0-33%) of the party guests became a case who did not stay 

overnight and thus left before R1 developed symptoms, compared to 7 (41%) of 17 who stayed 

overnight (p= 0.06). Two out of the 9 who did not stay overnight developed an acute respiratory 

illness that did not meet the ILI definition, one of them was tested negative for pandemic 

A(H1N1) 2009 by rRT-PCR.   
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Discussion 

In this investigation of a pandemic influenza outbreak among teenage party guests, we were 

able to identify a travel returnee from Argentina as the likely source for all other cases. The 

source case’s symptom onset occurred after 2 a.m. which allowed us to categorize the 

exposure time during the party into a presymptomatic and a symptomatic period. Presumably, 

not all influenza cases are equally infectious [11]. However, this particular case apparently was 

highly capable of transmitting the virus (secondary attack rate 26.9%). Most notably, 

transmission was not observed among the nine party guests who were exposed only during the 

presymptomatic period. These persons all had transmission-prone contacts, which included 

talking to the source case for at least 1-14 minutes at a distance of less than 1 meter, as well as 

hugging, kissing, and likely, but unmeasured, passing her or dancing next to her several times. 

 

Considering R1 as the only source case is plausible. She had just returned from a pandemic 

A(H1N1) 2009 endemic country and only contact variables relating to her were significantly 

associated with becoming a case - not for any other guest, including the other travel returnee. 

Furthermore, her symptom onset, the earliest of all pandemic A(H1N1) 2009 infected persons, 

was during the party, and the time interval between her symptom onset and that of secondary 

cases is in line with the incubation period derived from other outbreak investigations [12;13]. All 

secondary cases had contact to R1 during her symptomatic phase. Compared to non-cases, 

they had talked longer to the source case during the entire party and had had, anecdotally, also 

more intense contact to the source case (close friends). This likely applies also for the 

presymptomatic period and thus it remains unclear, at which point the cases became infected. 

More in-depth analysis (e.g. restricting analysis to those who had exposure during the 

symptomatic phase), would have necessitated collection of exposure information separately for 

the two periods (presymptomatic / symptomatic), which was not done. This is one limitation of 

our study. Furthermore, the accuracy of the exposure recall 2-3 weeks after the event may be 

different depending on the infection status. However the party was a rather unique and 
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memorable event for the participants in the light of heightened media attention of this first 

community outbreak of pandemic A(H1N1) 2009 in Germany, helping to minimize such 

differential recall. Lastly, we cannot rule out that further infections have occurred because we 

did not test all symptomatic persons. However, to estimate the influence of a possible 

incomplete outcome ascertainment, we repeated calculations using less specific outcomes, 

based on clinical definitions (influenza like illness and acute respiratory infection), but did not 

see a change for associated risks (data not shown). Nonetheless, caution should be exercised 

before generalising these results as the study was small in size, and confined to a particular 

setting and strain. 

 

Data on pandemic A(H1N1) 2009 transmission are limited [14-17] as are, in general, data on 

transmission from pre-symptomatic exposure and on presymptomatic shedding in naturally 

acquired influenza infections. We are aware of only one study where presymptomatic 

transmission was investigated and seemed to have occurred [5]. Data on shedding of seasonal 

influenza virus during the presymptomatic period is sparse [6;7;14;18;19]. Pooled data from 

experimental voluntary influenza infections indicate that viral shedding precedes illness by 

about one day [20], and experience from naturally acquired infections suggests that only 1-8% 

of infectiousness occurs prior to illness onset [9]. In conclusion, our results from an outbreak 

with one index case do not support that pre-symptomatic infectiousness plays a role in 

pandemic influenza transmission. Further evidence is required, ideally from larger studies with 

multiple index cases, to more accurately characterize the potential for presymptomatic 

transmission of influenza virus. 

 8



215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

Addendum 

 

Individual contributions of authors 

J Hermes 1,2,3,4,5; H Bernard 1,2,3,4,5; U Buchholz 4,5; M Spackova 1,5;  J Löw 1,5; G 

Loytved 1,5; T Suess 1,4,5; W Hautmann 4,5;  D Werber 1,2,3,4,5. 

1 contribution to concept and design,  

2 analysis and/or interpretation of data;  

3 critical writing   

4 revising the intellectual content;  

5 final approval of the version to be published 

 

Potential conflicts of interest 

The authors do all not have a commercial or other association that might pose a conflict of 

interest. 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 
240 
241 
242 
243 
244 
245 

 

Financial support 

No financial support was received by any of the authors. 

 

Acknowledgements 

We thank all party guests and their families who participated in the outbreak investigation and 

the Bavarian health authorities for their excellent cooperation.  

Furthermore, we highly appreciate the support from Manuel Dehnert (Robert Koch-Institute, 

Germany) in the statistical analysis. 

  

 
 

Reference List 
 

 (1)  Abteilung für Infektionsepidemiologie des RKI, Krause G, Buchholz U. Rückblick: 
Epidemiologie und Infektionsschutz im zeitlichen Verlauf der Influenzapandemie (H1N1) 
2009. Epidemiologisches Bulletin 2011;21. 

 9



246 
247 

248 
249 

250 
251 

252 
253 

254 
255 

256 
257 

258 
259 

260 
261 

262 
263 

264 
265 

266 
267 
268 

269 
270 

271 
272 
273 

274 
275 

276 
277 
278 

279 
280 
281 

282 
283 
284 

 (2)  Baker MG, Wilson N, Huang QS, et al. Pandemic influenza A(H1N1)v in New Zealand: 
the experience from April to August 2009. Euro Surveill 2009;14(34). 

 (3)  Chan M, Chen MI, Chow A, et al. Pandemic (H1N1) 2009: clinical and laboratory 
findings of the first fifty cases in Singapore. Ann Acad Med Singapore 2010;39(4):267-6. 

 (4)  Fraser C, Riley S, Anderson RM, Ferguson NM. Factors that make an infectious disease 
outbreak controllable. Proc Natl Acad Sci U S A 2004;101(16):6146-51. 

 (5)  Sheat K.  An investigation into an explosive outbreak of influenza-New Plymouth. . 
Communicable Disease New Zealand 1992;1992(92):18-9. 

 (6)  Bell DM. Non-pharmaceutical interventions for pandemic influenza, international 
measures. Emerg Infect Dis 2006;12(1):81-7. 

 (7)  Patrozou E, Mermel LA. Does influenza transmission occur from asymptomatic infection 
or prior to symptom onset? Public Health Rep 2009;124(2):193-6. 

 (8)  Ferguson NM, Cummings DA, Cauchemez S, et al. Strategies for containing an 
emerging influenza pandemic in Southeast Asia. Nature 2005;437(7056):209-14. 

 (9)  Lau LL, Cowling BJ, Fang VJ, et al. Viral shedding and clinical illness in naturally 
acquired influenza virus infections. J Infect Dis 2010;201(10):1509-16. 

 (10)  Panning M, Eickmann M, Landt O, et al. Detection of influenza A(H1N1)v virus by real-
time RT-PCR. Euro Surveill 2009;14(36). 

 (11)  Lloyd-Smith JO, Schreiber SJ, Kopp PE, Getz WM. Superspreading and the effect of 
individual variation on disease emergence. Nature 2005;438(7066):355-9. 

 (12)  Liu W, Tang F, Li ZD, Yang H, Cao WC. Characteristics Derived from Outbreaks of 
Pandemic Influenza A (H1N1) 2009 Virus. Clinical Infectious Diseases 
2010;2010(50):622-3. 

 (13)  Moser MR, Bender TR, Margolis HS, Noble GR, Kendal AP, Ritter DG. An outbreak of 
influenza aboard a commercial airliner. Am J Epidemiol 1979;110(1):1-6. 

 (14)  Suess T, Buchholz U, Dupke S, et al. Shedding and Transmission of Novel Influenza 
Virus A/H1N1 Infection in Households – Germany, 2009. Am J Epidemiol 2010;2010; 
171 (11): 1157-1164. 

 (15)  Cowling BJ, Chan KH, Fang VJ, et al. Comparative epidemiology of pandemic and 
seasonal influenza A in households. N Engl J Med 2010;362(23):2175-84. 

 (16)  Han K, Zhu X, He F, et al. Lack of airborne transmission during outbreak of pandemic 
(H1N1) 2009 among tour group members, China, June 2009. Emerg Infect Dis 
2009;15(10):1578-81. 

 (17)  Papenburg J, Baz M, Hamelin ME, et al. Household transmission of the 2009 pandemic 
A/H1N1 influenza virus: elevated laboratory-confirmed secondary attack rates and 
evidence of asymptomatic infections. Clin Infect Dis 2010;51(9):1033-41. 

 (18)  Cowling BJ, Fung RO, Cheng CK, et al. Preliminary findings of a randomized trial of non-
pharmaceutical interventions to prevent influenza transmission in households. PLoS One 
2008;3(5):e2101. 

 10



 11

285 
286 
287 

288 
289 

290 
291 

 (19)  Liao CM, Yang SC, Chio CP, Chen SC. Understanding influenza virus-specific 
epidemiological properties by analysis of experimental human infections. Epidemiol 
Infect 2009;1-11. 

 (20)  Carrat F, Vergu E, Ferguson NM, et al. Time lines of infection and disease in human 
influenza: a review of volunteer challenge studies. Am J Epidemiol 2008;167(7):775-85. 

 
 



1 

2 

3 

Table 1: Comparison of contacts to either of two travel returnees from Argentina (R1 and R2) 

during outbreak of pandemic influenza virus 2009 in a teenage party cohort; June 2009, 

Germany.  

 Contact exposure cases total % p-value 

Talking to R1       0.004 

0-1 min 0 0 0  

1-14 min 0 13 0  

15-60 min 2 6 33  

1-4 h 3 3 100  

>4 h 1 3 33  

Frequency of kissing R1      0.03 

0x 0 2 0  

1-2x 2 16 13  

3-5x 2 3 67  

>5x 2 4 50  

Duration of talking to R2      0.35 

0-1 min 1 1 100  

1-14 min 1 11 9  

15-60 min 0 5 0  

1-4 h 3 5 60  

>4 h 1 3 33  

Frequency of kissing R2     0.62 

0x 0 1 0  

1-2x 3 13 23  

3-5x 2 8 25  

>3x 1 3 33  

Footnote: the denominator includes all party guests excluding R1 and R2;  4 

5 P-value is given for the Wilcoxon rank sum-test. 
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Table 2: Risk factorsa for infection with pandemic influenza virus in a teenage party cohort 

(n=26), June 2009, Germany: 

1 

2 

 Exposure variables  ill total (%, 95% CI ) OR 95% CI p-value

gender       7.6 0.7 - 413.2 0.12

Female  6 14 (43, 18-71)       

Male  1 12 (8, 0-38)    

staying overnight       7.5 0.9 - +Inf 0.06

Yes  7 17 (41, 18-67)       

No  0 9 (0, 0-33)      

talking to the source case  

>=15 minb        16.9 2.1 - +Inf 0.005

Yes  7 13 (54,  25- 81)       

No  0 13 (0, 0- 25)      

kissing the source case  

> 2xb        11.6 1.2  - 179.1  0.014

Yes  5 8 (63, 24 – 91)      

No  2 18 (11, 1 – 35)       

a Using exact logistic regression. Displayed are variables with a p-value <0.1 3 

4 

5 

6 

7 

8 

9 
10 

Exposures with p-value >0,1: Close dancing, sharing drinks, contacts to any other party guest, 

contacts to an ill person outside the party, being at an international airport during the week prior 

to party, talking to R2, hugging and kissing R2 

b Variables were dichotomized at their median values. 
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