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Between 31 March and 21 April 2013, 102 laboratory-
confirmed influenza A(H7N9) infections have been 
reported in six provinces of China. Using survey data 
on age-specific rates of exposure to live poultry in 
China, we estimated that risk of serious illness after 
infection is 5.1 times higher in persons 65 years and 
older versus younger ages. Our results suggest that 
many unidentified mild influenza A(H7N9) infections 
may have occurred, with a lower bound of 210–550 
infections to date.

Introduction 
In recent weeks, increasing numbers of avian influ-
enza A(H7N9) virus infections have been identified in 
humans in China [1,2]. Laboratory-confirmed cases 
of influenza A(H7N9) infection have typically suffered 
serious illness [3,4], and there is a notable excess of 
confirmed cases in the elderly [3,5]. In the present 
analysis, we compared the incidence of serious influ-
enza A(H7N9) infections with data on age-specific pat-
terns in exposure to domestic poultry and live poultry 
markets to estimate the relative seriousness of influ-
enza A(H7N9) and obtain a lower bound on the number 
of human infections to date.

Methods

Poultry exposures in China
We obtained unpublished data on poultry exposures 
in Shenzhen, a city in Guangdong province on the bor-
der with Hong Kong, and in Xiuning, a rural county in 
Anhui province in eastern China. In each location, a 
two-stage household-based cluster survey was con-
ducted to assess poultry exposures based on aver-
age annual visits to poultry wet markets (Shenzhen, 
n=2,058), and ownership of backyard poultry (Xiuning, 
n=2,892). Trained investigators conducted each face-
to-face interview with selected households, and every 
family member who met the inclusion criteria (aged 
at least five years, and resident in the study area for 
at least three months) was interviewed. Poultry wet 

markets were defined as places where small animals 
and poultry may be purchased alive or slaughtered just 
before purchase. The surveys were conducted from July 
to September 2007. 

Data on poultry exposures in urban and semi-rural 
areas of Guangzhou, the capital of Guangdong prov-
ince in Southern China, were obtained through face-to-
face interviews, from January through March 2006 [6]. 
Households were selected for interview through strati-
fied cluster sampling in the ten urban districts (n=1,363) 
and two satellite towns (n=187) of Guangzhou. One 
adult per selected household was interviewed. We 
assessed household exposures to retail and domestic 
poultry in both urban and semi-rural locations based 
on average annual visits to poultry wet markets to pur-
chase live poultry, and ownership of backyard poultry 
[6].

Avian influenza A(H7N9) cases
Information on laboratory-confirmed human infec-
tions with influenza A(H5N1) and A(H7N9) was obtained 
from official notifications, including age, geographic 
location, and seriousness of disease (mild/serious). 
The definition for an influenza A(H7N9) case is given 
elsewhere [3]. A serious case was defined as a labo-
ratory-confirmed influenza A(H7N9) case that required 
hospital admission for medical reasons, i.e. with a 
complication such as pneumonia, rather than merely 
for isolation. Cases defined as serious included all 
fatal laboratory-confirmed cases. The age-specific 
populations of provinces in China were obtained from 
the 2010 population census of the People’s Republic of 
China [7].

Statistical analysis
We specified a model for the observed number of seri-
ous influenza A(H7N9) infections under the assumption 
that the risk of infection was directly proportional to 
the risk of exposure, while the seriousness of infection 
varied by age. Specifically, we modelled Xij, the number 



3www.eurosurveillance.org

of serious influenza A(H7N9) infections in age group 
i and area j, as following a Poisson distribution with 
mean Aij×pij×ri, where Aij is the population of persons 
in age group i (i=1 for 0–14 years, 2 for 15–24 years, 3 
for 25–34 years, 4 for 35–44 years, 5 for 45–54 years, 
6 for 55–64 years, 7 for ≥65 years) and area j (1 for 
Anhui-urban, 2 for Beijing-urban, 3 for Henan-rural, 4 
for Jiangsu-urban, 5 for Jiangsu-rural, 6 for Shanghai-
urban, 7 for Zhejiang-urban, 8 for Zhejiang-rural), pij 
represents the incidence rate of infection by age and 
area over the time period covered by our analysis, and 
ri represents the age-specific risk of serious illness if 
infected. For urban areas (δj=1) and rural areas (δj=0), 
we specified pij=δj×Ui×θj+(1-δj)×Vi×θj, where Ui and Vi 
represent the age-specific rates of exposure in urban 
and rural areas, respectively, while θj represents the 
area-specific risk of infection. In our main analysis, 
we modelled the risk of serious illness conditional on 
infection as ri taking value rold for age≥65 years and ryoung 
for age<65 years. We explored other parameterisations 
for ri such as ri=r7×exp(β×(i-7)) in sensitivity analyses.

We used a Bayesian inferential framework to fit the 
model to observed data on Xij, Aij and δj, incorporating 
Uij, and Vij as parameters with strong prior distribu-
tions from the survey data to retain uncertainty (as is 
standard in Bayesian evidence synthesis [8]), and rold 
as a parameter with a strong prior based on observed 
mild and serious influenza A(H7N9) cases. We esti-
mated θj and ryoung using independent uninformative 
uniform priors on the positive real line for each θj and 
on the (0,1) interval for ryoung. Models were fitted with 
the Hamiltonian Monte Carlo sampler NUTS [9] using 
the Stan modelling language in R version 3.0.0 (R 
Foundation for Statistical Computing, Vienna, Austria). 
Convergence of the simulations was assessed using 
the potential scale reduction statistic [10]. 

After fitting the models, posterior estimates of the 
model parameters were used to estimate qij,=Aij×pij 
as the total number of influenza A(H7N9) infections 
for each age group i and area j. This estimate can be 

Figure 1
Geographical location of officially announced serious cases of influenza A(H7N9) virus infection in mainland China, 31 
March–21 April 2013 (n=98)
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Figure 2
Age distribution of laboratory-confirmed human infections with avian influenza A(H5N1) in 2003–2013 (n=43) and 
A(H7N9) notified between 31 March 2013 through 21 April 2013 (n=102), mainland China
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table
Serious influenza A(H7N9) cases reported in six provinces of mainland China, and corresponding population 
denominators, 31 March–21 April 2013 (n=98)a

Province-type Age group (years)

0–14 15–24 25–34 35–44 45–54 55–64 ≥65

Number of serious influenza A(H7N9) cases

Anhui-urban 0 0 0 1 0 2 0

Beijing-urban 1 0 0 0 0 0 0

Henan-rural 0 0 1 1 0 0 1

Jiangsu-urban 0 1 3 1 3 4 6

Jiangsu-rural 0 0 1 0 1 0 2

Shanghai-urban 2 0 1 1 5 5 19

Zhejiang-urban 0 0 0 5 2 6 11

Zhejiang-rural 0 0 0 1 1 3 7

Population sizeb

Anhui-urban 1,617,392 2,299,994 1,965,849 2,512,466 1,671,583 1,135,834 979,469

Beijing-urban 1,311,411 2,968,261 3,513,686 2,657,513 2,278,771 1,485,603 1,347,970

Henan-rural 13,341,020 9,674,352 6,711,837 9,040,458 7,264,034 6,516,703 5,261,768

Jiangsu-urban 3,390,036 6,004,427 5,389,879 5,658,879 4,150,560 3,042,830 2,529,855

Jiangsu-rural 4,421,789 4,517,515 3,459,924 5,406,568 4,789,994 4,443,849 4,249,814

Shanghai-urban 1,483,687 2,821,598 3,660,496 2,797,231 2,809,896 2,267,794 1,800,140

Zhejiang-urban 2,449,320 4,004,494 4,044,383 4,062,503 2,768,791 1,707,271 1,349,532

Zhejiang-rural 2,888,769 2,448,074 2,676,907 3,835,297 3,477,935 2,840,965 2,708,735

a  The four mild cases among the total of 102 cases are not shown in this Table.
b  Population sizes obtained from the 2010 population census of the People’s Republic of China, published on the official website of National 

Bureau of Statistics of China [7].
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Figure 3
Comparison of age-specific cumulative incidence of serious illness associated with laboratory-confirmed influenza A(H7N9) 
virus infection, 31 March–21 April 2013, and age-specific poultry exposures, 2006 and 2007, China

Panels A and B show cumulative incidence and 95% confidence intervals of serious influenza A(H7N9) cases in (A) urban and (B) rural 
populations, based on 98 serious cases reported by 21 April 2013. Panels C to F show rates of exposures to retail and domestic poultry in 
(C) urban Shenzhen in 2007, (D) rural Xiuning in 2007, (E) urban Guangzhou in 2006, and (F) semi-rural Guangzhou in 2006. 
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regarded as a lower bound on the number of influ-
enza A(H7N9) infections because it relies on complete 
ascertainment of all serious influenza A(H7N9) cases, 
and complete ascertainment of all influenza A(H7N9) 
infections in people aged 65 years and older. We also 
estimated βage=rold/ryoung, the relative risk of serious ill-
ness conditional on infection in those aged 65 years 
and older compared with those  younger than 65 years.

Results
Between 31 March and 21 April 2013, 102 laboratory-
confirmed human influenza A(H7N9) cases were offi-
cially announced in six provinces of China. The affected 
areas were the cities and provinces around the city 
of Shanghai on the eastern coast of mainland China 
(Figure 1). 

The age distribution of influenza A(H7N9) cases was 
very different to the age distribution of the 43 influ-
enza A(H5N1) cases reported between 2003 and 2013 
in mainland China (Figure 2). In particular, 56% of the 
influenza A(H7N9) cases were persons aged 60 years 
or older, whereas the majority of influenza A(H5N1) 
cases were young adults aged 20 to 39 years. In the 
eight affected areas, there were a total of 98 serious 
influenza A(H7N9) cases in a total population of 206 
million persons (Table). The cumulative number of seri-
ous influenza A(H7N9) cases increased substantially 
with age particularly in urban locations (Figure 3).
We fitted the model described above to data on the 
incidence rates of serious influenza A(H7N9) cases 
in the six provinces, along with poultry exposures in 
urban and rural locations (Figure 2). In the age group 
of at least 65 years there were 46 serious and one mild 
infection, so we used a beta(47,2) distribution for the 
parameter rold. 

Based on the exposure data from Shenzhen and Xiuning 
to reflect exposures in affected urban and rural areas, 
we obtained the estimate βage=5.06 (95% credibility 
interval (CI): 2.99–8.15), corresponding to a 5.06-fold 
increase in the risk of serious illness for those aged 65 
years and older versus those younger than 65 years. 
The estimated values of pij and the observed values of 
Aij were then used to estimate that there have been at 
least 323 (95% CI: 214–475) total influenza A(H7N9) 
infections in the population, including those reported. 
When we used the exposure data from Guangzhou to 
reflect exposures in affected urban and rural areas, we 
estimated βage=5.95 (95% CI: 3.37–10.00), and an esti-
mated minimum number of 352 (95% CI: 225–541) total 
influenza A(H7N9) infections in adults (because we did 
not have exposure data for children in Guangzhou). 

In sensitivity analyses, results were similar using 
alternative simple parameterisations for the effect of 
age. For example when we used ri=r7×exp(β×(i-7)), we 
obtained an estimated 1.83-fold (95% CI: 1.56–2.18) 
increase in the risk of serious illness for every ten-year 
increase in age, and an estimate of at least 334 (95% 
CI: 239–461) total influenza A(H7N9) infections in the 

population. The small sample size did not allow us to 
examine more complex functional forms for ri. All anal-
yses reported above were based on data available until 
April 25; we repeated the analyses based on data avail-
able until May 6 and the relationship between age and 
seriousness of disease was essentially the same.

Discussion
Our results suggest that the seriousness of influ-
enza A(H7N9) infections increases with age. Previous 
reports also identified increases with older age in the 
seriousness of seasonal influenza [11] and H1N1pdm09 
[12,13], although this may partly be due to the role of 
secondary bacterial pneumonia, whereas many of the 
influenza A(H7N9) deaths have been associated with 
primary viral pneumonia [4]. However, the age distri-
bution of serious human infections with avian influ-
enza A(H5N1) is very different (Figure 1). The patterns 
of exposure to avian influenza A(H5N1) and A(H7N9) 
viruses by age may not be identical because of the high 
degree of pathogenicity of influenza A(H5N1) in poultry 
compared with the absence of disease in poultry with 
influenza A(H7N9) infections [4], at least before to the 
national influenza A(H5N1) vaccination programme in 
poultry was introduced in 2006–07. Exposures to sick 
or dead poultry would be more frequent in farms and 
backyards, compared to live poultry markets. In addi-
tion, healthcare seeking behaviours may also have 
changed over the past 10 years. There are various 
potential explanations for an increased risk of seri-
ous illness for influenza A(H5N1) infections in young 
adults compared to other ages, and these hypotheses 
deserve further investigation [14].

We estimated that a minimum of 210–550 influenza 
A(H7N9) infections have occurred by 21 April 2013, 
assuming that almost all influenza A(H7N9) infections 
are serious in the elderly and that all serious infections 
have been identified. This estimate is therefore a lower 
bound on the number of total influenza A(H7N9) infec-
tions, and for these two reasons the real figure may 
be substantially higher. There could be some under-
ascertainment of serious influenza A(H7N9) infections 
through failure to seek care or failure to be tested early 
enough in the course of disease to permit identifica-
tion of the influenza infection [5]. Our estimate is also 
dependent on the assumption that age-specific pat-
terns of exposure to retail and domestic poultry in 
affected areas of China in 2011 are similar to the pat-
terns measured in Guangzhou, Shenzhen and Xiuning 
in 2006 and 2007. We are not aware of data on age-
specific patterns in poultry exposures from eastern 
China other than our unpublished data from Xiuning, 
and future collection of such data from across China 
(and across South-east Asia) in urban and rural set-
tings would be extremely useful.

Our estimates are limited by the lack of data on expo-
sures in affected urban and rural areas. In particular, 
the higher risk for infection in males compared to 
females could be due to variation in sex-specific rates 
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of exposure by region [5]. Without data on such dif-
ferences, we did not include sex in our models. Most 
confirmed cases report exposure to live poultry [3] 
and this remains the most likely source of infection for 
the majority of influenza A(H7N9) cases. However, the 
exposure distributions used in our analysis may not 
fully capture the age-specific risk profile, if there are 
other sources of infection apart from retail and domes-
tic poultry. As of April 25, we are not aware of provinces 
in China with laboratory-confirmed A(H7N9) cases in 
poultry but not in humans. Finally, no published infor-
mation is available on population levels of immunity to 
influenza A(H7N9), although preliminary investigations 
suggest very low antibody levels against influenza 
A(H7N9) virus in all ages, and we assumed there was no 
heterogeneity in immunity by age. If older persons had 
some degree of immunity against influenza A(H7N9) 
through potential past exposures to avian influenza 
viruses, this would imply an even higher number of 
undetected infections in adults based on our method.

In conclusion, we estimated a lower bound for the 
number of influenza A(H7N9) infections based on the 
possible age distribution of exposures and varying 
seriousness of infection by age. More accurate esti-
mates of the risk of influenza A(H7N9) infection and the 
age-specific seriousness of infection could be provided 
by detailed seroepidemiological studies in affected 
areas [15].
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Between August and November 2012 a severe outbreak 
of gastroenteritis occurred on Réunion Island, affecting 
more than 50,000 cases, particularly young children. 
Virological analyses showed that the virus responsible 
for this epidemic was rotavirus. Genotyping of stool 
samples indicated circulation of rotavirus type G3P[8] 
but also G12P[8], highlighting the risk of global emer-
gence of this genotype in the coming years.

On Réunion Island, a French overseas administrated 
territory located in the south-western Indian Ocean, 
gastroenteritis outbreaks are usually observed dur-
ing the austral winter, between the months of August 
and November. While outbreaks of gastroenteritis had 
been of moderate severity on the island between 2008 
and 2011 [1], an intense epidemic occurred in 2012. 
Monitoring has been in place for several years, involv-
ing many professionals and coordinated by the Indian 
Ocean Regional Office (Cellule de l’InVS en region 
Océan Indien: Cire OI) of the French Institute for Public 
Health Surveillance. This system allowed to detect in 
mid-August 2012 an unusual increase in gastroenteri-
tis cases that exceeded seasonal averages, and to 
inform the public health authorities and the population 
in a reactive way. 

Population and healthcare 
system on Réunion Island
Réunion Island is located in the south-western Indian 
Ocean, at 5,900 miles from France and 500 miles from 
Madagascar, with a population of 830,000 inhabitants 
in 2012. The population is younger than in mainland 
France. In 2010, 41% of the population was younger 
than 25 years, and only 11% were older than 60 years. 
Medical facilities are similar to those in France, and 
there are more than 890 general practitioners and 
more than 80 pediatricians distributed throughout the 
island, as well as four hospitals and six emergency 
departments.

Surveillance system
Gastroenteritis surveillance on Réunion Island is based 
on different complementary systems: 

A syndromic surveillance system is based on all emer-
gency departments (ED) on the island (Organisation de 
la surveillance coordonnée des urgences (OSCOUR) net-
work). Data are collected daily directly from patients’ 
computerised medical files that are filled in during 
medical consultations at ED [1-3]. Among the collected 
variables, the diagnosis is categorised according the 
10th revision of the international Classification of 
Diseases (ICD-10)[4]. Several indicators are routinely 
monitored, including the number of ED visits for gas-
troenteritis (ICD-10 codes A08 and A09).

A network of sentinel general practitioners of Réunion 
Island reports every week the numbers of consulta-
tions for acute diarrhoea [1,5]. A case of acute diar-
rhoea is defined as a patient having more than three 
liquid stools per day during the past 15 days and moti-
vating consultation.

The national health insurance centre of Réunion Island 
(Caisse générale de sécurité sociale; CGSS) sends to 
the Cire OI every week the numbers of consultations 
made by general practitioners and paediatricians of 
the island. These consultation data, coupled with 
those from sentinel practitioners, allow to estimate by 
extrapolation the total weekly number of consultations 
for acute diarrhoea on the whole island [1,6,7].

Three sentinel hospital laboratories report to the Cire 
OI the monthly percentage of samples positive for 
rotavirus, adenovirus and norovirus to ensure virologi-
cal surveillance of viral gastroenteritis. In addition, a 
selection of rotavirus-positive samples was sent, as 
part of this outbreak investigation in 2012, by the labo-
ratories of the hospitals of Saint-Denis and Saint-Pierre 
to the National Reference Centre for Enteric Viruses in 
order to determine the G and P genotypes of rotavirus 
strains. Genotyping was performed by RT-PCR accord-
ing to the EuroRotaNet protocol [8-14] and confirmed 
by sequencing the partial VP7 and VP4 coding genes. 

A surveillance of deaths possibly related to gastroen-
teritis is achieved via monitoring of death certificates 
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received by the Health Agency of the Indian Ocean 
(Agence de Santé Océan Indien; ARS OI).

Each week, data from these different surveillance 
systems are collected, validated, analysed and inter-
preted. During outbreaks, a weekly epidemiological 
report is written, presenting the results of these analy-
ses and the appropriate recommendations. 

Outbreak description
In 2012, an increase in gastroenteritis cases on 
Réunion Island was detected in week 33 (week starting 
13 August) by the OSCOUR network (Figure 1). During 
that same week, the percentage of consultations for 
acute diarrhoea reported by sentinel practitioners was 
about 2.1%, exceeding the seasonal average of 1.6%. 
Analysis of the data by age showed that children five 
years-old and younger were most affected throughout 
the epidemic period (Figure 1). In fact, 73% of ED visits 
for gastroenteritis were observed among children of 
this age.
According to the two surveillance systems, the out-
break peak was reached in week 39 (last week of 
September). During that week, more than 230 ED visits 

for gastroenteritis were recorded, representing more 
than 7% of the total attendance. Among these 230, 187 
involved children aged five years and younger, repre-
senting 27% of the total attendance for this age group. 
Moreover, for the same week, the percentage of consul-
tations for acute diarrhoea identified by sentinel prac-
titioners was 6% and the total number of consultations 
for this pathology on the whole island was estimated 
to be nearly 8,000.

Over the entire outbreak period from week 35 to week 
44, nearly 1,600 ED visits for gastroenteritis were 
recorded, and it was estimated that more than 53,500 
general practitioner consultations for acute diarrhoea 
took place on the whole island. Among the ED visits 
for gastroenteritis, 74% were concerning children aged 
five years and younger; 56% of them were boys.

The virological surveillance rapidly revealed high rates 
of samples positive for rotavirus. Retrospective analy-
sis of weekly data showed an increase in this rate at the 
end of July, the rate exceeded more than 30% in week 
33 (week starting August 13). The peak was reached in 
week 36 (first week of September), with a value of 44% 

Figure 1
Weekly visits to emergency departments for gastroenteritis, Réunion Island, 2012 versus mean numbers in  
2010 and 2011 (n=3,732)

Sources: Institut de veille sanitaire (InVS) – Cellule de l’InVS en région (Cire) océan Indien / Organisation de la surveillance coordonnée des 
urgences (OSCOUR).
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(Figure 2). This rate was maintained at a level greater 
than 35% before declining gradually after week 41.

Percentages of samples positive for adenovirus and 
norovirus were lower (7% and 3%, respectively, from 
July to October), suggesting that the outbreak of gas-
troenteritis was mainly due to the circulation of rota-
virus on the island. In December, genotyping of 20 
rotavirus-positive samples, randomly selected, was 
carried out by the National Reference Centre for Enteric 
Viruses. Four of them were genotype G12P[8], one was 
a co-infection of genotypes G12, G1 and G3 associ-
ated with P[8], and the 15 others were G3P[8] strains. 
Phylogenetic analysis of the partial VP7 coding gene 
revealed that the G12 strains from the Réunion Island 
clustered in lineage III (Figure 3).

During the whole outbreak period, six death certifi-
cates mentioning gastroenteritis as one of the poten-
tial causes of death were identified. Three of them 
involved children younger than two years, and the 
other three affected individuals older than 70 years. 
One child and one elderly person died of dehydration, 
the other two children had underlying medical condi-
tions, and the other two elderly people were suffering 
from comorbidities such as diabetes and hypertension.

Discussion
The surveillance based on networks from different 
health providers on Réunion Island highlighted an out-
break of gastroenteritis of unusual intensity, which 
lasted about 10 weeks, extending from late August to 
early November 2012. This outbreak was characterised 
by intense circulation of rotavirus and a high propor-
tion of young cases, as well as by its severity, reflected 
in the occurrence of several deaths. This underlines the 
importance of not neglecting this risk when such epi-
demics occur.

This study reports for the first time the occurrence of 
the G and P genotypes of rotavirus strains on Réunion 
Island and revealed circulation of rotavirus genotype 
G12 at a significant level (5/20), although the high 
activity of rotavirus observed on the island does not 
seem to be the result of a high prevalence of  this 
emerging genotype only. The G12 strains from Réunion 
Island clustered in lineage III, as previously observed 
for G12 strains from other European countries and 
worldwide. According to the National Reference Centre 
for Enteric Viruses, G12 genotypes circulated with a 
low prevalence of 3.5% during the previous season 
in mainland France (data not shown), but their emer-
gence as the most prevalent rotavirus genotypes has 

Figure 2
Weekly percentage of samples positive for rotavirus, hospital laboratories Saint-Denis, Saint-Paul, Saint-Benoît,  
Réunion Island, week 27–44 2012 

Sources: Institut de veille sanitaire (InVS) – Cellule de l’InVS en région (Cire) Océan Indien / Laboratories of the hospitals of Saint-Denis, 
Saint-Paul, Saint-Benoît, Réunion Island.
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been recently demonstrated in several regions of the 
world such as Nepal [15], Spain (Basque Country) [16], 
Argentina (Tucuman, Catamarca and Rio Gallegos) [17] 
and Nigeria [18], and we can assume that this genotype 
could emerge globally in the coming years. The impact 
of the rotavirus G12 is not documented in these coun-
tries, except in the Spanish study, where it is claimed 
that the impact of the rotavirus G12 epidemic in the 
Basque Country was high, with the rate of hospitalisa-
tion similar to previous seasons in which rotavirus G1 
or G9 were dominant [16].

Efficacy trials of the two licensed rotavirus vaccines 
(Rotarix, GlaxoSmithKline and RotaTeq, Merck) focused 
on the rotavirus G genotypes most prevalent across the 
world, i.e. G1, G2, G3, G4 and G9, and data on their effi-
cacy against rotavirus G12 are very limited. In a recent 
study, Rotarix vaccine demonstrated efficacy against 
severe gastroenteritis caused by G12 rotavirus [19]. 
Nevertheless, it should be emphasised that knowledge 

about vaccine efficacy against the G12 genotype is lim-
ited and there is a need for further study. However, in 
our study conducted in Réunion Island, G12 genotype 
was associated with P[8]. Since the P[8] genotype 
is present in both licensed vaccines, these vaccines 
should be effective against these G12P[8] strains.
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Phylogenetic tree based on the partial amino acid sequences (280 aa) of the rotavirus G12 VP7 coding gene, gastroenteritis 
outbreak Réunion Island, 2012

Phylogeny was reconstructed using the maximum-likelihood method implemented in the PhyML programme with the Jones Taylor Thornton 
substitution model. Number of substitutions per site is indicated by the scale bar. Bootstrap values were calculated for 500 replicates and 
are indicated at each node when ≥60%. Strains from Réunion island are indicated with an asterisk. 
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Free-living wild birds worldwide act as reservoir for 
Chlamydia psittaci, but the risk of transmission to 
humans through contact with wild birds has not been 
widely documented. From 12 January to April 9 2013, a 
total of 25 cases of psittacosis were detected in south-
ern Sweden, about a threefold increase compared with 
the mean of the previous 10 years. A matched case–
control study investigating both domestic and wild 
bird exposure showed that cases were more likely 
than controls to have cleaned wild bird feeders or been 
exposed to wild bird droppings in other ways (OR: 
10.1; 95% CI: 2.1–47.9). We recommend precautionary 
measures such as wetting bird feeders before cleaning 
them, to reduce the risk of transmission of C. psittaci 
when in contact with bird droppings. Furthermore, C. 
psittaci should be considered for inclusion in labora-
tory diagnostic routines when analysing samples from 
patients with atypical pneumonia, since our findings 
suggest that psittacosis is underdiagnosed.

Introduction
From 12 January to 9 April 2013, 25 cases of psitta-
cosis were detected in southern Sweden. Only one 
case had been reported during the preceding months 
in 2012. Psittacosis has been a notifiable disease in 
Sweden since 1969. A mean of seven cases (SD: 3.3) 
per year have been reported in Sweden over the last 
10 years [1]. The cases were found in the counties of 
Skåne, Kronoberg, Kalmar and Östergötland, in the 
south of the country. Of the 25 cases, 23 were in Skåne 
and Kronoberg. In order to identify the source of the 
outbreak, county medical officers and the Swedish 
Institute for Communicable Disease Control (SMI) con-
ducted an outbreak investigation. 

Free-living wild birds worldwide act as reservoirs for 
Chlamydia psittaci. The bacterium mainly infects birds 
but can also be transmitted to mammals. In addition 

to humans, C. psittaci has also been found in cat-
tle, sheep  and rodents [2]  In humans, the disease is 
termed psittacosis or parrot disease, as it was first rec-
ognised in 1929, when about 800 cases of pneumonia 
were reported around Europe in an outbreak caused 
by exposure to C. psittaci-infected parrots imported 
from South America [3]. Although domestic birds are 
the most common source for infection in humans [4], 
wild bird species have also been shown to be a source 
of C. psittaci, leading to infection in humans, spanning 
from single cases to outbreaks. In the 1930s, fulmars 
(Fulmarus glacialis) that were probably infected with 
C. psittaci from dead parrots thrown overboard during 
transport from South America to Europe were hunted 
for food; this resulted in large psittacosis outbreaks 
in humans on the Faroe Islands and in Iceland [3]. In 
recent years, outbreaks of psittacosis in Australia have 
been linked to lawn mowing in gardens polluted by wild 
bird droppings [5,6]. However, the risk of transmission 
of C. psittaci through contact with wild birds has not 
been widely documented. 

The preferred name for the disease in birds is avian 
chlamydiosis, although the names ornithosis and psit-
tacosis are commonly used. The epizootiology in wild 
birds has not been studied extensively, but to date, C. 
psittaci has been detected in around 460 bird species 
within 30 orders [7]. Passerine birds (including species 
most frequently visiting bird feeders in gardens) have 
formerly not been considered to play an important role 
as major hosts, but there have been reports that, in 
the Passeriformes order, many species are carriers of 
the bacterium [8,9]. A wide prevalence variation is seen 
in studies of C. psittaci in wild birds [8,10,11] and can 
partly be explained by different diagnostic techniques 
and even methodological problems. Swedish studies 
based on DNA detection have found prevalence rates 
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between 1% and 3% in falcons, eagles [11], wetland 
birds [10] and passerines [8].

C. psittaci is excreted by infected birds in their fae-
ces and other body fluids, and the microorganism can 
remain infectious for several months outside the host 
[12,13]. Birds get infected through inhaling or ingesting 
the bacteria, and the infection may persist for months, 
although the birds may only excrete the bacteria inter-
mittently. Stress factors such as migration, crowding, 
weather changes and breeding can activate the excre-
tion. Overt disease is unusual in wild birds [13].

Humans become infected by inhaling the bacte-
ria through contact with contaminated bird secre-
tions, dried-out droppings or dust from feathers [12]. 
Human-to-human transmission has been suggested 
and thought to be rare [12,14], but it has not been 
extensively documented. The incubation period is one 
to four weeks, and clinical symptoms are compatible 
with influenza-like illness and include fever, rigors, 
sweats, headache, myalgia and mild cough [15,16]. 
Most infected people do not show any symptoms or 
only experience a mild influenza-like illness. However, 
some develop systemic illness with severe atypical 
pneumonia, which can be serious and sometimes fatal.  
The infection can be treated with antibiotics with intra-
cellular action.

Methods
The 23 cases in Skåne and Kronoberg were investigated 
further by the county medical officers. The investiga-
tion identified a cluster of eight cases (four probable 
and four confirmed), all linked to one index patient 
treated in a hospital and thus nosocomial human-to-
human transmission was suspected. Due to the rarity 
of this event, the human-to-human transmission clus-
ter will be described in a separate publication. 

A confirmed case was defined as a person with a clini-
cal diagnosis of psittacosis and laboratory confirma-
tion either by detection of C. psittaci in respiratory 
secretions by polymerase chain reaction (PCR) or by an 
antibody (IgG or IgM) titre of 256 or greater. 

A probable case was defined as a person with a clinical 
diagnosis of psittacosis with an IgG titre between 64 
and 256.

Case–control study
We conducted a case–control study among the 23 cases 
in Skåne and Kronoberg to investigate potential risks 
of contracting psittacosis that were associated with 
different bird exposures, in particular wild bird expo-
sures. All 23 cases (19 confirmed and 4 probable), with 
symptom onset between 31 December and 27 March 
and notified before 9 April, were invited to take part 
in the study. Eight cases (four probable and four con-
firmed) from the human-to-human transmission cluster 
were excluded. Consequently, 15 confirmed cases were 
included in the case–control study. 

Six controls per case were selected from the popula-
tion registry (Infotorg) and were matched to the cases 
by postal code, sex and age (± 5 years). Matching was 
performed partly to facilitate control selection but also 
to adjust for disparity in age and sex distribution of 
cases and differences in behaviour related to living in 
or outside urban areas. We asked cases and controls 
to fill out a web-based or paper questionnaire on the 
following: exposure to domestic and wild birds; history 
of visits to pet shops; exposure to rodents; and habits 
of outdoor activities. 

The exposure period for cases was defined as one to 
four weeks before symptom onset. For controls, the 
exposure period was defined as the calendar months 
corresponding to the calendar months of the matched 
case’s exposure period. 

A variable for exposure to wild birds (yes/no) was 
defined as either feeding wild birds or having other 
contact with wild birds that was not feeding. Other con-
tact included activities such as cleaning bird feeders 
or other areas covered with bird droppings and contact 
with dead birds. 

All exposures to domestic birds were grouped into one 
single variable. Domestic bird exposure included his-
tory of visiting a pet shop, contact with domestic birds 
at home or contact with domestic birds outside of the 
home. 

Contact with rodents was included as a question as  
C. psittaci has been identified in rodents. 

All statistical analyses consisted of conditional logistic 
regression from which odds ratios (OR) and 95 % CIs 
were obtained. We first performed univariate analysis 
to explore possible individual risk factors and obtain 
crude ORs. In the multivariable model, we included 
those exposures with a p value ≤0.2 in the univari-
ate analysis, as well as age and exposure to domestic 
birds. Age was included to control for residual con-
founding since the age difference between controls 
that were matched to the same case could be up to 10 
years. As exposure to domestic birds is known to be 
associated with psittacosis, it was included to correct 
for its potential effect on the other included associa-
tions. Statistical analysis was performed using Stata 
12.

Laboratory investigation
C. psittaci was identified in respiratory samples by 
amplification of an 84 base pair (bp) fragment of the 
outer membrane protein A gene (ompA) according to 
Heddema et al. [17]. The assay was run as a duplex 
real-time PCR including screening for Legionella spe-
cies and an internal amplification control. In order 
to determine the genotype of C. psittaci, all PCR-
positive samples were further investigated by ampli-
fication and sequence analysis of a 560 bp fragment 
of ompA covering variable domain I and II. IgG and 
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IgM antibodies specific to C. psittaci were shown by 
microimmunofluorescence.

Two bird dropping samples from a parrot and a hen, 
kept by two cases respectively, were analysed for  
C. psittaci using the MagAttract Viral RNA M48 extrac-
tion kit (Qiagen, Hilden, Germany) and real-time PCR 
detection of the 23S gene, as previously described [18]. 

No samples were collected from cases’ bird feeders.

Results
The cases’ symptoms started between 31 December 
2012 and 27 March 2013 (weeks 1–13) (Figure 1). The 
cases were found in the counties of Skåne (12 con-
firmed cases), Kronoberg (7 confirmed cases, 4 proba-
ble cases), Kalmar (1 confirmed case) and Östergötland 
(1 confirmed case) (Figure 2).Among the 23 cases in 
Skåne and Kronoberg, 16 were men. The median age 
was 66 years (range: 37–88) for men and 47 years 
(range: 34–72) for women. The majority of cases (n=21) 
had verified pneumonia. Two cases were diagnosed 
after recovery, thus no clinical verification was per-
formed. A total of 19 cases were hospitalised: one case 
had a fatal outcome. 

Case–control study results
All 15 sporadic cases and 51 of the 90 controls 
responded to the questionnaire (response rates of 
100% and 57%, respectively). 

The crude ORs for examined exposures and adjusted 
ORs for exposures included in the final model are pre-
sented in the Table. The univariate analysis identified 
that there was no statistically significant association 
between psittacosis and any type of exposure to wild 
birds (OR: 7.8; 95% CI: 1.0–64.0). When looking at more 
specific types of exposures to wild birds, a stronger 
association was identified between psittacosis and 

contact with wild birds other than feeding (OR: 10.1; 
95% CI: 2.1–47.9), whereas the association with feed-
ing wild birds was weaker and not statistically signifi-
cant (OR: 2.6; 95% CI: 0.6–11.0). Of the 15 cases, 10 had 
been exposed to wild birds in other ways than feeding. 

The final conditional logistic model included any con-
tact with domestic birds, feeding wild birds, contact 
with wild birds other than feeding and age. When 
adjusting for the other exposures in the model, contact 
with wild birds other than feeding was the only expo-
sure that remained statistically associated with psitta-
cosis (adjusted OR: 26.4; 95 % CI: 2.0–348.6). 

Laboratory findings
All 15 patient samples that were analysed by PCR 
were positive. Genotyping by sequence analysis of an 
approximately 500 bp fragment of the ompA gene was 
attempted for 12 samples and was successful in four. 
The obtained sequences were identical and clustered 
within genotype A. These patient samples originated 
from different parts of Skåne and Kronoberg. Eight 
cases were diagnosed using serology.

C. psittaci could not be detected in bird droppings from 
the parrot and the hen.

Control measures
Due to the increase in the number of psittacosis cases 
this winter in Sweden, county medical officers and the 
Swedish Institute for Communicable Disease Control 
(SMI) notified the public and healthcare services on 20 
March 2013 about potential risks associated with han-
dling bird feeders. The purpose was to increase aware-
ness about the illness and about preventive measures. 
On 22 March, the situation was summarised in a ProMED 
article [19], resulting in some international correspond-
ence,  (personal communication Ander Wallensten) but 
no reports of an increased number of human cases in 

Figure 1
Sporadic psittacosis cases in southern Sweden by week of symptom onset, reported between 12 January and 9 April 2013 
(weeks 1–13) (n=17)a 

a Cases from the human-to-human transmission cluster (n=8) are not shown. 
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Figure 2
 Distribution of psittacosis cases in southern Sweden, reported between 12 January and 9 April 2013 (n=17)a

a Cases from the human-to-human transmission cluster (n=8) are not shown. 
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other countries, apart from a ProMED report on 5 April 
describing a sixfold increase in psittacosis incidence 
over the past 10 years in Saint Petersburg, Russia, 
according to the Department of the Federal Service 
on Supervision of Protection of Consumer Rights and 
Human Well-Being in Saint Petersburg [20]. 

The Swedish National Veterinary Institute (SVA) did not 
receive any reports of increased mortality among wild 
birds during this winter [21]. 

To date, one additional case of psittacosis has been 
reported from Skåne, on 10 April. 

Discussion
It was apparent after the initial investigation of cases 
conducted by the county medical officers that the only 
bird exposure among most cases was exposure to wild 
birds, mainly by tending bird feeders in their gardens. 
The results of our study showed that cases were more 
likely than controls to have been cleaning bird feeders 
or exposed to bird droppings in other ways. However, 
assuming that wild bird feeding, handling of bird feed-
ers and exposure to droppings and dead birds have 
been relatively constant activities over the years, we 
still need an explanation as to why more people have 
been diagnosed with psittacosis this year. 

One explanation could be that weather conditions 
were unfavourable for wild birds this winter, which 
may have induced increased excretion of the bacteria 

in C. psittaci-carrying birds and thereby caused abnor-
mal contamination of bird feeders. This year’s national 
bird count at bird feeders noted a general decline in 
numbers for most species, indicating that many birds 
may have succumbed this winter [22]. The Swedish 
Meteorological and Hydrological Institute summa-
rised the winter as having been relatively usual, but 
it had prolonged periods of low temperatures and 
fast weather changes [23-25]. Feeding wild birds may 
enhance the risk of local epizootics as the birds con-
gregate in potentially contaminated feeders. 

There is no surveillance system in place for avian 
chlamydiosis in wild birds in Sweden although unusual 
findings of sick or dead birds are usually reported by 
the public to the Swedish National Veterinary Institute. 
There was no increase in the number of such reports 
this winter [21], but this does not rule out an increased 
infection prevalence or increased excretion in the wild 
bird population, as birds rarely become overtly ill. It 
may also be difficult to notice such an increase in sick 
and immobilised birds, as they become easy prey, e.g. 
for sparrow hawks, pygmy owls and cats. 

A second explanation could be that a C. psittaci strain 
more pathogenic or transmissible in humans circulated 
in the wild bird population this year. That there are dif-
ferences in the virulence of a strain for different hosts 
has been long known. In the Faroe Islands’ outbreak 
of the 1930s, the strain was found to be of low patho-
genicity to the fulmars, while it caused severe disease 

table
Potential risk factors associated with psittacosis among psittacosis cases (n=15) and matched controls (n=51) in southern 
Sweden, December 2012–March 2013

Potential risk factor
Exposed Crude Adjusted

Number of 
cases 

Number of 
controls ORa (95 % CI) P value ORa,b (95 % CI) P value

Agec – – 0.7 (0.4–1.2) 0.200 0.6 (0.4–1.2) 0.145

Any contact with domestic birds 4 7 2.2 (0.5–9.2) 0.296 7.0 (0.5–95.6) 0.147

     Visit to shop with caged birds 2 2 3.4 (0.5–24.5) 0.229 – –

     Contact with domestic birds at home 3 4 2.8 (0.5–14.8) 0.281 – –

Any contact with wild birds 12 25 7.8 (1.0–64.0) 0.054 – –

    Feeding wild birds 10 25 2.6 (0.6–11.0) 0.190 0.6 (0.1–4.9) 0.625

    Contact with wild birds other than feeding 10 10 10.1 (2.1–47.9) 0.004 26.4 (2.0–348.6) 0.013

Contact with rodents 6 14 2.1 (0.5–8.3) 0.313 – –

Outdoor activities 12 39 1.1 (0.2–4.8) 0.920 – –

CI: confidence interval; OR: odds ratio.

a  Missing values excluded.
b  Adjusted for all the other exposures in the model. Conditional logistic regression model included any contact with domestic birds, feeding 

wild birds, contact with wild birds other than feeding and age.
c  Age was included in the multivariable model to control for residual confounding since the age difference between controls that were 

matched to the same case could be up to 10 years.
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in the humans handling them [3]. Partial genotyping 
of ompA showed that four of the cases in this current 
outbreak were caused by C. psittaci ompA type A, sug-
gesting that they could have been infected from the 
same source. Further genotyping including complete 
sequence analysis of ompA combined with multi-locus 
sequence typing (MLST) [26] may provide insight into 
whether a common source explains the current out-
break. However, currently MLST requires access to 
isolates of C. psittaci, which is difficult to obtain in 
clinical routine diagnostics and requires expertise 
and equipment of biosafety level 3.  Type A of ompA 
– the type causing the majority of reported human 
psittacosis cases [27] – is primarily associated with 
psittacine birds, but has also been found in other bird 
species including tits [8], fulmars [28] and poultry [29]. 
Although C. psittaci genotyping has been predomi-
nantly determined by ompA analysis, recent investi-
gations show that type A strains with identical ompA 
genes can differ considerably in virulence and that the 
virulence is confined to a few single nucleotide poly-
morphisms [30]. To rule out the possibility of a more 
pathogenic strain occurring in this outbreak, further 
genome analysis is needed. 

The clinical picture of psittacosis may be similar to 
disease caused by other agents such as Mycoplasma 
pneumoniae, Chlamydia pneumoniae and Legionella 
species [31] as well as to that of respiratory illness 
caused by influenza, which was also circulating at the 
time [32]. However, a C. psittaci-positive PCR result in 
combination with relevant symptoms is, in our opinion, 
robust evidence that the infections were caused by  
C. psittaci, especially since the other agents were in 
most cases excluded by testing.    

One likely explanation as to why cases mainly occurred 
in two counties in southern Sweden is that different 
diagnostic routines are in place in the clinical labora-
tories. Since 2005, the laboratory that diagnosed most 
of the cases in this outbreak has routinely tested for 
C. psittaci when a sample from a patient with atypi-
cal pneumonia is submitted for Legionella analysis. 
This is not the case in most other Swedish laborato-
ries. Therefore it is likely that cases in other counties 
may have been missed. A partial review of four cases 
of atypical pneumonia in Kronoberg during this winter 
showed that two had not been tested for Legionella 
or C. psittaci, even though they tested negative for M. 
pneumoniae. Retesting of these undiagnosed cases 
revealed two additional suspected psittacosis cases, 
thus supporting the theory that cases may have been 
missed. This is an important observation, which indi-
cates that psittacosis is an under-diagnosed disease 
and should be considered more often in cases of 
atypical pneumonia. Apart from this explanation, it 
is difficult to understand why cases occurred only in 
southern Sweden. The bird species most often visiting 
bird feeders in gardens in the southern part of Sweden 
(e.g. great tit, tree Sparrow, blue tit, green finch, bull-
finch) [22] can be found in almost all parts of Sweden. 

These species are relatively short-lived and migrate 
only within short distances during winter, depending 
on access to food. 

Regardless of the small size of the study, a significant 
association between psittacosis and exposure to wild 
birds was shown. However, the risk may have been 
underestimated, as it could be assumed that controls 
who kept bird feeders in their gardens were more likely 
to have responded to the questionnaire, leading to a 
bias towards bird feeders among the controls. Almost 
half of the controls in this study had fed birds with 
bird feeders in their garden during December to March. 
Cases and controls often lived in small towns or in the 
country side, where bird feeding might be more fre-
quent than in cities.  Even if the population studied 
may not be representative of the Swedish population 
in general, this high proportion indicates that wild 
bird feeding is common in non-urban parts of southern 
Sweden. 

The risk for psittacosis when exposed to wild birds 
is difficult to assess. Large outbreaks with 20% mor-
tality were seen on the Faroe Islands in the 1930s 
[3], whereas contemporary studies found no cases 
of psittacosis among people exposed to birds with a 
high prevalence (10%) of infection [28]. Additionally, 
another study could not detect antibodies to C. psittaci 
among 65 bird ringers, a group with close exposure to 
a variety of birds, mainly passerines [8]. In general, the 
risk of human infection from contact with wild birds is 
likely to be low [33]. However, it can be expected to be 
higher if exposed to birds carrying C. psittaci that are 
suffering from stress or sickness leading to increased 
excretion of the bacteria. 

Public health implications
This study shows that there is an association between 
exposure to wild birds through handling wild bird feed-
ers and bird droppings during winter and psittacosis. 
Bird feeding alone, however, was not associated with 
disease. The actual risk is likely to vary geographi-
cally and over time due to epizootics in the wild bird 
population that may be aggravated by harsh weather 
conditions.

Wild bird feeding is a common and appreciated pas-
time in Sweden and should not be discouraged based 
on the results of this study. However, people feeding 
birds should be informed of the risk of handling bird 
droppings and how to minimise the risk, for example, 
by using safe practices when cleaning bird feeders 
and using bird feeders constructed to limit birds from 
defecating on the feeder. The Swedish Institute for 
Communicable Disease Control has previously recom-
mended wetting the areas covered with bird droppings 
before removing them, hand washing after contact with 
bird droppings and only cleaning bird feeders in well-
ventilated areas [34]. For people working in heavily 
contaminated and confined rooms or areas, respiratory 
air filters should be used. On the basis of the findings 
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from this current investigation, we support these 
recommendations.

Finally, an important recommendation from this study 
is that C. psittaci should be considered as a potential 
causative agent of atypical pneumonia. Inclusion of the 
pathogen in laboratory diagnostic routines when ana-
lysing samples from patients with atypical pneumonia 
is likely to identify more cases, and should therefore 
be considered.
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On 6 May 2013 the Robert Koch Institute (RKI) pub-
lished up-to-date information on the incidence of tick-
borne encephalitis (TBE) in Germany [1].

Every year data on the number of cases of TBE is 
reported in Germany. The data is broken down by 
‘Kreis’ or district, which is a defined geographic area. 
The total number of TBE cases reported in 2012 was 
195, down by 54% from 2011, when 424 cases were 
reported.  Annual case numbers in previous years since 
2001 fluctuated between a low of 239 and high of 546, 
with no clear trend. These fluctuations are most likely 
related to ecological factors influencing natural TBE 
foci as well as the risk of human-tick contact. 

In 2012, a total of 141 districts were defined as areas 
where a significantly increased incidence had been 
noted.  A district is defined as a TBE risk area if the 
number of TBE cases in  the district or district region 

(consisting of the district plus all adjoining districts) in 
any 5-year-interval since 2002 was significantly greater 
(p< 0.05 according to the poisson distribution) than 
the number of cases required to reach an incidence of 
1/100000 inhabitants.  The primary preventive meas-
ure is TBE vaccination.

The Standing Commission on Vaccination 
Recommendations (STIKO) at RKI recommends vaccina-
tion against TBE for (i) people who live or work in areas 
at risk of TBE and there are at risk of tick bites, and (ii) 
for people in endemic areas for other reasons if they 
are at risk of tick exposure.
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