Epidemiol. Infect. (2017), 145, 3096–3105. © Cambridge University Press 2017
doi:10.1017/S0950268817002060

REVIEW ARTICLE
Chlamydia psittaci (psittacosis) as a cause of community-acquired
pneumonia: a systematic review and meta-analysis

L. HOGERWERF 1 *, B. DE GIER 1 , B. BAAN 1 , 2

AND

W. VAN DER HOEK 1

1

National Institute for Public Health and the Environment, Centre for Infectious Disease Control, Antonie van
Leeuwenhoeklaan 9, 3721 MA Bilthoven, the Netherlands
2
VU University Amsterdam, Athena Institute, De Boelelaan 1105, 1081 HV Amsterdam, the Netherlands

Received 6 March 2017; Final revision 17 July 2017; Accepted 16 August 2017;
ﬁrst published online 26 September 2017
SUMMARY
Psittacosis is a zoonotic infectious disease caused by the transmission of the bacterium Chlamydia
psittaci from birds to humans. Infections in humans mainly present as community-acquired
pneumonia (CAP). However, most cases of CAP are treated without diagnostic testing, and the
importance of C. psittaci infection as a cause of CAP is therefore unclear. In this meta-analysis
of published CAP-aetiological studies, we estimate the proportion of CAP caused by C. psittaci
infection. The databases MEDLINE and Embase were systematically searched for relevant
studies published from 1986 onwards. Only studies that consisted of 100 patients or more were
included. In total, 57 studies were selected for the meta-analysis. C. psittaci was the causative
pathogen in 1·03% (95% CI 0·79–1·30) of all CAP cases from the included studies combined,
with a range between studies from 0 to 6·7%. For burden of disease estimates, it is a reasonable
assumption that 1% of incident cases of CAP are caused by psittacosis.
Key words: Aetiology, Chlamydia psittaci, community-acquired pneumonia, psittacosis.

I N T RO D U C T I O N
Psittacosis is an infectious disease caused by the bacterium Chlamydia psittaci. Human cases of infection
can occur via the inhalation of contaminated aerosols
originating from urine, faeces, or other excretions
from infected birds [1]. Infection with Chlamydia psittaci is mainly described in situations that entail close
contact with birds. This includes pet shops, veterinary
hospitals, and bird shows [2–4]. Furthermore, C. psittaci infections are reported in poultry, with human
cases linked to occupational exposure in the poultry
industry [5–7].
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Upon successful transmission to humans, C. psittaci
mainly presents as a non-speciﬁc ﬂu-like illness or
‘community-acquired
pneumonia’
(CAP)
[1].
However, the proportion of CAP cases caused by
C. psittaci is unclear. Diagnostic tests for C. psittaci
are rarely done when patients present with CAP [8].
This is in line with prevailing guidelines for general
practitioners and medical specialists in countries
such as the USA, the UK, and the Netherlands that
microbiological investigation is not necessary for
adequate treatment of uncomplicated pneumonia [8].
However, this implies that the individual patient
with C. psittaci pneumonia might not get the optimal
treatment. For example, the common presumptive
treatment for CAP in the Netherlands is amoxicillin,
which is not effective against C. psittaci. In addition,
from a public health point of view it is important to
trace the source of any human psittacosis case.
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Fig. 1. Selection of publications for the review and meta-analysis.

Linking to animal sources requires both human and
animal or environmental polymerase chain reaction
(PCR)-based diagnostics with ensuing genotyping of
isolates [9], as well as veterinary and epidemiological
investigation.
The present study was done in the context of an
integrated veterinary-human health project entitled
Plat4m-2Bt-psittacosis. Two of the aims of this project
are to reduce the diagnostic deﬁcit of psittacosis in
humans by implementing a harmonised respiratory
diagnostic PCR method in medical microbiological
laboratories, and to determine the disease burden
from psittacosis in humans. A psittacosis disease burden calculation requires information on the incidence
of psittacosis, which is currently not available. The
objective of the present review is therefore to assess
the contribution of C. psittaci in the aetiology of
CAP in order to obtain a best possible estimate of
the real incidence of psittacosis.

METHODS
The focus of this systematic review and meta-analysis
was on CAP-aetiological studies that included laboratory diagnostics for C. psittaci. We selected articles

from MEDLINE and Embase in March 2015. The
following key terms, and multiple synonyms hereof,
were used to build the search strategy: ‘psittacosis’,
‘Chlamydia psittaci’, ‘Chlamydophila psittaci’, ‘ornithosis’, ‘pneumonia’, ‘community-acquired pneumonia’,
‘incidence’, ‘causative pathogens’. During ﬁrst screening, studies included were those published from 1986
onwards. In studies before 1986, no distinction was
possible between infections caused by C. psittaci and
C. pneumoniae, which has a human-to-human transmission route [10]. A further prerequisite for inclusion
was that the research population comprised 100
patients or more. Another prerequisite was that the
study had to be written in English, Dutch, German,
or Spanish. Exclusion criteria during full text assessment for eligibility were a lack of a full text, not
being a CAP-aetiological study, no information on
C. psittaci, no speciﬁcation of the Chlamydia spp.,
and not presenting original data. Figure 1 shows the
search strategy according to PRISMA guidelines
[11]. The three additional publications were identiﬁed
through fellow researchers. Data were extracted about
the size of the study population that was tested for
C. psittaci, and about the number of C. psittaci detections, the diagnostic test used, the location, and year
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Table 1. Details of studies included in the review and meta-analysis

Year of study

Location

Test used

Study
population
(N)

1980–1981
1981–1982
1982–1983

Switzerland
Finland
Sweden

CF
IF
CF

1494
304
327

29 (1·9)
3 (1·0)
1 (0·3)

[13]
[14]
[15]

1982–1983
1982–1984
1983
1983–1984
1985–1986
1985–1988
1986–1987
1987
1987–1988
1987–1989
1987–1989
1987–1995
1989–1990

Britain
Sweden
Saudi Arabia
Spain
Spain
Spain
Finland
Sweden
Australia
Ethiopia
France
Spain
Japan

CF
CF
CF
CF
CF
CF
IF
IF
CF
CF
CF
CF
IF

453
180
112
405
510
168
136
277
267
103
132
416
139

13 (2·9)
6 (3·3)
2 (1·8)
14 (3·5)
1 (0·2)
1 (0·6)
3 (2·2)
3 (1·1)
7 (2·6)
4 (3·9)
1 (0·8)
1 (0·2)
0 (0)

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]

1990–1992

Australia

IF

280

0 (0)

[29]

1990–1993
1991
1991
1991–1992
1991–1994
1992
1992
1992
1992–1994

Nordic countries
Papua New Guinea
Saudi Arabia
Italy
Canada
Spain
Britain
Croatia
France

IF
CF
CF
CF
IF
IF
CF, ELISA
CF
IF

383
131
341
179
149
165
275
581
104

4 (1)
0 (0)
1 (0·3)
12 (6·7)
2 (1·3)
2 (1·2)
4 (1·5)
16 (2·8)
1 (1)

[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]

1994–1997
1995–1997
1995–2000

Japan
Spain
Réunion

CF
IF
IF

326
533
112

7 (2·1)
5 (0·9)
0 (0)

[39]
[40]
[41]

1995–2001
1995–2005
1996–1997

Spain
Spain
Spain

1474
1556
395

16 (1·1)
17 (1·1)
2 (0·5)

[42]
[43]
[44]

1996–1997
1996–1997
1996–1999
1997–1998
1997–2000
1999–2000
1999–2001
1999–2001
1999–2002
2000–2001

Slovenia
England
Spain
Argentina
Spain
Japan
Slovenia
Spain
Sweden
6 countries in Eastern
Europe
Spain
Korea
Japan
Spain

IF
IF
Serology not
speciﬁed
CF
PCR
IF
IF
IF
IF
IF
IF
IF
IF

211
244
221
346
247
232
109
493
235
180

2 (0·9)
1 (0·4)
4 (1·8)
1 (0·3)
3 (1·2)
5 (2·2)
1 (0·9)
9 (1·8)
3 (1·3)
3 (1·7)

[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]

CF
IF
CF
Serology not
speciﬁed

911
126
349
204

4 (0·4)
0 (0)
1 (0·3)
1 (0·5)

[55]
[56]
[57]
[58]

2000–2004
2001–2002
2001–2004
2002

n (%)
C. psittaci
infections

Reference Comments

Only children <15
years

Only children <15
years
Only children <5
years

Only children <13
years

Only patients in
intensive care
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Table 1 (cont.)
Study
population
(N)

n (%)
C. psittaci
infections

Reference Comments

Year of study

Location

Test used

2002–2011

Japan

1032

15 (1·5)

[59]

2003–2005
2004–2006
2005–2009

Chile
Australia
Pan-European

Serology not
speciﬁed
IF
IF, ELISA
Not speciﬁed

176
885
1166

0 (0)
2 (0·2)
10 (0·9)

[60]
[61]
[62]

2005–2011
2006

Japan
Turkey

Culture, IF
IF

786
100

5 (0·6)
1 (1)

[63]
[64]

2006–2007
2007–2010
2007–2010

Spain
Netherlands
Netherlands

663
147
339

2 (0·3)
7 (4·8)
3 (0·9)

[65]
[66]
[67]

2008–2009
2011–2012

Netherlands
Germany

IF
PCR, CF, IF
Serology not
speciﬁed
PCR, CF
PCR

408
780

7 (1·7)
17 (2·2)

[68]
[69]

Only patients in
intensive care
Only children <12
years

CF, complement ﬁxation test; ELISA, enzyme-linked immunosorbent assay; IF, immunoﬂuorescence test; PCR, polymerase
chain reaction.

of study. To estimate the overall proportion of CAP
caused by C. psittaci infections, random-effects
meta-analysis for proportions was performed using
‘metaprop_one’ package in Stata version 13, with
Freeman–Tukey transformation to stabilise variances,
weighting by study size, stratiﬁed by type of laboratory diagnosis [12].

R E SU LTS
The literature search yielded 147 studies that seemed
eligible for full-text review (Fig. 1). During full text
review, a total of 90 articles was excluded because
the full text could not be found (n = 10) or provided
no information on C. psittaci (n = 49), or was not a
CAP-aetiological study (n = 5) or provided no original
data (n = 10) or the Chlamydia spp. was not speciﬁed
(n = 16). This resulted in the inclusion of 57 relevant
studies, with a proportion of CAP caused by C. psittaci, ranging from 0 to 6·7% (Table 1). Based on the
meta-analysis, C. psittaci was the causative pathogen
in 1·03% (95% CI 0·79–1·30) of all cases with CAP
that were tested for C. psittaci infection in these 57
studies (Fig. 2).
There are clear changes over time in diagnostic
methods used, and in proportion of CAP reported to
be caused by C. psittaci. The older studies, including
those that were done before 1986, but published
from 1986 onwards, were mostly based on complement ﬁxation tests (CF) and reported the highest

proportions, with the largest variability between studies (Figs 2 and 3). CF was used in 23 of the included
studies but seems to have been replaced by (micro)
immunoﬂuorescence (MIF/IF) as the serological test
of choice in more recent CAP-aetiological studies.
PCR was used in only four of the later studies.
Based on PCR results reported in these four studies
only, the reported incidence of C. psittaci in CAP is
1·8%. For this PCR-based estimate, only PCR outcomes of the studies were used and CF or IF outcomes
that were reported in two of these four studies (classiﬁed as ‘mixed or other’ in Figs 2 and 3) were
ignored.

D I S C US S I O N
This review shows that approximately 1% of annual
CAP is caused by C. psittaci infection. The estimated
proportion of C. psittaci in CAP was remarkably uniform across the wide variety of studies included in this
review and meta-analysis. The group of studies using
CF formed an exception, with high variability in the
reported proportions, and generally higher proportions
of positives. This may be explained by cross-reactivity,
for instance with C. pneumoniae. Also, some of the
included studies were restricted to certain age groups
(e.g. children) or patient groups (e.g. intensive care
patients), making pooling of the data problematic.
Therefore, we repeated the meta-analysis with tighter
inclusion criteria, excluding all studies that used only
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Fig. 2. Forest plot of meta-analysis of the proportion of CAP caused by Chlamydia psittaci infections, stratiﬁed by type of
laboratory diagnosis.

CF (n = 20), all studies in children or intensive care
patients (n = 7, of which 1 with CF), and all studies
with an onset before 1986 (1 used IF, the others
used CF). In this meta-analysis with tighter
inclusion criteria, the estimated overall proportion
remained approximately 1% (presented in online

Supplementary Fig. S1). Another limitation of the
present review and meta-analysis is that atypical causative agents in CAP including C. psittaci have been
shown to be associated with the non-respiratory season
(i.e. late spring, summer, and early autumn in Europe),
age <60 years, and male gender [70], and contact with
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Fig. 3. Proportion of CAP caused by Chlamydia psittaci in different studies over time and by type of laboratory diagnosis
(top panel), and contribution of each type of laboratory diagnosis to the total over time (bottom panel). In the top panel,
each symbol represents a study and the according percentage of CAP patients in which C. psittaci was found. The varying
colours indicate the diagnostic methods that were used. CF, complement ﬁxation test; IF, immunoﬂuorescence test;
‘unsp.’, unspeciﬁed; PCR, polymerase chain reaction. In the bottom panel, the ﬁlled colours represent the contribution of
each type of laboratory diagnosis to the total over time, expressed in percentages. ‘Year of study’ represents the year in
which the gathering of data commenced. Although studies published before 1986 were not included, the period in which
patient data had been gathered usually differed from the year of publication.

birds. Unfortunately, there was insufﬁcient information
for season-, age-, and gender-speciﬁc estimates. The
risk of exposure to C. psittaci is likely to differ across
geographical areas. Included studies originated from

multiple countries, mostly in Europe, and particularly
Spain (n = 15). Nevertheless, the heterogeneity across
studies was remarkably low, and the estimate of
approximately 1% of CAP being caused by C. psittaci
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was remarkably robust, given the large variation
between the studies regarding geographical location,
season, diagnostic tests, study population, and the varying (and often not reported) case deﬁnitions for CAP
and C. psittaci infection.
CAP is a very common condition in all countries of
the world. For example, in the Netherlands during the
years 2008–2011, the mean annual number of CAP
episodes treated in hospitals was 48 843 [71]. Based
on the present review one would expect an annual
number of 503 hospitalised CAP patients with psittacosis. If based on the four studies using PCR only, of
which three originate from the Netherlands, one
would expect an annual number of 879 hospitalised
CAP patients with psittacosis. The national infectious
diseases surveillance system showed only 93 notiﬁed
psittacosis patients on average per year over the period 2008–2011, including non-hospitalised cases. The
estimation based on the present review therefore
entails an incidence of psittacosis that is at least ﬁve
times higher than the reported ﬁgure in the
Netherlands.
In many countries, including the Netherlands, most
CAP patients are managed in primary care [72].
However, the CAP-aetiological studies included in
the current review were almost entirely done among
hospitalised patients. The importance of psittacosis
among pneumonia patients in primary care therefore
remains elusive, as the proportion of C. psittaci may
be different from hospitalised pneumonia patients
[33]. Furthermore, although CAP is likely to be the
most important clinical presentation of an infection
with C. psittaci, it is not the only one [1, 73]. Other
clinical presentations are also possible upon infection
with C. psittaci, including severe presentations such
as sepsis [4]. Follow-up studies on the burden of psittacosis, that may use the results of our meta-analysis,
would need to take into account other clinical presentations as well.
More frequent testing of CAP patients is
recommended to reduce the diagnostic deﬁcit and
under-ascertainment. The trend over time in which
serological methods are replaced by PCR-based
methods is important from a public health point of
view as PCR during the acute episode is a very speciﬁc
method, although less sensitive if the diagnosis is only
considered later in the disease episode. Positive samples could be genotyped and matched with animal
and environmental samples. Currently, all medical
microbiology laboratories in the Netherlands are
encouraged to implement PCR-based diagnostics for

psittacosis and to send isolates to one laboratory for
genotyping [9]. In time, the increased availability of
PCR-based methods and the increased costeffectiveness of the use of these methods in CAP, particularly in the non-respiratory season, could reduce
the diagnostic deﬁcit of CAP, provide better data on
the burden of disease from psittacosis, and allow for
efﬁcient source detection.
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