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ABSTRACT
Aims: To investigate the genotypes of Chlamydia psittaci in birds associated with two clusters
of disease from a zoological collection in New Zealand.
Materials and methods: Samples were collected over two time periods from birds resident at
Auckland Zoo (Auckland, NZ). In 2016, two little penguins/korora (Eudyptula minor) showed
respiratory disease on admission to the zoo hospital. Post-mortem samples of liver and lung
were collected from the penguins and from 10 other birds from the zoo’s collection that
died without clinical signs. Further, 128 conjunctival, choanal and cloacal swabs were
collected from 27 different bird species, all housed within the zoo and without clinical signs.
In 2019, a cluster of deaths of four diamond doves (Geopelia cuneata) and two superb
parrots (Polytelis swainsonii) occurred in one mixed-species aviary. Twenty post-mortem
samples were collected from these birds and other birds that died around the same time
across the zoo. DNA was extracted from all samples and initially tested for C. psittaci using a
high-resolution melting quantitative PCR (HRM gPCR) protocol. We applied multi-locus
sequence typing (MLST) on 10 C. psittaci-positive samples from four different avian species,
including one sample from 2016 (little penguin) and nine post-mortem samples from 2019.
Results: C. psittaci was detected in 14/140 (0.10; 95% Cl=0.061-0.161) of the samples from
2016 from seven species. A penguin sample was sequenced aligning with ompA genotype B
and was later characterised by MLST as C. psittaci strain ST27. With the exception of the
sample from the sick penguin, the positive results yielded very low DNA copy numbers in
the HRM gPCR, potentially indicating latent infections. In the 2019 cluster, C. psittaci was
detected in 9/20 post-mortem samples from three bird species (diamond dove, superb
parrot, and zebra finch (Taeniopygia guttata)). All nine sample sequences aligned with ompA
genotype B and were characterised by MLST as C. psittaci strain ST27.
Conclusions and clinical relevance: C. psittaci was present within the zoological collection in
a variety of bird species associated with two disease clusters. Most of these infections were
asymptomatic, but a cluster of deaths due to avian chlamydiosis in 2019 affecting three
species of birds was due to a single genotype, ST27, that was also present in a wild penguin
in 2016. This provides evidence of pathogenicity in birds for this genotype.
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Introduction (Harkinezhad et al. 2009). Globally, the prevalence of
avian chlamydial infections (including, in addition to
C. psittaci: C. gallinacea,
C. abortus) has been estimated at approximately 20%
in all birds since 2012 (Sukon et al. 2021).

First identified in New Zealand in 1953, C. psittaci

was believed to have been imported into the country

Chlamydia psittaci is an obligate intracellular bacterial
species within the family Chlamydiaceae. This globally
widespread pathogen with proven zoonotic potential

C. avium and avian

infects, and may cause disease in, a wide range of
mammalian hosts, including humans, and in birds is

the causal organism for the avian disease chlamydiosis
(Borel et al. 2018; Stokes et al. 2021). In birds, clinical
signs of C. psittaci infection can include upper respirat-

in parrots, subsequently causing an outbreak of
disease in the keepers who cared for them (Fastier
and Austin 1954). Since then, the organism has been

ory tract infection, severe pneumonia and air-sacculitis,
and septicaemia

reported in New Zealand in non-native psittacine

with hepatitis and splenitis species (McCausland et al. 1972; Gartrell et al. 2013),
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feral pigeons (Motha et al. 1995) and as the cause
of a mortality cluster in wild Malay spotted doves
(Streptopelia chinensis; Rawdon et al. 2009). Asympto-
matic infections have been reported in native New
Zealand birds including hihi (Notiomystis cincta;
Gartrell et al. 2013), and kea (Nestor notabilis) that
were exported from New Zealand to an overseas zoo
(Johnson et al. 1984). Most recently, a surveillance
study in waterfowl showed that 24% of wild mallards
(Anas platyrhynchos) were positive for C. psittaci by
PCR and these birds likely represent a significant wild
reservoir of the organism throughout New Zealand
(Soon et al. 2021).

The genotypes of C. psittaci described, based on the
analysis of the major outer membrane protein A
(ompA) gene, are A, B, C, D, E, F, E/B, WC, M56, 1V,
6N, Mat116, R54, YP84, and CPX0308. Genotypes A -
F and E/B are linked to avian hosts (van Lent et al.
2012) with the following host predilection: genotypes
A (psittacine), B (pigeon), C (duck and turkey), D
(turkey), E (pigeons and ducks), F (psittacine), and E/B
(duck) (Read et al. 2013; Knittler and Sachse 2015).
These host predilections are not exclusive and there
is variation in host-genotype interactions beyond
these broad groupings. The severity of infection
mainly depends on the genotype of the strain and
the host, making predictions of pathogenicity
difficult. Globally, genotype A is the most common
genotype and is considered highly virulent to birds
(Wang et al. 2018). A recent analysis of C. psittaci infec-
tions in native and non-native birds in New Zealand
identified genotypes A and C (Gedye et al. 2018).

A multi-locus sequence typing (MLST) approach for
initial molecular characterisation of strains was devel-
oped for Chlamydiales and is now the preferred meth-
odology for molecular characterisation of strains,
barcoding them as sequence types (ST) (Pannekoek
et al. 2008, 2010). In addition to ompA genotyping
and whole genome sequencing (WGS), Chlamydiales
MLST is a useful tool for molecular characterisation of
strains due to its high congruence with WGS phylo-
geny (Mattmann et al. 2019; Anstey et al. 2021; White
et al. 2022). Using the MLST database, C. psittaci
strains can be classified and tracked in outbreaks, sub-
sequently inferring host associations. In Australia, cases
of C. psittaci causing equine placentitis with further
zoonotic spillover were attributed to the clonal and
dominant ST24 strains, originating from parrots (Jeloc-
nik et al. 2017; Anstey et al. 2021) and an ST24 strain
was found to be infecting fulmars (Fulmarus glacialis)
in the Faroe Islands where an epidemic of psittacosis
connected to hunting and consuming fulmars
occurred in the 1930s (Wang et al. 2020).

The zoonotic nature of C. psittaci infections poses
special challenges where there is close contact
between birds and humans, such as for pet owners,
bird breeders, and in zoological collections for zoo

staff and visitors. This is of relevance in zoos that
house collections of birds in walk-through aviaries,
where visitors may potentially be directly exposed to
infected birds (Chaber et al. 2021; De Meyst et al.
2022). In most countries, psittacosis in birds is a notifi-
able disease and zoos thus have protocols in place to
manage this risk using frequent surveillance testing
of birds and maintaining high levels of biosecurity
(Balsamo et al. 2017).

Recently, advances in the specificity and sensitivity
of PCR diagnostics have increased detection rates in
captive and wild birds, which possibly reflects the
identification of latently infected birds that are inter-
mittently shedding organisms at low levels but do
not display any clinical signs (Stokes et al. 2021). The
risk of C. psittaci transmission to other birds, and zoo-
notic spill over to humans from latently infected
birds, is currently unknown, as the risk of birds shed-
ding low levels of organisms is unclear. At present,
the advice is to isolate and treat all C. psittaci-positive
birds regardless of whether they are asymptomatic or
diseased (Balsamo et al. 2017). Similarly, the zoonotic
and pathogenic potential of different C. psittaci geno-
types is only generally understood, and therefore treat-
ment and isolation has still been advised regardless of
the genotype identified. A more nuanced understand-
ing of C. psittaci infections in birds will aid in managing
this organism in a more targeted way to prevent out-
breaks and zoonotic transmission in captive collec-
tions. At the same time, treatment and quarantine
protocols can be tailored so that unnecessary long
and often stressful antibiotic treatments can possibly
be avoided. The aim of this study was to investigate
the genotypes of Chlamydia psittaci in birds associated
with two clusters of disease from a curated zoological
collection.

Materials and methods
Samples used in this study

The study site for this project was the New Zealand
Centre for Conservation Medicine at Auckland Zoo
(Auckland, NZ). Birds cared for at the zoo and wild
species brought in for veterinary care were considered
the target population, which included both non-native
and native species.

In 2016, two wild little penguins/korora (Eudyptula
minor) that had resided for an extended time at a
bird rescue centre were admitted for assessment of
suspected respiratory disease and shortly after were
euthanised due to the severity of disease. These pen-
guins were diagnosed with avian chlamydiosis using
ante-mortem swabs and later post-mortem tissues.
Post-mortem samples of lung and liver were collected
from the little penguins and from 10 other birds
from the collection at Auckland Zoo: budgerigars
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Table 1. Bird species at Auckland Zoo (Auckland, NZ) from which samples were collected from May to December 2016 and tested
for Chlamydia psittaci by high resolution melting quantitative PCR (HRM qPCR) showing the number positive and genome copy

number for C. psittaci.

Species sampled?

Number sampled

Number C. psittaci-positive ~ Copy number (ompA gene/pl DNA)®

Antipodes parakeet (Cyanoramphus unicolor) 1
Bellbird/korimako (Anthornis melanura) 2
Brown kiwi (Apteryx mantelli) 2
Brown teal/pateke (Anas chlorotis) 17
Budgerigar (Melopsittacus undulatus) 8
Cockatiel (Nymphicus hollandicus) 10
Crested pigeon (Ocyphaps lophotes) 5
Diamond dove (Geopelia cuneata) 7
Eclectus parrot (Eclectus roratus) 1
Grey teal/tété-moroiti (Anas gracilis) 6
King parrot (Alisterus scapularis) 2
Kookaburra (Dacelo novaeguineae) 1
Little penguin/korora (Eudyptula minor) 2
Masked lovebird (Agapornis personata) 22
Musk lorikeet (Glossopsitta concinna) 4
Orange fronted parakeet/kakariki (Cyanorhamphus malherbi) 5
Paradise duck/pitangitangi (Tadorna variegata) 2
Rainbow lorikeet (Trichoglossus moluccanus) 1
Red-tailed black cockatoo (Calyptorhynchus banksii) 2
Saddleback/tieke (Philesturnus carunculatus) 4
Scaup/papango (Aythya novaeseelandiae) 2
Shoveler (Anas clypeata) 4
Stilt (Himantopus spp.) 3
Sun conure (Aratinga solstitialis) 2
Takahé (Porphyrio hochstetteri) 6
Turquoise parrot (Neophema pulchella) 19
Blue duck/whio (Hymenolaimus malacorhynchos) 2
Sample type

Ante-mortem samples 128

Post-mortem samples 12
Total 140

2 < 4-97
3 <4-9
2 5-14
1 <4
2° 1767
3 <4

1 <4
9

4

13

All samples were ante-mortem combined swabs of the conjunctiva, choana slit and cloaca except for two little penguins (wild birds that died in quar-
antine with clinical signs of avian chlamydiosis) and one turquoise parrot and one budgerigar (aviary birds that were found dead without clinical signs)

for which post-mortem samples of liver and lung were taken.
PAs calculated from the HRM qPCR standard curve.

“Only sample from 2016 with sufficient DNA for multi-locus sequence typing.

(Melopsittacus undulatus) and turquoise parrots (Neo-
phema pulchella) that died without clinical signs
(Table 1).

Further samples were collected ante-mortem from
128 non-native and native zoo birds (Table 1). The
samples were taken from asymptomatic birds housed
either in the zoo’s aviaries or in its quarantine area.
Sample collection was carried out from May to Decem-
ber 2016 by trained bird keepers and veterinary staff
during handling for scheduled health checks or reloca-
tion within the zoo. A combined sample from the con-
junctiva, choanal slit and cloaca C-C-C) of each bird was
taken using sterile plain dry cotton tipped swabs. This
live bird sampling was conducted under Massey Uni-
versity animal ethics permit 19_26.

In 2019, a cluster of avian chlamydiosis occurred in
one aviary housing multiple bird species at Auckland
Zoo. In this aviary, a total of six birds died (four
diamond doves (Geopelia cuneata) and two superb
parrots (Polytelis swainsonii)), and another six asympto-
matic birds from four species (crested pigeons (Ocy-
phaps lophotes), Gouldian finches (Erythrura gouldiae),
turquoise parrots, cockatiels (Nymphicus hollandicus))
were confirmed with C. psittaci infection by PCR
testing and are not further included in the molecular
analysis presented in this paper. All in-contact birds

with no clinical signs were moved and treated for
avian chlamydiosis with 100 mg/kg doxycycline for 45
days without mortality. The three formulations of doxy-
cycline that were used included a compounded formu-
lation (Optimus, Auckland, NZ) given SC as an initial
treatment in some but not all birds; oral doxycycline
(Doxyvet; Vetafarm, Wagga Wagga, Australia) given in
water or nectar, and for some parrots, oral doxycycline
(Vibravet, Zoetis, Auckland NZ) was given in peanut
butter. In a separate aviary, five zebra finches (Taeniopy-
gia guttata) died without pathological signs of avian
chlamydiosis but tested positive by PCR.

From the birds that died as part of the disease cluster
(four diamond doves, two superb parrots, five zebra
finches), positive tissue samples (lungs and/or livers)
were later sent to Massey for MLST testing (Table 2).
Tissue samples were also collected during post-
mortem and stored at —20°C, as per usual zoo protocol,
from nine birds (two little penguins, two kaka (Nestor
meridionalis), four orange-fronted parakeets/kakariki
(Cyanoramphus malherbi), and a North Island saddle-
back/tieke (Philesturnus rufusater)) that died in the
months preceding or in the 1 month following the
April 2019 outbreak (Table 2). Samples were selected
to represent a wide range of species, housed over
different areas of the zoo, and for which gross post-
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Table 2. Species of birds sampled® post-mortem from
Auckland Zoo (Auckland, NZ) in 2019, and tested for the
presence of Chlamydia psittaci by high resolution melting
quantitative PCR.

C. psittaci-
positive
Species Yes No
Diamond dove (Geopelia cuneata)® 4 0
Superb parrot (Polytelis swainsonii)® 2 0
Zebra finch (Taeniopygia guttata) 3 2
Little penguin/ korora (Eudyptula minor) 0 2
North Island kaka (Nestor meridionalis) 0 2
Orange-fronted parakeet/ kakariki (Cyanoramphus 0 4
malherbi)

Saddleback/tieke (Philesturnus rufusater) 0 1

ALiver and/or lung

bBirds present in the mixed species aviary affected by the avian chlamy-
diosis mortality cluster. All other birds were from different aviaries
within the zoo and had died in the months preceding or in the 1
month following the April outbreak.

mortemand histology had beeninconclusive orrespirat-
ory disease was seen.

DNA extraction and C. psittaci gPCR testing

Genomic DNA was extracted from the 140 C-C-C swabs
using a Chelex 100 (Bio-Rad, Auckland, NZ) extraction
protocol, with minor modification (Martin-Galvez et al.
2011). The extracted DNA was stored at —20°C until
used for PCR analysis. DNA was extracted from the
lung and liver tissue using the DNeasy Blood and
Tissue kit (QIAGEN, Hilden, Germany), following the
manufacturer’s protocol and was quantified using Nano-
Drop 2000 (ThermoFisher Scientific, Waltham, MA, USA).

To determine if the samples were positive for
C. psittaci, a high-resolution melting (HRM) gPCR
assay targeting a 418-bp fragment of the variable
domain 1 of the C. psittaci ompA gene was performed
as described previously (Soon et al. 2021). C. psittaci-
positive samples (run in duplicate) were defined as
those for which the amplification produced a cycle
threshold (Cq) value < 35 but also generated an HRM
melt curve within the expected range of dissociation
temperatures (ompA genotype A: 86.86 +0.5°C; and
ompA genotype C: 85.31 = 0.5°C) (Soon et al. 2021). A
standard curve was generated by testing serial 10-
fold dilutions (2.3 x 108-2.3 x 10" copies/pL) of the pre-
viously cloned 418-bp fragments of the ompA gene
(genotypes A and Q) in triplicate. This was used to
determine the C. psittaci genome copy number per
pL DNA in the samples.

C. psittaci genotyping

ompA genotyping

To confirm the C. psittaci genotype, the 418-bp frag-
ment of the variable domain 1 region of the ompA
gene was sequenced from 12 samples (from 2016 or

2019) that had Cq values < 28 or a copy number > 100
(Table 2). Endpoint PCR for ompA (Jelocnik et al. 2019)
using the same primers as used for the HRM gPCR analy-
sis was performed as follows for all reactions: 1 x HOT
FIREPol Blend Master Mix (10 mM MgCly Solis
BioDyne, Tartu, Estonia), 200 nM of each primer and
50 ng of a template made to a total volume of 20 L
with nuclease-free water. Thermal cycling was per-
formed in a Master Cycler Nexus X2 (Eppendorf;
Hamburg, Germany) with the following times and temp-
eratures: 15 minutes at 95°C, followed by 40 cycles of
95°C for 30 seconds, 50°C, 55°C or 60°C (dependent
on primer) for 30 seconds, 72°C for 60 seconds, followed
by a final extension at 72°C for 7 minutes. PCR products
were separated by gel electrophoresis. PCR amplicons
were excised from the gel and eluted overnight at 4°C
in elution buffer (10 mM Tris, pH 8.0) and sent for bi-
directional Sanger sequencing to Massey Genome
Service (Massey University, Palmerston North, NZ).
Upon sequencing, ompA chromatograms were aligned
using Geneious (v10.1.3; Kearse et al. 2012), and the
newly generated ompA sequences were subjected to
BLASTn analysis to determine sequence similarity to
known C. psittaci ompA genotypes.

Multilocus sequence typing

Chlamydia psittaci MLST was applied to 10 samples
from four bird species (2016: little penguin; 2019:
diamond dove, superb parrot, zebra finch). End-
point PCR for C. psittaci MLST genes was performed
using primers described in Jelocnik et al. (2019).
Briefly, PCR reactions were performed as above for
ompA fragments, also followed by sequencing at
Massey Genome Service. All chromatograms for
each allele were manually trimmed and aligned to
the corresponding reference allele using pairwise
alignment with Geneious v10.1.3. The MLST alleles
were then concatenated, and ST was determined
against the Chlamydiales database using PubMLST/
Chlamydiales." The 3,098 bp alignment of the 44
concatenated C. psittaci MLST sequences were gener-
ated using Clustal Omega 1.2.2 as implemented in
Geneious Prime 2021.1.1 (Biomatters, Auckland, NZ).
The mid-point rooted Bayesian tree was constructed
using the concatenated MLST 3,098 bp alignment
with the MrBayes 3.2.6 program (Ronquist et al.
2012) as implemented in Geneious. The tree par-
ameters included: GTR+| +G nucleotide model,
with four Markov chain Monte Carlo chains with a
million generations, sampled every 1,000 generations
and with the first 100,000 trees discarded as burn-in.
The MLST sequences generated in this study are
deposited in PubMLST/Chlamydiales.” The ompA
and MLST sequences from a captive little penguin,
diamond dove, superb parrot, and a zebra finch

Thttps://pubmlist.org/chlamydiales/
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Figure 1. Bayesian phylogenetic tree of multi-locus sequence typing sequences from Chlamydia psittaci strains isolated from birds
that died of avian chlamydiosis at Auckland Zoo (Auckland, NZ) in 2016 or 2019 (BluePenguin_NZ, Diamond_dove_NZ, Superb_-
parrot_NZ, Zebra_finch_NZ) and from a range of global avian and mammalian hosts. Strains are coloured by the species of the
hosts, and the strain from this study is in bold text. Sequence types (ST) in a clade are indicated by brackets. C. psittaci M56 was
used as an outgroup as it is a strain associated with mammalian hosts.

have previously been published in a comparative
genomics paper (Kasimov et al. 2023).

Results
HRM-qPCR C. psittaci detection

Chlamydia psittaci was detected at a total prevalence of 0.1
(14/140; 95% Cl = 0.061-0.161) of the survey samples col-
lected in 2016, from seven species of birds: five species
of parrots, crested pigeon (Ocyphaps lophotes) and little
penguin (Table 1). In the 2019 cluster, C. psittaci was
detected by HRM gPCR in 9/20 post-mortem samples

collected from three different bird species (diamond
dove, superb parrot, and zebra finch; Table 2).

C. psittaci genotyping using ompA and MLST

From the 2016 survey, 13 of the positive samples had
very low C. psittaci copy levels, with only the post-
mortem sample from one of the sick little penguins
showing high copy numbers. The sequence obtained
from the little penguin aligned to ompA genotype B
(AF269265) while the sequences from post-mortem
samples from a budgerigar and a turquoise parrot
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aligned to ompA genotype A. All nine positive samples
from the 2019 collection were similarly sequenced and
found to align with the C. psittaci ompA genotype B.

Upon examination of the genotype B sequences
from the MLST analysis, the nine C. psittaci-positive
samples from birds in the 2019 cluster and a sample
from a little penguin from the 2016 cluster (10 in
total) showed identical alleles in all seven loci exam-
ined. This result indicated the presence of only one
strain of C. psittaci in the birds from the 2019 collection
which was identical to the sample collected from the
little penguin in 2016. This strain has been designated
“BluePenguin_NZ" and was added to pubMLST along
with sequences from 2019 designated “Diamond_do-
ve_NZ" and “Superb_parrot_NZ".

The BluePenguin_NZ strain was identified as
belonging to the “pigeon type” sequence type (ST)
27 clade as it clustered in a well-supported broader
clade with other ST27 strains (Kasimov et al. 2023).
The BluePenguin_NZ strain was identical to and
formed a sub-clade with other ST27 strains detected
from Australian sulphur-crested cockatoo (Cacatua
galerita; W234_12), thoroughbred horses (QLd_H_PI)
and pigeons from Europe (CP3, 377_T) (Figure 1).

Discussion

To date, there is limited genotyping information avail-
able on avian C. psittaci strains from New Zealand. This
study provides molecular descriptions of the C. psittaci
strains from routine surveillance at a zoo in New
Zealand in 2016, and an avian chlamydiosis cluster
affecting multiple species of birds in 2019 at the
same zoo. In the majority of C. psittaci-positive
samples taken from the zoo species, we identified
C. psittaci with ompA genotype B. In addition to the
previous C. psittaci strains with ompA genotypes A
and C found in New Zealand, this study indicates
that at least three genetically diverse C. psittaci
strains may be present in New Zealand (Gedye et al.
2018). The strains with ompA B genotype found at
the zoo infected a range of species, of which two
shared a single aviary (superb parrots and diamond
doves), while the zebra finches that died were in a sep-
arate aviary. Three additional species tested positive
from HRM gPCR screening, while other bird species
in close contact with these birds were not affected,
suggesting a variation in host susceptibility. When
we further applied C. psittaci MLST to the avian chla-
mydiosis cluster samples, it was observed that all
recovered infecting strains were ST27. These ST (with
ompA genotype B) belong to a closely related yet
diverse C. psittaci “pigeon clade”, found mostly in
pigeon hosts globally (Anstey et al. 2021; White et al.
2022). These results demonstrate the pathogenicity
of genotype B, ST27 strain, in multiple bird species,
including pigeons, parrots and penguins.

The initial survey of asymptomatic birds in 2016
was significant in identifying a range of bird
species that were positive on HRM gPCR but only
produced very low copy numbers in contrast to
high copy numbers retrieved from birds with avian
chlamydiosis. Whether these birds were also infected
with the ST27 strain could not be determined as not
enough DNA could be recovered for further sequen-
cing. The potential zoonotic risk of latently infected
birds is unknown and worthy of further study,
given the prevalence of asymptomatic birds ident-
ified in this study. Regular testing of these birds is
often cost-prohibitive, but in the event of illness or
mortality, testing for C. psittaci and identifying any
strains involved in the disease by MLST would be
useful in understanding the risks associated with
this pathogen.

This report describes two clusters of disease due
to avian chlamydiosis in a zoological collection, but
for context, it should be noted that the zoo has con-
ducted broad surveillance of the entire bird collec-
tion for the 3 years between the two clusters, and
these are the only cases of disease or detection of
C. psittaci that have been seen in this time. Further,
over a period of 5 years (2016-2020), Auckland Zoo
carried out 1,450 PCR tests for C. psittaci (on a
captive bird population of about 315) which includes
several tests during quarantine for incoming birds or
when transferring birds out of the facility, and for
admission of wild birds. The finding of the same
ST27 strain in both 2016 and 2019 raises the ques-
tion as to whether the strain had become latent or
endemic in the zoo collection. However, the
affected penguin from 2016 was only present for 2
days before it was euthanised, and was in isolation
at the veterinary department, which is geographically
removed from the collection aviaries. There was no
shared airspace, no keeper overlap, and strict biose-
curity precautions were in place.

It is also of concern that the sick little penguin ident-
ified with C. psittaci ST27 from 2016 had been cared for
at a private wildlife rehabilitator for several months
before being transferred to the zoo. There is no infor-
mation available on what other wild species the
penguin was in direct or indirect contact with prior
to being transferred to the zoo. We therefore cannot
determine if the little penguin acquired its infection
in the wild, or during its time at the wildlife rehabilita-
tion facility. It may also have exposed a number of wild
birds undergoing rehabilitation to C. psittaci, poten-
tially resulting in the transmission of this strain to
wild populations. Zoonotic transfer of C. psittaci has
been previously documented between birds and
people in an avian refuge centre in Belgium (Kalmar
et al. 2014). The prevalence of C. psittaci in wild mal-
lards undergoing rehabilitation has also been
confirmed in New Zealand (Soon et al. 2021). We



recommend that the prevalence of C. psittaci be
studied in wildlife undergoing rehabilitation to assess
the risk to wildlife and also to the people involved in
wildlife rehabilitation efforts.

While this research was not a study of transmission
between wild birds and zoo birds, a potential source of
the C. psittaci could be free-ranging synanthropic
birds. It is of interest that the strain of C. psittaci that
was involved in the avian chlamydiosis cluster in
2019 was identified in a sick wild penguin brought
into the zoo in 2016. Since this penguin was kept in iso-
lation at the veterinary department, with no direct or
indirect contact with the zoo collection birds, it is
likely that this strain is present but has not yet been
described, in New Zealand. C. psittaci has been found
in numerous free-ranging pigeons in various locations
around the world (Mattmann et al. 2019; Stokes et al.
2021). The aviaries where the positive cases were
found at Auckland Zoo are constructed with mesh that
does not allow any wild birds to enter, although, in
theory, wild bird faeces could drop into the enclosure.

These results raise numerous biosecurity questions
regarding C. psittaci in New Zealand. Previous investi-
gations identified C. psittaci ompA genotypes A and C
in 13 species (Gedye et al. 2018; Soon et al. 2021).
Our results have shown that C. psittaci can be
present in New Zealand zoo birds either as an
endemic asymptomatic infection or as a pathogen
causing mortality. Global studies consistently show
that C. psittaci has a broad host range, including a
variety of birds, livestock and other mammals, includ-
ing humans (Anstey et al. 2021; Kasimov et al. 2022).
Our results also show host diversity, with a range of
native and non-native bird species being affected by
C. psittaci. While none of the zoo workers reported
having symptoms of C. psittaci infection and wore
appropriate personal protective equipment during
sample collections, proximity of carers to an infected
animal could see cross-species zoonotic transmission
from the bird to the human, either at the zoo or in wild-
life rehabilitation facilities. Globally, C. psittaci is recog-
nised as a One Health pathogen (Liu et al. 2023). While
still in its infancy, future studies on this topic in NZ
should include broader surveillance of free-living
birds, and genomic characterisation of avian chlamydia
affecting both captive and free-ranging avian (but also
mammalian) populations to assess the host range and
identify opportunities for spillover.

In conclusion, this report associates the death of
birds due to avian chlamydiosis in a zoological collec-
tion with a single genotype, ST27, providing evidence
of pathogenicity in birds.
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