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In 2016, an outbreak of Chlamydia avium infection oc-
curred among Picazuro pigeons (Patagioenas picazuro)
living in an aviary in the Netherlands. Molecular typing
revealed a unique strain of C. avium. Our findings show
that C. avium infection, which usually causes subclinical
infection, can cause fatal disease in pigeons.

ntil approximately 2014, Chlamydia psittaci was

the only Chlamydia species detected in birds. Re-
searchers have catalogued ~465 bird species affected
by this pathogen, which mainly causes subclinical
infections but sometimes results in acute disease and
death (1). In humans, C. psittaci is highly infectious
and can cause severe pneumonia. Chlamydia bacteria,
which are present in (dried) excreta or feather dust,
are transmitted through direct contact or inhala-
tion. In 2014, researchers proposed 2 new members
of Chlamydiaceae: C. avium and C. gallinacea (2). C.
avium affects pigeons and psittacine birds, whereas
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C. gallinacea affects poultry. Most C. avium and C. gal-
linacea infections in birds are subclinical, and the zoo-
notic potential of these species is unknown (3).

In 2016, an outbreak of C. avium infection oc-
curred among 11 Picazuro pigeons (Patagioenas pica-
zuro) housed in an aviary with other bird species in
the Netherlands. The birds lost weight, had ruffled
feathers, and were anorexic. Despite treatment with
fluids, force-feeding, and in 1 bird, doxycycline treat-
ment (50 mg/kg 1x/d), all 11 animals died or were
euthanized. Necropsy revealed that 9 of these birds
were in poor physical condition, lacking fat and pec-
toral muscle mass. The livers and spleens were en-
larged; the livers extended an average of 0.5 cm be-
yond the rear edge of the sternum, whereas the mean
diameter of the spleens was 1.0 cm, approximately
twice as large as the normal size. We suspected Chla-
mydia infection because of intracellular inclusions in
Stamp (modified Ziehl Neelsen)-stained cytology of
liver and spleen. We found multifocal heterophilic
and lymphoplasmacytic infiltrates with necrosis in
the liver and lymphoid depletion with necrosis and
heterophilic infiltrates in the spleen. We stained
slides with polyclonal antibodies against Chlamydia
(bioMérieux, https://www.biomerieux.com) after a
standard Avidin Biotin Complex protocol (4); liver
and kidney tissues from 7 birds tested positive for
Chlamydia. We did not observe any histologic changes
consistent with viral inclusions or bacterial infection.

Because psittacosis in birds is a notifiable disease
in the Netherlands, we informed public health au-
thorities of our results. We forwarded frozen tissue
samples to the Wageningen Bioveterinary Research
institute to confirm C. psittaci infection. We also col-
lected and forwarded 2 Picazuro pigeon carcasses
and 3 pooled fecal samples from contact birds (i.e.,
Roseate spoonbill [Platalea ajaja], Puna ibis [Plegadis
ridgwayi], and Scarlet ibis [Eudocimus ruber]), from the
aviary. Two liver samples, 2 conjunctival and cloacal
swabs, and 3 pooled fecal samples initially tested neg-
ative for C. psittaci, C. abortus, C. felis, and C. caviae in
a PCR selective for the ompA gene. Because the liver
and kidney samples of 7 pigeons tested positive for
antibodies against Chlamydia, we submitted samples
from all 11 pigeons and the 3 pooled fecal samples
for further testing with real-time PCR selective for the
23S gene of Chlamydiaceae (5) and a duplex real-time
PCR selective for C. gallinacea and C. avium (3,6). All
11 pigeons tested positive for C. avium in >1 samples
of conjunctiva, cloaca, liver or intestines. The pooled
fecal samples of contact birds tested negative in a
PCR for Chlamydiaceae (Appendix, https://wwwnc.
cdc.gov/EID/article/26/10/20-0086-Appl.pdf).
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We used Buffalo green monkey cells to isolate
Chlamydia from the spleen of 1 of the pigeons that
tested positive. Multilocus sequence typing using the
concatenated sequences of 7 housekeeping genes re-
vealed that this isolate is a unique sequence type, 254,
that is closely related to the other 3 C. avium strains
previously described (2) (Figure).

The clinical signs, histopathologic results, and
positive intralesional immunohistochemistry findings
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(Appendix) showed that the birds had generalized
disease consistent with a Chlamydia infection. Real-
time PCR revealed an infection with C. avium. Further
analysis with multilocus sequence typing showed
the isolated strain is unique, but most closely related
to other reported C. avium strains. C. avium has been
detected mainly in urban or feral pigeons without
clinical signs and in co-infections of feral pigeons
with C. psittaci (2).

Figure. Phylogenetic analyses
of concatenated sequences

of 7 housekeeping gene
fragments of Chlamydiaceae,
the Netherlands, 2016. Numbers
indicate bootstrap values >90%.
Filled circles represent isolates,
colored by species. Filled
colored triangles represent >9
isolates of the same species;
total number of isolates used
for the analyses is indicated.
The sequence types of the C.
avium isolates are labeled. C.
avium isolate P4 is indicated by
the arrow. Scale bar indicates
sequence divergence. ST,
sequence type.
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Our results show that C. avium strains might also
cause severe, potentially fatal infections in birds. Data
on C. avium are limited, but several factors might ex-
plain the severity of the clinical signs. Unlike previ-
ously reported cases, these pigeons were held in
captivity. Furthermore, we cannot exclude possible
differences in virulence between sequence types of
C. avium. No human cases were reported during
this outbreak, so the zoonotic potential of C. avium
remains unknown.
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Historically described as a commensal of the swine up-
per respiratory tract, Streptococcus equi subspecies
zooepidemicus was previously reported as an important
swine pathogen only in Asia. Here we report the isolation
and whole genome characterization of S. equi subsp.
zooepidemicus associated with a sudden death outbreak
in pigs in Canada.

treptococcus equi subspecies zooepidemicus is con-

sidered a commensal and opportunistic pathogen
of several warm-blooded hosts, including humans,
horses, canines, and swine. It is a gram-positive,
B-hemolytic coccus belonging to the Lancefield group
Cand can cause severe disease characterized by pneu-
monia, septicemia, and meningitis (1,2). S. equi subsp.
zooepidemicus has been suggested as a normal inhab-
itant of the palatine tonsils of pigs, being detected
by both culture and high-throughput sequencing in
samples collected from healthy animals (3). However,
strains virulent to pigs have also been reported, par-
ticularly associated with high-mortality outbreaks of
sudden death and respiratory disease in China (4). No
vaccines are available for this pathogen, and control
and prevention methods are rarely applied because
of its normally harmless commensal nature in swine.
Here, we report an outbreak of sudden death associ-
ated with S. equi subsp. zooepidemicus in pigs housed
in intensive commercial rearing facilities in Canada.

In April 2019, an outbreak of sudden deaths and
abortions occurred in 4 loose-housed, commercial
sow farms (=9,000 sows) in a large vertically integrat-
ed swine system in Manitoba, Canada. This outbreak
increased the cumulative death in the 3 affected sow
herds by >1,000 animals over a 12-week period. The
abortion rate during this time was ~11x normal.

The sows were often described as apparently
healthy during morning checks. However, over
the course of hours, infected sows would become
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Fatal Chlamydia avium Infection in Captive
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Appendix

Strain Isolation and Propagation

Buffalo green monkey (BGM) cells were seeded with Dulbecco’s Modified Eagle
Medium (DMEM, GIBCO, Life Technologies Limited, UK) and 10% serum in 6-well plates and
24-well plates (Greiner Bio-One GmbH, Germany) with glass coverslips. The plates were
incubated at 37°C with 5% COz2 in a humidified incubator until an 80% confluent monolayer was
achieved. For the primary inoculation a 10% suspension of positive spleen material in sucrose
phosphate glutamate was used. After inoculation, the plates were centrifuged at 2450 x g and
37°C for 60 min and subsequently incubated for 2 h. The medium was then replaced with
UltraMDCK serum-free medium (Lonza, USA) (1).

After 4 days of incubation, the plates with glass coverslips were fixed with ice cold
methanol and stained with the IMAGEN Chlamydia (Oxoid Ltd, UK) immunofluorescence kit
for detection of Chlamydia inclusions. The 6-well plate was used for further passaging the strain.

Chlamydia Harvesting and DNA Isolation

Genomic DNA was prepared from 6-well plates of the fourth and fifth passage of our
isolated strain. Plates were freeze-thawed twice, and the cells were subsequently harvested. This
suspension was centrifuged for 10 minutes at 500 x g to remove cell debris. The supernatant was
filtered through a 0.8 um filter and centrifuged at 30,000 x g. The supernatant was discarded,
and the pellet was suspended in DPBS (Gibco, Life Technologies Limited) with 0.05% Tween-
20. This centrifuge step was repeated twice. At the last step the pellet was suspended in 500 uL
fresh DNase and RNase and incubated for 3 h at 37°C. After incubation, 25 mL of PBS with
0.05% Tween-20 was added and the suspension was again centrifuged 30,000 x g. The pellet

was subjected to overnight digestion with proteinase K and tissue lysis buffer ATL (Qiagen
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GmbH, Germany) at 56°C and DNA was isolated according to the DNeasy Blood and Tissue kit
(Qiagen GmbH, Germany).

Genome Sequencing, Assembly, and Phylogenetic Analyses

The DNA samples were prepared for Illumina sequencing using the SMARTer®
ThruPLEX® DNA-Seq kit (Takara Bio, USA) according to the manufacturer’s protocol. Quality
control of the library preparation was performed on a Tapestation 2200 (Agilent Technologies,
Germany) and the DNA concentration was determined on a Clariostar (BMG Labtech, the
Netherlands) with use of the Quant-IT PicoGreen® dsDNA kit (Invitrogen Ltd, UK). Sequencing
was performed on an Illumina MiSeq platform. The complete genome and plasmid sequences
were assembled using SPAdes 3.9 (2). The genome size (coverage 73-fold) was determined to be
1,041,128 bp, the plasmid size (coverage 79-fold) 7,640 bp. The sequences are deposited in the
publicly available Bacterial Isolate Genome Sequence Database (BIGSdb)
((http://pubmlst.org/chlamydiales) (id: 4411). Phylogenetic analyses of concatenated sequences
were carried out in MEGAG (3). A phylogenetic tree was constructed using the neighbor-joining
algorithm using maximum composite likelihood model. Bootstrap test was for 500 repetitions.

Strains and sequence types are displayed in the Appendix Table.
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Appendix Table. Characteristics of Chlamydia avium isolates*

Sequence
ID Isolate Species Host Country gatA oppA hflX gidA enoA  hemN fumC type No.
4429 G3/2742-324 Ca. Chlamydia corallus Switzerland 79 73 84 86 20 70 72 265 1
4428 2742-308 Ca. Chlamydia Switzerland 84 77 89 91 94 73 7 268 1
sanzinia
2 T20 Chlamydia abortus Sheep UK 5 8 6 8 8 4 5 19
890 AB7 Chlamydia abortus Sheep France 18 8 6 8 8 14 5 25
4281 C21_98 Chlamydia abortus Goat Namibia 5 8 6 8 8 4 18 29
62 POS Chlamydia abortus Sheep 13 18 6 19 16 4 17 30
4346 162STDY5437296 Chlamydia abortus Sheep 5 8 6 8 8 14 5 86
4276 C1 98 Chlamydia abortus Sheep Germany 5 30 6 8 8 4 5 148
4284 99DC1 Chlamydia abortus Sheep Germany 5 31 6 41 8 4 5 149
4293 10DC83 Chlamydia abortus sheep Germany 5 8 6 41 8 4 5 150 8
300 10DC88 Chlamydia avium Psittacine Germany 57 54 63 66 69 47 49 209
bird
879 10_743_SC13 Chlamydia avium Pigeon 58 55 67 68 69 51 49 217
880 10_881_SC42 Chlamydia avium Pigeon 58 55 67 68 69 51 49 217
4411 C. avium P4 Chlamydia avium Pigeon The Netherlands 57 54 63 68 69 47 49 254 4
211 GPIC Chlamydia caviae Guinea pig 6 9 7 9 9 5 6 20 1
891 Fe/C-56 Chlamydia felis Cat 7 10 8 10 10 50 7 214 1
3984 JX-1 Chlamydia gallinacea Chicken China 44 35 38 45 36 29 28 155
888 08-1274/3 Chlamydia gallinacea Chicken France 44 36 39 45 36 30 28 156 2
4409 10_1398_11 Chlamydia ibidis Ibis France 40 74 64 67 70 48 50 264 1
45 Nigg Chlamydia muridarum Mouse 8 11 9 11 11 7 8 22
872 MopnTet14 Chlamydia muridarum Mouse 8 11 9 11 11 49 8 210 2
209 E58 Chlamydia pecorum Cattle 9 12 10 12 12 8 9 23
876 VR629 Chlamydia pecorum Sheep USA 20 12 20 22 18 17 9 48
181 L71 Chlamydia pecorum Pig 22 21 10 23 20 8 20 50
175 L1 Chlamydia pecorum Pig Australia 21 22 22 24 20 8 9 52
185 L17 Chlamydia pecorum Pig 23 22 23 24 21 8 9 53
288 W73 Chlamydia pecorum Sheep 31 12 10 29 18 8 9 68
875 MC/MarsBar Chlamydia pecorum Koala Australia 27 12 10 23 23 8 9 69
810 PV3056/3 Chlamydia pecorum Cow 31 12 35 24 30 8 20 205
809 pP787 Chlamydia pecorum Sheep 37 12 10 36 18 8 9 206
874 IPTaLE Chlamydia pecorum Koala Australia 21 12 10 23 23 8 9 211 10
29 CM-1 Chlamydia Human 4 7 5 6 5 3 4 16
pneumoniae
32 CWL-011 Chlamydia Human 4 7 5 7 6 3 4 17
pneumoniae
206 LPCoLN Chlamydia Koala 19 19 66 21 17 16 4 215
pneumoniae
4427 S15-834K Chlamydia Snake Switzerland 83 76 88 90 93 72 76 267 n=3
poikilothermis
192 6BC Chlamydia psittaci Parakeet 10 13 11 13 13 9 10 24
197 CP3 Chlamydia psittaci Pigeon 11 14 15 14 13 9 11 27
198 GR9 Chlamydia psittaci Mallard 12 13 11 13 13 9 12 28
199 M56 Chlamydia psittaci Muskrat 17 17 17 18 13 12 16 31
194 wcC Chlamydia psittaci Cow 12 13 13 13 13 13 10 32
200 MN Chlamydia psittaci Human 11 14 15 14 13 11 13 35
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Sequence

ID Isolate Species Host Country gatA OppA hflX gidA enoA  hemN fumC type No.
95 84_2334 Chlamydia psittaci Yellow- 13 15 12 15 14 4 14 36

crowned

amazon

parrot

201 NJ1 Chlamydia psittaci Turkey 15 16 13 16 15 10 15 43
168 09DC77 Chlamydia psittaci Pigeon 11 14 15 13 13 9 13 47
195 01DC12 Chlamydia psittaci Pig 11 14 11 14 13 11 13 56
202 VS225 Chlamydia psittaci Parakeet 12 13 18 13 68 9 10 204
811 Mat116 Chlamydia psittaci Human Japan 38 13 11 13 13 9 10 208
881 99DC5 Chlamydia psittaci 10 13 11 13 71 9 10 218
4359 Zo Pa Chlamydia psittaci Human Australia 74 13 11 13 13 9 10 255 14
4426 H15-1957-10C Chlamydia serpentis Snake Switzerland 82 75 87 89 92 71 75 266 1
889 MD56 Chlamydia suis Pig Italy 51 49 52 56 53 40 41 183
4370 SWA-2 Chlamydia suis Pig Switzerland 60 50 54 69 72 52 51 219
4371 4-29b Chlamydia suis Pig Switzerland 61 51 55 70 73 53 52 221
4403 9-1b Chlamydia suis Pig Switzerland 63 59 70 71 75 55 54 223
4372 3-25b Chlamydia suis Pig Switzerland 62 58 69 70 74 54 53 224
4374 5-27b Chlamydia suis Pig Switzerland 46 60 69 72 76 37 55 225
4375 2-26b Chlamydia suis Pig Switzerland 64 59 71 71 75 55 56 226
4376 5-22b Chlamydia suis Pig Switzerland 63 59 72 71 77 56 57 227
4377 SWA-14 Chlamydia suis Pig Switzerland 65 61 73 70 74 57 58 228
4378 SWA-86 Chlamydia suis Pig Switzerland 66 58 74 70 74 54 59 229
4379 3-29b Chlamydia suis Pig Switzerland 63 59 75 71 75 55 57 230
4380 19-23a Chlamydia suis Pig Switzerland 67 62 76 73 78 58 60 231
4381 30-22b Chlamydia suis Pig Switzerland 68 63 73 74 79 53 52 232
4382 17-23b Chlamydia suis Pig Switzerland 69 61 73 70 80 57 61 233
4383 9-la Chlamydia suis Pig Switzerland 64 59 70 75 77 55 54 234
4385 9-29b Chlamydia suis Pig Switzerland 63 59 78 71 77 55 57 236
4386 10-26b Chlamydia suis Pig Switzerland 63 59 80 71 75 55 54 237
4388 1-25b Chlamydia suis Pig Switzerland 66 64 73 77 74 60 63 238
4389 1-28a Chlamydia suis Pig Switzerland 64 59 70 71 75 55 57 239
4390 11-17b Chlamydia suis Pig Switzerland 69 65 69 78 81 58 55 240
4391 1-28b Chlamydia suis Pig Switzerland 70 66 73 70 73 61 64 241
4392 22-22b Chlamydia suis Pig Switzerland 68 58 69 79 82 62 55 242
4393 8-29b Chlamydia suis Pig Switzerland 66 57 68 70 83 53 65 243
4394 8-17a Chlamydia suis Pig Switzerland 71 67 77 80 84 63 43 244
4396 15-27b Chlamydia suis Pig Switzerland 72 68 43 80 74 64 59 245
4397 17-23a Chlamydia suis Pig Switzerland 67 64 73 70 74 37 66 246
4398 1-25a Chlamydia suis Pig Switzerland 73 64 74 76 74 65 37 247
4399 14-23b Chlamydia suis Pig Switzerland 63 69 70 71 75 37 55 248
4400 6-17a Chlamydia suis Pig Switzerland 64 59 78 81 75 66 57 249
4401 19-23b Chlamydia suis Pig Switzerland 66 70 79 82 85 63 66 250
4384 9-25a Chlamydia suis Pig Switzerland 53 64 49 76 74 59 62 251
4387 3-25a Chlamydia suis Pig Switzerland 66 64 45 76 74 65 63 252
4413 R22 Chlamydia suis Pig USA 75 71 81 83 87 67 67 256
4412 R19 Chlamydia suis Pig USA 63 59 70 71 86 49 57 257
4415 R27 Chlamydia suis Pig USA 76 71 81 83 87 67 67 258
4416 H5 Chlamydia suis Pig USA 77 59 70 71 75 68 54 259
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Sequence

ID Isolate Species Host Country gatA OppA hflX gidA enoA  hemN fumC type No.
4417 H7 Chlamydia suis Pig USA 78 72 82 84 54 69 68 260
4418 S45 Chlamydia suis Pig Austria 63 59 70 71 88 66 69 261
4419 Rogers132 Chlamydia suis Pig USA 63 69 78 85 75 49 70 262
4420 R1 Chlamydia suis Pig USA 75 71 83 83 89 67 71 263 40
66 A/HAR-13 Chlamydia trachomatis Human Saudi Arabia 3 3 4 5 3 2 3 3
234 E/150 Chlamydia trachomatis Human 3 1 1 2 4 2 3 4
246 G/SotonG1 Chlamydia trachomatis Human UK 3 3 2 5 3 1 3 6
727 ERR111579 Chlamydia trachomatis Human 2 1 1 2 4 2 3 8
858 J/6276tetl Chlamydia trachomatis Human 3 3 2 4 3 2 3 9
252 L1/440/LN Chlamydia trachomatis Human USA 1 3 3 3 2 2 2 11
101 ERR175646 Chlamydia trachomatis Human 3 4 1 2 4 2 3 12
215 D/UW-3/CX Chlamydia trachomatis Human USA 3 3 2 5 3 2 3 13
99 D(s)2923 Chlamydia trachomatis Human 3 1 2 2 4 2 3 38
480 ERR111627 Chlamydia trachomatis Human 3 3 19 4 3 2 3 42
79 L2/434/Bu Chlamydia trachomatis Human USA 1 3 3 3 2 2 19 44
227 B/Jali20/0T Chlamydia trachomatis Human The Gambia 3 3 4 20 3 2 3 45
96 F(s)/70 Chlamydia trachomatis Human 2 1 1 2 3 2 3 91
190 ERR189729 Chlamydia trachomatis Human 3 3 28 5 3 18 3 92
226 ERR111630 Chlamydia trachomatis Human 3 1 29 2 4 2 3 93
235 E/Bour Chlamydia trachomatis Human USA 3 4 1 32 4 2 3 94
243 G/11222 Chlamydia trachomatis Human 3 3 28 5 3 2 3 95
487 ERR164678 Chlamydia trachomatis Human 3 3 2 1 3 1 3 96
491 ERR164676 Chlamydia trachomatis Human 33 1 2 2 4 2 3 97
499 ERR164657 Chlamydia trachomatis Human 1 3 30 3 4 2 19 98
509 ERR189730 Chlamydia trachomatis Human 3 3 31 5 3 2 3 99
516 ERR026580 Chlamydia trachomatis Human 3 3 2 5 3 1 1 100
532 ERR026583 Chlamydia trachomatis Human 3 3 28 5 3 1 3 101
565 ERR164646 Chlamydia trachomatis Human 3 3 2 4 24 2 3 102
592 ERR026548 Chlamydia trachomatis Human 3 1 2 2 4 2 21 103
615 ERR108273 Chlamydia trachomatis Human 3 2 1 5 4 2 3 104
701 ERR108274 Chlamydia trachomatis Human 3 2 1 5 4 2 3 104
616 ERR111622 Chlamydia trachomatis Human 3 3 32 4 3 2 3 105
620 ERR108299 Chlamydia trachomatis Human 2 3 2 5 3 2 3 106
624 ERR140806 Chlamydia trachomatis Human 3 4 2 5 4 2 3 107
632 ERR189744 Chlamydia trachomatis Human 3 3 2 2 3 2 22 108
636 ERR189754 Chlamydia trachomatis Human 3 25 1 2 4 2 3 109
646 ERR111593 Chlamydia trachomatis Human 3 1 1 2 3 2 3 110
684 ERR140824 Chlamydia trachomatis Human 3 1 1 33 4 2 3 111
687 ERR189742 Chlamydia trachomatis Human 3 3 2 5 3 2 22 112
695 ERR140813 Chlamydia trachomatis Human 2 3 2 4 3 2 3 113
699 ERR111555 Chlamydia trachomatis Human 3 1 1 2 4 19 3 114
738 ERR278143 Chlamydia trachomatis Human 2 1 1 2 4 2 23 115
749 ERR210969 Chlamydia trachomatis Human 1 3 2 3 2 2 19 116
759 ERR278220 Chlamydia trachomatis Human 3 3 4 34 3 2 3 117
771 ERR278181 Chlamydia trachomatis Human 3 2 2 35 4 2 3 118
787 ERR210990 Chlamydia trachomatis Human 3 3 2 5 25 1 3 119
806 ERR278135 Chlamydia trachomatis Human 3 1 1 2 26 2 3 120
812 ERR386222 Chlamydia trachomatis Human 39 1 1 2 4 2 3 121
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Sequence

ID Isolate Species Host Country gatA OppA hflX gidA enoA  hemN fumC type No.
842 ERR211021 Chlamydia trachomatis Human 1 3 3 5 2 2 19 122
850 ERR278184 Chlamydia trachomatis Human 2 2 1 5 4 2 3 123
862 RC-F(s)/852 Chlamydia trachomatis Human 2 3 3 2 3 2 3 124
863 RC-F/69 Chlamydia trachomatis Human 1 3 3 2 3 2 19 125
866 RC-J/953 Chlamydia trachomatis Human 1 3 2 4 3 2 19 126
868 RC-J/971 Chlamydia trachomatis Human 1 3 3 4 2 2 19 127
871 RC-L2/55 Chlamydia trachomatis Human 1 3 1 3 2 2 19 128
626 ERR189735 Chlamydia trachomatis Human 1 3 3 3 4 2 19 207 52
4025 RSHA Chlamydia buteonis Red- USA 56 53 60 64 65 46 47 196
shouldered
hawk

*Blank spaces indicate not available.
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Appendix Figure. Immunohistochemical staining of liver of a pigeon infected with Chlaymdia avium, the

Netherlands, 2016. Arrows indicate positive immunolabeling for Chlamydia antigen. Original magnification
x80.
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