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ABSTRACT

Reported mass mortalities in wild pigeons and doves during the 2017/2018 Clade 2.3.4.4
HPAI H5NS outbreaks in South Africa necessitated an investigation of healthy racing
pigeons for their susceptibility and ability to transmit a Clade 2.3.4.4 sub-group B virus of
South African origin. Pigeons challenged with medium (1043 EIDs() and high doses (109
EIDs) but not a low dose (10° EIDs) of virus, shed virus in low levels of <10° EIDs¢/ml
from the oropharynx and cloaca for up to eight days, with peak shedding around 4 days post
challenge. Challenged pigeons were able to transmit the virus to contact pigeons, but not
contact chickens. Neither pigeons nor chickens presented clinical disease, and only two
pigeons in the group that received the high challenge dose developed influenza A-virus
specific antibodies. The levels of virus shed by the racing pigeons were well below the
published bird infectious dose 50 values for most poultry, especially chickens, therefore the
risk that racing pigeons could act as propagators and disseminators through excretion of

Clade 2.3.4.4 HPAI H5NS strains remains negligible.

Highlights

e A clade 2.3.4.4 HPAI H5NS sub-group B virus did not cause clinical disease in racing

pigeons

e Virus was transmitted to contact pigeons, but not contact chickens

e Virus titers shed by infected pigeons were below the bird infectious dose for most

poultry species
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1. INTRODUCTION

In 1996 a highly pathogenic avian influenza (HPAI) H5N1 virus emerged from the live bird
markets of China’s Guangdong province whose descendants would eventually cause
unprecedented panzootics. The Goose/Guangdong/96 (Gs/Gd/96) HSN1 ancestral virus was
lethal to many species including humans and differentiated into genetic lineages or clades
that disseminated over vast distances (WHO, 2012). One of these genetic sub-lineages,
Clade 2.3.4.4, first appeared around 2014 in Central Asia and became widely dispersed
through the Afro-Eurasian waterbird flyway system, eventually reaching sub-Saharan Africa
via Palaearctic migrant ducks by November 2016 (Sims et al., 2017). Clade 2.3.4.4 HS
subtype viruses, existing as numerous neuraminidase (N) antigen-type reassortments, for
example HSN8 and H5N6, have become adapted to sub-clinical replication in a wide variety
of wild avian species, yet cause lethal infections in others, especially gallinaceous birds.
Some species of apparently healthy waterfowl are capable of shedding high quantities of the
virus into the environment through their fecal and oral secretions (Kang et al., 2017). If
susceptible poultry are exposed and become infected, disease can progress rapidly, followed

by death within days (Lee et al., 2016 a; Lee et al., 2016b).

Clade 2.3.4.4 HPAI H5NS reached South Africa with wild migrant birds by July 2017 and
multiple spillovers caused localized outbreaks in commercial and backyard poultry, hobby
birds and zoological collections. Between July and October 2017, losses to the commercial
poultry sector were estimated at R1.66 billion (Abolnik et al., 2018; Davids et al, 2018).
Many free-living wild species were also affected, and dead pigeons and doves were often
reported on affected poultry farms. HSNS8 was confirmed by PCR in at least four dead
Laughing doves (Spilopelia senegalensis) and nine African Rock pigeons, also known as the
Speckled pigeon (Columba guinea) (OIE, 2018). This contradicted a body of scientific

literature detailing experimental infections with the Gs/Gd/96 HS5 lineage that showed that



pigeons and doves are reasonably resistant to HPAI HS infection, rarely show clinical signs,
and are ineffective shedders of the virus (reviewed in Abolnik, 2014). The unusual die-offs in
pigeons and doves during the outbreaks in 2017 in South Africa raised questions about
whether the local strains (classified as sub-group B) had altered infection kinetics in pigeons
compared to other Clade 2.3.4.4 H5NXx strains from other regions (e.g. Kwon et al 2017).
Pigeon racing is a popular international sport, and the Sun City Million Dollar Pigeon Race
for example is a prestigious event hosted in South Africa annually in February. The year-long
preparation process involves specially-bred imported entrants being placed in quarantine
before a vigorous training schedule begins, alongside their locally-bred competitors.
Typically racing pigeons from countries hosting active Clade 2.3.4.4 HSNx outbreaks, for
example those in Europe, are subsequently not permitted to enter quarantine in South Africa

because of the perceived risk to the local poultry sector.

All prior studies that assessed the pathogenicity and transmissibility of Gs/Gd/96 HS5 strains
have used wild-caught birds or pigeons sourced from live bird markets or bred for meat
(Abolnik, 2014; Kwon et al., 2017; Xiang et al., 2017). Whereas these pigeons appeared
clinically healthy and were sero-negative and PCR negative at the time, their prior exposure
histories were unknown. Here, we used purpose-bred high quality juvenile racing pigeons
with a known microbial status, from a professional loft with no prior influenza virus
exposure. We evaluated the susceptibility of healthy racing pigeons to an HPAI HSNS8 Clade
2.3.4.4 virus of the B sub-group through low, medium and high challenge doses, and the
ability of challenged pigeons to transmit the virus to in-contact pigeons and chickens, in order
to assess the risk posed by racing pigeons to the local poultry industry and endangered

indigenous wild bird populations.



2. MATERIALS AND METHODS

2.1 Animals and health status

Thirty six pure bred racing pigeons aged eleven weeks, identified by numbered leg rings,
were enrolled in the study. Pigeons were vaccinated twice against Newcastle disease virus
(Nobilis® Paramyxo P201) at three weeks of age and again 26 days later, and once against
pigeon pox virus (Medpet MediPox) 17 days after the first paramyxovirus vaccination, with
the manufacturers’ recommended doses. All pigeons were of good body condition and
plumage was free of external parasites and at the early stage of moult in the southern
hemisphere. The general health status of all pigeons was determined as follows: individual
crop smears were performed by rotating a moistened cotton bud in the crop 2-3 times and
examining the droplet under 10x microscopic magnification (Olympus CH) for canker
(Trichomonas gallinae). Furthermore, crop smears pooled according to small test groups
were heat fixed, stained (Diff Quick) and examined for candidiasis (Candida albicans)
spores. Individual peripheral blood smears were made from the toe tip, air dried, stained and
examined for pigeon malaria (Haemaproteus columbae) under 100x magnification. At least
ten high power fields were examined at the periphery of each blood smear and its feathered
edge respectively. Pooled feacal samples were examined for roundworm (Ascaridia
columbae) and hairworm (Capillaria obsignata) ova and coccidia oocysts (Eimeria
columbanum and Eimeria labbeanna) under 10x magnification after flotation. Presence of

tapeworm types (Hymenolepsis columbae and Reiliettina columbae) were not determined.

Six specific pathogen free (SPF) White Leghorn Layer type chickens at four weeks of age
were purchased from Avifarms (Pty) Ltd, Pretoria. All chickens appeared clinically healthy

and were free of anatomical abnormalities. Each chicken was identified individually by



colour using non-toxic permanent markers on the feathers. Pigeons and chickens were
randomly allocated into groups according to the trial schedule. All animal procedures were

approved by the University of Pretoria’s Animal Ethics Committee.

Birds were housed in three custom-built cages (Im x 1m x 2m) placed inside a multi-purpose
isolation room of the Poultry Biosafety Level 3 facility at the University of Pretoria’s Faculty
of Veterinary Science at Onderstepoort. The isolation room has natural light and ambient
temperature was maintained at 25°C. Chicken and pigeon feed plus water was provided ad
libitum and was replenished at least once a day. Pigeons were fed a commercial pigeon ration
of sunflower seed and maize. Chickens were provided with commercial pullet starter mash.
Pigeon feed mixed with chicken feed was placed on the floor of the cages in stainless steel

trays. Communal water was provided on the floor of the cage in 1 litre plastic bell drinkers.

2.2 Virus

The challenge virus, A/Speckled pigeon/South Africa/08-004B/2017 (H5NS8) was isolated at
the University of Pretoria from a dead Speckled pigeon (Columba guinea), sampled at a
commercial chicken outbreak site on 14 August 2017 in the Ekurhuleni district, Gauteng
Province. Phylogenetically, the virus is representative of the Clade 2.3.4.4 HPAI H5NS
Group B viruses that caused poultry outbreaks in the northern regions of South Africa from
June to August 2017 (Abolnik et al., 2018). Passage 2 seed stock of the challenge virus was
propagated in SPF embryonated chicken eggs according to the OIE recommended method
(OIE, 2015). The 50% embryo infectious dose (EIDsg) of a third passage stock was
determined through titration (Reed & Muench, 1938) to be 107> EIDs, /0.1ml and was
aliquotted and stored frozen at -80°C. Just prior to use, the titrated stock was thawed and

diluted in OculoNasal diluent (Intervet).



2.3 Experimental design

Eighteen pigeons were randomly divided into three treatment groups in separate cages of six
pigeons each. Each pigeon received 0.06ml of inoculum intranasally (two drops, one per
nostril). The low challenge dose group received 10° EIDs; the medium challenge dose group
was inoculated with 1043 EIDs, and the third group received the highest dose of 10 EIDs,.
Three days later, another six non-challenged contact control pigeons and two SPF chickens
were introduced randomly into each cage. The birds were monitored daily for illness or
death. To assess viral shedding, Copan Ultra-thin minitip FLOQSwabs™ were used to swab
the orpopharynx and cloaca of all birds in each cage at 2, 4, 6, 8, 10, 12 and 14 days post
challenge (dpc). Dpc refers to the challenge date of the challenged pigeons throughout this
study. Swabs were placed into 1ml of viral transport medium that consisted of brain-heart
broth, 0.1mg/ml doxycycline, 0.1mg/ml enrofloxacin, Img/ml penicillin-streptomycin and
10% glycerol and were frozen at -80°C until testing. Pigeons and chickens were bled pre-
placement, at 8 days post challenge and at 14 days post challenge. At each collection,
approximately 0.3 to 0.5ml of blood was taken from each bird by puncture of the wing vein
with sterile a 21G needle. At 14 dpc all birds were euthanized by cervical dislocation. All

animal procedures were approved by the University of Pretoria’s Animal Ethics Committee.

2.4 Virus detection and quantification

Two methods of RNA extraction were used; total RNA was first extracted from 200ul of
swab fluid using a Roche MAgNaPure high-throughput robotic extraction system, with a
100ul elution volume (Agricultural Research Council- Onderstepoort Veterinary Research
facility). RNA extractions were later repeated using TRIzol™ reagent (Invitrogen,
ThermoFisher Scientific) according to the recommended procedure, with the modification of
snipping the tip of the FLOQ swab off into the tube containing 250uL of swab fluid and

750ul of TRIzol, followed by vigorous vortexing to release maximum viral particles and lyse



the viral membranes. The pelleted RNA was reconstituted in 50 pl of nuclease-free ultra-pure

water and stored at -80°C until testing.

Extracted total RNAs were tested for the presence of the influenza A virus -specific RNA
(VRNA) by quantitative revere transcription real-time PCR. To improve the detection of
South African Clade 2.3.4.4 HS outbreak strains, the probes and primers for the European
Union-recommended method (Slomka et al, 2007) were customised as follows (underlined):
Modified SA H5 2.3.4.4 FOR: ACG TAT GAC TAC CCT CAG TAT TCA; Modified HS
2.3.44 REV: AGA CCA GCC ACC ATG ATT GC; Modified H5 2.3.4.4 PRO (MGB-
FAM): TCA ACA GTG GCG AGT TCC CTA GCA. The modifications allowed more
specific binding to H5S vRNA, and therefore the assay is more sensitive for local strains than
the standard EU method (validation data not shown). Three microliters of each sample or
controls were tested in 12pl total volumes with VetMAX-Plus Multiplex One Step RT-PCR
kits (Thermo Fisher Scientific), in a StepOnePlus Real-Time PCR System (Life
Technologies) according to the following profile: 1 cycle of 48°C for 10 min, 1 cycle of 95°C
for 10 min, 40 cycles of 95°C for 15 sec, 53°C for 45 sec (data capture point). Cycle
threshold (Ct) values above 40 were considered negative (i.e. HS influenza vRNA not
detected). For quantification, a standard curve was generated from 10-fold serial dilutions of
VRNA extracted from the EIDs,-titrated challenge virus. The limit of detection was

determined by further serial dilution experiments to be 10%% EIDs, viral RNA copies.

2.5 ELISA

Pigeon and chicken sera were tested for the presence of anti-influenza virus nucleoprotein
(NP) antibodies using IDEXX Influenza A Ab ELISA kits, according to the kit protocol.
Sample to Negative (S/N) values were calculated from the A650 measurements. In avian
species S/N values above or equal to 0.5 are negative whereas S/N values below 0.5 are

positive.



3. RESULTS
No clinical signs were observed in any pigeons or chickens in either the low, medium or high

challenge dose groups over the 14-day duration of the trial (Table 1).

In the low challenge dose group that received only 10° EIDs, a very low amount of viral
RNA (10°# EIDs,) was detected in the oropharyngeal swab of a single pigeon at 2 dpc
(Tables 1 and 2, Supplementary table 1). Neither this bird (#A637) nor any other pigeon or

chicken in the cage seroconverted (data not shown).

Comparatively more virus was detected in more birds that received the medium challenge
dose, where virus was detected from 4 dpc in the oropharyngeal swabs of 2/6 pigeons
challenged with the10*> EIDs, dose, as well as 3/6 contact pigeons and one of the chickens
(Table 1, Table 2). By 6 dpc, 4/6 challenged pigeons were shedding virus from both the
oropharynx and the cloaca in amounts that ranged up to 103! EIDs,, and vRNA was also
detected in 1/6 contact pigeons and 3/6 contact pigeons in the oropharynx and cloaca,
respectively. The medium challenge dose group’s median titers (Table 2) show that
oropharyngeal shedding in both the challenged and contact pigeons peaked at 4 dpc (median
10398 EIDsy; Fig. 2a) and that cloacal shedding, although much lower, peaked at 6 dpc (1063
EIDs; Fig 2b). No virus was detected in this group from 8 dpc onward, and no birds in the
group seroconverted. A single challenged pigeon (#B613) (Fig 2; supplementary Table 2)
tested positive for a comparatively high amount of 103! EIDs, at 4 dpc in the oropharyngeal
swab, but by 6 dpc the levels were only 10'* EIDs, and no cloacal shedding was detected in

this bird on subsequent days (Supplementary Table 2).

The highest VRNA titers were detected in the birds challenged with the highest dose of HSNS
virus. VRNA was detected at 2 dpc in the oropharynx of all challenged pigeons (Table 2) and

in the cloaca in 3/6 of the challenged pigeons. A single challenged pigeon, #C652 yielded a



Table 1. Experimental outcome of birds challenged with Clade 2.3.4.4 HPAI H5NS

Challenge dose Species Morbidity Mortality Viral RNA detection NP ELISA
group 2 dpc 4 dpc 6 dpc 8 dpc 10 dpc 12 14 dpc
dpc
Challenged pigeons 0/6 0/6 1/67 0/6°? 0/6°7 0/6°7 0/6°7 0/6°P 0/6°P 0/6
Low: 0/6¢t 0/6- 0/6¢t 0/6- 0/6- 0/6- 0/6-
103 EIDs Contact pigeons 0/6 0/6 0/6%? 0/6%7 0/6°7 0/6%? 0/6°7 0/6%? 0/6
0/6- 0/6¢- 0/6¢- 0/6¢- 0/6¢- 0/6-
Contact chickens 0/2 0/2 0/207 0/20? 07207 0/20? 0/207 0/207 0/2
0/2¢L 0/2¢L 0/2¢t 0/2¢L 0/2¢L 0/2¢L
Challenged pigeons 0/6 0/6 0/6 °F 2/6°P 4/6°P 0/6°P 0/6°P 0/6°P 0/6°P 0/6
Medium: 0/6 - 1/6¢- 4/6CL 0/6¢- 0/6° 0/6- 0/6-
10%3 EIDs Contact pigeons 0/6 0/6 3/60P 1/6°P 0/6°P 0/6°P 0/6°P 0/6°P 0/6
0/6t 3/6¢t 0/6¢t 0/6¢- 0/6¢- 0/6¢t
Contact chickens 02 0/2 1/20¢ 0/20r 07207 0/207 07207 0/207 02
0/2¢t 0/2¢t 0/2¢t 0/2¢t 0/2¢t 0/2¢t
Challenged pigeons 0/6 0/6 6/6 °P 5/6%F 6/6°7 3/6%°F 0/6%? 0/6°7 0/6%? 2/6%
High: 3/6 ¢- 6/6CL 6/6¢- 4/6CL 0/6¢- 0/6¢- 0/6L
106 EIDs, Contact pigeons 0/6 0/6 5/60P 5/6°P 1/60P 0/6°P 0/6°P 0/6°P 0/6
4/6C- 3/6C 1/6¢- 0/6- 0/6¢- 0/6-
Contact chickens 0/2 0/2 0/207 2/20¢ 1/207 0/207 07207 0/207 0/2
0/2¢t 0/2¢t 0/2¢t 0/2¢t 0/2¢t 0/2¢t

dpc-days post challenge; OP- oropharyngeal; CL-cloacal; *AIV-specific antibodies detected at both 7 and 14 dpc




Table 2: Log10 EID50 PCR equivalents/ viral genome copies per ml of birds challenged with Clade 2.3.4.4 A/Speckled pigeon/South Africa/08-004B/2017
(H5NS)

Challenge dose 2 days post challenge 4 days post challenge 6 days post challenge 8 days post challenge
Range Median Range Median Range Median  Range Median

Low Challenged pigeons 0-0.820P - - - - - - -

103 EIDs, - - - - - - - -

Contact pigeons - - - - - -

Contact chickens - - - - - -

Medium Challenged pigeons - - 0-3.81°° 3.030P 0-1.700P 1.420P - -
10*3 EIDs - - 0-0.43¢t -0.35¢t 0-1.54 ¢ 0.63¢ - -
Contact pigeons 0-1.08°r 0.510p 0-0.430r -1.150P - -
0-1.10¢% 0.63¢ - -
Contact chickens 0-0.736P 0.420P - - - -
High Challenged pigeons 0-5.590P 4.810° 0-2.61°P 2.060P 0.60-2.070% 1790  (-1.75°° 1.310P
10°EIDs, 0-2.88Ck 2.15¢t 1.63-2.99¢L 2.46C 1.15-1.91¢  1.66°%  0-1.78t 1.51¢0
Contact pigeons 0-2.510° 2.16%P 0-1.859¢ 1.53%P  0-1.56°F 0.770P
0-1.88¢t 1.41¢¢ 0-2.11¢¢ 1.61¢F  0-1.64¢C 0.86¢
Contact chickens - - 1.30-1.48°"  1.40°"  0-1.17°P 0.86%?
106 EIDs, Challenged chickens? 6.06-7.50"7 7.170P T
(n=10) 5.19-6.12¢- 5.92CL

OPoropharyngeal; “‘cloacal; tall birds dead; *Separate unpublished study, University of Pretoria
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swabs taken from birds inoculated with low (10° EIDs) doses of A/Speckled pigeon/South
Africa/08-004B/2017 (H5NS). The limit of detection for the HSN8 virus was 10%%EIDs,/ml
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titer of 103°° EIDs, (Supplementary Table 3), but it is possible that residual challenge
material resulted in the strong PCR signal. At 4 dpc, most of the challenge and contact
pigeons were shedding virus from the oropharynx as well as the cloaca (Table 2). Assessment
of the median titers indicate that in challenged pigeons, shedding peaked at 4 dpc in both the
oropharynx (Fig 3a; mean titer 1029 EIDs,) and in the cloaca (Fig 3b; mean titer 10246
EIDs), but in contact pigeons, whereas shedding also peak at 4 dpc in the oropharynx (Fig
3a; mean titer 10>1¢ EIDs) the peak cloacal shedding was detected at 6 dpc (Fig 3b; mean
titer 10161 EIDs,). VRNA was still detected at 8 dpc in both challenged and contact pigeons,
where 3/6 challenged pigeons still shed virus from the oropharynx and 4/6 from the cloaca,
and 1/6 contact pigeons each shed virus from the oropharynx or cloaca (Table 1;
Supplementary Table 3). No viral RNA was detected from 10 dpc. Two pigeons in the
challenge group, C652 and C686, seroconverted with influenza virus NP-specific antibodies
detected at both 8 (S/N values of 0.14 and 0.39 respectively) and 14 dpc (S/N values of 0.39

and 0.36 respectively).

At 6 and 8 dpc, VRNA was detected only in the oropharyngeal swabs of 2/2 and 1/2 contact
chickens, respectively. It is likely that the detected VRNA in these swabs as well as those
collected from chickens in the medium dose group at 4 dpc reflects virus recently ingested
from the contaminated environment, and not necessarily active shedding due to infection. No
shedding from the cloaca of chickens was detected in any group, and neither did any chicken
seroconvert. Chickens are highly susceptible to HPAI HSNS, and the pathogenicity of the
challenge strain used in this study was previously established in SPF chickens infected by the
ocular route, where the birds exhibited typical clinical signs and, shed virus in the order
between 10094 EIDs, and 1075 EIDs, from oral swabs and between 1052 and 1092 EIDs, from

cloacal swabs at 2DPC, and all birds had died by 3 dpc (Table 2; unpublished data).
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4. DISCUSSION

Reports of large die-offs of wild pigeons and doves during the Clade 2.3.4.4 HPAI H5N8
outbreaks in South Africa in 2017, in which at least thirteen birds tested PCR positive for the
virus, prompted us to investigate the pathogenicity to pigeons of a recent outbreak strain.
Different HS viruses have distinctive biological properties, and only two previous studies
have assessed the pathogenicity and transmissibility of Clade 2.3.4.4 H5Nx viruses in
pigeons. Kwon et al (2017) assessed two H5NS strains, a sub-group icA3 H5NS virus and a
sub-group A H5NS virus (Kandeil et al., 2017) and Xiang et al (2017) assessed a sub-group C

HS5NG6 strain, whereas we used a Clade 2.3.4.4 H5NS strain of the B sub-group.

No clinical signs or mortalities were observed in any of the birds over the duration of the
study. Infection was only established in pigeons with the medium (10%° EIDsg) and high (10°
EIDsg) challenge doses. In spite of a low rate of seroconversion, we found that both
challenged and contact pigeons became infected but shed low levels of virus (<103 EIDs)
from the oropharynx and cloaca, with shedding peaking around 4 dpc and lasting up until
8dpc. Kwon et al (2017) reported shedding of up to 10°2 EIDs in the oropharynx of 1/5
pigeons challenged with a sub-group A strain, and 10528 EIDs in the cloaca of 1/5 pigeons
challenged with the sub-group icA3 H5NS8 virus. The challenge dose in that study was
however 107 EIDs,. Perhaps the higher shedding in the prior study was due to strain
differences, but other studies have shown that the dose of the virus is an important factor in
determining susceptibility to Gs/Gd/96 lineage viruses in pigeons (Brown et al., 2009). Under
natural conditions pigeons can inhale virus through aerosolized matter, ingest in
contaminated drinking water and ingest through contaminated feed, or through preening
feathers, roosting in contaminated feces or bathing in contaminated water. Beyond the

artificial routes of challenge typically used in experimental infections, whether natural
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ingestion or inhalation by a pigeon of a dose equivalent of 107 EIDs, is possible remains

experimentally undetermined.

The levels of virus shed into the shared environment by the infected pigeons were insufficient
to infect contact SPF chickens, indeed the levels of virus shed by the racing pigeons were
well below experimentally-determined bird infectious dose 50 (BIDs() values for most
poultry species, especially for chickens, where 103 to 10°7 EIDs, has been required for
infection of depending on the strain of the Clade 2.3.4.4 HS virus and the chicken breed
(Tanikawa et al., 2016; Bertran et al., 2016a; Bertran et al., 2016b; Bertran et al., 2017;
Pantin-Jackman et al., 2017; Spackman et al., 2017). Nonetheless, the low viral levels
excreted from challenged pigeons appeared sufficient to infect in-contact pigeons. This
finding suggests that pigeons are susceptible to low level of a sub-population of pigeon-
adapted viruses that are not infective for other avian species. Indeed, inter-host population
bottlenecks for influenza A viruses that additionally are affected by the route of transmission
have been experimentally demonstrated for mammalian influenza viruses (Varble et al.,
2014), but similar experiments have not yet been conducted for inter-avian transmission of

avian influenza strains.

Neither Xiang et al (2017) not Kwon et al (2017) were able to detect infection in contact
pigeons, however in the former study, shedding was assessed by culture in embryonated
chicken eggs. Propagation in ovo was demonstrated to enforce a population bottleneck on
mammalian-adapted influenza A virus (Varble et al., 2014), therefore we can speculate that
the sub-population of pigeon-adapted viruses may not have easily infected the chicken
embryos. The failure of Kwon and coworkers to detect virus in contact pigeons might be due
to the lower detection limit of the PCR they employed. In our study, we were able to detect
very low amounts of VRNA because firstly the primers and probes were optimally matched to

the challenge virus and secondly, we modified the RNA extraction procedure to concentrate
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the amount of VRNA. In fact, very few of the positive samples were detected tested positive

with the original high throughput MagNAPure method tested positive (data not shown).

The low serological response of pigeons to H5 challenge, even in birds receiving the high
challenge dose, is in line with prior studies (Abolnik, 2014, Kwon et al., 2017; Xiang et al.,
2017). It was previously suggested that the resistance of pigeons and doves to HPAI stems
from robust local cell-mediated and humoral (IgA) immune responses in the mucosa that may
be very effective in clearing the infection in pigeons, lessening the dependency and role of

developing serum antibodies (Teske et al., 2013).

We did not assess systemic infection here but previous studies demonstrated the presence of
virus in multiple tissues of challenged pigeons that were clinically-healthy (Kwon et al.,
2017; Xiang et al., 2017). The detection of HSNS virus in tissues of dead pigeons and doves
during the 2017/2018 outbreaks may therefore have been incidental. In hindsight, the
mortalities in pigeons and doves in 2017/2018 in South Africa were more likely caused by a
concurrent outbreak of Avian Avulavirus (formerly pigeon paramyxovirus, i.e. Newcastle
disease) (Roberts, 2018), since dead pigeons and doves were not tested for both viruses.
Alternatively, HSN8-related death could have occurred if pigeons had inhaled or ingested
excessive amounts of virus from the environment or were immune-suppressed due to
concurrent infections with other pathogens. In conclusion ultimately our results reiterate
those of numerous previous studies with Gs/Gd/95 H5 lineage strains that racing pigeons are
susceptible to infection with HPAI H5 viruses, but excluding their potential role in fomite
spread, are unlikely to contribute to the maintenance of the virus or transmission to other

species.
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Supplementary Material

Supplementary Table 1. Low challenge dose group EIDsy PCR equivalents/ viral genome copies per
ml (log;y EIDsy PCR equivalents)

Bird no. 2 dpc 4 dpc 6 dpc 8 dpc 10 dpc 12dpec 14 dpc

A6430 0 0 0 0 0 0 0

A643C 0 0 0 0 0 0 0

- A6370  6.67(0.82) 0 0 0 0 0 0

E A637C 0 0 0 0 0 0 0

2 TAG400 0 0 0 0 0 0 0

% A640C 0 0 0 0 0 0 0

%‘j A6360 0 0 0 0 0 0 0

T A636C 0 0 0 0 0 0 0

éz A6080 0 0 0 0 0 0 0

S TA60SC 0 0 0 0 0 0 0

A6450 0 0 0 0 0 0 0

A645C 0 0 0 0 0 0 0

A6110 0 0 0 0 0 0

TA61IC 0 0 0 0 0 0

TA6840 0 0 0 0 0 0

TA684C 0 0 0 0 0 0

Z TA6320 0 0 0 0 0 0
s

2 aenc 0 0 0 0 0 0

S A6600 0 0 0 0 0 0

§ TA660C 0 0 0 0 0 0

A6260 0 0 0 0 0 0

TA626C 0 0 0 0 0 0

TA6920 0 0 0 0 0 0

TA692C 0 0 0 0 0 0

ARed O 0 0 0 0 0 0

E é " ARedC 0 0 0 0 0 0

5 % ABlack O 0 0 0 0 0 0

ABlack C 0 0 0 0 0 0

dpc- days post challenge; O-oropharyngeal swab; C-cloacal swab
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Supplementary Table 2. Medium challenge dose group EIDs, PCR equivalents/ viral genome copies per
ml (log;o EIDsy PCR equivalents)

Bird no. 2 dpc 4 dpc 6 dpc 8dpec 10dpc 12dpc 14 dpc
B6410 0 0 50 (1.70) 0 0 0 0
o B641C 0 0 17.34 (1.24) 0 0 0 0
% B6420 0 13(0.11)  41.33(1.62) 0 0 0 0
E B642C 0 0 26 (1.41) 0 0 0 0
= B6230 0 0 32.68 (1.51) 0 0 0 0
:'é B623C 0 2.67(043)  34.66(1.54) 0 0 0 0
2 B6130 0 6435.08 (3.81) 34.66 (1.54) 0 0 0 0
én B613C 0 0 0 0 0 0 0
% B6910 0 0 0 0 0 0 0
S  B®IC 0 0 0 0 0 0 0
-5 B6720 0 0 0 0 0 0 0
B672C 0 0 4.0 (0.60) 0 0 0 0
B6250 4.0 (0.60) 0 0 0 0 0
"B625C 0 0 0 0 0 0
"B6900 3.33(0.52) 0 0 0 0 0
"B690C 0 0 0 0 0 0
Z "B6620 12 (1.08) 0 0 0 0 0
s
£ B662C 0 0 0 0 0 0
g B6670 0 0 0 0 0 0
:5) "B667C 0 10.0 (1.00) 0 0 0 0
B6630 0 0 0 0 0 0
"B663C 0 2.67 (0.43) 0 0 0 0
"B6220 0 2.67 (0.43) 0 0 0 0
"B622C 0 12.67 (1.10) 0 0 0 0
BRed O 5.33(0.73) 0 0 0 0 0
E é " BRedC 0 0 0 0 0 0
5 % BBlack O 0 0 0 0 0 0
BBlack C 0 0 0 0 0 0

DPC- Days post challenge; O-oropharyngeal swab; C-cloacal swab
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Supplementary Table 3. High challenge dose group EIDsy PCR equivalents/ viral genome copies per ml (log;o EIDsy PCR equivalents)

Bird no. 2 DPC 4DPC 6 DPC 8 DPC 10 DPC 12 DPC 14 DPC
C6560 102.66 (2.01) 0 66.00 (1.82) 44.00 (1.64) 0 0 0
C656C 7.33 (0.86) 187.32 (2.27) 61.33 (1.79) 0 0 0 0
- C6520  386097.88 (5.59)  409.32 (2.61) 68.00 (1.83) 0 0 0 0
E C652C 766.64 (2.88) 42.66 (1.63) 14.00 (1.15) 44.00 (1.64) 0 0 0
= C6190 57.33 (1.76) 8.67 (0.95) 4.00 (0.60) 0 0 0 0
é C619C 0.00 75.33 (1.88) 81.33 (1.91) 5333 (1.73) 0 0 0

3

2 C6810 354.65 (2.55) 33.33(1.52) 97.29 (1.99) 56.66 (1.75) 0 0 0
1 C681C 77.33 (0.87) 987.96 (2.99) 72.66 (1.86) 13.33 (1.12) 0 0 0
% C6480 250.66 (2.40) 12.67 (1.10) 16.00 (1.20) 20.67 (1.32) 0 0 0
S C648C 0.00 235.30 (2.37) 28.65 (1.46) 60.00 (1.78) 0 0 0
C6860 45.32 (1.66) 222.66 (2.35) 117.32 (2.07) 0 0 0 0
C686C 0.00 182.66 (2.26) 19.33 (1.29) 46.67 (1.67) 0 0 0
C6290 192.00 (2.28) 0.00 0 0 0 0
. Ce9C 32.66 (1.51) 0.00 0 0 0 0
gﬂ T C6710 42.66 (1.63) 22.00 (1.34) 36.00 (1.56) 0 0 0
A C671C 28.67 (1.46) 0.00 0 0 0 0
<§ T C6490 0.00 20.66 (1.32) 0 0 0 0
S e 76.00 (1.88) 44.66 (1.65) 0 0 0 0
T C6310 88.67 (1.95) 43.33 (1.64) 0 0 0 0
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C631C 0.00 70.66 (1.85) 0 0 0 0

C6740 38.00 (1.58) 48.00 (1.68) 0 0 0 0

C674C 0.00 128.66 (2.12) 44.00 (1.64) 0 0 0

C6530 326.00 (2.51) 71.33 (1.85) 0 0 0 0

C653C 1533 (1.19) 0.00 0 0 0 0

CRed O 0.00 30.00 (1.48) 0 0 0 0

S £ CRedC 0.00 0.00 0 0 0 0
- S—

5 2 CBlack O 0.00 20.00 (1.30) 14.67 (1.17) 0 0 0
-~

CBlack C 0.00 0.00 0.00 0 0 0

DPC- Days post challenge; O-oropharyngeal swab; C-cloacal swab
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