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Highly pathogenic avian influenza A(H5N8) viruses have 
been detected in several continents. However, limited viral se-
quence data are available from countries in the Middle East. 
We report full-genome analyses of highly pathogenic H5N8 vi-
ruses recently detected in different provinces in Saudi Arabia.

On December 19, 2017, a high number of dead birds 
from various species was reported in a live bird mar-

ket in Riyadh, Saudi Arabia, by the Department of Animal 
Resources Services, Ministry of Environment, Water, and 
Agriculture. Oropharyngeal and cloacal swab samples were 
collected from affected birds and investigated for highly 
pathogenic avian influenza (HPAI) viruses in Riyadh Veteri-
nary Diagnostic Laboratory using reverse transcription PCR  
(RT-PCR) (1). These tests detected HPAI A(H5N8) virus. Af-
ter this index outbreak, HPAI was reported in adjacent prov-
inces. Surveillance studies were performed in all provinces 
(>1 major poultry market and 10 backyard farms per prov-
ince) to estimate disease prevalence. As of May 2018, a total 
of 7,273 birds had been investigated; 805 were positive for 
H5N8, which was detected in 7 provinces (Riyadh, Eastern, 
Al-Qasim, Makkah, Al-Madinah, Asir, and Jizan). The high-
est number of positive results was reported in Riyadh (693 
samples), in which different commercial poultry farms (22 
farms for laying hens, 2 for broiler breeders, and 1 for quail) 
were affected. A contingency plan, based on a stamping-out 
policy, was implemented to control the disease. More than 
8.8 million birds were depopulated.
1These authors contributed equally to this article.



Positive clinical specimens (N = 14) collected from dif-
ferent settings, different provinces, different avian species 
or a combination were sent to a World Health Organization 
H5 reference laboratory in Hong Kong for confirmation. 
All samples tested positive for membrane protein (M) and 
hemagglutinin (HA) subtype H5 genes by RT-PCR (online 
Technical Appendix Table 1, https://wwwnc.cdc.gov/EID/
article/24/10/18-0846-Techapp.pdf). Samples that had a 
cycle threshold value <29 in the M gene assay also tested 
positive for N8 by RT-PCR. Ten of these samples were pos-
itive for virus isolation in embryonated chicken eggs and 
were associated with death of the chicken embryos by day 
3 postinoculation. 

We amplified viral RNA extracted from the clinical 
specimens and virus isolates using a multisegment RT-PCR 
approach for full-genome amplification (2). We subjected 
the RT-PCR products to next-generation sequencing on an 
Illumina MiSeq (PE300) platform (Illumina, San Diego, 
CA, USA). We edited the deduced consensus sequences 
(average sequence coverage >10,000×) using BioEdit 
(https://www.mbio.ncsu.edu/BioEdit/bioedit.html) and 
analyzed them phylogenetically using MEGA7 (https://
www.megasoftware.net) (GISAID accession nos. for refer-
ence sequences, EPI1215422–EPI1215461, EPI1215137–
EPI1215184; http://platform.gisaid.org).

The deduced sequences revealed that H5N8 viruses (n 
= 11) from different sites in Saudi Arabia are almost iden-
tical (sequence identity >99.7%), indicating a common 
origin for this outbreak. Phylogenetic analyses of HA se-
quences showed that they belong to clade 2.3.4.4 group B 
(Figure) (3). Polymerase acidic protein (PA), HA, nucleo-
protein (NP), neuraminidase (NA), M, and nonstructural 
protein (NS) segments were genetically similar to those 
derived from recent group B H5N8 viruses (online Tech-
nical Appendix Table 2, Figure 1). No genetic markers as-
sociated with mammalian host adaptation, α2,6 receptor-
binding specificity, or antimicrobial drug resistance were 
detected (data not shown) (4). The gene constellation of 
PA, HA, NP, NA, M, and NS segments of these H5N8 vi-
ruses is similar to those of some H5N8 viruses detected in 
wild migratory birds from different geographic areas (e.g., 
A/Anser_cygnoides/Hubei/FW44/2016 and A/green-
winged teal/Egypt/877/2016) (4,5). The polymerase basic 
protein (PB) 1 and 2 segments of these viruses are similar 
to those of HPAI H5N5 viruses detected in the Far East 
(e.g., A/environment/Kamchatka/18/2016) and Europe 
(e.g., A/swan/Germany-SN/R10645/2016) (online Tech-
nical Appendix Figure 1). H5N5 viruses of this lineage 
were previously proposed to be reassortants of an H5N8 
virus (6), with the PB1 and PB2 segments derived from 
an H10 virus (A/duck/Mongolia/245/2015-like virus) and 
the PA, HA, M, and NS segments derived from a H5N8 
virus. Our results agree with previous observations that 

H5N8 viruses of this lineage continue to evolve and reas-
sort with other influenza virus subtypes in migratory bird 
populations (7,8).

The studied samples were collected from multiple 
avian species in different settings from 3 provinces (on-
line Technical Appendix Table 1). Of 986 samples from 
poultry holding sites, 182 (18.5%) tested positive for 
H5N8 virus. The transmission pathway of H5N8 virus 
in Saudi Arabia is being investigated. Molecular dating 
analyses suggest that the most recent common ancestor of 
these H5N8 viruses emerged in this country in September 
2017 (online Technical Appendix Figure 2). The poten-
tial roles of wild birds, backyard poultry practices, poul-
try trading, and other human activities in dissemination 
of these viruses are yet to be determined. However, our 
results suggest wide circulation of H5N8 viruses caused 
by a single introduction.

Recently, outbreaks of H5N8 viruses were reported in 
the Middle East (Israel, Iran, Iraq, and Kuwait) (1). How-
ever, with the exception of a few HA sequences (n = 12), 
no other H5N8 viral sequences from this region are avail-
able in major sequence databases, which has hampered the 
investigation of H5N8 viruses in this region. Multiple in-
troductions of H5N8 viruses with different gene constella-
tions have been reported in Egypt (9,10), but their genetic 
relationship to H5N8 viruses detected in other countries in 
the Middle East is not clear. Further surveillance using full-
genome analyses is urgently needed to identify major risk 
factors for HPAI H5N8 viruses in the Middle East.
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Figure. Phylogenetic analysis of hemagglutinin sequences of influenza A(H5N8) viruses detected in oropharyngeal and cloacal swab 
samples from birds in Saudi Arabia. Aligned sequences were analyzed in MEGA7 (http://www.megasoftware.net). We constructed the 
phylogenetic tree using the neighbor-joining method. Representative viral sequences and viral sequences that are highly similar to those 
reported in this study were included in the analysis. H5N8 viruses reported in this study are labeled. Bootstrap values ≥60% are shown. 
Representative viruses sharing a similar gene constellation as the H5N8 viruses found in Saudi Arabia are underlined (see text for 
details). Virus isolate numbers (EPI ISL) in GISAID (http://platform.gisaid.org) or gene accession numbers in GenBank for corresponding 
viral sequences are provided. Scale bar indicates estimated genetic distance.
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We describe an outbreak of severe respiratory illness as-
sociated with human coronavirus NL63 in a long-term care 
facility in Louisiana in November 2017. Six of 20 case-pa-
tients were hospitalized with pneumonia, and 3 of 20 died. 
Clinicians should consider human coronavirus NL63 for pa-
tients in similar settings with respiratory disease.

Human coronaviruses (HCoVs) OC43, 229E, NL63, 
and HKU1 are frequently associated with upper respi-

ratory tract infection but can also cause lower respiratory 
tract infections (LRTIs), such as pneumonia or bronchitis. 
Transmission of these viruses primarily occurs through 
respiratory droplets and indirect contact with secretions 
from infected persons. Signs and symptoms of illness often 
include runny nose, headache, cough, sore throat, and fe-
ver. LRTI occurs less frequently, but young children, older 
adults, and persons who are immunosuppressed appear to 
be at higher risk for these types of infections (1–3).

A wide range of respiratory viruses are known to cir-
culate in long-term care facilities (LTCFs) and contribute 
to respiratory illness in the residents who live in them (4). 
Although outbreaks of HCoV-OC43 have been described 
among elderly populations in long-term care settings (5), 
outbreaks of severe respiratory illness associated with 
HCoV-NL63 have not, to our knowledge, been document-
ed in LTCF settings.

On November 15, 2017, the Louisiana Department of 
Health (Baton Rouge, Louisiana, USA) was notified of a 
possible outbreak of severe respiratory illness by a repre-
sentative of an LTCF that provides nursing home care and 
short-term rehabilitation services to 130 residents. At the 
time of notification, the facility reported 11 residents with 
chest radiograph–confirmed pneumonia. For this inves-
tigation, we defined a case-patient as any LTCF resident 
with respiratory tract symptoms of new onset in November 
2017, and we considered LRTI diagnoses that were based 
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Technical Appendix Table 1. Influenza A(H5N8) samples reported in this study, Saudi Arabia* 

Sample 
Sampling 
province 

Sampling 
site 

Sampling 
date 

Type of 
bird M† H5†‡ N8§ 

Virus 
isolate NGS 

A/Turkey/Riyadh/AI1/2017 Riyadh Bird market 2017 Dec 21 Poultry 19.6 23.6 18.0 + + 
A/Duck/Riyadh/AI2/2017 Riyadh Bird market 2017 Dec 21 Poultry 20.7 24.8 19.8 + + 
A/Holland 
pigeon/Riyadh/AI3/2017 

Riyadh Bird market 2017 Dec 21 Poultry 26.2 30.9 25.5 + +¶ 

A/Bulbul/Riyadh/AI4/2017 Riyadh Bird shop 2017 Dec 21 Kept bird 30.7 34.0 –# + +¶ 
A/Falcon/Riyadh/AI5/2017 Riyadh Private 

owner 
2017 Dec 21 Kept bird 24.6 28.0 23.1 + +¶ 

A/Chicken/Riyadh/AI6/2017 Riyadh Poultry farm 2017 Dec 21 Poultry 17.4 20.7 15.7 + + 
A/Chicken/Al-Ahsaa/AI7/2017 Eastern 

Province 
Backyard 2017 Dec 26 Poultry 19.6 23.1 18.7 + + 

A/Chicken/Al-Ahsaa/AI8/2017 Eastern 
Province 

Backyard 2017 Dec 26 Poultry 25.2 28.6 23.8 + +¶ 

A/Ornamental bird/Al-
Qasim/AI9/2017 

Al-Qasim Backyard 2017 Dec 26 Kept bird 25.0 28.7 24.4 – + 

A/Chicken/Riyadh/AI10/2017 Riyadh Poultry farm 2017 Dec 28 Poultry 13.9 17.6 12.7 + + 
A/Chicken/Eastern 
Province/AI11/2017 

Eastern 
Province 

Backyard 2017 Dec 28 Poultry 32.5 35.5 – – – 

A/Goose/Eastern 
Province/AI12/2017 

Eastern 
Province 

Backyard 2017 Dec 28 Poultry 29.5 33.1 – – – 

A/Duck/Eastern 
Province/AI13/2017 

Eastern 
Province 

Backyard 2017 Dec 28 Poultry 29.4 32.8 – – – 

A/Chicken/Riyadh/A15/2018 Riyadh Bird shop 2018 Jan 3 Poultry 22.8 26.2 21.0 + + 
*Numbers denote cycle threshold (CT) values. NGS, next-generation sequencing 
†Primer and probe sets were modified from WHO RT-PCR protocols for influenza diagnosis 
(http://www.who.int/influenza/gisrs_laboratory/molecular_diagnosis/en/). M gene: one-step real-time RT-PCR procedures for the detection of 
influenza A viruses (protocol 2); H5: one-step real-time RT-PCR procedures for the detection of influenza subtypes H5, H57N9, and H9 (protocol 4). 
‡The high Ct values found in this assay were caused by primer mismatches at the reverse primer (5'-AATTCCCTTCCAACGGCCTCAAAC-3'; 
mismatches are underlined). 
§The N6 and N8 RT-PCR assays were modified from Hoffman et al. (https://www.nature.com/articles/srep27211). 
¶Virus isolates were used as RNA sources for next-generation sequencing. 
# – indicates that the assay produced a negative result. 

 

Technical Appendix Table 2. Viral sequences with the highest sequence identity to those from A/Turkey/Riyadh/AI1/2017 

Segment* GISAID accession no. Virus (subtype) Sequence identity 

PB2 EPI1010642 A/barnacle goose/Netherlands/2/2014 (H3N6) 98.3% 
PB1 EPI961474 A/environment/Kamchatka/18/2016 (H5N5) 98.5% 
PA EPI858843 A/painted stork/India/10CA03/2016 (H5N8) 99.4% 
HA EPI909452 A/wild duck/Tatarstan/3059/2016 (H5N8) 98.7% 
NA EPI926614 A/domestic duck/Siberia/103/2016 (H5N8) 99.1% 
NA EPI1159827 A/Cygnus atratus/Hubei/HF-1/2016 (H5N8) 98.4% 
M EPI1010490 A/green-winged teal/Egypt/871/2016 (H5N8) 99.5% 

NS EPI926617 A/domestic duck/Siberia/103/2016 (H5N8) 99.5% 
*HA, hemagglutinin; M, membrane protein; NA, neuraminidase; NS, nonstructural protein; PA, polymerase acidic protein; PB, polymerase basic 
protein  
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Technical Appendix Figure 1. Phylogenetic analyses of H5N8 viruses detected in Saudi Arabia: A) 

polymerase basic protein 2 (PB2); B) PB1; C) polymerase acidic protein (PA); D) nucleoprotein (NP); E) 

neuraminidase (NA); F) membrane protein (M); G) nonstructural protein (NS). Aligned sequences were 

analysed by MEGA7 (https://www.megasoftware.net/). Phylogenetic trees were constructed using the 

neighbor-joining method. Representative viral sequences and viral sequences that are highly similar to 

those reported in this study were included in these analyses. H5N8 viruses reported in this study are 

highlighted as shown. Bootstrap values 60% are shown. Representative viruses that share a similar 

gene constellation (PB2 and PB1; PA, HA, NP, NA, M, and NS) of H5N8 viruses found in Saudi Arabia 

are underlined (see main text for details). GISAID accession numbers for corresponding viral sequences 

are shown as indicated. Scale bar indicates the estimated genetic distance of these viruses. 
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Technical Appendix Figure 2. Phylogenetic tree of hemagglutinin (HA) sequences with dating estimated 

by BEAST (http://beast.community/). Median (in years) and the estimated posterior probabilities of nodes 

are shown. Node bars indicate 95% highest posterior density regions of node dating. The median date of 

the most recent common ancestor of H5N8 viruses in Saudi Arabia is estimated to be September 11, 

2017 (95% CI May 23–November 20, 2017). GISAID accession numbers of the reference sequences are 

indicated. 

 

 


