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Low pathogenicity avian influenza virus subtype 
A(H9N2) is endemic in poultry in Asia, the Mid-

dle East, and Africa (1). These viruses do not cause 
mass mortality in poultry but can cause substantial 
negative economic impacts (2). H9N2 viruses also 
have zoonotic potential; 74 human infections were 
reported from 1998 through early 2021 (1,3,4), mainly 
in children with a history of poultry exposure. The 
internal gene cassettes of H9N2 viruses contribute to 
human adaptation of avian influenza viruses (AIV) 

In February 2021, routine sentinel surveillance for  
influenza-like illness in Cambodia detected a human 
avian influenza A(H9N2) virus infection. Investigations 
identified no recent H9N2 virus infections in 43 close 
contacts. One chicken sample from the infected child’s 
house was positive for H9N2 virus and genetically similar 
to the human virus.

1These authors contributed equally to this article.
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strains, as exemplified by the fifth wave of the H7N9 
epidemic in China (5). Because of broad host range, 
global distribution, and reassortment capability, risk 
assessments indicate existing H9N2 viruses as a mod-
erate pandemic risk (2,6).

H9N2 viruses circulate as they do in poultry 
from Cambodia endemically, in Bangladesh, Viet-
nam, and China (7,8). Seventy-five percent of AIVs 
detected in chickens in Cambodia in live bird mar-
kets (LBMs) are H9N2 (7). Whereas serosurveys in-
dicate persons in Cambodia with poultry contact are 
exposed to H9N2, active human infections have not 
been detected (9,10).

On February 26, 2021, a 3-year-old boy living 
in Prasat Bakong, near Siem Reap, Cambodia, was 
taken to an outpatient clinic for influenza-like ill-
ness with onset of symptoms on February 24 (Fig-
ure). A nasopharyngeal sample obtained as part of 
influenza-like illness sentinel surveillance tested 
positive for influenza A at the National Institute of 
Public Health (Phnom Penh, Cambodia) but was un-
subtypable for human seasonal, H5, or H7 subtypes 
(Appendix 1 reference 11, https://wwwnc.cdc.gov/
EID/article 27/10/21-1039-App1.pdf). The sample 
tested positive for H9N2 at the National Influenza 
Centre, Institute Pasteur du Cambodge (Phnom 
Penh) (7); a second specimen obtained on March 3 
confirmed H9N2 infection. Viruses in the 2 samples 
were successfully isolated in embryonated chicken 
eggs and confirmed as H9N2; the second isolate was 
named A/Cambodia/21020301/2021. Hemaggluti-
nation inhibition testing confirmed infection by se-
roconversion. The serum sample taken on March 3 
(7 days postonset) tested negative and then tested 
positive on March 10 (14 days postonset; hemagglu-
tination inhibition = 240) (Appendix 1 reference 12).

A joint One Health investigation was undertaken 
during March 8–11, 2021, by the Cambodia Centers 
for Disease Control and Ministry of Health, Nation-
al Animal Health and Production Research Insti-
tute, and provincial divisions with support from the 
United States Centers for Disease Control and Pre-
vention, the World Health Organization, Food and 
Agriculture Organization, and Institute Pasteur du 
Cambodge. The infected child lives in a mainly agrar-
ian village »20 km from Siem Reap encompassing 
121 households and 502 inhabitants; 80% of families 
conduct small-scale backyard poultry farming. The 
child’s residence includes a chicken enclosure con-
taining ≈50 chickens surrounded by nylon net. The 
child played within the enclosure and accompanied 
adults during feeding time. Poultry production, trad-
ing, and AIV prevalence in LBMs increase during  

national festival periods (7); a major sale took place 
on February 8, 2021, before Lunar New Year. 

Forty-three close contacts were identified in 9 
households (21 persons <15 and 22 persons ≥15 years 
of age; 53% female). Nine persons from 5 house-
holds reported respiratory symptoms immediate-
ly before or during the investigation. Nasal swab 
samples from 33/43 contacts (including all symp-
tomatic persons), and concurrent serum samples 
from 23/43 contacts (including 8/9 symptomatic 

Figure. Locations of human infection and timeline of key events in 
the One Health investigation, Cambodia, February–March 2021. 
Key points and findings are indicated next to dates. Sampling 
and testing results are indicated by icons (in key). ILI, influenza-
like illness; NP, nasopharyngeal; qRT-PCR, quantitative reverse 
transcription PCR.
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persons) showed neither H9N2 infection nor sero-
conversion. Health education on safe poultry farm-
ing practices was provided to representatives of 
close contact families.

Investigations of poultry in the index house, village, 
local LBMs, and slaughterhouses yielded 50 tracheal/
cloacal samples and 2 whole birds. One H9N2 virus was 
detected from a chicken at the infected child’s house, 
isolated in embryonated chicken eggs, and subsequent-
ly named A/chicken/Cambodia/f0318251/2021. No 
poultry die-offs were reported in February 2021.

We sequenced the hemagglutinin and neur-
aminidase genes with Oxford Nanopore Technolo-
gies (Nanopore, https://nanoporetech.com) (Ap-
pendix 1 Figure). The hemagglutinin genes of A/
Cambodia/21020301/2021 and A/chicken/Cam-
bodia/f0318251/2021 (GISAID, https://www.gi-
said.org; accession nos. EPI4858549, EPI1858551) 
clustered with G9/BJ94 lineage viruses from south-
ern China from 2018. Neuraminidase genes (acces-
sion nos. EPI4858550, EPI1858552) clustered with 
G9/BJ94 lineage viruses from Laos from 2019. 
Overall, genetic distances between human and 
chicken viruses support a possible recent shared 
ancestor consistent with household chickens as the 
source of exposure.

Seroprevalence studies in rural Cambodia popu-
lations show neutralizing antibodies against H9N2 
viruses of 1.1%–2.6%, indicative of undetected infec-
tions (9,10: Appendix 1 reference 13), similar to avi-
an-exposed persons elsewhere (Appendix 1 reference 
14). Therefore, the true burden of human H9N2 virus 
infections is likely higher than observed. Several hu-
man infections with H9N2 were reported in 2020, co-
inciding with the coronavirus pandemic (Appendix 
1 reference 15), when global human seasonal influ-
enza declined, suggesting that sentinel surveillance 
systems continued to detect seasonal and zoonotic 
viruses (Appendix 1 reference 16).

Endemic H9N2 and other AIVs in poultry remain 
a concern for zoonotic infection. An interdisciplinary 
One Health approach is warranted to curb continuing 
expansion and emergence. Early detection and con-
trol in animal populations, enhanced biosafety, candi-
date vaccines, and prompt antiviral treatment might 
mitigate the risks of reassortment and continued 
evolution that could result in H9N2 viruses with in-
creased mammalian adaptation or human-to-human 
transmission potential.
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There are only one million pronghorn—hooved animals that resemble 
antelope—le�  in North America. Now, outbreaks of Mycoplasma bovis 

threaten to decimate their ranks even further in Wyoming. 

With the help of bacterial DNA, researchers are fi guring out how 
this disease, which is usually found only among livestock, emerged
 in a wildlife species…and whether they can fi nd a solu� on before 

it spreads to other popula� ons.

In this EID podcast, Dr. Kerry Sondgeroth, a veterinary bacteriologist at the 
Wyoming State Veterinary Laboratory and an associate professor at the 

University of Wyoming, describes the pieces of this gene� c puzzle. 

EID Podcast: 
Mycoplasma bovis Outbreak in Pronghorns

Visit our website to listen: http://go.usa.gov/xsTNj
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Figure.  Maximum likelihood phylogenetic tree of hemagglutinin (A) and neuraminidase (B) genes of 

avian influenza A(H9N2) viruses detected in human and chicken specimens, Cambodia, 2021. 

Sequences were aligned using MAFFT v7.450 in Geneious Prime 2021.0.1 against 47 and 38 A/H9N2 

HA and NA sequences, respectively, downloaded from the GISAID and Genbank database (Appendix 2, 

https://wwwnc.cdc.gov/EID/article 27/10/21-1039-App2.xlxs). Maximum Likelihood (ML) phylogenetic 

trees were inferred with IQ-Tree (v2.0.3) using the best-fit nucleotide substitution model (FLU+I+G4) and 

visualized using FigTree (v1.4.4) and ggree (v2.4.1). Phylogenetic support was estimated using 1,000 

ultrafast bootstrap replicates. Candidate vaccine viruses are indicated in bold green, human A(H9N2) 
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viruses in bold blue, and 2021 Cambodian H9N2 viruses in bold red. Clade defining strains are indicated 

with an asterisk. Scale bars indicate the number of nucleotide substitutions per site. Genbank accession 

and GISAID isolate ID numbers are provided in Appendix 2. 

 
 


