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ABSTRACT
Pigeon paramyxovirus 1 (PPMV-1) is an antigenic host variant of avian paramyxovirus 1. Sporadic outbreaks of PPMV-1
infection have occurred in pigeons in China; however, few cases of human PPMV-1 infection have been reported. The
purpose of this article is to report a case of severe human PPMV-1 infection in an individual with probable post-
COVID-19 syndrome (long COVID) who presented with rapidly progressing pulmonary infection. The patient was a
66-year-old man who was admitted to the intensive care unit 11 days after onset of pneumonia and recovered 64
days after onset. PPMV-1 was isolated from the patient’s sputum and in cloacal smear samples from domesticated
pigeons belonging to the patient’s neighbour. Residual severe acute respiratory syndrome coronavirus 2 was
detected in respiratory and anal swab samples from the patient. Sequencing analyses revealed that the PPMV-1
genome belonged to genotype VI.2.1.1.2.2 and had the 112RRQKRF117 motif in the cleavage site of the fusion
protein, which is indicative of high virulence. This case of cross-species transmission of PPMV-1 from a pigeon to a
human highlights the risk of severe PPMV-1 infection in immunocompromised patients, especially those with long
COVID. Enhanced surveillance for increased risk of severe viral infection is warranted in this population.
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Introduction

Newcastle disease (ND) is a common infectious con-
dition found in a wide range of avian species and
has caused significant economic losses in the poultry
industry [1–3]. The causative agent of ND is virulent
Newcastle disease virus (NDV), also known as avian
paramyxovirus 1 (APMV-1) [4]. It belongs to the
genus Avulavirus, subfamily Paramyxovirinae within
the family Paramyxoviridae [5]. NDV is an enveloped
virus with a negative-sense, single-stranded, non-

segmented RNA genome of 15.2 kb that encodes six
structural proteins, including nucleocapsid protein,
phosphoprotein, matrix protein, fusion protein, hae-
magglutinin-neuraminidase, and RNA-dependent
RNA polymerase protein [5–7]. Based on phylogenetic
analysis of the F gene sequence, NDV is divided into
class I and class II [8–10].

Pigeon paramyxovirus type 1 (PPMV-1) is an anti-
genic host variant of NDV that causes infection in
pigeons [11]. Pigeons are the natural hosts of
PPMV-1 [12]. PPMV-1 was first identified in the

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group, on behalf of Shanghai Shangyixun Cultural Communication Co., Ltd
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

CONTACT Guangfa Wang wangguangfa@hotmail.com Department of Respiratory and Critical Care Medicine, Peking University First Hospital,
Beijing, 100034, People’s Republic of China; Peng Yang yangpengcdc@163.com Beijing Center for Disease Prevention and Control, Beijing, People’s
Republic of China; Beijing Research Center for Respiratory Infectious Diseases, 100013, Beijing, People’s Republic of China; George F. Gao gaof@im.ac.
cn CAS Key Laboratory of Pathogen Microbiology and Immunology, Institute of Microbiology, Center for Influenza Research and Early-warning
(CASCIRE), CAS-TWAS Center of Excellence for Emerging Infectious Diseases (CEEID), Chinese Academy of Sciences, Beijing, People’s Republic of China;
University of Chinese Academy of Sciences, Beijing, 100101, People’s Republic of China; Quanyi Wang bjcdcxm@126.com Beijing Center for Disease
Prevention and Control, Beijing, People’s Republic of China; Beijing Research Center for Respiratory Infectious Diseases, Beijing, People’s Republic of China,
School of Public Health, Capital Medical University, Beijing, 100013, People’s Republic of China
#Contributed equally to the work.

Emerging Microbes & Infections
2023, VOL. 12, 2251600 (9 pages)
https://doi.org/10.1080/22221751.2023.2251600

http://crossmark.crossref.org/dialog/?doi=10.1080/22221751.2023.2251600&domain=pdf&date_stamp=2023-08-28
http://orcid.org/0000-0002-2559-7662
http://orcid.org/0000-0002-1994-6029
http://orcid.org/0000-0001-9552-2503
http://creativecommons.org/licenses/by-nc/4.0/
mailto:wangguangfa@hotmail.com
mailto:yangpengcdc@163.com
mailto:gaof@im.ac.cn
mailto:gaof@im.ac.cn
mailto:bjcdcxm@126.com
http://www.iom3.org/
http://www.tandfonline.com


Middle East, specifically in Iraq, in the late 1970s. It
then spread rapidly across Europe, causing the third
epizootic of the 1980s [13, 14]. The first PPMV-1 out-
break in pigeons in China was confirmed in 1985, and
since then PPMV-1 has been reported in pigeons in
many provinces in China, with genotype VI being
dominant [15–17]. PPMV-1 infection in humans is
usually mild and self-limiting. Therefore, it is rarely
reported. However, several immunocompromised
cases with pneumonia have died as a result of respir-
atory failure [18–20].

In February 2023, a 66-year-old man was identified
to have PPMV-1 infection by metagenomics next-gen-
eration sequencing (mNGS). Epidemiological investi-
gation showed that he had been exposed to
domesticated pigeons before he became ill. The
patient had previously had coronavirus disease 2019
(COVID-19) and had since experienced symptoms
of post-COVID-19 syndrome (commonly known as
long COVID). PPMV-1 was identified and isolated
in a sputum sample from the patient and from cloacal
smear samples taken from the pigeons. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
was also detected in samples from the patient. In
this report, we present the epidemiological features
and viral characteristics of human PPMV-1 infection
and offer insights into the significance of surveillance
for increased risk of severe viral infection in the popu-
lation with long COVID.

Methods

Collection of clinical and epidemiological data

Our patient was confirmed to have APMV-1 infection
based on mNGS sequencing on February 17, 2023.
The patient’s clinical information was collected from
the hospital in Beijing, China, which the patient first
visited on February 6, 2023. A standardized surveil-
lance reporting form was used by field investigators
and clinicians to gather epidemiological and clinical
data. These data included demographics, housing
environment, underlying medical comorbidities,
exposure history, clinical symptoms, clinical labora-
tory test results, treatment, clinical complications,
and outcomes.

Collection of clinical samples and detection

Clinical samples were collected from the patient’s
bronchoalveolar lavage fluid, sputum, throat swab,
anal swab, and blood and from the pigeons (cloacal
swab and environmental smear specimen) and were
processed for detection of pathogens. RNA was
extracted from the samples using the QIAamp Viral
RNA Mini Kit (Qiagen, Hilden, Germany) and tested
for PPMV-1 virus and SARS-CoV-2 by real-time

reverse transcription polymerase chain reaction (RT-
PCR) using commercial kits from NBGen and
DAAN Biological Technology Co., Ltd. (Beijing,
China), respectively. The above examinations were
performed in strict accordance with the manufac-
turers’ instructions.

Staining and detection of immune-related cells

Blood was drawn from the patient via sterile veni-
puncture into EDTA vacutainers (Becton Dickinson,
BD, Franklin Lakes, NJ, USA). Fresh blood was incu-
bated with a 6-colour T-cell, B-cell, and natural killer
(NK) cell panel of monoclonal antibodies specific for
CD3 (BV510), CD56 (APC), CD45 (APC-Cy7), CD4
(PE), CD19 (BV421), and CD8 (FITC) in Trucount
tubes. After cell surface staining for 15 min at room
temperature in the dark, erythrocytes were lysed by
incubation with lysis buffer (BD) for 10 min. Flow
cytometry was performed on a BD FACSympho-
ny™A5 system (BD) and analysed using FlowJo 10
software. BD CS&T beads were used for the flow cyt-
ometer set-up and control samples. Standardized
fluorescence compensation for the FACSymphony
flow cytometer was established using BD FC beads
for all fluorochromes in conjunction with FlowJo 10
software and CS&T beads.

Next-generation sequencing and phylogenetic
analysis

PPMV-1 genes were amplified by RT-PCR and library
preparation using a Nextera XT DNA library prep-
aration kit (Illumina, San Diego, CA, USA) for
sequencing on the Illumina MiniSeq platform. Raw
FastQ data for PPMV-1 were assembled using a CLC
Genomics Workbench, version 21.0, and the BLAST
sequence was searched against the NCBI database.
MEGA 6.0 was used for sequence alignment and con-
struction of a phylogenetic tree based on the F gene
with PPMV-1 reference sequences downloaded from
the NCBI. In the same way, SARS-CoV-2 RNA was
amplified by RT-PCR using upstream and down-
stream primer combinations covering the entire gen-
ome and NEBNext Q5 hot start HiFi PCR master
mix (New England Biolabs, Hitchin, UK). After library
preparation, the genome was sequenced on the Illu-
mina MiniSeq platform. Raw FastQ data for SARS-
CoV-2 were assembled using the CLC Genomics
Workbench, version 21.0, and the censuses sequence
was uploaded to https://pangolin.cog-uk.io/ for type
identification.

Isolation of PPMV-1 and SARS-CoV-2

To isolate PPMV-1, Madin-Darby bovine kidney
(MDBK) cells were inoculated with samples and the
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virus was detected by an immunofluorescence assay.
Confluent MDBK cells were inoculated with approxi-
mately 200 μL of the patient’s sputum sample or 200
μL of a pigeon cloaca sample and grown in 6-well plates
containing 800 μL of maintenance medium consisting
of Dulbecco’s modified Eagle’s medium (Invitrogen,
Carlsbad, CA, USA) and antibiotics (100 U/mL penicil-
lin and 100 g/mL streptomycin, Invitrogen). After viral
absorption for 2 h, the infection medium was replaced
with maintenance medium and incubated at 37°C.
Cytopathic effects (CPEs) were monitored after 1–2
days. The MDBK cells were fixed with 4% paraformal-
dehyde for 10 min, permeabilized with Triton X-100
for another 20 min, and incubated in blocking buffer
for 10 min. The cells were then incubated with a
mouse antibody against PPMV-1 nucleocapsid protein
(1:1000, generated and kindly provided by Professor
Honglei Sun, China Agricultural University) and then
with an FITC-labelled secondary antibody (1:400,
KPL Inc., Gaithersburg, MD, USA), both at 37°C for
60 min. The cells were then stained with 1 mg/mL
DAPI. All images were acquired with a fluorescence
microscope (Olympus, Tokyo, Japan).

For isolation of virus, Vero cells in six-well plates
containing Dulbecco’s modified Eagle’s medium sup-
plemented with 2% foetal bovine serum (Invitrogen)
were inoculated with 1 mL of viral transport medium
from the patient’s throat swab that was identified to be
positive for SARS-CoV-2 and incubated in a CO2

incubator at 37°C. The plates were observed daily for
CPEs using an inverted microscope (Eclipse Ti;
Nikon, Tokyo, Japan). After cultivation for 5 days,
serial passages were carried out. After three passages,
the virus was identified by real-time RT-PCR.

Neutralizing antibody assay

Microneutralization assays were performed. Starting
at a 1:10 dilution, 50 μL of two-fold serial dilutions
of antisera were pre-incubated 1:1 with 100 median
tissue culture infective doses (TCID50) of the virus
stocks at 37°C for 2 h. The mixture was then trans-
ferred to 96-well plates containing MDBK cells and
incubated for a further 18–20 h at 37°C in a 5% CO2

incubator. The end-point dilutions were assessed
using an immunofluorescence assay.

Scanning and transmission electron microscopy

Scanning electron microscopy (SEM) was used to
detect changes in the morphology of normal human
bronchial epithelial (NHBE) cells following PPMV-1
inoculation to gain an understanding of the invasive-
ness of PPMV-1 in human respiratory epithelial
cells. Virus isolated from the patient sputum specimen
produced CPEs in monolayers of NHBE cells 48 h
after inoculation. Briefly, NHBE cell cultures were

inoculated with the virus at a multiplicity of infection
(MOI) of 1. Forty-eight hours post-infection, infected
and mock-infected NHBE cells were fixed with 2.5%
glutaraldehyde (Soliabio, Beijing, China) at 4°C over-
night, washed and dehydrated in an ethanol gradient,
subjected to critical point drying, and vacuum-evapor-
ated with platinum. The membrane supporting the
NHBE cells was then cut from the Transwell rack
and glued to a sample holder, and the samples were
examined by SEM using a Hitachi SU8000 (Tokyo,
Japan).

NHBE cells were infected with PPMV-1 at an MOI
of 1, and cell culture supernatants were collected at 48,
72, and 96 h post-inoculation for virus titration. The
titres of PPMV-1 in the cell supernatants at different
time points were determined by TCID50 assays as
described elsewhere [21]. MDBK cells were seeded in
96-well plates at a density of 2 × 104 cells/well. After
24 h, the culture supernatants were serially diluted
with Dulbecco’s modified Eagle’s medium, and
MDBK cells were infected with 100 μL of 10-fold serial
dilutions of harvested culture supernatants. The cells
were incubated at 37°C for 96 h. The CPEs on cells
in each well were observed using a light microscope
(IX70; Olympus). TCID50 values were calculated
using the method devised by Reed and Muench [22].

Transmission electron microscopy (TEM) was used
to observe the morphology of the virus particles with
the aim of identifying the virus. Twenty hours after
infection, MDBK cells infected with PPMV-1 at an
MOI of 10 were fixed with 2.5% glutaraldehyde (Solia-
bio). After washing with phosphate-buffered saline,
the samples were dehydrated with an alcohol gradient
and embedded in Epon812 for 72 h at 60°C. Ultra-thin
sections were cut, stained with uranium acetate and
lead citrate, and then observed using a Hitachi
HT7800 transmission electron microscope.

Results

Clinical information and pathogen detection

The patient first visited our hospital with a fever (38.5°C)
on February 6, 2023 (day 1 of onset). Before this
illness, the patient had experienced persistent physical
weakness since being infected with SARS-CoV-2 on
December 30, 2022. The patient also had a history of
hypertension, coronary heart disease, and dyslipidae-
mia, for which he was prescribed aspirin and a statin.
He complained of shivering, cough, palpitations,
weakness, nausea, and continuous fever and had
taken antipyretic agents at home. The patient was trea-
ted with moxifloxacin as an outpatient on February
6–9, 2023. On February 10 (day 5), his temperature
increased to 39.7°C and was accompanied by cough,
abdominal pain, and diarrhoea. Therefore, he was hos-
pitalized for treatment. On February 16, 2023 (day 11),
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there had been no improvement and the patient was
transferred to the intensive care unit. A computed
tomography scan of the chest indicated bronchitis
with thickening of the walls of the bronchial tubes in
both lungs.

After the patient was admitted to hospital, relevant
pathogens were sought. On February 17 (day 12),
APMV-1 was suggested in bronchoalveolar lavage fluid
by mNGS. Subsequently, sputum, throat swabs, and
anal swabs were collected from the patient for detection
of APMV-1, SARS-CoV-2, and other pathogens. The
specific detection results are shown in Figure 1.

Epidemiological investigations

Epidemiological investigation showed that the patient
lived with his wife in a single-family cottage in an alley
in an urban district of Beijing. The property’s floor
area was approximately 70 square metres and the
building had poor ventilation. A neighbour opposite
the residence had raised pigeons in their attic for a
long time. The residence of the patient was close to
that of this neighbour. When the patient left his
home, he needed to pass the house where the pigeons
lived. The patient had intensive contact with the
pigeons kept by the neighbour before the onset of
his illness. Pigeon cloacal swabs and environmental
smear samples of the loft tested positive for
PPMV-1. The sequences of PPMV-1 samples from
the patient and pigeons were identical. Based on epi-
demiological and aetiological evidence, cross-species
transmission from pigeons to a human was confirmed.

Serum samples from close contacts (the patient’s
wife and neighbour) were tested for neutralizing anti-
bodies using MDBK cells. The patient’s microneutra-
lization antibody titres were 1:8 on day 18 and day
23 and 1:16 on day 28 and day 31 after onset of the ill-
ness, while the close contacts were negative for the
serum antibody.

Immune-related cell count analysis

To better understand the immune status of the patient,
6-colour flow cytometric assays using the BD FAC-
Symphony™A5 system were performed to determine
immune-related cell counts. White blood cell, lym-
phocyte, monocyte, total T lymphocyte, total B lym-
phocyte, NK cell, helper/inducer T-cell, and
suppressive/cytotoxic T-cell counts (Table 1) were sig-
nificantly decreased in comparison with normal levels
(Figure 2, Table 1).

Virus isolation and immunofluorescence assays

Virus was isolated from a sputum sample collected
from the patient on February 18 (day 13 after illness
onset) and from pigeon cloacal samples and was ident-
ified by immunofluorescence after inoculation with
MDBK cells (Figure 3). Virus isolated from the spu-
tum specimen produced CPEs on monolayers of
MDBK cells after 72 h. After 4 days, CPEs and
detached cells were evident over the entire monolayer
area. Multiple subsequent passages and isolation of
plaques yielded culture suspension and infected cells
from a single plaque of the virus. The culture suspen-
sion and cells were used for identification of the virus
by fluorescence electron microscopy. After confirming
the virus as PPMV-1 by real-time RT-PCR and immu-
nofluorescence assays, the virus was named PPMV-1-
202302. Vero cells were inoculated with clinical
specimens for isolation of SARS-CoV-2, produced
no typical CPEs, and were confirmed to be negative
for SARS-CoV-2 by real-time RT-PCR.

PPMV-1 and SARS-CoV-2 genome analysis

The sequences of the viruses isolated from the patient
and the pigeons shared a nucleotide similarity of
100%. The full-length genome of the isolated virus dis-
played 99.45% nucleotide sequence identity with a

Figure 1. Timeline of the patient’s clinical course and detection results. Ct values indicate cycle threshold of real-time polymerase
chain reaction.
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PPMV-1 isolated from pigeons in eastern China
(pigeon/Shandong/190610-2/2019, GenBank). Phylo-
genetic analysis clustered the virus within a group of
pigeon viruses isolated in north China, including a
strain isolated from the patient’s neighbour’s pigeons
(Figure 4). This indicates the possibility of transmission
from pigeons to humans. The virus had the VI.2.1.1.2.2
genotype, which in China exists mainly in pigeons.
Moreover, the 112RRQKRF117 motif was observed in
the cleavage site of the fusion protein, which indicates
high virulence in poultry. Furthermore, the SARS-
CoV-2 genome was obtained from the sputum sample
collected on February 19, 2023 with 96.1% coverage,

and was subtyped as Omicron variant BF.7.14 through
the Pangolin COVID-19 Lineage Assigner Web appli-
cation (https://pangolin.cog-uk.io/).

Virus identification and infectivity analysis

The virus isolation culture supernatants were collected
for virus purification using discontinuous sucrose gra-
dient centrifugation, and the purified virus was exam-
ined by TEM. The virus particles were polymorphic
with a diameter of 100–400 nm, and the spines on
the surface were approximately 12–15 nm long
(Figure 5A).

Table 1. Flow cytometry analysis of the patient’s peripheral blood.
Specificity Marker Count* Reference range Unit

Granulocyte percentage. CD45 + SSC(high) 75.02186184 50–70 %
NK-T cell percentage. CD3 + CD56+ 14.3442623 3–8 %
monocyte percentage. CD45 + SSC (mid) 7.520470627 3–8 %
Granulocyte count. CD45 + SSC(high) 2555.26505 1526–7306 N/μL
Total T lymphocyte percentage. CD3 + CD19- 65.75591985 50–84 %
Total B lymphocyte percentage. CD3-CD19+ 5.646630237 5–18 %
NK cell percentage. CD3-CD56+ 16.57559199 7–40 %
Helper/Inducer T Cell Percentage. CD3 + CD4 + CD8- 48.51108033 27–51 %
Suppressor/cytotoxic T cell percentage. CD3 + CD4-CD8+ 42.41689751 15–44 %
Th/Ts CD4+/CD8+ 1.143673469 0.71-2.78
White blood cell count. CD45+ 3406.027241 4000–10000 N/μL
Lymphocyte percentage. CD45 + SSC (low) 17.45766754 20–40 %
lymphocyte count. CD45++SSC (low) 594.612912 1488–4483 N/μL
monocyte count. CD45 + SSC (mid) 256.1492781 300–800 N/μL
Total T lymphocyte count. CD3 + CD19- 390.9931899 955–2860 N/μL
Total B lymphocyte count. CD3-CD19+ 33.57559248 90–560 N/μL
NK cell count. CD3-CD56+ 98.56061019 150–1100 N/μL
Helper/Inducer T Cell Count. CD3 + CD4 + CD8- 189.6750204 414–1123 N/μL
Suppressive/cytotoxic T cell count. CD3 + CD4-CD8+ 165.8471806 238–874 N/μL

*Arrows represent the high and low cell count values compared with normal levels.

Figure 2. Flow cytometry gating strategy of T-cells, B-cells and natural killer (NK) cells. A representative flow cytometry plot from
an infected individual showing: (A) gated lymphocytes, monocytes-granulocytes. (B) NK cells are divided into functionally distinct
CD56+/CD3- and CD56+/CD3 + subsets. (C) CD19+ B-cells, and CD3 + lymphocytes. (D) T-cells (CD3+) are divided based on CD4 +
and CD8 + expression.
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Figure 3. Immunofluorescence identification of virus in MDBK cells. (A) Immunofluorescence assay of virus isolated from the
patient’s sputum sample. (B) Immunofluorescence assay of virus isolated from pigeon cloacal smear samples. (C) Normal
MDBK cells served as a mock control. MDBK, Madin-Darby bovine kidney.

Figure 4. Phylogenetic tree of PPMV-1 virus F genes. The red circles indicate the PPMV-1 sequences from the patient and pigeons
analysed in this study.
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The replication ability of the virus from the patient
and pigeons was examined in NHBE cells, which form
a ciliated-pseudostratified columnar epithelium at an
air-liquid interface. SEM was used to investigate the
CPEs of PPMV-1-infected NHBE cells in detail
(Figure 5B). Shrinkage of cilia in the plaque region
and beaded changes in the periphery of plaques were
detected (Figure 5B). The cilia were disordered in
virus-infected cells in the far periphery of the plaques.
Extracellular viral particles were observed in infected
NHBE cells by TEM. The virus titres (TCID50/ml) at
48, 72, and 96 h post-inoculation were 6.3 × 102,
4.7 × 103, and 1 × 105, respectively. These findings
indicate that epithelial cells in the human upper and
lower respiratory tract are susceptible to PPMV-1
infection.

Discussion

PPMV-1 has long been prevalent among pigeons and
leads to significant economic losses in the Chinese
pigeon industry nationwide [23–25]. Human infection
with PPMV-1 is rarely reported. This report describes
a case of PPMV-1 infection and isolation of the virus
in a sputum sample from a human patient and a
pigeon cloaca sample. The patient was also SARS-
CoV-2-positive, having been diagnosed with
COVID-19 on December 30, 2022. Whole genome
sequences of PPMV-1 from the case and the pigeons
were obtained by next-generation sequencing. With

the timely detection of pathogens that in part directed
clinical treatment, the patient had recovered by April
8, 2023.

In this study, mNGS was used to identify the causa-
tive pathogen in the patient’s samples. The interval
between onset of the patient’s illness and identification
of the pathogen was 12 days. Compared with a pre-
vious report in which NDV was identified by mNGS,
which took 23 days [18], this short detection time pro-
vided a valuable time window for effective clinical
treatment. Ultimately, because of the early diagnosis
by mNGS, the patient was successfully discharged
from hospital 64 days after PPMV-1 infection. This
report highlights the clinical benefit of early diagnosis
by mNGS for patients with infections of unknown ori-
gin. The patient’s serum was positive for neutralizing
antibody against PPMV-1, with a slight upward
trend between days 18 and 31, indicating a recent
infection. However, pathogen and serum antibody
tests were negative for the patient’s wife and neigh-
bour, indicating that the virus had limited trans-
mission ability and that this was a case of cross-
species infection rather than human-to-human
transmission.

PPMV-1 is a common zoonotic pathogen that cir-
culates in the pigeon reservoir and can occasionally
spread to humans. Although the risk of infectious dis-
eases originating from the human-animal interface is
usually focused on the wild environment, close atten-
tion to interaction between domestic pets and humans

Figure 5. Visualization of PPMV-1 isolated from the patient by transmission and scanning electron microscopy. (A) Virus particles
were identified by transmission electron microscopy. Morphology of PPMV-1 viruses budding from infected MDBK cells. MDBK
cells were infected with indicated viruses at an MOI of 10 and processed for transmission electron microscopy at 20 h after infec-
tion. (B) Cytopathic effects of PPMV-1 virus infection of NHBE cells. NHBE cells were infected with the indicated virus at an MOI of
0.1. Scanning electron microscopy was used to detect changes in the morphology of NHBE cells. Normal NHBE cells served as a
mock control. Black arrows indicate PPMV-1 virus particles. MDBK, Madin-Darby bovine kidney; MOI, multiplicity of infection;
NHBE, normal human bronchial epithelial.
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in urbanized regions is also warranted. The compre-
hensive One Health strategy targeting both the wild
environment and the human built environment is
intended to prevent and control zoonotic pathogens
[26–27]. Action can be taken to control the risk of spil-
lover or transmission to humans by reduced contact
with animals. Meanwhile, intensive surveillance to
track the activity of pathogenic microorganisms is
supposed to be in place in both wild and domesticated
species. Furthermore, universal or targeted vacci-
nation is an optional strategy that can be used to con-
tain infection and transmission in animals as well as
between animals and humans.

On May 5, 2023, the World Health Organization
stated that COVID-19 is now an established and
ongoing health issue but no longer constitutes a public
health emergency of international concern [28]. How-
ever, it should be noted that the impact of long
COVID is open-ended and involves extensive and
diverse populations. During the period when
COVID-19 was prevalent, the risk of severe infection
caused by usually mild pathogens may have increased
in individuals who had contracted COVID-19 to give
rise to a population with underlying medical comor-
bidities, particularly in immunocompromised individ-
uals. In late 2022, the BF.7.14 lineage was dominant in
Beijing, and our patient was initially infected with
SARS-CoV-2 during the same period. On February
18, 2023, residual SARS-CoV-2 was detected in respir-
atory samples from the patient and were also identified
as BF.7.14 lineage. It seemed unlikely that the same
variant was contracted in a such short period of
time. Furthermore, on February 13, 2023 (week 7),
the positive SARS-CoV-2 rate in virological surveil-
lance was only 2.8% in Beijing, indicating that the
virus activity was at a low level and the risk of infection
with COVID-19 was minimal. The above-mentioned
evidence indicates that the patient had since experi-
enced symptoms of long COVID rather than reinfec-
tion. The case reported here, which met the above
criteria, reflects this situation. Strengthening surveil-
lance among at-risk groups with post-COVID-19 syn-
drome is important, especially for individuals having
frequent contact with animals, including pets.

The patient described in this report had chronic
underlying diseases with hypertension and coronary
heart disease. He had experienced persistent physical
weakness since being diagnosed with COVID-19 on
December 30, 2022. The synergistic effect of the
chronic underlying diseases and a previous infection
with SARS-CoV-2 may have led to compromised
immunity, which might have increased the severity
of the PPMV-1 infection. It has not been reported
and might be controversial whether a previous infec-
tion with SARS-CoV-2 increases the severity of the
disease caused by PPMV-1 infection. However, it
was previously reported that patients who were

infected with COVID-19 and influenza had more
severe symptoms and a higher risk of death than
those who were infected with COVID-19 alone [29].
The patient has lived in the same region for many
years but has never been infected with PPMV-1.
Nevertheless, after contracting COVID-19 in late
2022, he did not recover fully and was diagnosed
with long COVID. In this physiological context, he
was subsequently infected with PPMV-1 in February
2023. This infection pattern indicates that there may
be a potentially causal relationship between PPMV-1
and COVID-19 rather than occasional co-infection,
but the mechanism affecting the change of suscepti-
bility is still unknown.

This study has several limitations. The mechanism
of pigeon-to-human PPMV-1 cross-species trans-
mission warrants further study. It is crucial to study
viral and host factors associated with cross-species
transmission to help develop effective intervention
measures. Moreover, PPMV-1 has not been rigorously
investigated, and its epidemiology and variation in
pigeons require further investigation.

In conclusion, cross-species transmission of
PPMV-1 from pigeons to humans is a new public
health concern. mNGS can play a significant role in
discovery and early diagnosis of novel pathogens.
Enhanced surveillance to detect an increased risk of
severe disease after viral infection is warranted in the
population with long COVID.
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