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Abstract 

Purpose: Psittacosis is a zoonotic infectious disease caused by the transmission of the bacterium Chlamydia psittaci 
(C. psittaci) from birds to humans. Infections in humans mainly present as community‑acquired pneumonia (CAP). 
However, most cases are treated without diagnostic testing, and the importance of Chlamydia psittaci infection as a 
cause of CAP is therefore unclear. Diagnostic tools, including culture, serologic test, and PCR‑based methods, are avail‑
able but prone to false negative results. Metagenomic next‑generation sequencing (mNGS) has been increasingly 
used in the diagnosis of infectious diseases, particularly when conventional diagnostic approaches have limitation.

Detection of nucleic acid sequence of C. psittaci in respiratory tract samples by metagenomic next‑generation 
sequencing (mNGS) is effective for early diagnosis of severe C. psittaci pneumonia. Timely treatment based on tetracy‑
cline can reduce unnecessary use of antibiotics and improve prognosis of patients with severe C. psittaci pneumonia.

Methods: Clinical data of thirteen patients with severe C. psittaci pneumonia diagnosed by mNGS were collected. 
Clinical manifestations, treatment and prognosis of patients were summarized.

Results: The typical symptoms of pneumonia caused by C. psittaci include fever, headache, myalgia, cough, and 
dyspnea. In the current study, all patients met the criteria for severe C. psittaci pneumonia and received mechanical 
ventilation, including noninvasive mechanical ventilation (five/thirteen) and invasive mechanical ventilation (eight/
thirteen). The findings showed that patients with C. psittaci pneumonia presented with normal or slightly increased 
leucocytes and procalcitonin, and high C‑reactive protein levels. Computed tomography manifestations included 
consolidation of lung parenchyma, with air bronchogram and pleural effusion in some patients. mNGS analysis results 
were obtained within 48–72 h. Eleven patients fully recovered after targeted treatment, however, two patients died 
from secondary multidrug‑resistant Pseudomonas aeruginosa infection.

Conclusions: The findings of the current study show that mNGS is effective in diagnosis of C. psittaci pneumonia, 
and has significant diagnosis value in patients with severe infection. Patients responds well to the timely use of appro‑
priate antibiotics.
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Introduction
Chlamydia psittaci is a gram-negative, obligate intracel-
lular bacterium. Infection by C. psittaci is transmitted 
to human beings mainly through contact or inhalation 
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of aerosol, feces, or feather dust from nasal secretions 
of infected birds [1–3]. The primary host of C. psittaci 
is various birds including parrots and pigeons. In addi-
tion, mammals and poultry are potential hosts of the 
bacterium and can readily transmit it to people [1–3]. C. 
psittaci infection in humans is mainly an occupational 
infection. Moreover, person-to-person transmission has 
been reported, however, it is extremely rare [4–7].

C. psittaci mainly causes respiratory and digestive 
tract diseases in birds. In humans, it causes respiratory 
tract infection and bacteremia. C. psittaci pneumonia is 
prevalent among adults and rare in children, accounting 
for approximately 1% of all community-acquired pneu-
monia [8]. The disease has an incubation period of five 
to fourteen days [9]. It mainly invades the lungs, liver, 
spleen, meninges, and central nervous system. The main 
symptoms of pneumonia caused by C. psittaci include 
fever (body temperatures above 38.5 ℃), headache, myal-
gia, cough, and dyspnea. C. psittaci can be manifested 
as asymptomatic to mild infection, resulting in systemic 
multiple organ dysfunction, severe pneumonia, and may 
result in death [10–13].

Diagnostic methods currently used for C. psittaci 
include pathogen culture, serological detection, and 
molecular biology techniques including polymerase 
chain reaction (PCR). Diagnosis of C. psittaci pneumonia 
is challenging in early stages owing to its atypical clinical 
manifestations. The low sensitivity and complex proce-
dure of Chlamydia psittaci culture causes it hardly rou-
tinely performed in most diagnostic laboratories. Other 
laboratory testing included serological assay and poly-
merase chain reaction (PCR) based methods, but both 
have questionable sensitivity and specificity. Metagen-
omic next-generation sequencing technology (mNGS) 
can detect various pathogenic microorganisms without 
bias through sequencing and analysis of microorganisms 
as well as host nuclear acid in clinical samples. Rapid 
screening of pathogens facilitates timely identification 
of pathogens to initiate targeted antibiotic treatment. 
Therefore, mNGS has been gradually applied in clinical 
practice in recent years [14, 15]. A total of 13 cases of 
severe pneumonia caused by C. psittaci diagnosed using 
mNGS method in Dongyang Hospital Affiliated to Wen-
zhou Medical University are presented in the current 
study.

Patients and methods
Study design
Clinical data of thirteen patients with severe pneumo-
nia caused by C. psittaci admitted to Dongyang Hospi-
tal Affiliated to Wenzhou Medical University (a tertiary 
hospital in Zhejiang, China) between January 2019 and 
January 2021 were retrospectively analyzed in the current 

study. All the cases were diagnosed by mNGS com-
bined with clinical manifestations and other laboratory 
diagnostic methods. Clinical data of each patient were 
obtained from the electronic medical record system.  The 
current study was approved by the hospital ethics com-
mittee (Approval No.2021-YX-035), and all data were 
anonymized before analysis.

mNGS analysis
(1) sample processing and DNA extraction: Samples were 
collected in strict accordance with clinical practice. All 
samples were bronchoalveolar lavage fluid. DNA was 
extracted using the Tianamp micro DNA Kit (DP316, 
Tiangen Biotech, Beijing, China). (2) Library construc-
tion and sequencing: Agilent 2100 Bioanalyzer was used 
to analyze the length of inserted fragments in the library. 
Qubit dsDNA HS assay Kit (Thermo Fisher Scientific 
Inc.) was used to determine the concentration of DNA in 
the library. DNA nano ball (DNB) nanospheres were pro-
duced from the library after cyclization. Further, the pre-
pared DNB nanospheres were loaded into the sequencing 
chip and sequenced using BGISEQ-500 system. (3) Sta-
tistical analysis: Sequencing data were retrieved from the 
machine and low-quality data, and data with length less 
than 35  bp were removed to obtain high-quality data. 
Human reference genome sequence data were retrieved 
by alignment in BWA webserver (BWA: http:// bio- bwa. 
sourc eforge. net/). Low complexity sequences were 
excluded and the remaining data were compared with 
the data in the special microbial database. Data were then 
classified and arranged based on bacteria, fungi, viruses, 
and parasites.

Diagnostic criteria
In the current study, severe pneumonia cases were diag-
nosed as caused by C. psittaci if they met the following 
conditions: (1) The diagnostic criteria of severe pneumo-
nia [16]; (2) detection of the specific DNA fragment of 
C. psittaci through mNGS; (3) no other pathogens were 
observed in other specimens including blood, sputum, 
and bronchoalveolar lavage fluid.

Results
Patient characteristics
The thirteen patients included in the current study com-
prised seven males and six females. The median age 
of patients was 65 (range 33–78) years (Table  1). All 
patients had an acute onset of pneumonia. Fever was 
the most common symptom among patients, and the 
peak temperature was 39–40 ℃. Most patients presented 
with cough without apparent expectoration. All patients 
developed progressive dyspnea with disease progression. 
Patients included in the study did not receive hormones 
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or immunosuppressants. All thirteen patients presented 
with an episode of respiratory failure during hospitaliza-
tion and required mechanical ventilation (Table 1).

Positive findings of physical examination included 
increased tactile tremor in the affected lung and a little 
moist rale in auscultation, which was not consistent with 
severe clinical manifestations.

Technical investigations
Two cases presented with elevated white blood cell 
(WBC) count, ten cases presented with normal WBC 
count, whereas one case presented with decreased 
WBC count during admission. Average WBC count of 
the thirteen patients was 7.50  ×   109/L (normal 4.00–
10.00 ×  109/L). The mean percentage of neutrophils was 
90%; with an average C-reactive protein (CRP) level of 
172.87 mg/L (normal < 8 mg/L), and an average procalci-
tonin level of 3.96ng/ml (normal < 0.5ng/ml).

Main computer tomography (CT) manifestations 
included consolidation with bronchial inflation sign, 
ground glass exudation, or pleural effusion (Figs.  1 and 

2). Pleural effusion was observed in two patients. Two 
patients died from secondary multidrug-resistant infec-
tion after treatment with targeted drugs. The other eleven 
patients were completely recovered.

Treatment
All the patients had visited the local community hospital 
at the onset of the disease and received empirical treat-
ment. However, their condition gradually deteriorated, 
leading to progression of acute respiratory distress syn-
drome. Patients were subjected to bronchoscopy exami-
nation for the first time at our hospital and underwent 
bronchoalveolar lavage fluid (BALF) mNGS test.

mNGS analysis takes 48–72  h thus the patients 
received empirical antibiotic treatment after admission, 
including β-lactam/β-lactamase inhibitor combinations 
or quinolones following the guidelines for diagnosis and 
treatment of community-acquired pneumonia. After 
confirmation that the disease was caused by C. psittaci, 
antibiotic therapy was changed to tetracycline [9]. In 
addition, three patients with severe illness were treated 

Table 1 Clinical characteristics of the severe psittacosis pneumonia cases

CRP C-reactive protein, CT computed tomography, PCT procalcitonin, WBC white blood cell

Characteristics Patients, n (%) Median value, (range)

Demographics

Male/female 7/6

Age, median (range, years) 65 (33–78)

History of contact with avian or poultry 5/13 (38.46)

Underlying disease 5/13 (38.46)

Clinical manifestations

Fever > 38.5 °C 13/13 (100.00)

Cough, dyspnea 13/13 (100.00)

Headache 6/13 (46.15)

Myalgia 10/13 (76.92)

Septic shock 9/13 (69.23)

Invasive ventilator support 5/13 (38.46)

Days from illness to respiratory failure 8 (2–10)

Laboratory testing

Elevated WBC  (normal 4–10, ×  109/L) 2/13 (15.38) 7.50 (3.20–18.28)

Elevated percentage of neutrophils (normal 45–75%) 13/13 (100.0) 0.90  (0.63–0.97)

Elevated CRP (normal 0–8mg/L) 13/13 (100.0) 172.87(45.99–270.00)

Increased PCT (normal 0–0.5 ng/ml) 9/13 (69.23) 3.96 (0.06–25.78)

Imaging

Lesion began in lower lobe of lung 8/13 (61.54)

Lesion began in upper lobe of lung 5/13(38.46)

Consolidation with air bronchograms 13/13 (100.00)

Complete CT recovery in survivors 11/11 (100.00)

Oxygen therapy method 

noninvasive ventilator 8/13(61.5)

invasive ventilator 5/13(38.46)
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with supplementary carbapenems, linezolid, or tigecy-
cline. Clinical studies recommend that the course of tet-
racycline treatment should be at least 2 weeks [9].

Outcomes
The body temperature of patients decreased to normal 
levels within three days after tetracycline treatment. 

Moreover, tetracycline treatment gradually improved 
the respiratory function of patients. Two patients died 
from secondary multidrug-resistant Pseudomonas 
aeruginosa infection which caused a progressive 
decrease in blood pressure. Notably, hypoxemia could 
not be corrected even with extracorporeal membrane 

Fig. 1 Chest computed tomography (CT) scans of a 78‑year‑old man with severe psittacosis pneumonia. The initial CT scan (11 days after onset) 
shows air‑space consolidation with inflammatory exudation in the superior lobe of the right lung and pleural effusion (A). On follow‑up, the 
consolidation was completely absorbed (19 days after onset) (B)

Fig. 2 Chest computed tomography (CT) scans of a 69‑year‑old man with severe psittacosis pneumonia. The initial CT scan (6 days after onset) 
shows diffuse consolidation of both lungs with bronchial inflation sign (A). CT scan (14 days after the onset) shows that the consolidation gradually 
decreased following targeted treatment, however it showed bilateral pleural effusion (B). On follow‑up (21 days after the onset), the consolidation 
and pleural effusion gradually decreased following treatment (C), and it completely disappeared at 66 days after onset (D)
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oxygenation (ECMO) resulting in death. The other 
patients showed complete recovery.

Discussion
Psittacine commonly known as parrots are the main 
hosts of C. psittaci. In addition, birds and commercial 
poultry are potential hosts of C. psittaci and can trans-
mit the disease to humans. Contact with infected birds, 
feathers, tissues, or corpses of birds, and cleaning of con-
taminated cages predisposes individuals to C. psittaci 
infection [9, 17, 18]. C. psittaci infection can be caused 
by short-term contact with birds or their excreta, and 
activities that do not involve direct contact with excreta 
including mowing or pruning [19, 20].

C. psittaci pneumonia accounts for appoximately 1% 
of all community-acquired pneumonia [8]. The mortality 
rate of C. psittaci pneumonia was 15–20% before the era 
of antibiotics [21]. Notably, the mortality rate has signifi-
cantly decreased with the advent and development of tar-
geted antibiotics.

Diagnosis of C. psittaci pneumonia is challenging 
owing to its atypical clinical manifestations. For instance, 
a few patients may not have a history of bird contact. 
Patients are commonly treated for common commu-
nity-acquired pneumonia when clinicians do not care-
fully collect medical history or if the patients report lack 
of contact history. Furthermore, detection of C. psittaci 
is not often included in the scope of routine detection, 
resulting in misdiagnosis. In addition, several patients 
visit the hospital at an early stage of the disease and are 
mainly treated with empirical antibiotics owing to the 
hierarchical diagnosis and treatment system. Moreo-
ver, the disease has a self-limiting nature. These factors 
potentially lead to underestimation of the incidence rate 
of Chlamydia pneumonia.

Main clinical manifestations of C. psittaci pneumo-
nia include fever, chills, headache, general discomfort, 
and myalgia. In addition, patients may present with a 
dry cough and progressive dyspnea or chest tightness. 
Moreover, a pulse temperature dissociation (rarely with-
out increased pulse rate), splenomegaly, or nonspecific 
rash observed in patients. Furthermore, C. psittaci is 
associated with several extrapulmonary manifestations, 
including endocarditis, myocarditis, hepatitis, arthritis, 
keratoconjunctivitis, encephalitis, and ocular adnexal 
lymphoma [22–24]. Pulmonary auscultation is ineffec-
tive and often inconsistent with severe clinical manifesta-
tions. Laboratory analysis shows that the white blood cell 
count in patients with C. psittaci pneumonia is signifi-
cantly lower compared with other pneumonia types [25]. 
In the current study, the average white blood cell count 
was normal, however, the CRP levels were significantly 
higher compared with the normal value. This finding is 

consistent with findings from other studies. The major 
imaging manifestations include consolidation of the air 
cavity, ground glass shadow, grid shadow, small patches 
and nodules, pleural effusion, and lobular distribution, 
with manifestation highly common in the lower lobes of 
lungs [24, 26]. Multiple image forms may coexist, indicat-
ing that the disease gradually develops from bronchioles 
to surrounding lobules and overlaps with each other. In 
the present study, five cases showed manifestation of the 
disease in the upper lobe, whereas eight cases presented 
distribution in the lower lobe.

Positive diagnosis of C. psittaci requires at least one of 
the following tests: (1) Isolation of C. psittaci from respir-
atory tract specimens; (2) Antibody titer of double serum 
is 4-fold higher or more compared with the normal value 
as shown by complement binding test (CFT) or micro 
immunofluorescence (MIF); relative titer of IgM of C. 
psittaci detected by MIF method is more than 1:16. Nota-
bly, only a few microbiological laboratories have facili-
ties for conducting these tests. Microbiological culture 
is time-consuming, and requires a P3 containment labo-
ratory [9]. Polymerase chain reaction (PCR) is used for 
quick identification of acute and asymptomatic patients 
and helps identify the source of disease through geno-
typing. Notably, sensitivity of PCR is higher in the acute 
stage of the disease, whereas sensitivity rapidly decreases 
with progression of the disease. In addition, not all labo-
ratories have facilities for performing PCR analysis. The 
serological detection method is limited by cross-reaction 
with other Chlamydia strains. It is used for detection of 
the bacteria in serum samples of patients in acute and 
convalescent stages. Therefore, serological detection 
method is only suitable for retrospective diagnosis and 
can be used for epidemiological investigation [27]. Nota-
bly, each detection method has its limitations, including 
low sensitivity, cross-reactivity with related species and 
inefficiency in collecting the optimal clinical specimens 
at the optimal time intervals for subsequent tests. There-
fore, detection is often performed through combination 
of various laboratory detection methods. Moreover, there 
is no a “gold standard” method for diagnosis [28] result-
ing in low diagnosis rates. C. psittaci infection among 
elderly patients is more severe compared with infection 
with pneumonia caused by other Chlamydia strains, and 
the course of disease spans several weeks. Studies report 
that C. psittaci caused outbreaks in several places in 
Europe such as Belgium and Netherlands in the past [29, 
30], thus the impact of the disease on human beings can-
not be underestimated. Moreover, there is an urgent need 
for convenient, rapid, and accurate detection methods to 
ensure timely and effective treatment.

All patients in the current study were diagnosed 
through mNGS after presenting with no improvement 
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after antibiotic treatment. Notably, mNGS accurately 
detects pathogens in patients with unexplained lower 
respiratory tract infection and the results can be obtained 
within 48–72  h. The number of pathogen sequences 
detected by mNGS in BALF was more compared with 
that in sputum. Notably, there was no interference with 
oral colonization bacteria implying that it used as the 
preferred sample. mNGS method is characterized by 
timely and accurate detection of pathogens. Therefore, 
mNGS helps in facilitating timely and targeted treat-
ment in clinical setups. Moreover, it effectively shortens 
the diagnosis time of the disease, mainly for patients with 
severe pneumonia caused by C. psittaci, thus presenting 
a significant diagnostic value.

Tetracycline is the first-line treatment option for C. 
psittaci pneumonia. However, macrolides can be used if 
tetracyclines are contraindicated (in children, pregnant 
women, or allergies). In some cases, quinolones are effec-
tive, however, they are less effective compared with tet-
racycline and macrolides [31]. In the current study, four 
cases were initially treated with quinolones. However, the 
therapy was not effective thus the treatment was changed 
to tetracycline drugs, and finally, the patients recov-
ered and were discharged. Targeted antibiotic treatment 
decreases C. psittaci pneumonia mortality to less than 
1%. The mortality rate can reach 10–20% if inappropri-
ate treatment is used [29]. Symptoms are rapidly allevi-
ated with one-two days after administration of targeted 
antibiotics, and the treatment should be continued for at 
least fourteen days [29]. Hospitalized patients with severe 
community acquired pneumonia (CAP) may require 
intravenous administration with a combination of tetra-
cycline and quinolones [29].

The main limitation of this study is that it was retro-
spective in nature and included only thirteen cases pre-
senting with severe psittacosis pneumonia. The relatively 
small sample size is insufficient to explore all relevant 
features of psittacosis pneumonia. A prospective study 
of severe psittacosis pneumonia is ongoing, to further 
explored the feature of the disease and to explore effec-
tive therapies.

Conclusions
Clinicians should be aware of the possibility of C. psit-
taci pneumonia among those with highly suspected 
clinical symptoms since not all patients with C. psittaci 
pneumonia can recall history of bird contact. All cases 
in the present study were patients diagnosed with severe 
pneumonia. Two patients succumbed even after targeted 
treatment. The findings of the study show that C. psit-
taci pneumonia is associated with adverse outcomes. 
Metagenomic next-generation sequencing technology 
(mNGS) allows early detection thus improving prognosis 

of patients with severe pneumonia associated with an 
unknown pathogen, thus it is recommended for accurate 
detection of pathogens.
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