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Purpose: Chlamydia psittaci pneumonia is an uncommon type of pneumonia characterized by non-specific clinical manifestations.
Current knowledge regarding its clinical features is insufficient. Therefore, we aimed to elucidate its epidemiological profile, clinical
characteristics, and distinctions between severe and non-severe cases.

Patients and Methods: Clinical data of 186 patients diagnosed with C. psittaci pneumonia using next-generation sequencing (NGS)
were systematically collected from seven hospitals in Guangdong Province, China, between January 2019 and June 2025.
Epidemiological characteristics, clinical presentations, laboratory results, chest computed tomography (CT) features, bronchoscopy
findings, and treatment outcomes were analyzed, with comparisons by disease severity.

Results: Of 186 patients (58.1% male, 50-74 years), 43.5% presented with severe disease, and 67.2% developed complications. Most
cases occurred during autumn or winter (67.2%), and a history of bird or poultry exposure was reported in 68.3%. Prevalent clinical
symptoms included fatigue (98.9%), high fever (90.3%), and headache (73.7%). Laboratory findings showed elevated serum levels of
C-reactive protein, procalcitonin, fibrinogen, and D-dimer in most patients (over 90%). Additionally, over 70% had increased
neutrophilia, alanine transaminase, aspartate transaminase, and lactate dehydrogenase levels, with reduced lymphocyte counts.
Chest CT findings frequently revealed pulmonary consolidation (100%), ground-glass opacities (97.8%), and air bronchograms
(81.2%). Severe cases showed extensive bilateral and multilobar consolidation, with increased prevalence of pleural and pericardial
effusions. The median time from admission to diagnosis was 3 (2—4) days, with 96.2% of patients improving following targeted
antimicrobial therapy and being discharged, while 3.2% died.

Conclusion: C. psittaci pneumonia is characterized by a high incidence of severe cases and both intrapulmonary and extrapulmonary
complications. Its clinical manifestations are diverse and multifaceted, with hallmark features including high fever, relative brady-
cardia, normal white blood cell counts, elevated transaminases, and pulmonary consolidation. Early diagnosis through NGS and
targeted antimicrobial therapy are associated with positive patient outcomes.
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Introduction
Chlamydia psittaci belongs to the genus Chlamydia and is an obligate intracellular bacterium characterized by a unique
biphasic life cycle (elementary body, reticulate body).'* C. psittaci is an uncommon atypical pathogen responsible for
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community-acquired pneumonia (CAP), with a prevalence of 1.03% in all CAP cases' and approximately 8% in severe
CAP cases.” Typical clinical features include high fever, chills, headache, and dyspnea. However, its high pathogenicity
often results in multisystem involvement beyond pulmonary infection, leading to complex and non-specific clinical
presentations.’ Routine pathogen testing for CAP does not typically include C. psittaci, increasing the risk of mis-
diagnosis or delayed treatment. Research suggests that untreated severe cases are associated with a mortality rate of
15-20%."

Current diagnostic approaches for C. psittaci infection include pathogen isolation, which is technically
challenging and time-intensive; serological testing, which is not suitable for early diagnosis; and polymerase
chain reaction (PCR), which provides high sensitivity and specificity but is generally performed only when
clinicians specifically suspect C. psittaci infection. Next-generation sequencing (NGS)—metagenomic (mNGS)
and targeted (tNGS)—are advanced diagnostic tools that do not depend on traditional microbial culture. These
methods enable direct high-throughput sequencing of nucleic acids from clinical specimens, such as bronchoal-
veolar lavage fluid, blood, sputum, or cerebrospinal fluid, establishing them as the most effective techniques for
diagnosing difficult to culture or special pathogens such as Chlamydia psittaci or Coxiella pertussis infection.”’

The increasing clinical application of NGS has led to a rise in diagnosed cases of C. psittaci pneumonia. Although
several studies have been conducted to investigate its clinical characteristics,® '° limitations such as small sample size or
incomplete disease understanding have restricted the depth of these analyses. Therefore, the present multicenter study
was conducted examining clinical data of 186 patients with C. psittaci pneumonia to further explore its clinical

characteristics and provide valuable guidance for clinical management.

Methods
Study Design and Subjects

Clinical data of 186 patients diagnosed with C. psittaci pneumonia were systematically collected from seven
hospitals (Huizhou Central People’s Hospital, Huizhou First Hospital, Zhongshan People’s Hospital, People’s
Hospital of Boluo county, Dongkeng Hospital of Dongguan, Shaoguan First People’s Hospital, and Guangzhou
First People’s Hospital) in Guangdong Province, China, between January 2019 and June 2025. Inclusion criteria
were 1) clinical and chest imaging findings consistent with the diagnostic criteria for CAP;'" 2) identification of
C. psittaci nucleic acid sequences in bronchoalveolar lavage fluid or blood samples through mNGS or tNGS; 3)
negative results from conventional microbiological tests, including blood, sputum, and bronchoalveolar lavage fluid
smears and cultures. Exclusion criteria were 1) age <18 years; 2) pregnancy; 3) incomplete clinical data. The
diagnostic criteria for severe CAP were as follows: respiratory failure requiring mechanical ventilation and septic
shock requiring vasoactive drugs (major criteria), and respiratory rate >30 times/minute, oxygenation index <250,
multilobar infiltrates, consciousness disorders, blood urea nitrogen >20mg/dL, decreased white blood cells, throm-
bocytopenia, low body temperature (<36°C), and hypotension that requires rapid fluid replacement for correction
(minor criteria). If one of the major criteria or at least three minor criteria are met, severe pneumonia is

diagnosed."!

Next-Generation Sequencing

Per clinical guidelines, 5-10 mL of clinical specimens (bronchoalveolar lavage fluid or venous blood) were obtained.
These samples were submitted to Guangzhou DaAn Gene Co., Ltd., Guangzhou Weiyuan Gene Technology Co., Ltd.,
BGI Shenzhen, or Seegene Biotechnology Co., Ltd. for mNGS. Standardized protocols were followed for nucleic acid
extraction and purification, library preparation, high-throughput sequencing, and bioinformatics analysis to produce
pathogen detection reports. Bronchoalveolar lavage fluid samples were also sent to Guangzhou DaAn Gene Co., Ltd.,
Guangzhou KingMed Diagnostics, or Guangzhou Huayin Medical Laboratory Center for tNGS, adhering to standardized
procedures for nucleic acid extraction, multiplex PCR, library preparation, sequencing, bioinformatics analysis, and

report generation.
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Data Collection

A clinical case report form was developed to document patients’ demographic and clinical data, including age, sex,
epidemiological history, duration of hospitalization, and comorbidities, as well as clinical manifestations and signs
following disease onset, laboratory findings, chest computed tomography (CT) results, bronchoscopy findings, and
treatment outcomes. CURB-65 (Confusion, Urea >7 mmol/L, Respiratory rate >30, Blood pressure low, Age >65),
Pneumonia Severity Index (PSI), and Acute Physiology and Chronic Health Evaluation II (APACHE II) scores were
calculated upon admission. Of 186 patients, clinical data of 102 were collected prospectively, while data of 84 were
gathered retrospectively.

Statistical Analysis

Statistical analyses were performed using SPSS 25.0 software (IBM Corp., Armonk, NY, USA), with a p-value <0.05
considered statistically significant. Normally distributed continuous variables were expressed as mean * standard
deviation (x =+ s), and group differences were assessed using the #-test. Non-normally distributed variables were reported
as median (interquartile range) [M (P25-P75)], with differences analyzed using the Mann—Whitney U-test. Categorical
variables were presented as counts (percentages) and evaluated using the chi-square test.

Results
Patient Demographic Data

All 186 patients included in this study were diagnosed using NGS (81 severe, 105 non-severe), and bronchoalveolar
lavage fluid (95.2%, n=177) and whole blood (4.8%, n=9) samples were obtained. The cohort comprised mostly males
(58.1%, n=108) of an average age of 58.3 + 11.8 years, with no significant difference in sex or age between severe and
non-severe cases. A history of exposure to birds or poultry was reported by 127 (68.3%) patients. Comorbidities were
present in 92 (49.5%) patients, including hypertension (46 cases), diabetes (32 cases), chronic liver disease (15 cases),
and coronary artery disease (12 cases). The median duration from symptom onset to hospitalization was 5 (3—7) days,
and that from admission to confirmed diagnosis was 3 (2—4) days (Table 1).

As illustrated in Figure 1, C. psittaci pneumonia affected individuals across all age groups, with a predominance in
middle-aged and elderly populations aged 5074 years (75.3%). No significant difference in age distribution was noted
between severe and non-severe cases. As shown in Figure 2, cases were reported year-round but demonstrated marked

Table 1 Demographic Data of Patients with C. psittaci Pneumonia

Characteristics Disease Severity Total p value
Severe Non-Severe
N 8l 105 186 -
Age, years, mean (SD) 59.1+11.8 57.6x11.9 58.3%11.8 0.380
Males, n (%) 52 (64.2) 56 (53.3) 108 (58.1) 0.137
History of contact with avian, n (%) 13 (16.0) 22 (21.0) 35(18.8) 0.396
History of contact with poultry, n (%) 45 (55.6) 47 (44.8) 92 (49.7) 0.144
Smoking history, n (%) 36 (44.4) 30 (28.6) 66 (35.5) 0.025
Drinking history, n (%) 26 (32.1) 12 (11.4) 38 (204) 0.001
Duration from symptom onset to admission, days, Median (IQR) 5(3-7) 5(3-7) 5(3-7) 0.585
Time from admission to confirmed diagnosis, days, median (IQR) 3 (2-5) 3 (24 3(24) 0.970
CURB-65, median (IQR) 2 (1-3) 0 (0-1) 1 (0-2) 0.000
PSI, median (IQR) 121 (110-140) 67 (51-83) | 87 (65-118) 0.000
APACHE Il, median (IQR) 17 (15-19) 7 (5-8) 10 (6-16) 0.000
BALF for mNGS, n (%) 45 (55.6) 30 (28.6) 75 (40.3) 0.000
Blood samples for mNGS, n (%) 8 (9.9) 1 (0.9) 9 (4.8) 0.011
BALF for tNGS, n (%) 28 (34.6) 74 (70.5) 102 (54.8) 0.000
(Continued)
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Table | (Continued).

Characteristics Disease Severity Total p value
Severe Non-Severe

Comorbidities, n (%) 46 (56.8) 46 (43.8) 92 (49.5) 0.079
Hypertension 23 (284) 23 (21.9) 46 (24.7) 0.309
Diabetes 18 (22.2) 14 (13.3) 32 (172) 0.1
Chronic liver disease 6 (7.4) 9 (8.6) 15 (8.1) 0.773
Coronary artery disease 9 (IL.1) 3(29) 12 (6.5) 0.033
Cerebrovascular disease 33.7) 5(4.8) 8 (4.3) 1.0
Chronic pulmonary disease 1 (1.2) 3 (29) 4(2.2) 0.634
Chronic kidney disease 2 (2.5) 1 (0.9) 3 (1.6) 0.581
Solid malignant tumor 2 (2.5) 1 (0.9) 3 (1.6) 0.581
Hematologic disorders I (1.2) 329 4(2.2) 0.634

Abbreviations: CURB-65, British Thoracic Society’s modified pneumonia score; PSI, pneumonia severity index; APACHE Il, acute physiology and
chronic health evaluation; BALF, bronchoalveolar lavage fluid.

seasonality, with the highest incidence in winter (December, January, and February), followed by autumn (September,
October, and November). Summer had the lowest incidence, with 125 (67.2%) cases occurring in autumn or winter. No
statistically significant difference in age distribution.

Clinical Symptoms

As depicted in Figure 3, the most prevalent symptoms following disease onset were fatigue (98.9%) and fever (97.8%),
with 90.3% of patients experiencing high fever (Body temperature exceeding 39.0°C). Additional clinical features
included wet rales (79.6%), headache (73.7%), relative bradycardia'? (71.5%), dry cough (66.1%), myalgia (64.5%),

H Non-severe pneumonia (n=105) ® Severe pneumonia (n=81)
8589 W 1 (0.5%)
80-84 W 2(1.1%)
75-79 IEENNNGEEN 10 (5.4%)
70-74 IEENDEEENTON— 20 (10.8%)
65-69 NG 24 (12.9%)
60-64 I 34 (18.3%)
55-59 I 30 (16.1%)
50-54 I 32 (17.2%)
4549 IEEENAEN 8 (4.3%)
4044 IENGEEEN3NE 9 (4.9%)
35-39 ISENNSE 8 (4.3%)
30-34 IEEENSE 6 (3.2%)
25-29 M 1 (0.5%)
20-24 W 1(0.5%) No. of patients (%)
0 5 10 15 20 25 30 35 40

Age (Years)

Figure | Age distribution of patients with C. psittaci pneumonia.
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Figure 2 Cumulative hospital admissions of C. psittaci pneumonia per month.

B Non-severe pneumonia (n=105) M Severe pneumonia (n=81)
Fever I S 182 (97.8%)
High fever IS 168 (90.3%)
Fatigue O 184 (98.9%)
Headache IIEEEEEEEGEGEENGEESE 137 (73.7%)
Chills IS 19 (64.0%)™
Myalgia SIS 120 (64.5%)
Dry cough NN 123 (66.1%) ™
Productive cough NSO 63 (33.9%)"*
Dyspnea IESSETSTII . 114 (61.3%)
Gastrointestinal symptoms |IIGEENSN 25 (13.4%)
Chest pain BN 23 (12.4%)
Consciousness disorders JNNNZINEN 23 (12.4%)***
Hemoptysis I8 9 (4.8%)
Relative bradycardia IEEEEEEENENECEN G 133 (71.5%)"
Moist rale NN 148 (79.6%)
0 20 40 60 80 100 120 140 160 180 200
No. of patients (%)

Figure 3 Symptoms and signs on presentation of patients diagnosed with C. psittaci pneumonia. ***P< 0.00] when comparing severe and non-severe pneumonia groups.
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chills (64.0%), dyspnea (61.3%), gastrointestinal symptoms (13.4%), chest pain (12.0%), altered mental status (12.4%),
and hemoptysis (4.8%). Dyspnea, wet cough, and altered mental status occurred more commonly in severe than in non-

SE€vere cases.

Laboratory Examination Results

As presented in Table 2, of the 186 patients, 118 (63.4%) had normal white blood cell counts, 67 had mildly
elevated counts, and only one had leukopenia. Over 90% of patients showed elevated serum levels of C-reactive
protein (CRP), procalcitonin (PCT), fibrinogen, and D-dimer, alongside reduced albumin levels. Over 70% had
increased neutrophil ratios, alanine transaminase (ALT), aspartate transaminase (AST), and lactate dehydrogenase
(LDH) levels, with decreased lymphocyte counts. Additional findings included elevated serum creatine kinase (CK)
in 90 (48.4%) patients, cardiac troponin T (CTnT) in 60 (32.3%), serum creatinine in 47 (25.3%), hyponatremia in
86 (46.2%), and hypokalemia in 88 (47.3%) patients.

Compared with non-severe cases, severe cases showed significantly higher neutrophil counts, neutrophil-to-
lymphocyte ratio (NLR), CRP, C-reactive protein-to-albumin ratio (CAR), PCT, ALT, AST, CK, LDH, D-dimer, blood
urea nitrogen (BUN), serum creatinine (SCr), N-terminal pro-brain natriuretic peptide (NT-proBNP), and CTnT levels,
with significantly lower lymphocyte counts and albumin levels (p-value < 0.01) (Table 3).

Table 2 Analysis of Laboratory Examination Results in Patients with C. psittaci

Pneumonia
Laboratory Test (Unit) | C. psittaci Pneumonia Abnormal Proportion (%)
Elevated Above Normal Range

WBC, x10°/L 8.8 (6.7-10.9) 68 (36.6)
Neutrophil percentage, % 84 (76-90) 148 (79.6)

CRP, mg/L 182 (114-237) 186 (100)

PCT, ng/mL 0.5 (0.2-1.7) 181 (97.3)

ALT, U/L 57 (35-87) 134 (72.0)

AST, U/L 68 (39-133) 143 (76.9)

CK, U/L 250 (89-917) 90 (48.4)

LDH, U/L 321 (246-542) 134 (72.0)
Prothrombin time, s 13.6 (12.5-14.4) 42 (22.6)

APTT, s 36.9 (31.3-42.6) 42 (22.6)

Fibrin, g/L 7.1 (6.2-8.1) 173 (93.0)

D-dimer, ng/mL 2050 (1070-4160) 176 (94.6)

BUN, mmol/L 5.4 (3.8-7.0) 21 (11.3)

SCr, umol/L 79 (63-97) 47 (25.3)
NT-proBNP, pg/mL 314 (141-766) 30 (l6.1)

CTnT, ng/L 12 (7-24) 60 (32.3)

Below the normal lower limit

WBC, x10°/L 8.8 (6.7-10.9) | (0.5)
Hemoglobin, g/L 122 (109-133) 62 (33.3)
Lymphocyte count, x10%/L 0.7 (0.5-1.1) 133 (71.5)

Platelet count, x10%/L 204 (154-256) 25 (13.4)

Albumin, g/L 32.8 (28.6-36.5) 179 (96.2)

Sodium, mmol/L 135 (131-137) 86 (46.2)
Potassium, mmol/L 3.5 (3.2-3.8) 88 (47.3)

Abbreviations: WBC, white blood cells; CRP, C-reactive protein; PCT, procalcitonin; ALT, alanine transami-
nase; AST, aspartate transaminase; CK, creatine kinase; LDH, lactate dehydrogenase; APTT, activated partial
thromboplastin time; BUN, blood urea nitrogen; SCr, serum creatinine; NT-proBNP, N-terminal fragment brain
natriuretic peptide; CTnT, cardiac troponin T.
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Table 3 Laboratory Findings Upon Hospital Admission of Patients with C. psittaci

Pneumonia
Variables Disease Severity p value
Severe Non-Severe

Laboratory testing, median (IQR)

WBC, x10°/L 9.0 (7.0-11.5) 8.8 (6.4-10.6) 0.192
Neutrophil count, x 10%/L 8.3 (5.8-10.7) 7.1 (4.9-8.5) 0.001
Lymphocyte count, x10%/L 0.5 (0.4-0.7) 1.0 (0.7-1.4) 0.000
NLR 14.9 (9.9-23.4) 6.5 (4.6-9.9) 0.000
CRP, mg/L 227 (186-288) 134 (96-193) 0.000
Albumin, g/L 30 (25-32) 36 (32-38) 0.000
CAR 8.3 (5.8-9.9) 3.9 (2.6-54) 0.000
PCT, ng/mL 1.7 (0.8-9.2) 0.2 (0.1-0.5) 0.000
ALT, U/L 68 (43-116) 52 (30-67) 0.001
AST, U/L 119 (58-258) 51 (29-77) 0.000
CK, U/L 480 (174-2366) 121 (63-331) 0.000
LDH, U/L 527 (361-720) 270 (218-336) 0.000
D—dimer, ng/mL 4160 (2370-8410) | 1215 (757-1752) 0.000
BUN, mmol/L 6.7 (4.6-9.8) 4.4 (3.5-5.8) 0.000
SCr, umol/L 85 (65-122) 75 (62-90) 0.003
NT-proBNP, pg/mL 505 (196-1275) 177 (95-373) 0.000
CTnT, ng/L 19.7 (10-34) 8.3 (5.3-12.6) 0.000
Sodium, mmol/L 135 (130-138) 135 (132-137) 0.867
Potassium, mmol/L 34 (3.1-3.8) 3.6 (3.3-3.9) 0.048

Abbreviations: WBC, white blood cells; NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive pro-
tein; CAR, C-reactive protein to albumin ratio; PCT, procalcitonin; ALT, alanine transaminase; AST,
aspartate transaminase; CK, creatine kinase; LDH, lactate dehydrogenase; BUN, blood urea nitrogen;
SCr, serum creatinine; NT-proBNP, N-terminal fragment brain natriuretic peptide; CTnT, cardiac
troponin T.

Chest Computed Tomographic Findings and Changes

All 186 patients underwent high-resolution chest CT prior to or upon admission. Common findings included
pulmonary consolidation (100%), ground-glass opacities (97.8%), and air bronchograms (81.2%), with lesions
primarily distributed subpleurally (95.2%) as segmental patchy or extensive consolidation, frequently surrounded
by ground-glass opacities and accompanied by air bronchograms. No instances of necrosis, cavitation, or tree-in-
bud signs were observed. Lesions were unilateral in 128 (68.8%) cases, with multiple lobes affected in 90
(48.4%), lower lobe involvement in 54 (29.0%), and upper lobe involvement in 40 (21.5%), only two cases
involved the middle lobe. Pleural effusion was noted in 90 (48.4%) cases, and pericardial effusion in 21 (11.3%)
cases, typically in small volumes. Severe cases showed more extensive consolidation, often bilateral and multi-
lobar, with a higher prevalence of pleural and pericardial effusions (Table 4 and Figure 4).

Of 126 patients who underwent at least two chest CT scans, the majority showed gradual lesion absorption following
targeted antimicrobial therapy (81%, n=102). Fewer patients showed increased extent of consolidation (15.1%, n=19),
dissemination to different lobes (16, n=12.7%), and increased pleural effusion (15.1%, n=19) (Table 4).

Seventy-four patients were followed until complete lesion absorption. The mean duration from onset to complete
absorption was 36 = 13 days, achieved within 4—-6 weeks in most non-severe cases (82.9%, n=29/35) and 6—8 weeks in
nearly all severe cases (94.9%, n=37/39) (Table 4 and Figure 5).

Bronchoscopy Examination

Bronchoscopy (N=177) revealed bronchial mucosal hyperemia and swelling in most patients (96%, n=170), which was
more pronounced in severe cases. Minimal airway secretions were observed in 85.9% (n=152), with severe cases
showing a higher rate of increased secretions (Table 4).
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Table 4 Chest CT Findings and Bronchoscopy Examination of Patients with C. psittaci Pneumonia

Variables Disease Severity Total p value
Severe | Non-Severe
Upon Hospital Admission (186%)
N 8l 105 186 -
Patchy consolidation, n (%) 33.7) 80 (76.2) 83 (44.6) 0.000
Large consolidation, n (%) 78 (96.3) 25 (23.8) 103 (55.4) 0.000
Air bronchogram, n (%) 79 (97.5) 72 (68.6) 151 (81.2) 0.000
Ground-glass opacity, n (%) 79 (97.5) 103 (98.1) 182 (97.8) 1.0
Spherical lesion, n (%) 0 (0) 5(4.8) 5(.7) 0.07
Reversed halo sign, n (%) I (1.2) 4 (3.8) 5(2.7) 0.389
Bilateral lungs involved, n (%) 52 (64.2) 6 (5.7) 58 (31.2) 0.000
Multiple lobular involved, n (%) 71 (87.7) 19 (18.1) 90 (48.4) 0.000
Lesion is limited to the upper lobe, n (%) 4 (4.9) 36 (34.3) 40 (21.5) 0.000
Lesion is limited to the middle lobe, n (%) 0 (0) 2 (1.9) 2 (1.1) 0.506
Lesion is limited to the lower lobe, n (%) 7 (8.6) 47 (44.7) 54 (29.0) 0.000
Upper lobe predominance of the lesion, n (%) 33 (40.7) 46 (43.8) 79 (42.5) 0.675
Lower lobe predominance of the lesion, n (%) 48 (59.3) 57 (54.3) 105 (56.5) 0.498
Subpleural distribution, n (%) 80 (98.8) 97 (92.4) 177 (95.2) 0.080
Pleural effusion, n (%) 64 (79.0) 26 (24.8) 90 (48.4) 0.001
Unilateral pleural effusion, n (%) 35 (43.2) 22 (21.0) 57 (30.6) 0.000
Bilateral pleural effusion, n (%) 29 (35.8) 4 (3.8) 33 (17.7) 0.000
Pericardial effusion, n (%) 16 (19.8) 5(4.8) 21 (11.3) 0.001
Dynamic changes in chest CT (126?)
N 61 65 126 -
Lesions were absorbed and improved gradually, n (%) 46 (75.4) 56 (86.2) 102 (81.0) 0.125
Enlarged range of lung lesions, n (%) 12 (19.7) 7 (10.8) 19 (15.1) 0.163
Spread to different lung lobes, n (%) 15 (24.6) 1 (1.5) 16 (12.7) 0.000
Increased pleural effusion, n (%) 15 (24.6) 4 (6.2) 19 (15.1) 0.006
Absorption time of lung lesions (74%), days, mean (SD) 4112 31£13 36%13 0.001
Bronchoscopy examination (177%)
N 73 104 177 -
Bronchial mucosal hyperemia and swelling, n (%) 73 (100) 97 (93.3) 170 (96.0) 0.042
Small amount of airway secretions, n (%) 54 (74.0) 98 (94.2) 152 (85.9) 0.000

Note: “Total number.
Abbreviation: CT, computed tomography.

Complications

During hospitalization (N=186), more than half of the patients (67.2%, n=125) had complications involving multiple
critical organs, including respiratory failure (46.2%, n=86), acute liver injury (45.7%, n=85), anemia (33.3%, n=62),
acute myocardial injury (32.3%, n=60), rhabdomyolysis (21.5%, n=40), acute respiratory distress syndrome (ARDS)
(21.0%, n=39), and acute kidney injury (20.4%, n=38). Less frequent extrapulmonary complications included acute
meningitis (4.3%, n=8), venous thromboembolism (3.2%, n=6), and Guillain-Barré syndrome (1.6%, n=3) (Table 5).

Treatment and Outcomes

Prior to confirmed diagnosis, the majority of patients (75.3%, n=140) received empirical antibiotics targeting atypical
pathogens. Following diagnosis, approximately one-thirds (34.4%, n=64) were treated with combination therapy,
typically tetracycline plus quinolones, while the rest (n=122) received monotherapy: tetracyclines (26.3%, n=49),
quinolones (38.2%, n=71), or macrolides (1.1%, n=2). The median duration to fever resolution was 3 (2—4) days.
Most patients received respiratory support (92.5%, n=172), including nasal cannula oxygen therapy (52.7%, n=98),
invasive mechanical ventilation (20.4%, n=38), high-flow nasal cannula (16.1%, n=30), and non-invasive ventilation

8 https: Infection and Drug Resistance 2026:19



Fang et al

S ‘13‘@

o A_A L e “Mﬁi,/

D E F

Figure 4 Chest computed tomography (CT) scans of two patients with C. psittaci pneumonia. A 46-year-old male with mild pneumonia: initial CT scan (3 days after onset)
shows a fan-shaped patchy consolidation with ground-glass density in the upper lobe of the right lung (A). CT scan (10 days after onset) shows that the lesion in the right
upper lobe of the lung was absorbed following targeted treatment (B). CT scan (28 days after the onset) shows that the consolidation disappeared (C). A 61-year-old male
with severe pneumonia: initial CT scan (5 days after onset) shows bilateral large consolidation with air bronchogram and small bilateral pleural effusions (D). CT scan (24
days after onset) shows that the consolidation gradually absorbed following targeted treatment (E). On follow-up (37 days after the onset), the lung lesions were largely
resorbed, leaving only a few fibrous linear opacities (F).

18 7

16 16

M Severe
H Non-severe

No. of patients

2-4 weeks 4-6 weeks 6-8 weeks >8 weeks
Time from onset to complete absorption

Figure 5 Time required from onset to complete absorption of lung lesions in 74 patients.

(3.2%, n=6). Additional treatments included anticoagulation (9.1%, n=17) and glucocorticoids (5.9%, n=11). Higher rates
of anticoagulant use, glucocorticoid therapy, combination antimicrobial therapy, and mechanical ventilation were
observed in non-severe than in severe cases. In-hospital mortality rate was 3.8%, exclusively in severe cases, which
also showed longer median fever resolution time and hospital stay than non-severe cases (Table 5).

Discussion
To our knowledge, this represents the largest clinical investigation of C. psiftaci pneumonia in China to date. Through

a comprehensive analysis of patients’ demographic characteristics, epidemiological profiles, clinical manifestations,
laboratory results, imaging features, bronchoscopy findings, and treatment outcomes, we observed a high incidence of
severe cases and both intrapulmonary and extrapulmonary complications. Despite the complexity and variability of
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Table 5 Complications, Treatments, and Outcomes of C. psittaci Pneumonia

Characteristics Disease Severity Total p value
Severe Non-Severe
N 8l 105 186 -
Complications
Respiratory failure, n (%) 81 (100) 5 (4.8) 86 (46.2) 0.000
ARDS, n (%) 39 (48.1) 0 (0) 39 (21.0) 0.000
Acute liver injury, n (%) 52 (64.2) 33 (314) 85 (45.7) 0.000
Acute myocardial injury, n (%) 43 (53.1) 17 (16.2) 60 (32.3) 0.000
Acute kidney injury, n (%) 30 (37.0) 8 (7.6) 38 (20.4) 0.000
Anemia, n (%) 39 (48.1) 23 (21.9) 62 (33.3) 0.000
Rhabdomyolysis, n (%) 32 (39.5) 8 (7.6) 40 (21.5) 0.000
Acute Meningitis, n (%) 8 (9.9) 0 (0) 8 (4.3) 0.001
Guillain Barre syndrome, n (%) 33.7) 0 (0) 3 (1.6) 0.081
Venous thromboembolism, n (%) 6 (7.4) 0 (0) 6(3.2) 0.006
Septic Shock, n (%) 16 (19.8) 0 (0) 16 (8.6) 0.000
MODS, n (%) 31 (38.3) 0 (0) 31 (16.7) 0.000
Treatments
Empirical antibiotic coverage for atypical pathogens, n (%) 60 (74.1) 80 (76.2) 140 (75.3) 0.740
Tetracycline, n (%) 23 (284) 26 (24.8) 49 (26.3) 0.000
Quinolones, n (%) 16 (19.8) 55 (52.4) 71 (38.2) 0.577
Azithromycin, n (%) 0 (0) 2 (1.9) 2 (1.1) 0.506
Combination therapy with target drugs, n (%) 42 (51.9) 22 (21.0) 64 (34.4) 0.000
Nasal cannula oxygen therapy, n (%) 8 (9.9) 90 (85.7) 98 (52.7) 0.000
HFNC, n (%) 29 (35.8) 1 (1.0) 30 (l6.1) 0.000
Non-invasive ventilation, n (%) 6 (7.4) 0 (0) 6 (3.2) 0.000
Invasive mechanical ventilation, n (%) 38 (46.9) 0 (0) 38 (20.4) 0.006
ECMO, n (%) 6 (7.4) 0 (0) 6 (3.2) 0.006
Continuous renal replacement therapy, n (%) 5(6.2) 0 (0) 5(2.7) 0.015
Glucocorticoid therapy, n (%) 10 (12.3) 1 (1.0) 11 (5.9) 0.001
Anticoagulant therapy, n (%) 17 (21.0) 0 (0) 17 (9.1) 0.000
Outcomes
Fever duration day after target antibiotics use, days, Median (IQR) 3 (3-5) 2 (2-3) 3 (24 0.000
Death, n (%) 7 (8.6) 0 (0) 7 (3.8) 0.003
Length of stay, days, Median (IQR) 15 (11-22) 8 (7-10) 10 (8-15) 0.000

Abbreviations: ARDS, acute respiratory distress syndrome; MODS, Multiple organ dysfunction syndrome; HFNC, High-flow nasal cannula
oxygen therapy; ECMO, extracorporeal membrane oxygenation.

clinical presentations, certain characteristic features were evident. Early diagnosis and appropriate antimicrobial therapy
were associated with favorable outcomes.

C. psittaci infection, known as psittacosis, is a zoonotic infectious disease primarily characterized by pulmonary
inflammation. Human infections are frequently associated with exposure to birds or poultry, with bird breeders, poultry
workers, and pet bird owners at increased risk.'® In the present study, 68.3% of patients reported a history of bird or
poultry contact, consistent with prior findings.*'® Clinicians should therefore consider C. psittaci infection in patients
presenting with fever and a history of such exposure. Although literature suggests potential human-to-human
transmission,'* our study identified a few instances of familial clustering, but person-to-person transmission could not
be confirmed, possibly owing to shared exposure to a common infectious source.

In this study, the majority of patients were male, and age stratification revealed a predominance in the 50-74 age
group, indicating potential sex- and age-related susceptibility. The higher incidence in autumn and winter may be
attributed to migratory bird patterns facilitating transmission during co-feeding with poultry, as well as cooler, drier

conditions favoring C. psittaci survival and airborne transmission.'*
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As a potential biological warfare and bioterrorism agent, C. psittaci exhibits high pathogenicity, enabling rapid
replication and dissemination within the host. Its broad host cell spectrum (from epithelial cells to macrophages)
facilitates systemic infection, resulting in multiorgan dysfunction.'>'® The pathogen enters via the respiratory tract,
initially proliferating in epithelial and mononuclear macrophage systems before disseminating through the bloodstream to
various organs.”’ The present study revealed that nearly half of the patients developed severe pneumonia, and over two-
thirds experienced intrapulmonary and extrapulmonary complications, including acute liver injury, anemia, acute
myocardial injury, acute kidney injury, and rhabdomyolysis, with less frequent complications such as acute meningitis,
Guillain-Barré syndrome, and venous thromboembolism. Previous studies have also made similar findings,**'° but the
present study summarizes them more systematically. These findings highlight the involvement of the digestive, hema-
tologic, renal, cardiovascular, and neuromuscular systems, emphasizing the need to monitor and manage extrapulmonary
complications alongside pulmonary infection. Although prior studies have shown associations with arthritis and

1718 these were not observed in this cohort.

keratoconjunctivitis,

The clinical presentation of C. psittaci pneumonia is complex but exhibits distinct features: (1) all cases presented
acutely, with some progressing rapidly and nearly half developing respiratory failure; (2) fever, particularly high fever
(>39.0°C), was nearly universal; (3) cough was predominantly dry, with minimal sputum in wet cough cases; (4) relative

bradycardia was common; (5) unlike typical bacterial pneumonia,'%*

extrapulmonary manifestations were frequent and
varied, with some patients initially presenting with neurological or gastrointestinal symptoms. Severe cases showed
higher incidences of wet cough, dyspnea, and central nervous system complications, possibly due to increased pulse rates
associated with dyspnea, which may account for the lower prevalence of relative bradycardia in severe cases.
Laboratory findings included (1) normal or mildly elevated white blood cell counts in most patients, with leukopenia rarely
occurring (only 1 case); (2) significantly elevated C-reactive protein and variably elevated procalcitonin; (3) frequent abnorm-
alities in liver function, muscle enzymes, and coagulation parameters, with some patients exhibiting renal or myocardial injury.

These findings are consistent with prior reports,’'

though leukopenia was less common in the present study. Severe cases
showed more pronounced inflammatory responses and organ dysfunction compared with non-severe cases.

All patients underwent chest CT, and given the limited attention to dynamic imaging changes in prior studies, this
study focused on both initial and follow-up CT findings. Of 126 (67.7%) patients who underwent repeat CT, 74 (39.8%)
were followed until complete lesion absorption. CT findings primarily revealed exudation and consolidation, with the
extent of consolidation correlating with disease severity. Multilobar consolidation was associated with a higher risk of
severe disease, and no patients exhibited necrosis, cavitation, or tree-in-bud signs, aligning with previous findings.*>*
Isolated right middle lobe involvement was rare, though the underlying mechanism remains unclear. Dynamic monitoring
revealed that most patients’ lesions resolved gradually with targeted antimicrobial therapy, with a mean absorption time
of 36 £ 13 days. Dissemination to different lobes or increased pleural effusion indicated a higher risk of severe disease.

Bronchoscopy findings typically showed airway mucosal hyperemia and edema, with minimal secretions, consistent
with the low prevalence of productive cough. As a systemic disease primarily manifesting as pulmonary inflammation,'®
bronchoalveolar lavage fluid is the optimal specimen for NGS. For patients unable to tolerate bronchoscopy, testing of
sputum, venous blood, pleural effusion, or cerebrospinal fluid may be performed, though these specimens yield lower
positivity rates.>* As C. psittaci is an intracellular pathogen absent from healthy human tissues, detection of its nucleic
acid sequences strongly suggests pathogenicity, and diagnosis can be confirmed with clinical and imaging findings.*>

Treatment of C. psittaci pneumonia is focused on targeted antimicrobial therapy and organ function support,
particularly respiratory support, owing to the high risk of multiorgan dysfunction. As an intracellular bacterium with
strong pathogenicity, antibiotics with high intracellular concentrations are required, with tetracyclines as the first-line
choice, followed by macrolides and fluoroquinolones.?® In cases of severe hepatic or renal dysfunction, novel tetra-
cyclines such as omadacycline may be considered,”” while fluoroquinolones should be used cautiously in
rhabdomyolysis.?® In the present study, the median time to diagnosis was 3 days, with most patients receiving empirical
antibiotics covering atypical pathogens before confirmation. After diagnosis, treatment was adjusted to targeted therapy,
with mild cases typically receiving monotherapy and severe cases often receiving combination therapy. The mortality rate

was 3.8%, underscoring the importance of early diagnosis and appropriate antimicrobial therapy for improving outcomes.
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Psittacosis is an animal infectious disease. In order to achieve effective prevention and control of psittacosis, it is
necessary to adopt a coordinated and cooperative strategy within the framework of “One Health”, including improving
human monitoring, implementing animal monitoring, and ensuring data sharing and intelligence exchange between
public health and veterinary departments.>’

This study has limitations: (1) some clinical data were collected retrospectively, potentially resulting in incomplete
pre-admission treatment or epidemiological data; (2) post-discharge follow-up data were lacking for some patients; (3)
owing to testing limitations, all diagnoses relied on NGS, without confirmation via serology or PCR.

Conclusion

C. psittaci exhibits significant pathogenicity, causing both intrapulmonary and extrapulmonary complications. Clinicians
should consider infection in patients with a history of bird or poultry exposure and characteristic findings, including high
fever, relative bradycardia, normal white blood cell counts, elevated transaminases, and pulmonary consolidation. Early
diagnosis through tNGS or mNGS, alongside appropriate antimicrobial therapy, leads to favorable patient outcomes.

Abbreviations

APACHE 11, acute physiology and chronic health evaluation; ALT, alanine transaminase; AST, aspartate transaminase;
APTT, activated partial thromboplastin time; ARDS, acute respiratory distress syndrome; BALF, bronchoalveolar lavage
fluid; BUN, blood urea nitrogen; CURB-65, British Thoracic Society’s modified pneumonia score; CRP, C-reactive
protein; CAR, C-reactive protein to albumin ratio; CK, creatine kinase; CTnT, cardiac troponin T; ECMO, extracorporeal
membrane oxygenation; HFNC, High-flow nasal cannula oxygen therapy; LDH, lactate dehydrogenase; MODS, Multiple
organ dysfunction syndrome; NT-proBNP, N-terminalfragment brain natriuretic peptide; NLR, neutrophil-to-lymphocyte
ratio; PSI, pneumonia severity index; PCT, procalcitonin; SCr, serum creatinine; WBC, white blood cells.
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