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Background: Some patients with Chlamydia psittaci pneumonia exhibit liver function abnormalities. In this study, we aimed to
elucidate the characteristics of liver function changes and the factors influencing liver injury in patients with Chlamydia psittaci
pneumonia, providing a reference for clinical treatment.

Methods: The clinical data of patients with Chlamydia psittaci pneumonia admitted to three tertiary Grade A hospitals in Guangdong
Province, China, from January 2020 to February 2025 were retrospectively collected. Changes in liver parameters and related
influencing factors upon admission were analyzed.

Results: Overall, 120 cases were included: 100 (83.3%) exhibited liver function abnormalities and 55 (45.8%) had liver injury. The
incidence of liver function abnormalities and liver injury was significantly higher in the severe group than that in the mild group. Liver
function abnormalities and injury associated with Chlamydia psittaci pneumonia were characterized by elevations in alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and gamma-glutamyltransferase (GGT) levels. AST and ALT levels
exceeded three times the upper limit of normal (ULN) in 43 (35.8%) and 20 (16.7%) cases, respectively, while GGT exceeded
twice the ULN in 25 (20.8%) cases. ALT (70 [47-115] vs 51 [26-73] U/L, p = 0.002) and AST (122 [72-252] vs 52 [30-76] U/L, p =
0.000) were significantly different between the severe and mild groups. Hepatocellular injury was the most common type of liver
injury upon admission, followed by mixed and cholestatic types. Compared to patients without liver injury, those with liver injury had
a higher prevalence of alcohol consumption history, dyspnea, higher pneumonia severity index scores, and longer hospital stays.
Conclusion: Patients with Chlamydia psittaci pneumonia, particularly severe cases, are prone to concurrent liver function abnorm-
alities and liver injury. Liver injury, predominantly hepatocellular injury, was associated with factors such as alcohol consumption
history, pneumonia severity, and elevated inflammatory responses, leading to prolonged hospital stays. Monitoring liver function may
aid in early identification of severe cases.
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Introduction

Chlamydia psittaci (C. psittaci), an obligate intracellular gram-negative bacterium, is a potent zoonotic pathogen capable
of causing a spectrum of diseases ranging from mild, nonspecific illnesses to severe systemic conditions that primarily
manifest as pneumonia and can involve damage to multiple systemic organs.' Approximately 1.03% of community
acquired pneumonia is caused by C. psittaci infection.” Most patients present with typical symptoms, including high

fever, chills, headache, myalgia, and dyspnea.' Historically, this condition has been under-recognized due to diagnostic
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challenges with conventional methods and its low incidence.” However, with the widespread application of high-
throughput sequencing technologies in infectious diseases, the number of clinically reported C. psittaci pneumonia
cases has gradually increased.

As clinical case data accumulate, it has been observed that C. psittaci pneumonia is often accompanied by varying
degrees of liver function abnormalities."*> A small-scale, single-center clinical study reported that liver function
abnormalities and liver injury occurred in 84.8% and 50% of patients with C. psittaci pneumonia, respectively, primarily
manifesting as elevated aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),
and gamma-glutamyltransferase (GGT).® However, studies on the characteristics and mechanisms of liver function
abnormalities caused by C. psittaci pneumonia are limited, with small sample sizes. This study summarizes clinical
data from 120 patients with C. psittaci pneumonia across multiple centers, analyzing the characteristics and extent of
liver function abnormalities, differences across disease severities, and factors influencing liver injury in patients with
C. psittaci pneumonia.

Methods
Study Design and Subjects

Clinical data from 120 patients with C. psitfaci pneumonia, admitted to Huizhou Central People’s Hospital, Huizhou First
Hospital, and Guangzhou First People’s Hospital, from January 2020 to February 2025, were retrospectively collected in
this study. The inclusion criteria were: (1) meeting the diagnostic criteria for community-acquired pneumonia;’ (2)
detection of C. psittaci gene sequences in bronchoalveolar lavage fluid or peripheral blood samples using metagenomic
next-generation sequencing (mNGS) or targeted next-generation sequencing (tNGS); (3) age > 18 years; and (4)
availability of complete basic information, including sex, age, underlying diseases, and body mass index (BMI), as
well as laboratory data such as complete blood count, liver and kidney function tests, and high-sensitivity C-reactive
protein (CRP) and procalcitonin (PCT) levels. Patients with pre-existing liver diseases (eg, viral hepatitis, alcoholic liver
disease, or cirrhosis) were excluded. The diagnosis and clinical classification of C. psittaci pneumonia adhered to the
Diagnosis and Treatment of Adults with Community-Acquired Pneumonia: An Official Clinical Practice Guideline of the
American Thoracic Society and Infectious Diseases Society of America (2019).” The diagnosis of severe community-
acquired pneumonia includes primary criteria (septic shock requiring vasoactive drugs or respiratory failure requiring
mechanical ventilation) and secondary criteria (respiratory rate > 30 times/minute; PaO2/FiO2 < 250 mmHg; multiple
lung lobe infiltrations; consciousness disorders and/or orientation disorders; blood urea nitrogen > 20 mg/L; decreased
white blood cells [WBC < 4 x 10%/L]; thrombocytopenia [platelets <100 x 10%/L]; low body temperature [body
temperature < 36 °C]; hypotension requiring rapid fluid replacement for correction). If one of the primary criteria or
at least three secondary criteria are met, severe pneumonia is diagnosed.’

Laboratory Assessments

Metagenomics Next-Generation Sequencing (mNGS)

Per clinical protocol, 5-10 mL of bronchoalveolar lavage fluid was collected from patients and sent to the DaAn Gene
Sequencing Platform (DaAn Gene Co, Ltd., Sun Yat-sen University, Guangzhou) for mNGS testing. The process
involved nucleic acid extraction, library construction, and sequencing. After obtaining sequencing data, Burrows
—Wheeler Alignment (BWA; http://bio-bwa.sourceforge.net/) was used for alignment. Human reference genome

sequences were removed from high-quality data, and low-complexity sequences were further excluded. The remaining
data were compared against a specialized microbial database to determine the number of sequences matching specific
pathogenic microorganisms.

Targeted Next-Generation Sequencing (tNGS)

Per clinical protocol, 5 mL of bronchoalveolar lavage fluid was collected and sent to the Guangzhou DaAn Clinical
Testing Center for tNGS testing. The process included nucleic acid extraction, multiplex polymerase-chain reaction
library construction, and sequencing. Analysis, interpretation, and report generation were completed using the indepen-
dently developed DAMicrob Pathogen Analysis Reporting System.
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Liver Test Parameters and Abnormalities

Liver function abnormalities were defined as any of the following exceeding the upper limit of normal (ULN): ALT > 1x ULN
(40 U/L), AST > 1x ULN (35 U/L), ALP > 1x ULN (125 U/L), GGT > 1x ULN (60 U/L), or total bilirubin (TBIL) > 1x ULN
(23 pmol/L). Liver injury was defined as meeting one or more of the following: ALT > 3x ULN, AST > 3x ULN, ALP > 2x
ULN, GGT >2x ULN, or TBIL > 2x ULN. Liver function abnormalities were classified as hepatocellular (ALT and/or AST > 3%
ULN), cholestatic (ALP and/or GGT > 2x ULN), or mixed (ALT and/or AST > 3x ULN and ALP and/or GGT > 2x ULN).%*

Data Collection

A case report form was established to record basic patient information, including age, sex, time from symptom onset to
admission, hospital stay duration, BMI, alcohol consumption history, and underlying disease history. Clinical manifesta-
tions upon admission, routine laboratory tests post-admission (eg, complete blood count, high-sensitivity CRP, PCT,
creatine kinase [CK], lactate dehydrogenase [LDH], liver and kidney function, coagulation function, and cardiac function
parameters), disease severity, and prognosis were also documented.

Statistical Analysis

All data were analyzed using SPSS 25.0 software. Normally distributed continuous data were expressed as mean + standard
deviation (x *+ s), with between-group differences compared using the #-test and correlations analyzed using Pearson
correlation analysis. Non-normally distributed data were expressed as median (interquartile range) [M (P25-P75)], with
between-group differences compared using the Mann—Whitney U-test and correlations analyzed using Spearman correlation
analysis. Categorical data were expressed as counts (percentages) and analyzed using the chi-square test. P < 0.05 was
considered statistically significant.

Results

Clinical Characteristics of Patients with C. Psittaci Pneumonia

The data of 132 patients with C. psittaci pneumonia were initially collected; 8 with chronic liver diseases and 4 with
incomplete clinical data were excluded, leaving the data of 120 patients for analysis. There were 69 males (57.5%) and
51 females (42.5%), with a mean age of 58.9+11.6 years. The median time from symptom onset to admission was 5 (4—7)
days, and the total hospital stay was 10 (8—14) days. Sixty-four patients had underlying diseases, including hypertension
(32 cases), diabetes (25 cases), and coronary heart disease (10 cases). Four patients died, while the rest recovered and
were discharged (Table 1).

Table | Abnormal Liver Function in Patients with Chlamydia psittaci Pneumonia

Characteristics Disease Severity Total p Value
Severe Non-Severe
N (%) 54 (45.0) 66 (55.0) 120 (100.0) -
Age, years, mean (SD) 59.5+11.7 58.5%11.6 589xI1.6 0.652
Males, n (%) 32 (59.3) 37 (56.1) 69 (69.0) 0.724
Duration from symptom onset to admission, days, Median (IQR) 5(3-7) 54-7) 5 (4-7) 0.612
Length of stay, days, Median (IQR) 14 (10-22) 8 (7-10) 10 (8-14) 0.000*
Comorbidities, n (%) 35 (64.8) 29 (43.9) 64 (53.3) 0.023*
Hypertension 18 (33.3) 14 (21.2) 32 (26.7) 0.135
Diabetes 15 (27.8) 10 (15.2) 25 (20.8) 0.090
Coronary artery disease 7 (13.0) 3 (4.5) 10 (8.3) 0.097
Death, n (%) 4 (7.4) 0 (0) 4 (3.3) 0.038*
(Continued)
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Table 1 (Continued).

Characteristics Disease Severity Total p Value
Severe Non-Severe
Abnormal liver function 51 (94.4) 49 (74.2) 100 (83.3) 0.003*
Liver injury 34 (63.0) 21 (31.8) 55 (45.8) 0.001*
ALT, U/L, Median (IQR) 70 (47-115) 51 (26-73) 58 (33-94) 0.002*
Normal 6 (11.2) 26 (39.4) 32 (26.7) 0.000%*
1-2 ULN, n (%) 25 (46.3) 24 (36.4) 49 (40.8) 0.271
2-3 ULN, n (%) 11 (20.3) 8 (12.1) 19 (15.8) 0.218
>3 ULN, n (%) 12 (22.2) 8 (12.1) 20 (16.7) 0.140
AST, U/L, Median (IQR) 122 (72-252) 52 (30-76) 73 (42-152) | 0.000*
Normal 4 (7.4) 21 (31.8) 25 (20.8) 0.001*
-2 ULN, n (%) 8 (14.8) 26 (39.4) 34 (28.2) 0.003*
2-3 ULN, n (%) 10 (18.5) 8 (12.1) 18 (15.0) 0.329
>3 ULN, n (%) 32 (59.3) I (16.7) 43 (35.8) 0.000*
ALP, U/L, Median (IQR) 76 (62-142) 75 (65-120) | 76 (64-127) 0.987
Normal 38 (70.4) 52 (78.8) 90 (75.0) 0.289
-2 ULN, n (%) 14 (25.9) I (16.7) 25 (20.8) 0.214
2-3 ULN, n (%) 2 (3.7) 3 (4.5) 54.2) 1.0
>3 ULN, n (%) 0 (0) 0 (0) 0 (0) 1.0
GGT, U/L, Median (IQR) 55 (35-96) 49 (27-107) 52 (30-97) 0.549
Normal 31 (57.4) 40 (60.6) 71 (59.2) 0.723
1-2 ULN, n (%) 12 (22.2) 12 (18.2) 24 (20.0) 0.582
2-3 ULN, n (%) 3 (5.6) 6 (9.1) 9 (7.5) 0.512
>3 ULN, n (%) 8 (14.8) 8 (12.1) 16 (13.3) 0.666
TBIL, U/L, Median (IQR) 17 (9-27) 10 (7-15) 12 (8-17) 0.001*
Normal 39 (72.2) 63 (95.5) 102 (85.0) 0.000%*
1-2 ULN, n (%) 11 (20.4) I (1.5) 12 (10.0) 0.001*
2-3 ULN, n (%) 1 (1.9) 2 (3.0 3 (2.5) 1.0
>3 ULN, n (%) 3 (5.5) 0 (0) 3 (2.5) 0.088

Notes: *Statistically significant.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate transaminase; ALP, alkaline phosphatase; GGT, gamma-glutamyltransferase; IQR,
interquartile range; TBIL, total bilirubin abnormal; ULN, upper limit of normal.

Among the 120 patients, 100 (83.3%) had liver function abnormalities, and 55 (45.8%) had liver injury (see Figure 1).
The severe group included 54 patients, and the mild group included 66 patients. The incidence of liver function
abnormalities and liver injury was significantly higher in the severe group than that in the mild group. The incidences
of elevated AST, ALT, GGT, ALP, and TBIL levels in the severe group were 92.6%, 88.9%, 42.6%, 29.6%, and 27.8%,
respectively, compared to 68.2%, 60.6%, 39.4%, 21.2%, and 4.5% in the mild group. There were significant differences
in ALT (70 [47-115] vs 51 [26-73] U/L, p = 0.002), AST (122 [72-252] vs 52 [30-76] U/L, p = 0.000), and TBIL (17
[9-27] vs 10 [7-15] U/L, p = 0.000) levels between the severe and mild groups (Table 1).

Clinical Characteristics of Patients with C. Psittaci Pneumonia and Abnormal Liver

Function Results
As shown in Table 2, the incidence of elevated AST, ALT, GGT, ALP, and TBIL levels in patients with C. psittaci
pneumonia was 78.3%, 72.5%, 40.8%, 25.0%, and 15.0%, respectively.

As shown in Table 3, among the 100 patients with liver function abnormalities, 51 were severe cases and 49 were
mild; no patient progressed to liver failure. The primary manifestations were mild elevations in AST, ALT, and GGT
levels, with peak values of 1233 U/L, 617 U/L, and 624 U/L, respectively. Significant elevations (AST and ALT > 3%
ULN) occurred in 43 and 20 cases, respectively, while marked elevations (GGT, TBIL, and ALP > 2x ULN) occurred in
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Figure | Liver test abnormality at admission in patients with Chlamydia psittaci pneumonia by severity of disease. (Bars represent number of patients).
25, 6, and 5 cases, respectively. The mild group predominantly showed mild AST elevation, whereas the severe group

exhibited significantly higher AST and TBIL levels and a higher proportion of AST > 3x ULN, with no significant
differences in ALT, ALP, or GGT between groups.

Table 2 Liver Function Parameters of Patients with Chlamydia psittaci Pneumonia

Characteristic | Mean SD Median | Proportion of Abnormal Proportion of
Liver Function (%) Liver Injury (%)
ALT (IU/L) 81.5 8l.6 58.0 87 (72.5) 20 (16.7)
AST (IU/L) 128.6 | 166.1 73.0 94 (78.3) 43 (35.8)
ALP (IU/L) 1003 | 61.9 75.6 30 (25.0) 542
GGT (IU/L) 854 93.9 524 49 (40.8) 25 (20.8)
TBIL (umol/L) 16.7 17.3 1.9 18 (15.0) 6 (5.0

Abbreviations: ALT, alanine aminotransferase; AST, aspartate transaminase; ALP, alkaline phosphatase; GGT, gamma-
glutamyltransferase; SD, standard deviation; TBIL, total bilirubin abnormal.

Table 3 Clinical Characteristics of 100 Patients with Chlamydia psittaci
Pneumonia and Abnormal Liver Test Results

Characteristics Disease Severity Total p Value
Severe Non-Severe
N (%) 51 (51.0) 49 (49.0) 100 -
ALT, U/L, Median (IQR) 76 (49-116) 60 (45-90) | 65 (48-110) 0.126
Normal 4(7.8) 9 (18.4) 13 (13.0) 0.118
1-2 ULN, n (%) 24 (47.1) 24 (49.0) 48 (48.0) 0.848
2-3 ULN, n (%) 11 (21.6) 8 (l6.3) 19 (19.0) 0.504
>3 ULN, n (%) 12 (23.5) 8 (l6.3) 20 (20.0) 0.368
(Continued)
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Table 3 (Continued).

Characteristics Disease Severity Total p Value
Severe Non-Severe

AST, U/L, Median (IQR) | 135 (78-257) | 66 (48-83) | 80 (55-176) | 0.000%*
Normal 2 (4.0) 4(82) 6 (6.0) 0.432
1-2 ULN, n (%) 7 (13.7) 26 (53.1) 33 (33.0) 0.000%*
2-3 ULN, n (%) 10 (19.6) 8 (l6.3) 18 (18.0) 0.669
>3 ULN, n (%) 32 (62.7) Il (22.4) 43 (43.0) 0.000%*

ALP, U/L, Median (IQR) 84 (62-143) | 79 (67-132) | 81 (64-134) 0.654
Normal 35 (68.6) 35 (71.5) 70 (70.0) 0.760
1-2 ULN, n (%) 14 (27.4) I (22.4) 25 (25.0) 0.564
2-3 ULN, n (%) 2 (4.0) 3 (6.1) 5(5.0) 0.675
>3 ULN, n (%) 0 (0) 0 (0) 0 (0) 1.0

GGT, U/L, Median (IQR) | 55 (35-96) 61 (34-136) | 58 (34-112) 0.530
Normal 28 (54.9) 23 (47.0) 51 (51.0) 0.426
1-2 ULN, n (%) 12 (23.5) 12 (24.5) 24 (24.0) 0.910
2-3 ULN, n (%) 3(59) 6 (12.2) 9 (9.0 0.313
>3 ULN, n (%) 8 (15.7) 8 (l6.3) 16 (16.0) 0.930

TBIL, U/L, Median (IQR) 17 (9-27) Il (8-I5) 13 (9-19) 0.002%*
Normal 36 (70.6) 46 (93.9) 82 (82.0) 0.002%*
1-2 ULN, n (%) I (21.6) I (2.0) 12 (12.0) 0.003*
2-3 ULN, n (%) I (1.9) 2 (4.1) 3 (3.0 0.614
>3 ULN, n (%) 3(59) 0 (0) 3 (3.0 0.243

Notes: *Statistically significant.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate transaminase; ALP, alkaline phospha-
tase; GGT, gamma-glutamyltransferase; IQR, interquartile range; TBIL, total bilirubin abnormal; ULN,

upper limit of normal.

Clinical Characteristics of Patients with C. Psittaci Pneumonia and Liver Injury
As shown in Table 2, the incidences of markedly elevated AST, GGT, ALT, TBIL, and ALP levels in patients with
C. psittaci pneumonia were 35.8%, 20.8%, 16.7%, 5.0%, and 4.2%, respectively.

As shown in Table 4, among the 55 patients with liver injury, severe cases accounted for 61.8%; 31 (56.4%) were
hepatocellular, 10 (18.2%) were cholestatic, and 14 (25.5%) were mixed. Severe patients were more prone to hepato-
cellular injury, with significantly higher AST, GGT, and TBIL levels in the severe group compared to the mild group.

Table 4 Clinical Characteristics of Patients with Chlamydia psittaci Pneumonia and
Liver Injury

Characteristics Disease Severity Total p Value
Severe Non-Severe

N (%) 34 (61.8) 21 (38.2) 55 -

Abnormality type, n (%)
Hepatocellular 23 (67.6) 8 (38.1) 31 (56.4) 0.032*
Cholestatic I (3.0 9 (42.9) 10 (18.2) 0.000*
Mixed 10 (29.4) 4 (19.0) 14 (25.4) 0.391

ALT, U/L, Median (IQR) 105 (70-159) | 93 (51-153) 99 (64-154) 0.391
Normal 2 (5.9 4 (19.0) 6 (10.9) 0.188
1-2 ULN, n (%) 10 (29.4) 5(23.8) 15 (27.3) 0.650
2-3 ULN, n (%) 10 (29.4) 4 (19.1) 14 (25.5) 0.391
>3 ULN, n (%) 12 (35.3) 8 (38.1) 20 (36.3) 0.834

(Continued)
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Table 4 (Continued).

Characteristics Disease Severity Total p Value
Severe Non-Severe

AST, U/L, Median (IQR) | 216 (131-322) | 120 (50-155) | 163 (111-257) | 0.000*
Normal 0 (0) 4 (19.0) 4 (7.3) 0.018%*
1-2 ULN, n (%) 0 (0) 4 (19.0) 4(7.3) 0.018%*
2-3 ULN, n (%) 2 (5.9) 2 (9.5) 4 (7.3) 0.632
>3 ULN, n (%) 32 (94.1) Il (52.5) 43 (78.1) 0.000%*

ALP, U/L, Median (IQR) 91 (62-151) 134 (96-163) | |11 (67-154) 0.069
Normal 22 (64.7) 8 (38.1) 30 (54.5) 0.054
1-2 ULN, n (%) 10 (29.4) 10 (47.6) 20 (36.4) 0.173
2-3 ULN, n (%) 2 (5.9) 3 (143) 509.1) 0.359
>3 ULN, n (%) 0 (0) 0 (0) 0(0) 1.0

GGT, U/L, Median (IQR) | 57 (37-151) 131 (62-209) | 80 (46-191) 0.016*
Normal 18 (53.0) 3 (143) 21 (382) 0.004%*
1-2 ULN, n (%) 5(14.7) 6 (28.6) 11 (20.0) 0.300
2-3 ULN, n (%) 3(88) 5(23.8) 8 (14.5) 0.236
>3 ULN, n (%) 8 (23.5) 7 (333) 15 (27.3) 0.428

TBIL, U/L, Median (IQR) 20 (12-29) 14 (9-16) 16 (11-27) 0.004%*
Normal 20 (58.9) 20 (95.2) 40 (72.7) 0.003*
1-2 ULN, n (%) 10 (29.4) 0(0) 10 (18.2) 0.009%*
2-3 ULN, n (%) 1 (29) | (4.8) 2 (3.6) 1.0
>3 ULN, n (%) 3 (88 0(0) 3 (5.5) 0.279

Notes: *Statistically significant.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate transaminase; ALP, alkaline phosphatase;
GGT, gamma-glutamyltransferase; TBIL, total bilirubin abnormal; ULN, upper limit of normal.

As shown in Table 5, patients with liver injury had a higher prevalence of alcohol consumption history, dyspnea, and
higher pneumonia severity index (PSI) scores, as well as longer hospital stays. Compared to those without liver injury,
the liver injury group showed significantly elevated WBC, neutrophil-lymphocyte ratio (NLR), CRP, PCT, CK, LDH,
and D-dimer levels, and significantly reduced serum albumin levels.

Table 5 Clinical Characteristics of 120 Patients with Chlamydia psittaci Pneumonia

Characteristics Liver Tests Total p Value
Liver Injury Non-Liver Injury

Number (%) 55 (45.8) 65 (54.2) 120 -
Age, years, mean (SD) 58.5+10.1 59.3%12.9 58.9+11.6 0.705
Males, n (%) 33 (60.0) 36 (55.4) 69 (57.5) 0.610
BMI, kg/m?, median (IQR) 22.8 (20.9-25.3) 24.6 (22.0-25.4) 242 (21.1-25.4) 0.234
History of alcohol consumption (%) 16 (29.1) 8 (12.3) 24 (20.0) 0.022*
PSI scores, median (IQR) 110 (71-132) 83 (62-100) 89 (67-118) 0.003*
Duration from symptom onset to admission, days, median (IQR) 6 (4-7) 54-7) 54-7) 0.445
Length of stay, days, median (IQR) Il (8-19) 8 (7-11) 10 (8-14) 0.000*
Comorbidities, n (%)

Hypertension 16 (29.1) 16 (24.6) 32 (26.7) 0.581

Diabetes 10 (18.2) 15 (23.1) 25 (20.8) 0.511

Coronary artery disease 5.1 5(7.7) 10 (8.3) 1.0
Death, n (%) 3 (5.5) 1(1.5) 4(3.3) 0.332

(Continued)
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Table 5 (Continued).

Characteristics Liver Tests Total p Value
Liver Injury Non-Liver Injury

Initial symptoms, n (%)
Fever 54 (98.2) 65 (100) 119 (99.2) 0.458
Dyspnea 45 (81.8) 30 (46.2) 85 (70.8) 0.000%*
Hypodynamia, anorexia 55 (100) 63 (96.9) 118 (98.3) 0.499

Laboratory testing, median (IQR)
WBC, x10 °/L 9.6 (7.4-11.6) 8.5 (6.2-10.2) 8.8 (6.6-10.9) 0.015%
NLR 13.7 (6.9-21.3) 6.9 (5.2-13.2) 9.7 (5.5-15.9) 0.002%*
CRP, mg/L 200 (126-265) 157 (109-206) 182 (113-224) 0.013*
PCT, ng/mL 1.5 (0.3-7.8) 0.4 (0.2-0.7) 0.5 (0.2-2.4) 0.000%*
CK, U/L 680 (94-3446) 152 (87-387) 245 (94-1409) 0.001*
LDH, U/L 575 (351-757) 285 (239-365) 359 (264-585) 0.000%*
Albumin, g/L 31 (27-36) 34 (31-38) 33 (29-37) 0.019%
D—dimer, ng/mL 3700 (1580-7972) | 1570 (1075-2945) | 2230 (1180—4605) | 0.001*
SCr, umol/L 85 (63—110) 84 (69-99) 84 (65-105) 0.901
NT—proBNP, pg/mL 299 (169-1032) 358 (121-629) 319 (153-771) 0.376
CTnT, ng/L 18.0 (10.8-26.7) 12.0 (7.5-26.1) 13 (9-26) 0.082

Notes: *Statistically significant.
Abbreviations: PSI, pneumonia severity index; WBC, white blood cells; NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; PCT, procalcitonin; CK,
creatine kinase; LDH, lactate dehydrogenase; SCr, serum creatinine; NT-proBNP, N-terminal fragment brain natriuretic peptide; CTnT, cardiac troponin T.

Correlation analysis revealed that ALT and AST levels were significantly positively correlated with PSI scores (» =
0.298, p = 0.001; » = 0.514, p = 0.000), NLR (= 0.2, p = 0.028; » = 0.421, p = 0.000), CRP (» = 0.182, p = 0.047; r =
0.347, p = 0.000), PCT (= 0.283, p = 0.002; » = 0.549, p = 0.000), CK (» = 0.404, p = 0.000; » = 0.565, p = 0.000), LDH
(r=10.595, p = 0.000; » = 0.779, p = 0.000), and D-dimer (» = 0.345, p = 0.000; » = 0.583, p = 0.000), while AST was
significantly negatively correlated with albumin (r = —0.283, p = 0.002) (see Figure 2).

Discussion
This study elucidated the characteristics of liver function changes and the factors influencing liver injury in patients with
C. psittaci pneumonia. The incidence of liver function abnormalities and liver injury was significantly higher in the
severe group compared to that in the mild group. Hepatocellular injury was the most common type of liver injury upon
admission. Compared to patients without liver injury, those with liver injury had a higher prevalence of alcohol
consumption history, dyspnea, higher PSI scores and longer hospital stays, though mortality rates did not increase.
Upon entering the human body via the respiratory tract, C. psittaci first invades epithelial cells and then proliferates
within inclusions in mononuclear macrophages, evading host immune defenses and lysosomal phagocytosis. Due to the
widespread presence of the mononuclear phagocytic system, human infection with C. psittaci can lead to multisystem
symptoms, including pneumonia, hepatitis, and myocardial injury.”'' As a systemic disease primarily affecting the
respiratory system, the pathogenesis and clinical features of C. psittaci pneumonia are incompletely understood. Several

studies have reported varying degrees of liver function abnormalities in patients with C. psittaci pneumonia,'*>

yet
targeted research remains limited. Our study found that among 120 patients with C. psitfaci pneumonia, 83.3% exhibited
liver function abnormalities and 45.8% developed liver injury, results that closely align with those by Guo X et al.° Guo
et al ‘s single-center study included only 46 patients.® Unlike prior studies, we conducted a multi-center study with
a larger sample size, and we performed stratified comparisons on liver biochemical parameters. We compared liver
biochemical parameters across different disease severities, revealing that severe cases are more prone to liver function
abnormalities and injury. Collectively, these findings suggest that C. psittaci pneumonia, particularly in severe cases, is

frequently complicated by liver dysfunction and injury. In clinical practice, this highlights the need for awareness
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Index ALT AST GGT
r value P value r value P value r value P value

PSI 0.298 0.053 0.567
WBC -0.003 0.05 0.598
NLR 0.200 -0.102 0.266
CRP 0.182 0.16 0.081
CK 0.404 -0.048 0.633
LDH 0.595 0.051 0.585
Albumin -0.013 0111 0.229
D-dimer 0.345 -0.051 0.588

Figure 2 Heatmap showing correlation of liver function related indicators.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate transaminase; GGT, gamma-glutamyltransferase; PSI, pneumonia severity index; WBC, white blood cells;
NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; PCT, procalcitonin; CK, creatine kinase; LDH, lactate dehydrogenase.

regarding possible C. psittaci infection in patients with pneumonia presenting with extrapulmonary complications,
especially liver function abnormalities.

To systematically analyze the liver function abnormalities associated with C. psittaci pneumonia, we examined and
stratified liver biochemical parameters upon admission. These included ALT and AST (reflecting hepatocyte injury), ALP and
GGT (indicating bile duct damage), and TBIL (assessing liver clearance and bile secretion capacity).*'* These markers
exhibited varying degrees of abnormality in patients with C. psittaci pneumonia, predominantly with elevations in ALT, AST,
and GGT levels, consistent with previous research.®'® Further analysis showed that the severe group had significantly higher
levels and abnormality rates of ALT, AST, and TBIL compared to those in the mild group. While prior studies rarely stratified
these parameters, our comparative analysis revealed that mild cases predominantly exhibited mild AST elevations, whereas
severe cases showed significantly higher AST and TBIL levels, with a greater proportion of AST values exceeding three times
the ULN. These findings indicate that the abnormality rates of AST, ALT, and TBIL are closely linked to disease severity.

Given the clinical rarity of C. psittaci pneumonia,''® studies on its associated liver injury are sparse, and uncertainties
persist regarding its definition, clinical presentation, diagnosis, and treatment. Referencing definitions of liver injury related
to novel coronavirus infection,'* we termed liver damage occurring during the progression and treatment of C. psittaci
pneumonia as C. psittaci pneumonia-related liver injury. We found that hepatocellular injury was the most common type,
followed by mixed and cholestatic patterns. The mechanisms underlying C. psittaci-induced liver injury are still unclear, but
several possibilities arise. First, direct damage to liver tissue by the pathogen is conceivable. After infecting the host,
C. psittaci proliferates in the mononuclear phagocytic system of the liver and spleen, then disseminates hematogenously to
organs such as the liver, kidneys, and nervous system, resulting in systemic disease.''" Our data showed elevated ALT,
AST, ALP, and GGT (indicative of hepatocyte and bile duct injury), alongside significant increases in CK and LDH,
suggesting that C. psittaci may also affect other tissues and organs, such as the heart and muscles, beyond the liver. Second,
stress and systemic inflammatory responses triggered by the infection may contribute. The strong pathogenicity by C. psittaci
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can trigger a robust systemic inflammatory response, with progressive lymphopenia and rising inflammatory cytokines (eg,

15717 potentially leading to a cytokine storm. This

interleukin-6 and tumor necrosis factor-alpha) in some severe patients,
uncontrolled inflammation may exacerbate nonspecific immune-inflammatory responses in the liver, causing secondary
injury. Our results support this, showing significantly higher WBC, NLR, CRP, and PCT levels in patients with liver injury
compared to those without, with NLR, CRP, and PCT positively correlated with liver injury. These findings suggest that
immune-mediated inflammation following C. psittaci infection may drive or exacerbate liver damage. Third, pneumonia-
related hypoxia may play a role. Severe C. psittaci pneumonia is prone to complications such as respiratory failure, sepsis,

and multiorgan failure,'”'®

reducing hepatic blood perfusion and inducing hypoxic liver injury. We found a higher
prevalence of dyspnea and elevated PSI scores in patients with liver injury, with PSI scores positively correlated with
liver damage, indicating that pneumonia-associated hypoxia may promote the onset and progression of liver injury. Fourth,
medications used clinically may have contributed to the findings. Many patients, particularly those with severe cases,
received multiple drugs, including antipyretics/analgesics (eg, acetaminophen), antibiotics (eg, tetracyclines, quinolones,
macrolides), and steroids, which may potentially be hepatotoxic.'® ' To minimize the influence of drugs and pre-existing
liver diseases, we analyzed liver biochemical parameters upon admission and excluded patients with prior liver conditions.
Notably, we found a higher prevalence of alcohol consumption history among patients with liver injury, suggesting that those
with underlying hepatic vulnerability may be more susceptible to C. psittaci-related liver damage. Patients with liver injury
had longer hospital stays but no increase in mortality. This may be attributed, on the one hand, to greater pneumonia severity
necessitating extended hospitalization and, on the other, to the absence of progression to liver failure, with significant liver
function improvement following targeted anti-infective and hepatoprotective treatments.

This study had some limitations. As a retrospective analysis, some cases lacked complete current medical history
data. Additionally, many patients had used antipyretics, analgesics, or antibiotics prior to admission, with unspecified
types, doses, and durations, potentially affecting statistical outcomes.

Conclusion

C. psittaci pneumonia, particularly in severe cases, is associated with a high incidence of liver function abnormalities and liver
injury. Among liver biochemical parameters, elevated AST and ALT predominate, with more pronounced increases in severe
patients. Liver injury in C. psittaci pneumonia is likely related to factors such as alcohol consumption history, pneumonia severity,
and elevated inflammatory responses. In clinical practice, monitoring liver function may aid in early identification of severe cases.

Abbreviations

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; CRP,
C-reactive protein; GGT, gamma-glutamyltransferase; LDH, lactate dehydrogenase; NLR, neutrophil-lymphocyte ratio;
PCT, procalcitonin; PSI, pneumonia severity index; ULN, upper limit of normal, WBC, white blood cell.
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