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Background: Psittacosis is a zoonotic disease with a low incidence rate and
a lack of specificity in clinical manifestations, making it prone to be missed,
misdiagnosed, and even cause delayed treatment for patients. Metagenomic
next-generation sequencing (MNGS) was successfully performed for the
diagnosis of a young patient with psittacosis progressing to acute respiratory
distress syndrome (ARDS), and precisely targeted antibiotic treatment was
promptly administered. Additionally, a comprehensive review was conducted
on 68 cases of psittacosis complicated with ARDS, with the goal of improving
the clinical awareness of this disease.

Case presentation: This study reports a 37-year-old young female who was
infected with Chlamydia psittaci (C. psittaci) after contact with parrots and
eventually developed ARDS. The patient initially developed fever and sore throat,
followed by cough and expectoration. Despite receiving empirical anti-infection
treatment, the condition continued to progress rapidly, and severe dyspnea
developed within a short period of time. She was subsequently transferred to
the intensive care unit (ICU) and underwent tracheal intubation and mechanical
ventilation due to acute respiratory failure. After the DNA sequence of C. psittaci
in bronchoalveolar lavage fluid (BALF) was detected through mNGS, the patient
received targeted antibiotic treatment with doxycycline and moxifloxacin, and
her clinical symptoms gradually improved.

Conclusion: Epidemiological investigations and the application of mNGS are
crucial for the early identification and diagnosis of psittacosis. For suspected
psittacosis patients, the application of mMNGS technology could promote early
identification of pathogens and targeted antimicrobial therapy, which might
improve patient prognosis. In addition, young psittacosis patients without
underlying disease should also be vigilant about the possibility of developing
severe cases.
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1 Introduction

Psittacosis, also known as ornithosis, is caused by infection with
Chlamydia psittaci (C. psittaci). Moreover, C. psittaci is a gram-
negative and specialized intracellular parasitic pathogen, which is also
one of the species in the Chlamydia family that is pathogenic to
humans or animals (1). It can directly or indirectly infect the host,
leading to the onset of psittacosis. Specifically, psittacosis spreads
mainly between birds and can be transmitted to humans through birds
or other animals in specific situations (2). In addition, it can also
be transmitted from human to human (3, 4). The interpersonal
transmission of C. psittaci is regarded as a newly emerging public
health risk, especially for healthcare workers and their close contacts
(5). Psittacosis mainly manifests as pneumonia, but only approximately
1% of community-acquired pneumonia is caused by psittacosis (6).
Although the incidence rate is relatively low, C. psittaci pneumonia
accounts for a high proportion (8%) of severe community-acquired
pneumonia cases (7). The asymptomatic spread of C. psittaci and
inadequate laboratory detection techniques may lead to a serious
underestimation of the current global number of psittacosis cases. In
recent years, with the migration of migratory birds and the increase
in the number of pet birds, reports of animals and humans infected
with C. psittaci have increased annually, indicating that C. psittaci
poses a potential threat to animal husbandry and human health.
However, owing to nonspecific clinical symptoms, the lack of
laboratory testing and diagnostic tools, and insufficient clinical
understanding of the disease, psittacosis is often ignored in the
diagnosis process, leading to delayed treatment in clinical practice,
which health burden of
psittacosis worldwide.

undoubtedly  increases  the

Unfortunately, there is currently no effective vaccine to prevent
psittacosis. If not treated promptly after infection, a critical illness may
develop in a short period of time, seriously affecting the patient’s
prognosis. Rapid and accurate identification of clinical pathogens and
timely targeted antibiotic treatment are key strategies for the successful
treatment of psittacosis. With the application of metagenomic next-
generation sequencing (mNGS) technology in the clinic, many
atypical pathogens can be validly detected. An increasing number of
cases of C. psittaci pneumonia have been clearly diagnosed, providing
timely and effective targeted treatment for clinical practice.

Previous studies have shown limited case reports of psittacosis
complicated with acute respiratory distress syndrome (ARDS).
However, the hospitalization mortality rate of severe ARDS patients is
relatively high, ranging from 26 to 60%, posing a serious threat to
public life and health safety (8, 9). Herein, this is a report of a young
female patient infected with C. psittaci who was diagnosed by mNGS
and progressed to ARDS. In addition, we summarized the
epidemiology, clinical manifestations, laboratory data, complications
and treatment strategies of 68 patients with severe C. psittaci
pneumonia complicated with ARDS to improve the clinical
understanding of the diagnosis and treatment of this disease.

2 Case presentation

A 37-year-old female patient was admitted to the Department of
Respiratory and Critical Care Medicine at Chengdu Second People’s
Hospital on February 27, 2023, due to cough and expectoration. The
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patient presented with sore throat and fever (39.3°C) 3 days before
admission. The patient subsequently took ceftizoxime (0.2 g po bid)
and diclofenac sodium sustained-release tablets (0.1g po qd), but the
above symptoms did not improve. The patient has good past health
without personal or family history. Epidemiological investigations
revealed that the patient purchased two parrots from a pet store on
January 25, 2023. A parrot died on February 19, 2023, and the patient
cleared its body and feces.

Physical examination on admission revealed that body
temperature, heart rate (HR), respiratory rate, and blood pressure
were 39.3°C, 99 beats/min, 22 beats/min, and 97/63mmHg,
respectively. Initial lung computed tomography (CT) revealed multiple
patchy and nodular high-density shadows in both lungs, mainly
involving the upper and lower lobes of the right lung. It was partially
consolidated with right pleural effusion and mediastinal lymph node
enlargement, as shown in Figures 1A-C. In addition, the patient was
fully conscious and experienced mild shortness of breath. Chest
auscultation revealed wet rales in both lungs. Laboratory tests on
admission revealed a white blood cell (WBC) count of 6.4 x 10°-L7,
neutrophils (NEUT) count of 5.5x 10°-L™", C-reactive protein (CRP)
(PCT) of 0.12ng/mlL,
aminotransferase (ALT) of 123 U/L, aspartate aminotransferase (AST)
of 113 U/L, alkaline phosphatase (ALP) of 246 U/L, and gamma-
glutamyl transpeptidase (GGT) of 171 U/L. Arterial blood gas analysis

of 88.8mg/L, procalcitonin alanine

(ABGA) revealed that the pH, oxygen partial pressure (PaO,), carbon
dioxide partial pressure (PaCO,), oxygenation index (OI), and HCO3~
and K' concentrations were 7.47, 30.7mmHg, 38.2mmHg,
93.2mmHg, 27.6 mmol/L and 3.1 mmol/L, respectively. The patient
was diagnosed with community-acquired pneumonia and type
I respiratory failure, who received oxygen therapy through a facemask
at a rate of 4 L/min and a fraction of inspired oxygen (FiO2) 37%. In
addition, the patient also received treatment with polyene
phosphatidylcholine capsules (456 mg po tid), diclofenac sodium
sustained-release tablets (0.1g po qd), administered cefazoxime
(2.25g ivgtt q8h), and nebulized inhalation of acetylcysteine (0.3 g
inh tid).

On the 5th day after admission, the patient was in a poor mental
state and had a fever with a maximum body temperature above 40°C,
lip cyanosis, and a respiratory rate of more than 30 beats/min.
Breathing sounds thicker, and wet rales in both lungs were audible.
The oxygen saturation (SpO,) was 60~70%, and the patient
immediately received noninvasive mechanical ventilation (ST mode,
IPAP 15cmH20, EPAP 4cmH?20, FiO, 40%). The sputum and blood
culture results for typical bacteria and fungi, as well as the relevant
tests for Mycobacterium tuberculosis were negative. Serological tests
for novel coronavirus (2019-nCoV) nucleic acid, influenza virus
nucleic acid, (1,3)-p-D-glucan (BDG), galactomannan (GM), the
capsular polysaccharide antigen of Cryptococcus, and IgM antibodies
against respiratory pathogens were negative. In addition, the serum
antinuclear antibodies (ANAs), antineutrophil autoantibodies, and
immunoglobulin concentrations were within the normal ranges.

On the 6th day after admission, the patient developed a high fever
with a maximum body temperature of 40.3°C, accompanied by
drowsiness and confusion. Moreover, there was significant shortness
of breath, with a respiratory rate of approximately 40 beats/min. SpO,
continued to decrease and could not be maintained at normal levels
after slight activity. Arterial blood gas analysis (ABGA) revealed that
the pH, PaO,, PaCO,, SpO,, PaO,/FiO,, SpO,/FiO,, and PaO,/FiO,
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FIGURE 1

Chest CT scan of the patient during hospitalization and follow-up. (A—C) On the 1th day after admission; (D—F) on the 6th day after admission; (G-I) on
the 12th day after admission; (J—L) on the day of discharge; (M-0O) on the 17th day of follow-up after discharge.

were 7.53, 54.0mmHg, 33.9mmHg, 88.6%, 90.0mmHg, 147.7,
and <100mmHg, respectively. In accordance with the ‘Berlin
Definition, the patient was diagnosed with severe ARDS (10). Chest
CT revealed multiple plaques and high-density shadows in both lungs
with bronchograms, partial consolidation, and partial interstitial
involvement. The infection was significantly aggravated, with a slight
increase in pleural effusion, as shown in Figures 1D-F The patient
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subsequently developed refractory respiratory failure and was
transferred to the intensive care unit (ICU), where she received
tracheal intubation and invasive mechanical ventilation (V-A/C mode,
VTE 360 mL, PEEP 8 cmH20O, FiO, 100%). To reduce the risk of
ventilator-induced lung injury (VILI) and increase the effective
alveolar ventilation area, some lung-protective ventilation strategies,
such as low tidal volume (6 mL/kg), low plateau pressure (20 cmH20),
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high end-expiratory pressure (8 ¢cmH20), and prone position
ventilation have been implemented. The antibiotics were subsequently
adjusted to cefoperazone/sulbactam (3 g ivgtt q8h) combined with
moxifloxacin (0.4g ivgtt qd) for treatment. Owing to the rapid
progression of the disease, vancomycin was added, but due to the
redness of the patient’s skin after intravenous infusion, it was
immediately adjusted to linezolid (0.6 g ivgtt q12h). Moreover, samples
of the bronchoalveolar lavage fluid (BALF) were collected and tested
via mNGS for etiological diagnosis.

On the 8th day after admission, the BALF results were reported,
and 70 sequence reads corresponding to C. psittaci were identified,
with a relative abundance of 0.49%, as shown in Figure 2. Considering
the recent contact history with parrots, the patient was finally
diagnosed with C. psittaci pneumonia. The patient was subsequently
adjusted to receive a combination therapy of targeted antibiotics:
moxifloxacin (0.4 g ivgtt qd) and doxycycline (0.1 g po q12h). After
effective treatment, the patients clinical symptoms gradually
improved. Owing to improvements in respiratory function, invasive
mechanical ventilation was withdrawn after 5days of clinical
application. On the 11th day after admission, echocardiography
revealed a decrease in ventricular septal contractile activity, mild
pericardial effusion, and a decrease in the left ventricular ejection
fraction (LVEF: 48%). On the 12th day after admission, chest CT
showed significant absorption of pulmonary inflammation and
reduced pleural effusion compared with before, as shown in
Figures 1G-I. Considering the absence of a history of underlying
cardiac disease and no significant abnormalities were observed on the
electrocardiogram after admission, it was speculated that the patient’s
cardiac changes were related to infection with C. psittaci. On the 13th
day after admission, the patient’s condition improved with
temperature returned to normal (Figure 3) and she was transferred

10.3389/fmed.2024.1418241

to a general ward for subsequent treatment. Owing to timely and
accurate targeted antibiotic treatment, the patient recovered
(Figures 4, 5) and was discharged 7 days later. On the day of discharge,
chest CT revealed further absorption of pulmonary inflammation,
and no pleural effusion was observed, as shown in Figures 1]-L. The
patient continued to receive doxycycline treatment outside the
hospital for 12 days. On the 17th day of follow-up after discharge, a
chest CT revealed a small amount of patchy and linear high-density
shadows, shown IM-0O, and the rest

as in Figures

completely recovered.

3 Literature review

We searched the PubMed and Embase databases for articles on
ARDS caused by C. psittaci published before January 31, 2024. The
search strategies were “psittacosis” and “acute respiratory distress
syndrome;” and a total of 79 articles were retrieved. Excluding duplicate
studies or those with incomplete original data, a total of 9 articles were
included for further study, with a total of 68 patients, including 45
males (66.2%) and 23 females (33.8%), as shown in Figure 6A. Detailed
information is shown in Table 1. Among them, 64 cases were detected
for C. psittaci through mNGS, 1 case was detected through nanopore
targeted sequencing (NTS), 2 cases were confirmed through serological
testing, and 1 case was confirmed through both serological testing and
polymerase chain reaction (PCR) (Figure 6B). In particular, the
majority of cases (n=45, 66.2%) had a history of contact with birds and
poultry, or exposure to the environment. Forty-six patients (67.6%)
were reported to have underlying diseases, including hypertension,
diabetes, cirrhosis and hepatitis B. In addition, 62 patients (91.2%) had
fever upon admission. With the progression of the disease, most

Reads Count

FIGURE 2

Chlamydia psittaci
- Unique Mapping = |dentity
‘THWM ﬂWM AN M [
- 90
- 80
=70
- 60 &
=
- 50 §
- 40
- 30
- 20
=4
=0
0.12M 0.24M 0.35M 0.47M 0.59M 0.71M 0.83M 0.94M 1.06M 1.18M
Genome Length
The mNGS sequencing results of the BALF sample. The total base number of the detected genome is 1,179,220 (bp), of which the total length covered
by the C. psittaci sequence is 5,764 (bp), with a coverage of 0.488798% and an average depth of 1.04X. A total of 70 sequence reads corresponding to

C. psittaci were identified.
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Body temperature and antibiotic treatment during hospitalization.
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Change in (A) WBC count, LYM count and NEUT%, and (B) PCT and CRP during hospitalization.
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Change in (A) lung, (B) heart, and (C) liver related indicators during hospitalization.

patients also experienced organ damage such as the liver, kidneys,
heart, digestive system, and nervous system, in addition to developing
into ARDS. The liver was the most commonly affected, including 58
cases (85.3%), and liver function involvement was reported to
be unrelated to the underlying diseases of hepatitis B or cirrhosis. After
the corresponding treatment, their liver function recovered. All
patients received different ventilation methods to improve hypoxia.
Notably, it was found that renal dysfunction might be a high-risk factor
for patients with psittacosis complicated with ARDS, as the proportion
of renal dysfunction in the deceased group was significantly higher
than that in the survived group (83.3% vs 12.9%, p =0.001) through

Frontiers in Medicine

Fisher’s exact test (Supplementary Table S1). Sixteen patients (23.5%)
received positive pressure ventilation (PPV), and six patients (8.8%)
received extracorporeal membrane oxygenation (ECMO) or
extracorporeal lung assist (ELA) replacement therapy because of the
difficulties in maintaining oxygenation during mechanical ventilation
treatment. After being diagnosed with C. psittaci pneumonia, all
patients received a single or combination therapy of tetracyclines
(doxycycline, minocycline, tigecycline or omadacycline), quinolones
(levofloxacin or moxifloxacin), or macrolides (azithromycin or
roxithromycin), as shown in Figure 6C. Finally, 62 cases (91.2%)
recovered and 6 cases (8.8%) died.
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Gender (A), pathogen detection methods (B), and anti-infective drugs after diagnosis of psittacosis (C) of the 68 patients in our literature review.

4 Discussion

Psittacosis has erupted and spread in multiple regions worldwide
(11, 12), with an increasing trend annually (5). Due to its potential to
cause collective infection and illness during the epidemic, its
infectivity and pathogenicity cannot be ignored, as it poses a
significant threat to public health. Failure to diagnose diseases or
identify pathogens in a timely manner could lead to delayed usage of
effective antibiotics, resulting in high mortality rates in severe cases.
Although there has been an increase in cases of psittacosis in recent
years, psittacosis is still considered a rare disease, and there are still
few reports on cases of ARDS caused by psittacosis. In addition, due
to the diverse clinical manifestations and insufficient clinical
understanding of the disease, it is often misdiagnosed or missed.
Therefore, it is necessary to report and review cases of ARDS caused
by psittacosis to promote the clinical understanding and management
of the disease.

Chlamydia psittaci is a recognized zoonotic pathogen that is
infectious to birds and poultry such as parrots, pigeons, chickens, and
ducks, as well as mammals like horses, sheep, and cows. It can
be transmitted to humans through the urine, feces, and other excreta
of infected animals. In recent years, cases of human-to-human
transmission have also been reported. The incubation period of
psittacosis is usually 5 to 14 days, which may last up to 1 month (13).
Patients often have a history of contact with birds and poultry (14, 15).
Cleaning wild bird feeders or direct contact with feces contaminated
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with C. psittaci are considered important risk factors for infection (16).
In addition, indirect or environmental contact with C. psittaci is also
associated with infection with psittacosis (2, 17). In this report, the
patient had contact with dead parrots before the onset of psittacosis,
so dead parrots were highly likely to be the source of the pathogen.
Our literature review reported a total of 68 cases, of which 44 had
contact with birds or poultry. In addition, 1 patient had no clear
history of contact, but lived in a community with large forests and
birds (18). Therefore, in addition to inquiring about the patient’s direct
contact history, it is also necessary to conduct a detailed investigation
of the patient’s travel history, residential history, and environmental
exposure, which may provide favorable clues for clinical diagnosis.
However, patients without a clear history of contact are also common
and cannot be ruled out.

Psittacosis is common in middle-aged and elderly people, with
more males than females (19), and a lower risk of infection in children
(20, 21). Psittacosis during pregnancy is rare, but it is highly likely to
cause illness and death in pregnant women and fetuses (22, 23).
According to reports, a 3.5-year-old child with C. psittaci-induced
ARDS improved after treatment (24), whereas a pregnant woman
discovered fetal death 2 days after undergoing tracheal intubation (25).
Additionally, some reports have suggested that age (>65year) and
males are risk factors for severe C. psittaci pneumonia (19). This study
indicates that among the cases with C. psittaci-induced ARDS, male
patients accounted for a relatively large proportion, mainly middle-
aged and elderly patients, which is consistent with previous reports.
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TABLE 1 Summary of case series and case report of ARDS caused by C. psittaci.

_ _ sCyl:‘:I;;:tac:ms Empirical Anti-infective _. -
Author ReporFed Case Methods Gender Age U.nderlylng History of on the day Complications anti- d!'ugs af.ter Ventilation Clinical
area/time number (years) disease contact of infective dla'gn05|s. of methods outcome
admission drugs psittacosis
Marchese | Italy /2023 1 PCR and Male 3.5 / Parrot Cough and / Ceftriaxon, Doxycycline VAM +10T Recovered
etal. (24) serological dyspnea Teicoplanin
tests
Wichert Germany /2000 1 Serological | Male 47 / Poultry Fever, cough,  Renal dysfunction, The initial Doxycycline IMV +ELA Recovered
etal. (49) tests expectoration, | gastrointestinal treatment was
confusion, symptoms, and ceftibuten, and
myalgia, and neurological then changed to
dehydration symptoms erythromycin,
ciprofloxacin,
and rifampicin.
Yangetal. | China/2021 27 mNGS Male (19); | Average age  Hypertension Pigeon (4 Fever (23 Liver dysfunction (27 | Not recorded  Quinolones (17 cases); NIPPV (13 Recovered (23
(50) Female (8) | of 60 (10 cases); Liver | cases); Poultry | cases); Dyspnea | cases); Neurological Tetracyclines (6 cases); cases); cases); Died (4
(range:35-8) cirrhosis (11 (6 cases) (22 cases); symptoms (9 cases); Azithromycin (5 cases); IMV +PPV (11 | cases)
cases); Diabetes Cough (19 Renal dysfunction (4 Azithromycin+Doxycycline | cases); The
(1 case); cases); cases); Hyponatremia (1 case) initial
Pneumoconiosis Headache (10 (19 cases) treatment was
(1 case); Gout (1 cases); Diarrhea IMV + PPV, and
case) (3 cases); then changed to
Backache (1 ECMO (3
case) cases)
Wang et al. | China /2021 1 NTS Female 48 Hemorrhoids, | Environmental | Fever, diarrhea,  Renal dysfunction The initial Doxycycline The initial Recovered
(18) gastric ulcers exposure chest pain, treatment was treatment was
and cervical weakness, and ceftazidime, IMYV, and then
spondylosis syncope then changed to changed to
meropenem + ECMO
ganciclovir, and
finally changed
to
azithromycin.
Ferreira Brazil /2017 1 Serological Female 19 / Parrot Fever, cough, / Clarithromycin, Doxycycline Mask oxygen Recovered
etal. (51) tests dyspnea, and Ceftriaxone inhalation
chest pain
(Continued)
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TABLE 1 (Continued)

_ _ sCyl:‘:I;;:tac:ms Empirical Anti-infective _. -
Author ReporFed Case Methods Gender Age U.nderlylng History of on the day Complications anti- d!'ugs af.ter Ventilation Clinical
area/time number (years) disease contact of infective dla'gn05|s. of methods outcome
N mISSion drugs psittacosis
Yangetal. | China /2023 1 mNGS Female 51 / / Lisp., lower Pulmonary embolism | The initial Doxycycline+Azithromycin | The initial Recovered
(52) limb weakness, treatment was treatment was
dizziness, piperacillin/ HFNC, then
nausea, and tazobactam, changed to
confusion and then IMV, and
changed to finnally
cefoperazone/ changed to
sulbactam and ECMO+PPV.
levofloxacin.
Zhao etal. | China /2022 10 mNGS Male (6); | Average age Diabetes and Parrot (2 cases); Fever and Hepatic dysfunction (7 Not recorded | Moxifloxacin (18 cases); IMV (3 cases); | Recovered
(25) Female (4) | of 57 (range: coronary heart | Pigeons (1 dyspnea (10 cases); Renal disorder Minocycline (1 case); NIPPV (2
29-80) disease (1 case); | case); Chick (1 | cases); (3 cases); Cardiac Azithromycin (1 case) cases); The
Diabetes and case); Mynah (1  Hemoptysis (4 | damage (5 cases); initial
hypertension (1 | case); Poultry | cases) Hyponatremia (9 treatment was
case); Diabetes, | (1 case) cases); Gastrointestinal NIPPV, and
hypertension symptoms (2 cases); then changed to
and cerebral Neurological IMV (2 cases);
infarction (1 symptoms (2 cases) HFNC (2
case); Chronic cases); The
obstructive initial
pulmonary treatment was
disease (1 case); HFNC, and
Hypertension (1 then changed to
case); Previous IMV (1 case);
pulmonary PPV (5 cases);
tuberculosis (1 PPV +NIPPV
case) or HENC (3
cases)
(Continued)
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TABLE 1 (Continued)

_ _ sCyl:‘:I;;:tac:ms Empirical Anti-infective _. -
Author ReporFed Case Methods Gender Age U.nderlylng History of on the day Complications anti- d!'ugs af.ter Ventilation Clinical
area/time number (years) disease contact of infective dla'gn05|s. of methods outcome
N mISSion drugs psittacosis
Wang etal. | China /2024 16 mNGS Male (11); | Average age  Hypertension (4 | Parrot (10 Fever (16 Hepatic dysfunction | f-lactams/ Omadacycline IMV (10 cases); Recovered (14
(44) Femal e (5) | of 65 (range: | cases); Diabetes | cases); Pigeons | cases); Dyspnea (15 cases); Cardiac carbapenems NIPPV (6 cases); Died (2
39-76) (1 case); Chronic | (3 cases); (14 cases); damage (14 cases); +quinolones cases); cases)
obstructive Chickensand | Cough (11 Renal dysfunction (4 Combination
pulmonary ducks (3 cases); | cases); Shiver | cases); Pulmonary therapy of PPV
disease (1 case); and headache | embolism (7 cases) (7 cases)
Hepatitis B (1 (6 cases);
case); Myalgia (7
Hypertension cases)
and diabetes (1
case); Diabetes
and hepatitis B
(1 case)
Tangetal. | China /2022 10 mNGS Male (6); | Average age Hypertension (2  Parrot (3 cases);  Fever, Hepatic dysfunction (9 Monotherapy | Moxifloxacin (3 cases); IMV (cases); Recovered
(53) Female (4) |of 62.9 cases); Hepatitis | Chickensand | weakness, and | cases); Hypokalemia | or combination K Doxycycline (2 cases); NIPPV (4
(range: B (2 cases); ducks (5 cases); | poor appetite | (7 cases) therapy of Minocycline (2 cases); cases); HFNC
46-74) Diabetes and Pigeons (2 (10 cases); p-lactams/ Tigecycline (1 case); The (4 cases)
hypertension (2 | cases); Cough (4 quinolones/ initial treatment was
cases) cases); Myalgia carbapenems/ | roxithromycin, and changed
(3 cases); antifungal to doxycycline (1 case); The
Headache (2 agents /antiviral | initial treatment was

cases); Chills (1

case)

drugs

moxifloxacin+minocycline,
and changed to
doxycycline+tigecycline (1

case)

VAM, mechanical assisted ventilation; IOT, oro-tracheal intubation; IMV, invasive mechanical ventilation; ELA, extracorporeal lung assist; NIPPV, noninvasive positive pressure ventilation; PPV, prone position ventilation; NTS, nanopore targeted sequencin; ECMO,

extracorporeal membrane oxygenation; HFNC, high-flow nasal cannula.
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However, in this study, we reported a healthy young woman who
eventually progressed to ARDS. Therefore, young women without
underlying disease should also be vigilant about the possibility of
developing into severe illness.

Chlamydia psittaci mainly infects the mucosal surface of human
and animal hosts, causing various diseases (26). Initial replication
begins in respiratory mucosal epithelial cells and macrophages,
resulting in sepsis. Then, replication is carried out in epithelial cells
and parenchymal tissues of the whole body (27), and various organs
and systems may be affected. The clinical manifestations are diverse,
and the severity of the disease varies from asymptomatic to severe
(28). The respiratory system is most commonly affected, and almost
all patients experience fever (26). Symptoms usually appear suddenly,
and some patients may experience dyspnea. Severe cases may progress
to ARDS (18), multiple organ dysfunction syndrome (MODS) (29,
30), and even death. Most patients also experience fatigue, muscle
pain, central nervous system symptoms, and gastrointestinal
symptoms (19). Notably, ARDS is usually associated with high
mortality rates. An epidemiological study of ICU patients from 50
countries revealed that the incidence of ARDS was 10.4% of ICU
admissions, and the hospital mortality rate was 46.1% for those with
severe ARDS (8). Patients with psittacosis commonly progress to
ARDS. A retrospective multicenter study involving 75 patients with
psittacosis revealed that over half of the patients (41/74, 55.4%)
developed ARDS, with 6 deaths and a mortality rate of 14.6% (31).
However, owing to the limited sample scale, the overall incidence rate
and mortality of ARDS caused by psittacosis still needs to be further
determined through large-scale researches. Compared with general
ARDS treatment strategies, timely use of antibiotics that can effectively
inhibit C. psittaci is crucial for targeted therapy of psittacosis-related
ARDS, in addition to respiratory support, nutritional support, fluid
management, and symptomatic treatments such as glucocorticoids,
sedatives, and muscle relaxants.

In the case reported in this study, the patient presented with fever
as the primary manifestation, followed by cough, expectoration, and
chills during the course of the disease. Her respiratory condition
deteriorated rapidly, with dyspnea and ARDS, so she received
mechanical ventilation. The pathogen was subsequently identified
through mNGS, and timely treatment was provided. In addition to
respiratory involvement, the liver and heart were also affected, which
might be related to C. psittaci invading the liver and heart. In the
literature review of this study, all patients with C. psittaci pneumonia
who developed ARDS received oxygen therapy, severe cases received
mechanical ventilation, and when NIPPV and PPV were insufficient
to increase blood oxygen saturation, ECMO treatment was received.
Almost all patients were diagnosed with ARDS combined with septic
shock, and severe cases progressed to MODS. Among the 68 patients,
6 (8.8%) died due to multiple organ failure caused by secondary
infection. Respiratory support, especially mechanical ventilation,
plays an important role in the treatment of ARDS patients. Thus, the
adoption of lung- protective ventilation strategies is reccommended for
all ARDS patients (32). Owing to the high metabolic status of ARDS
patients, appropriate nutritional support should be provided timely
(33). To alleviate the systemic inflammatory response, glucocorticoids
can be used for severe ARDS patients, which can reduce the mortality
rate (34). Additionally, sedatives should only be used in the early
stages of patients with moderate-to-severe ARDS, and when there is
still agitation and human-machine confrontation, muscle relaxants
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can be used (35). ARDS is a high-risk factor for deep vein thrombosis
(DVT) and pulmonary embolism. Therefore, preventive anticoagulant
therapy may be considered for ARDS patients without high-risk
bleeding factors.

Early identification of the pathogen is crucial for targeted
antibiotic treatment, which can reduce the mortality rate of ARDS
caused by C. psittaci. However, for many hospitalized patients, timely
and accurate diagnosis still poses challenges (36). Failure or delay in
the diagnosis of infection may lead to prolonged hospital stays,
readmission, and increased mortality rates (37, 38). In addition,
undiagnosed patients always require empirical broad-spectrum
antimicrobial therapy, increasing the risk of adverse drug reactions
and antibiotic resistance (39). As a new approach to identify
pathogens, mNGS has obvious advantages in detecting rare and
complex pathogens in difficult cases, which is considered as a
promising detection tool in the clinical diagnosis of unknown
infections, such as C. psittaci (40). NTS is a fourth-generation
sequencing technology that can provide faster and more
comprehensive information for clinical diagnosis compared to
mNGS. However, owing to its limitations, such as high cost and low
popularity, there are few reports on its application in detecting
C. psittaci. Although mNGS and NTS cannot replace traditional
methods, they can serve as important supplements to microbiological
pathogen testing tools and provide evidence for diagnosis in clinical.
Among the 68 patients in our literature review, 64 were diagnosed
with mNGS and 1 was diagnosed with NTS. There is no colonized
C. psittaci in the normal human body, and C. psittaci belongs to
intracellular bacteria. Due to the relatively small number of pathogens
released into body fluids such as blood, sputum, and BALE the
detection sensitivity and positivity rate are relatively low. Therefore,
once the DNA sequence of C. psittaci is detected, its potential as a
pathogen must be considered. In our literature review, a patient with
8 DNA sequences of C. psittaci detected by mNGS still developed into
a severe case (25). And in our case report, 70 DNA sequences of
C. psittaci were detected in the BALF sample of the patient through
mNGS. Therefore, even if a small amount of the C. psittaci DNA
sequence was detected, it could be diagnosed as psittacosis, and
targeted anti-infection treatment should be initiated in a
timely manner.

Chlamydia psittaci is naturally resistant to f-lactams due to the
lack of a cell wall, while tetracyclines and macrolides are effective
drugs for treatment. Tetracyclines are regarded as the main
recommended antibiotics for treating psittacosis. Among them,
doxycycline is the preferred agent due to its strong intracellular
activity and extensive clinical medication record (41). Over 90% of
patients experience fever reduction within 48 h of taking doxycycline
(42). In addition, minocycline has good antimicrobial activity and
has been successfully applied in clinical practice (42). Tigecycline and
omadacycline are the new generation of novel tetracycline antibiotics.
Among them, tigecycline has a wide antibacterial spectrum and can
be used as an alternative treatment for severe C. psittaci pneumonia,
especially when patients are infected with other bacteria (43).
Omadacycline has a higher concentration in the lungs than in the
plasma and is eliminated mainly through feces. In patients with
impaired liver and renal function and elderly individuals, the dosage
does not need to be adjusted when omadacycline is used (44).
However, owing to the immature clinical application of tigecycline
and omadacycline, further large-scale clinical studies are still needed
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to observe whether their efficacy is superior to that of other
tetracyclines. Macrolides, such as roxithromycin or azithromycin, can
be used as alternative options for patients with a history of
tetracycline allergy, as well as children, pregnant women, and other
patients who are prohibited from using tetracyclines. In vitro studies
have shown that fluoroquinolones are effective against C. psittaci (45),
mainly by interfering with topoisomerase, thereby inhibiting the
DNA synthesis of C. psittaci. However, the therapeutic effects of
fluoroquinolones are not comparable to those of tetracyclines and
macrolides (46), which may lead to treatment failure. At present,
large-scale case—control studies comparing the efficacy differences
between monotherapy and combination therapy are lacking. For
patients with severe C. psittaci pneumonia or those with poor initial
drug treatment, combination therapy may be preferable. In addition,
antibiotic resistance is a clinical issue that needs attention. According
to previous reports, genes related to the antibiotic resistance of
C. psittaci include 16S rRNA, 23S rRNA, and rpoB, which are
associated with different mechanisms leading to antibiotic resistance
(47, 48). The abuse of antibiotics may further exacerbate the problem
of microbial resistance, posing a threat to global public health safety.
Therefore, precise targeted antimicrobial therapy is crucial.

Although the incidence rate of psittacosis is relatively low, it may
lead to death in severe cases because of its strong pathogenicity, which
poses a serious threat to human health. The nonspecific clinical
manifestations and the lack of conventional detection methods pose
challenges in the diagnosis of psittacosis. The contact history of birds
and poultry before the onset of the disease has a suggestive effect on
the diagnosis, and early identification needs to be combined with the
actual medical history. Preliminary diagnosis can be quickly confirmed
through mNGS, and once confirmed, targeted antimicrobial therapy
should be administered as soon as possible. In addition, antibiotic
resistance in Chlamydia remains a threat, and the development of new
drugs against Chlamydia is urgently needed. At present, the prevention
methods for psittacosis pneumonia are not yet mature, and it is
necessary to explore new prevention methods or develop vaccines to
prevent the spread and outbreak of this disease. Moreover, society and
medical institutions need to attach great importance to the potential
threat of C. psittaci, and it is recommended to include it in routine
screening for respiratory pathogens. With the development of modern
molecular biology technology and in-depth research on new drugs,
more timely and accurate diagnostic methods for C. psittaci infection,
as well as safer and more effective treatments, will provide strong
support for clinical workers.

5 Conclusion

The clinical manifestations of C. psittaci pneumonia are diverse.
For patients with severe C. psittaci pneumonia combined with ARDS,
if not treated in a timely manner, it may be life-threatening. This study
demonstrated the importance value of epidemiological investigations
and the application of mNGS for early identification and diagnosis of
psittacosis. As a highly promising detection tool, mNGS technology
can help quickly and accurately identify pathogens, which contributes
to promote the progress of targeted antimicrobial therapy and improve
the prognosis of patients with severe infections. In addition, young
psittacosis patients without underlying diseases should also be vigilant
about the possibility of developing into severe cases.
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