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CASE REPORT
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Abstract: This study presents a rare case of community-acquired pneumonia (CAP) caused by a co-infection of Chlamydia psittaci
and Methicillin-resistant Staphylococcus aureus (MRSA), confirmed by targeted next-generation sequencing (tNGS). The patient had
a history of diabetes mellitus and hypertension. He developed fever, fatigue, myalgia and poor appetite two days before admission. He
had watched someone slaughter a chicken two days prior to the onset of symptoms. The chest CT revealed consolidative changes. We
suspected that the patient might have Chlamydia psittaci infection. Given the low sensitivity and time-consuming nature of
conventional microbial culture, tNGS was utilized in this case to improve diagnostic accuracy and reduce detection time. Targeted
next-generation sequencing (tNGS) identified a co-infection with Chlamydia psittaci and methicillin-resistant Staphylococcus aureus
(MRSA). Recovery was achieved after treatment with omadacycline and linezolid. The Chlamydia psittaci was likely transmitted from
the chicken, and the patient’s diabetes mellitus increased susceptibility to MRSA. This case highlights the risk of polymicrobial
infections in diabetic individuals and the diagnostic value of tNGS.
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Introduction

Psittacosis is a zoonotic disease caused by Chlamydia psittaci, primarily transmitted through inhalation of aerosols containing
secretions or dried excreta from infected birds. Methicillin-resistant Staphylococcus aureus is an uncommon but highly lethal
cause of CAP. Co-infection with both agents is extremely rare, difficult to recognize clinically, and prone to misdiagnosis or
delayed treatment. We report an elderly male patient with multiple comorbidities who was ultimately diagnosed with
Chlamydia psittaci pneumonia complicated by MRSA. The patient, who had type 2 diabetes mellitus, had observed the
slaughtering of a chicken before symptom onset. The main clinical manifestations were fever and fatigue. Pathogens were
identified by targeted next-generation sequencing of bronchoalveolar lavage fluid (BALF), and the patient recovered after
receiving combination therapy with omadacycline and linezolid.

Case Presentation

The patient, a 71-year-old male farmer, had a history of diabetes mellitus for more than 10 years, currently taking metformin
and reporting good glycemic control, and a history of hypertension for more than 10 years without medication. He developed
fever and fatigue two days before admission. Although his temperature was not measured, he also experienced myalgia and
poor appetite, with no cough or sputum. The patient was not concerned about these symptoms. On the morning of admission,
he experienced weakness and syncope with transient loss of consciousness. He recovered after oral glucose administration but
remained fatigued and subsequently came to our emergency department.
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In the emergency department, the temperature of the patient was 38.6 °C. Blood tests showed a white blood cell count of 11.2
x 10°/L, neutrophil count of 83.1%, lymphocyte count of 10.8%, hemoglobin of 156 g/L, and platelet count of 131 x 10°/L. C-
reactive protein was 88.93 mg/L and procalcitonin was 0.2 ng/mL. Glycated hemoglobin (HbA1c) was 5.6%. Serum chemistry
panel revealed glucose 9.05 mmol/L, alanine aminotransferase (ALT) 17 U/L, aspartate aminotransferase (AST) 17 U/L, and
creatine kinase (CK) 40 U/L (see Table 1). Tumor markers, including carcinoembryonic antigen (CEA), neuron-specific enolase
(NSE), cytokeratin 19 fragment (CYFRA21-1), and squamous cell carcinoma (SCC) antigen, were negative. Arterial blood gas
(ABQG) analysis showed pH 7.461, partial pressure of oxygen (pO,) 107 mmHg, partial pressure of carbon dioxide (pCO,)
36.4 mmHg, bicarbonate (HCO5 ) 25.1 mmol/L, and a P/F ratio of 324. Head computed tomography (CT) revealed mild
periventricular ischemic changes and age-related brain atrophy. Chest CT demonstrated left lower lobe pneumonia, bilateral
scattered fibrotic and proliferative foci, and right pleural thickening.

He was diagnosed with community-acquired pneumonia and admitted to our department for hospitalization that
evening. The patient denied keeping birds and poultry. On Day 1, empirical treatment with nemonoxacin (0.5g daily)
intravenously was initiated, and further workup such as sputum culture and blood culture were performed. On day 2, the
patient remained febrile (temperature 39.6°C). By nasopharyngeal swab PCR, the RNA of Influenza A/B, Respiratory
Syncytial Virus, COVID-19, and Rhinovirus, as well as the DNA of Adenovirus and Mycoplasma pneumoniae, were all
detected as negative. Holter monitoring showed frequent atrial and ventricular premature beats. We reviewed the chest
CT, which revealed consolidative changes. We suspected that the patient might have Chlamydia psittaci infection. We re-
questioned the patient ‘s history of domestic poultry exposure. The patient reported having watched someone slaughter
a chicken at a vegetable market two days prior to the onset of symptoms. This strengthened our suspicion of Chlamydia
psittaci infection. Considering the poor efficacy of quinolones against Chlamydia psittaci, the treatment regimen was
adjusted. Nemonoxacin was discontinued, and the antibacterial agent was switched to omadacycline injection (0.1g once
daily, with the first dose doubled). Additionally, ambroxol was administered intravenously to resolve phlegm, metoprolol

Table | Laboratory Test Results of the Patient

Test Parameter Reference The Day of Admission | Day 5 of Day 12 of Day 25 of
Range (Day | of Treatment) Treatment Treatment Treatment

WBC count (x109/L) 3.5-95 11.2 4.7 14.2 6
Neutrophil (%) 40-75 83.1 75 89.1 58.6
Lymphocyte (%) 20-50 10.8 14.9 5.8 343
Hb (g/L) 130-175 156 143 146 140
PLT (x109/L) 125-350 131 126 276 82
CRP (mg/L) 0-10 88.93 171.6 5.2 0.83
PCT (ng/mL) 0-0.05 0.2 0.24 <0.02 /
ESR (mm/h) 0-15 38 / 16 /
ALT (U/L) 9-50 17 30 41 39
AST (U/L) 15-40 17 28 29 28
LDH (U/L) 120-250 120 180 125 105
Creatinine (umol/L) 57-111 67.2 46.3 70.4 66.5
Urea 3.10-9.50 5.05 3.19 5.28 265
CK (U/L) 50-310 40 70 35 43

Abbreviations: WBC, white blood cell; Hb, Hemoglobin; PLT, Platelet; CRP, C-reactive protein; PCT, Procalcitonin; ESR, erythrocyte sedimentation
rate; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; CK, creatine kinase.
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Figure | The patient’s temperature changes and use of antibacterial agents.

sustained-release tablets to control heart rate, and symptomatic treatments such as gastric protection, hypoglycemic
therapy, hypotensive therapy, potassium supplementation, and fluid replacement were provided.

On day 3, to identify the pathogen, the patient underwent bronchoscopy, and bronchoalveolar lavage was performed
on the lateral posterior basal segment of the left lower lobe, with 30 mL of lavage fluid recovered. On this day, the
patient’s maximum body temperature was 39.3°C, and on day 4, it decreased to 38.1°C with relief of fatigue symptoms.
On day 4, sputum culture grew only normal flora. Results of the bronchoalveolar lavage fluid were reported: cytological
examination showed a predominance of neutrophils; acid-fast bacilli were negative; tNGS based on the MGI high-
throughput sequencing platform detected Chlamydia psittaci (25 sequences fragments), mecA-gene-positive
Staphylococcus aureus (838,341 sequences fragments) and common microflora. The detection of the mecA gene in
Staphylococcus aureus indicated that it was Methicillin-resistant Staphylococcus aureus (MRSA). Theoretically, oma-
dacycline was effective against MRSA, but the patient remained febrile with worsening coughing. Therefore, on day 4,
linezolid injection (0.6g every 12 hours) was added for anti-infective treatment. On day 5, the body temperature
decreased to 37.8°C. On day 6, the bronchoalveolar lavage fluid culture results indicated a positive finding for MRSA
and the body temperature returned to normal. The patient was discharged on day 13 and continued oral anti-infective
treatment after discharge: doxycycline enteric-coated capsules (0.1g every 12 hours for a total of 9 days) and linezolid
tablets (0.6g every 12 hours for a total of 13 days). The patient’s temperature changes and use of antibacterial agents was
shown in Figure 1.

We rechecked complete blood cell count, CRP, and biochemistry on day 5, day 12, and day 25 of treatment (see Table 1).
After antibacterial therapy, the patient’s inflammatory indicators such as white blood cell count, CRP, and PCT decreased.
Chest CT reexaminations were performed on day 11 and day 25: the chest CT on day 11 (Figure 2, v—viii) showed slight
progression of lesions compared with previous images, while the chest CT on day 25 (Figure 2, ix—xii) indicated significant
absorption of lesions.

Discussion

Chlamydia psittaci is an obligate intracellular gram-negative pathogen commonly found in birds and poultry. Humans
can be infected through direct inhalation or indirect exposure to infected bird secretions, aerosols of dry feces, or feather
dust." Community-acquired pneumonia caused by Chlamydia psittaci accounts for 1.03% of all CAP in adults.”> CAP
secondary to methicillin-resistant Staphylococcus aureus is a rare occurrence and the prevalence rate is unknown.’
Inpatients, elderly patients and those with comorbidities have a higher risk of MRSA infection.* We found an article

reporting a case of pneumonia caused by co-infection with Chlamydia psittaci and methicillin-sensitive Staphylococcus
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Figure 2 Chest computed tomography (CT) images of the patient. Chest CT on admission showed pneumonia (i-iv). Chest CT on day || of treatment showed slight
progression of the pneumonia (v—viii); Chest CT on day 25 of treatment showed resolution of the pneumonia (ix—xii).

aureus (MSSA) in a 28-year-old female patient.” Her initial symptoms included sore throat, dry cough, and high fever.
After two days of treatment with moxifloxacin, her symptoms did not improve significantly, and her headache worsened.
She was then treated with omadacycline for three days, after which her symptoms improved. To our knowledge, no case
report of psittacosis combined with MRSA has been found to date. In our case report, the patient had a history of
exposure to poultry, which was the source of Chlamydia psittaci infection. He is a 71-year-old male with diabetes
mellitus and hypertension, which increase the risk of MRSA infection.

The mechanism underlying this co-infection remains unclear. It may involve either sequential or simultaneous
invasion, both of which are facilitated by compromised host immunity, such as in cases of diabetes mellitus or advanced
age. We speculate that the patient was initially infected with MRSA (methicillin-resistant Staphylococcus aureus). Its
virulence factors, such as hemolysins and leukocidins, impair the function of immune cells. These impairments in
immune cell function may increase susceptibility to Chlamydia psittaci infection.

Patients with Chlamydia psittaci infection do not necessarily have a history of keeping birds or poultry. Moreover, their
clinical manifestations are non-specific. Routine diagnostic methods, such as serological testing and sputum culture, have
limitations in the diagnosis of psittacosis,® making the diagnosis quite challenging. The imaging manifestations of Chlamydia
psittaci pneumonia can provide us with some valuable clues. It typically presents with exudative and consolidative changes on
chest computed tomography, including lung consolidation, bronchial air trapping, pleural effusion, and ground-glass opacities.’
In this case, the patient exhibited atypical symptoms of pulmonary infection and the chest CT findings resembled typical imaging
findings of psittacosis, we suspected the possibility of Chlamydia psittaci. The patient was ultimately diagnosed with psittacosis
complicated by MRSA infection through tNGS testing of bronchoalveolar lavage fluid. Targeted next-generation sequencing, an
emerging etiological diagnostic method, can directly extract microbial DNA or RNA from clinical specimens without the need
for culture and can also detect antimicrobial resistance genes in pathogens. Clinical reports have confirmed the important value of
tNGS in the early diagnosis of psittacosis,” especially its significant advantages in detecting mixed pathogen infections.” In this
case, the diagnosis of a co-infection involving Chlamydia psittaci and mecA-gene-positive Staphylococcus aureus was
established by tNGS of bronchoalveolar lavage fluid, providing a direct basis for clinical management. Notably, tNGS provide
rapid results several days earlier than the subsequent sputum culture. Therefore, for patients presenting with atypical symptoms of
pulmonary infection, negative routine pathogen detection results, but pulmonary imaging suggesting lobar consolidation or
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ground-glass opacity, the possibility of rare pathogen infection should be considered in the differential diagnosis.
Bronchoalveolar lavage should be performed in a timely manner along with tNGS detection.

Chlamydia psittaci belongs to the family Chlamydiaceae. Antibacterial agents that interfere with DNA/protein
synthesis are optional, including tetracyclines, macrolides, and quinolones.'® Tetracyclines are the first choice, mainly
omadacycline and doxycycline; macrolides are the second choice, followed by fluoroquinolones. Omadacycline has been
proven to possess excellent antibacterial activity against Chlamydia psittaci. For the treatment of MRSA pneumonia,
linezolid is the standard medication.'' Omadacycline exhibits high antibacterial activity against MRSA in vitro, with
a susceptibility rate of 93%-98%.'*'® The clinical effective rate of omadacycline for Staphylococcus aureus pneumonia
is 73%."* No large observational experience is currently available on the use of omadacycline for the treatment of MRSA
pneumonia and the clinical efficacy of omacycline in the treatment of MRSA remains unclear. In this case, omacycline
was ineffective for the treatment of MRSA pneumonia and we selected omadacycline combined with linezolid for
treatment. After discharge, the patient was switched to sequential therapy with doxycycline enteric-coated tablets and
linezolid tablets and achieved a good therapeutic effect.

The severity of the Chlamydia psittaci pneumonia vary. In previous literature, most patients with Chlamydia psittaci
pneumonia have relatively mild conditions, while some experience rapid disease progression—such as elderly patients or
those with concurrent infections.'> These patients can develop severe pneumonia and respiratory failure in a short period,
requiring ventilator-assisted ventilation and even extracorporeal membrane oxygenation (ECMO) therapy.'® Community-
acquired pneumonia caused by MRSA may also lead to severe pneumonia.'” In this case report, the patient was a 71-year-old
elderly male with a history of hypertension and diabetes mellitus, who was infected with Chlamydia psittaci combined with
MRSA. These factors may increase his risk of developing severe pneumonia. Chlamydia psittaci can impair the function of
macrophages. It can inhibit the host immune response by suppressing humoral immunity and altering the Th1/Th2 cell
balance, leading to increased mortality.'® Virulence factors of MRSA affect the function of immune cells, resulting in severe
pneumonia. Based on these research findings, we speculate that co-infection with Chlamydia psittaci and MRSA may
exacerbate the severity of the disease, leading to increased tissue damage and higher mortality. If not treated promptly, the co-
infection of Chlamydia psittaci and MRSA can progress to severe pneumonia and may lead to multiple organ dysfunction, so
early diagnosis and timely treatment are even more important. In this case, the patient underwent bronchoscopy in a timely
manner. The collected BALF was sent for targeted next-generation sequencing analysis. Through early diagnosis and
treatment, the patient recovered well.

Conclusion

Pneumonia caused by the co-infection of Chlamydia psittaci and MRSA is extremely rare. It has no specific clinical
manifestations, but the imaging features of Chlamydia psittaci pneumonia can provide valuable clues. Targeted next-
generation sequencing is an important tool for achieving accurate diagnosis. Early diagnosis combined with treatment of
tetracyclines and linezolid can improve patient prognosis with favorable outcomes.
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