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Purpose: To summarize the clinical characteristics of progressive pneumonia caused by Chlamydia psittaci (C. psittaci) and to
explore the effect of high-dose tigecycline on severe C psittaci.

Patients and Methods: We retrospectively analyzed the clinical characteristics, treatment, and outcomes of three progressive
pneumonia patients caused by C. psittaci in our hospital in the past three years.

Results: All three patients showed high fever and progressive dyspnea, and all of them were finally diagnosed by bronchoalveolar
lavage fluid (BALF) of metagenomic next-generation sequencing (mNGS). Case 1 rapidly developed into multilobar infiltration after
raising a parrot with a normal appearance one week before. Respiratory failure occurred despite the use of moxifioxacin, requiring
non-invasive ventilator-assisted ventilation. Case 2 developed discomfort one day after sightseeing in the forest park. Moxifloxacin
was ineffective for her and she quickly developed respiratory failure, requiring invasive ventilator-assisted ventilation. Case 3 kept
chickens and ducks at home. Respiratory failure and renal failure still occurred rapidly despite the use of doxycycline, requiring
invasive ventilator-assisted ventilation and continuous renal replacement therapy (CRRT). After adjusting the antibiotic to high-dose
tigecycline (100mg, 1.V., q12h), all three patients were treated effectively and no side effects occurred.

Conclusion: C. psittaci pneumonia is one of the causes of progressive pneumonia. High-dose tigecycline is safe and effective for the
treatment of severe C. psittaci.
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Introduction

Progressive pneumonia is defined as clinical deterioration after 24 hours of treatment, with an increase of 50% in the
extent of the pneumonic opacity on radiographic images or respiratory insufficiency requiring mechanical ventilation or
septic shock after 72 hours of treatment.' Progressive pneumonia is a dangerous disease with high mortality. Chlamydia
psittaci (C. psittaci) is an uncommon pathogen of community-acquired pneumonia (CAP). About 1-2% of annual CAP is
caused by C. psittaci.” The severity of psittacosis pneumonia varies widely, from influenza-like mild respiratory infection
to life-threatening severe pneumonia.® C. psittaci parasitizes in tissues, blood, and feces of pet birds (eg, peacocks,
parrots, and pigeons) and poultry (eg, chickens, turkeys, and ducks), which can cause disease or present asymptomatic
infection.* Tetracyclines are the first choice for the treatment of C. psittaci infection. Tigecycline is a new tetracycline
drug with a broad antibacterial spectrum and is widely used in the clinical treatment of severe pneumonia. We presented
a series of three rapid progressive C. psittaci pneumonia cases diagnosed by metagenomic next-generation sequencing
(mNGS) of bronchoalveolar lavage fluid (BALF) in northeast China. Eventually, all three cases were effectively treated
with high-dose tigecycline. To our best knowledge, this is the first case series report of severe C. psittaci pneumonia
successfully treated with high-dose tigecycline.
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Case Presentations

Case |

A 50-year-old man with a high fever, non-productive cough, and progressive dyspnea for three days was admitted to our
hospital. The body temperature was between 39.4°C and 40°C, accompanied by chills. He was a healthy man before the
onset. He denied tuberculosis infection history or other infectious disease exposure history and no history of smoking or
alcohol abuse. After moxifloxacin 0.4 g, 1.V., qd in an external hospital for two days, his symptoms did not relieve.
A chest CT scan was performed 24 hours before admission showing pulmonary infiltrate and consolidation in the lower
lobe of the right lung (Figure 1A—C).

His vital signs of physical examinations at admission were as follows: temperature 39.5°C, pulse rate 118 beats/ min,
blood pressure 128 / 80mmHg, respiratory rate 34 breaths/min. He was tachypnea, and his lips were cyanotic. His
saturation of peripheral oxygen was 88% with mask oxygen inspiration (5L/min). Wet rales could be heard in the lower
lobe of the right lung. The rest of the physical examination was roughly normal.

Laboratory tests on admission showed white cell count 10.7x10"9/L (reference range:4—10x10"9/L), neutrophil ratio
95% (50-70%), hemoglobin 151 g/L. (120-160 g/L), and platelet count 221x10"9/L (100-300%10"9/L). C reactive
protein was 272mg/L (0-3mg/L). Erythrocyte sedimentation (ESR) was 38mm/1h (0-20 mm/1h). Procalcitonin (PCT)
was 0.62ng/mL (<0.5ng/mL). His renal function was normal. He had severe liver function damage. His aspartate
aminotransferase (AST) was 195 IU/L (8—40 IU/L), alanine aminotransferase (ALT) 112 IU (5-40 IU/L), albumin 23
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Figure | Chest CT of case | at the time of onset (A-C); 3 days after moxifloxacin treatment (D-F); 21 days after anti-psittacosis treatment (G-1).
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g/L (35-55 g/L). The laboratory tests revealed electrolyte disorders- hyponatremia and hypochloremia. Serum sodium
concentration was 128mmol/l (130—150mmol/l), chloride concentration 95mmol/l (96—106mmol/1).

No etiological evidence was found. Sputum culture results, acid-fast bacilli stain, and GeneXpert MTB/RIF assay was
negative. Nasal swabs for detection of Covid-19, influenza virus, adenovirus, and respiratory syncytial virus also found
nothing.

Intravenous infusion of moxifloxacin 0.4g was continued after admission. A chest CT scan was reexamined the
next day after admission. The lung shadow progressed rapidly, showing multiple patchy ground-glass opacity and
consolidation in both lungs (Figure 1D-F). The patient’s condition deteriorated, with persistent high fever (39-40°C),
and worsening dyspnea. With mask oxygen inhalation of 10L/min, arterial blood gas analysis revealed pH 7.52, PO, 40
mmHg (83-108mmHg), PCO, 25 mmHg (35-48mmHg), and HCO; 24.5 mmol/L (18-23mmol/L). He was treated with
non-invasive mechanical ventilation in S/T mode with IPAP 15¢cmH,0, EPAP 6¢cmH,0, and FiO, 60%, which could
achieve a tidal volume of about 450mL and minute ventilation of 9L/min and peripheral oxygen saturation of 94%. The
patient progressed rapidly and was diagnosed with progressive pneumonia. We considered that the disease progressed
rapidly, and the risk of death was high. We adjusted the anti-infection therapy regime according to common pathogens of
progressive pneumonia. Moxifloxacin was discontinued and upgraded to tigecycline 100mg, I.V., q12h to cover for
atypical pathogens, gram-positive cocci, and drug-resistant bacteria. At the same time, extended-spectrum antibiotic
meropenem 1.0g, 1.V. q8h was combined. In addition, oseltamivir 75mg, P.O., bid was administered to cover the
influenza virus.

While adjusting the anti-infective regimen, we performed fiberoptic bronchoscopy alveolar lavage in the basal
segment of the lower lobe of the right lung and sent the bronchoalveolar lavage fluid (BALF) for mNGS detection.
We also conducted tests related to rheumatic connective tissue disease. Connective tissue assays including immunoglo-
bulin levels (IgG, IgM, IgA, and IgE), anti-ARS antibodies (anti-Jo-1, anti-MDA-5, anti-PL-7, anti-PL-12, anti-EJ, anti-
KS antibodies), antinuclear antibodies (ANA), rheumatoid factor, cyclic citrullinated peptide antibodies, cytoplasmic
antineutrophil cytoplasmic antibodies (cANCA), and perinuclear antineutrophil cytoplasmic antibodies (p-ANCA) anti-
body titers were all within normal parameters, which provided no clue to rheumatic connective tissue disease.

On the seventh day of admission, mNGS of BALF indicated C. psittaci (sequence reads: 205) and Candida albicans
(sequence reads: 50). Upon close investigation, the patient had kept a pet bird a week before the onset of the disease.
Until the patient was admitted to hospital, the bird did not appear abnormal. On the second day after tigecycline, the fever
had gone down, and dyspnea was alleviated. After the mNGS results were reported, we adjusted the treatment regimen:
we stopped meropenem and oseltamivir, and doxycycline 0.1g, P.O., q12h was successively administered for 14 days
after 7 days of tigecycline administration. After 21 days of anti-psittacosis treatment, the patient’s general condition was
significantly improved, and there was no complaint of comfort. The patient’s body temperature changes and treatment
process were shown in Figure 2. A reexamination of chest CT revealed that the infiltrate was obviously absorbed
(Figure 1G-I).

Case 2

A 90-year-old female was admitted to our hospital with chills, fever, and dyspnea one day after sightseeing in the forest
park. She had a history of hypertension for 20 years and her blood pressure was well controlled by amlodipine 1 tablet 1/
day. She denied a history of other diseases. At admission, her temperature was 39.5°C, pulse rate 98 beats/ min, blood
pressure 160/64mmHg, and respiratory rate 28 breaths/min. Her saturation of peripheral oxygen was 88% with mask
oxygen inspiration (5L/min). Wet rales could be heard in the lower lobe of the right lung. The rest of the physical
examination was roughly normal. Laboratory tests on admission showed white cell count 19.8x10"9/L, neutrophil ratio
92%, hemoglobin 150 g/L, and platelet count 224x10"9/. C reactive protein was 230mg/L. ESR was 40mm/1h. PCT was
0.62ng/mL (<0.5ng/mL). Her liver and renal function were normal. Her connective tissue assays were normal. Chest CT
showed patches in the lower lobe of the left lung (Figure 3A—C). We gave her moxifloxacin 0.4 g, I.V., qd for anti-
infection treatment. The patient continued to have fever and dyspnea. On the third day of admission, blood gas analysis
showed pH 7.42, PO, 40 mmHg, PCO, 30 mmHg, and HCO3™ 19.9 mmol/L. A re-examination of chest CT showed large
consolidation of the left lung (Figure 3D-F). We performed tracheal intubation and gave her invasive mechanical
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Figure 2 Body temperature changes and treatment process of case |: in the first three days of onset, the patient showed persistent high fever. On the second day after the
application of tigecycline, the patient’s temperature returned to normal.

Figure 3 Chest CT of case 2 showed patches in the lower lobe of the left lung at admission (A—C). Three days later chest CT showed large consolidation of the left lung (G-F).

ventilation. PCV mode, PC 15 cmH,0, PEEP 8cmH,O, FiO, 60%, which could achieve a tidal volume of about
400mL, minute ventilation of 6 L/min, and peripheral oxygen saturation of 93%. At the same time, we underwent
fiberoptic bronchoscopy alveolar lavage in the basal segment of the lower lobe of the left lung and sent the BALF to
mNGS. And mNGS of BALF indicated C. psittaci (sequence reads: 88), Acinetobacter baumannii (sequence reads: 20)
and Candida albicans (sequence reads: 55). We adjusted the antibiotics to tigecycline 100mg, 1.V., q12h. And the
patient’s body temperature gradually decreased and returned to normal after 4 days. We gradually lowered the ventilator
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support parameters, and the patient successfully weaned the ventilator two days later. Sequential doxycycline 0.1g, P.O.,
ql2h for 13 days after discharge. The prognosis of the patient followed up by telephone was good, and there was no
complaint of discomfort after discharge. The patient’s body temperature changes and treatment process were shown in
Figure 4.

Case 3

A 69-year-old female was admitted to our hospital with fever, cough, and dyspnea for 2 days. She kept chickens and
ducks at home. She was a healthy woman before the onset. At admission, her temperature was 40°C, pulse rate 119 beats/
min, blood pressure 140/77mmHg, and respiratory rate 26 breaths/min. Her saturation of peripheral oxygen was 86%
with mask oxygen inspiration (5L/min). Wet rales could be heard in both lungs. Laboratory tests on admission showed
white cell count 8.5x10"9/L, neutrophil ratio 83%, hemoglobin 110 g/L, and platelet count 207x10"9/L. C reactive
protein was 400mg/L. ESR was 44mm/1h. PCT was 12 ng/mL. Her liver and renal function were normal. Her connective
tissue assays were normal. Chest CT showed diffuse ground-glass opacities in both lungs (Figure SA—C). We selected
meropenem 1.0g, I.V., q8h combined with doxycycline 0.1g, I.V., q12h for anti-infection treatment because of the
patient’s high PCT and history of poultry feeding. The patient’s condition progressed rapidly. On the second day of
admission, blood gas analysis showed pH 7.31, PO, 32 mmHg, PCO, 30 mmHg, and HCO3™ 22.1 mmol/L. We gave her
invasive mechanical ventilation. PCV mode, PC 15 cmH,0, PEEP 10cmH,0, FiO, 80%, which could achieve a tidal
volume of about 350mL, minute ventilation of 5 L/min, and peripheral oxygen saturation of 90%. At the same time, we
sent the BALF to mNGS. BALF detected C. psittaci (sequence reads: 100) and Acinetobacter baumannii (sequence
reads: 20).

After 5 days of meropenem combined with doxycycline anti-infection treatment, the patient still sustained high
fever and occurred oliguria. The urine volume was about 400mL/d, and the creatinine once increased to 405umol/I
(normal:41-81umol/l). We adjusted the anti-infective treatment regimen to tigecycline 100mg, 1.V., q12h plus
cefoperazone/sulbactam 3.0g, 1.V., q8h. At the same time, we performed continuous renal replacement therapy

temperature(°C)
moxifloxacin 0.4g L.V. qd > tigecycline 100mg, V., q12h ; doxycycline 0.1g, P.O., gh12

w—Temperature(°
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Figure 4 Body temperature changes and treatment process of case 2: the patient’s temperature returned to normal after the application of high-dose tigecycline for 4 days.

Figure 5 Chest CT of case 3 showed diffuse ground-glass opacities in both lungs (A-C).
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Figure 6 Body temperature changes and treatment process of case 3: the patient’s temperature returned to normal after the application of high-dose tigecycline for 5 days.

(CRRT). The patient’s temperature gradually returned to normal after 5 days and she weaned the ventilator 4 days
later. We adjusted the antibiotic to doxycycline 0.1g, I.V., q12h after weaning. The patient’s condition improved,
and the urine volume gradually increased. After a total of half a month of CRRT treatment, her urine volume
returned to normal, and the creatinine level decreased to 128umol/l. She was discharged from our hospital after
stopping CRRT treatment. The prognosis of the patient followed up by telephone was good, and the creatinine
level returned to normal 3 months after discharge. The patient’s body temperature changes and treatment process
were shown in Figure 6.

Discussion

Psittacosis is a zoonotic disease caused by C. psittaci, which is particularly common in tropical and subtropical regions
while rarely occurring in northeastern China. In our first case, the bird looked healthy even after the patient developed
severe pneumonia. Human beings could get sick by directly contacting the infected birds or inhaling contaminated
acrosols from their feces, feathers, or nasal secretions. In comparison, person-to-person transmission of psittacosis is
possible but rare.’

The incubation period is approximately 1-2 weeks. The contact history of birds or poultry before the onset of
the disease has a suggestive effect on the diagnosis of psittacosis. After inhaling through the lung, pathogens first
enter the blood to proliferate in the mononuclear macrophage system of the liver and spleen and then spread from
the blood to systemic organs, involving the lung, liver, kidney, spleen, and central nervous system, resulting in
pneumonia, hepatitis, renal impairment, spleen abscess, and nervous system symptoms. Among them, pneumonia
is the most common manifestation, and the severity of pneumonia ranges from mild to severe.® Given its
challenge for early diagnosis and rapid progression, misdiagnosis or improper antibacterial drugs may lead to
multi-organ dysfunction with a mortality rate of 66-70%.” All our three cases presented with progressive
pneumonia requiring mechanical ventilation-assisted support treatment and the third case developed renal failure
and needed CRRT treatment.

Chest imaging findings of C. psittaci pneumonia lack specificity. Consolidation and ground glass opacity are the most
common manifestations, while the presence of pulmonary nodules is rare.® The lesion is usually located in the subpleural
of lower lobes of the lung. Pleural effusion or mediastinal lymphadenectasis is rare.” Our first case initially showed right
lower lobe consolidation, and the lesion progressed in a short time, involving both lungs.
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Conventional pathogen detection methods of C. psittaci are mainly pathogen culture and serological assay. However,
due to the long testing time and low positive rate, traditional detection methods are often used in retrospective studies,
which do not help guide clinical decisions. mNGS has recently been a new type of detection technology for micro-
organisms. It is a culture-independent method that directly performs high-throughput sequencing of nucleic acids in
clinical samples. It can detect pathogenic microorganisms quickly and objectively (including viruses, bacteria, fungi, and
parasites).'”!" The detectable rate of mNGS for pathogens is nearly 89%, which is higher than that of traditional
pathogens (25.73%).' In our case series, mNGS test of BALF accurately found the pathogen in only three days.
Compared to traditional detection methods, mNGS has the advantages of shorter detection time, higher detection
sensitivity, and broader pathogen coverage.

All three cases we reported showed progressive pneumonia. We searched Pubmed and Web of Science databases with
“progressive pneumonia” as the subject word. We set the search deadline as July 2022. We found that both non-infectious
and infectious lung diseases could cause clinical deterioration in a short time.""'*"'* We summarize the common causes of
progressive pneumonia in Table 1.

Non-infectious diseases that can cause rapidly progressive pneumonia are mainly connective tissue disease-interstitial
lung diseases (CTD-ILDs). For example, pulmonary diseases related to dermatomyositis (especially MDA-5) antibody-
positive dermatomyositis,?® systemic lupus erythematosus, primary Sjogren syndrome, rheumatoid arthritis, and systemic
vasculitis.”'** However, our series did not have a family history of autoimmune disease. They neither had myalgia and
joint pain nor dry mouth and eye. As to physical examination, their limbs and joints were normal, and there was no rash
all over their body. Autoimmune-related antibodies were also negative. Therefore, they were unlikely to suffer from
CTD-ILD.

The primary infectious pathogens leading to rapidly progressive pneumonia in a healthy adult are viruses
(influenza virus, adenovirus, coronavirus), atypical pathogens (Mycoplasma, Chlamydia, Legionella), and several
bacteria.”? Community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) is the most common
bacterium.'>?* There are also cases of progressive pneumonia in immuno-competent hosts caused by invasive
group A streptococcal,'’ Pseudomonas aeruginosa,®® and hypervirulent types of Klebsiella pneumoniae.*
Tigecycline can cover the above possible bacteria. All our three progressive pneumonia cases were immuno-
competent hosts. Their condition improved after we changed the anti-infection treatment to high-dose tigecycline.

C. psittaci is an obligate intracellular parasitic bacterium. Tetracyclines are the first choice for treating psitta-
cosis, followed by macrolides. There are cases of moxifloxacin in treating C. psittaci pneumonia,”® but the result is
not as good as the tetracyclines.”” Moxifloxacin did not affect our case 1 and case 2. Case 3 improved after
tigecycline treatment although initially insensitive to doxycycline. Tigecycline is a new generation of glycyl

Table | Diseases That Can Lead to Progressive Pneumonia

Non-Infectious Diseases Infectious Diseases
Immuno-Competent Host Immuno-Compromised Host
Dermatomyositis Influenza virus Cytomegalovirus
Systemic lupus erythematous Adenovirus Herpes simplex virus
Primary Sjogren syndrome Coronavirus Pneumocystis jeroveci
Rheumatoid arthritis Mycoplasma Aspergillosis
Systemic vasculitis Chlamydia Candida albicans
Legionella Escherichia coli
CA-MRSA Burkholderia cepacia
Group A streptococcal Tuberculous mycobacteria
Klebsiella pneumoniae
Pseudomonas aeruginosa
Stenotrophomonas maltophilia
NTM

Abbreviations: CA-MRSA, Community-acquired methicillin-resistant Staphylococcus aureus; NTM, non-tuberculous mycobacteria.
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tetracycline belonging to broad-spectrum antibiotics and is less susceptible to generating drug resistance. Tigecycline
offers good antibacterial performance towards gram-positive bacteria (Staphylococcus, Streptococcus, Enterococcus),
gram-negative bacteria (Acinetobacter, Klebsiella, Escherichia) atypical pathogenic bacteria (Mycoplasma,
Chlamydia, Legionella), and especially drug-resistant bacteria (MRSA, carbapenem-resistant Klebsiella pneumoniae,
carbapenem-resistant Acinetobacter baumannii).*® It is widely used in the treatment of severe infections. Combined
use of tigecycline and meropenem regimen in case 1 could cover most of the pathogenic bacteria that may cause
rapidly progressive pneumonia. Although at the time of admission, we failed to identify that the patient’s infection
pathogen was C. psittaci, the application of tigecycline just right covered the pathogenic bacteria of the patient.
The interplay between tigecycline metabolism and pathophysiological changes in severe patients (hypoxia,
hypoproteinemia, and acid-base balance disorder) may impact the clinical effect during tigecycline therapy.
A large number of studies have found that the conventional dose of tigecycline cannot play an influential role
in the treatment of severe patients. Lei Zha?® carried out a meta-analysis of 593 patients in 10 studies, comparing
the safety and effectiveness of conventional-dose tigecycline with high-dose tigecycline. The study found that
conventional-dose tigecycline (100mg loading dose, S0mg q12h) often could not achieve the ideal antibacterial
treatment effect for severe patients. However, high-dose tigecycline (100mg loading dose, 100mg q12h) could
effectively reduce mortality and improve the cure rate. The study also found that high-dose tigecycline did not
increase the incidence of adverse drug reactions. The area under the concentration-time curve / minimum
inhibitory concentration (AUC/MIC) is an effective indicator for evaluating the efficacy of antibiotics. The
AUC of tigecycline has a linear relation to the dose. Increasing the dose of tigecycline is helpful to prompt
AUC and improves effectiveness. In addition, tigecycline has a large apparent volume of distribution in vivo, and
increasing the dose is beneficial to increasing the lung tissue drug concentration.>® In our case series, high-dose
tigecycline had a noticeable curative effect, and no adverse reactions such as liver function damage, nausea, or

vomiting occurred. High-dose tigecycline was both effective and safe.

Conclusion

In conclusion, C. psittaci pneumonia can progress in a short time, leading to respiratory failure. Avian or poultry
exposure history is conducive to the diagnosis of C. psittaci. Even if the animal’s appearance is not abnormal, it is also
possible to infect human beings. mNGS plays an essential role in determining the pathogen of progressive pneumonia.
High-dose tigecycline is safe and effective for the treatment of severe C. psittaci.
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