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Purpose: To explore the clinical characteristics, diagnosis, and treatment of severe Chlamydia psittaci pneumonia complicated by
rhabdomyolysis and to improve the success rate of treatment.

Patients and Methods: The clinical characteristics, diagnosis, treatment, and outcomes of four patients with severe C. psittaci
pneumonia complicated by rhabdomyolysis diagnosed by metagenomic next-generation sequencing (mNGS) in our hospital were
analyzed retrospectively.

Results: All four patients were male, aged 46—64 years, and all had a history of bird contact. All patients had fever, fatigue, tea-
colored urine, myalgia, and two patients were unable to walk. C. psittaci DNA was found by mNGS of the bronchoalveolar lavage
fluid of all four patients. Their creatine kinase was >1000 U/L, and myoglobin, C-reactive protein, procalcitonin, and brain natriuretic
peptide were significantly increased. The McMahon score of three patients was >6 points, of whom one patient suffered from acute
kidney injury; he was treated with continuous renal replacement therapy and eventually died. After diagnosis, three patients were
treated with doxycycline and quinolones and were discharged after recovery.

Conclusion: Psittacosis complicated by rhabdomyolysis is characterized by fever, fatigue, myalgia, and tea-colored urine, with
significant increases in creatine kinase and myoglobin. The McMahon score should be applied early to assess the risk of acute kidney
injury, and renal replacement therapy and renal protection therapy should be initiated in the early stage. Among severely ill patients,
early use of empirical antibiotics, including quinolones, may improve the prognosis.
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Introduction

Chlamydia psittaci is a specific intracellular gram-negative bacterium that mainly infects birds. The genotypes A and E
can infect humans,' with the lungs being the most common site of infection, and can lead to severe pneumonia and even
death in some cases.” Bacterial atypical pneumonia may occasionally induce rhabdomyolysis and secondary kidney
damage. Causative bacteria include Francisella tularensis, Coxiella burnetii, Chlamydia pneumoniae and C. psittaci, but
case reports are rare.” Rhabdomyolysis refers to a group of clinical syndromes, such as destruction and necrosis of
muscle tissue, destruction of the integrity of muscle cell membrane, damage of tissues and organs, and release of a large
amount of myoglobin, creatine kinase (CK), and toxic substances into the blood, caused by various reasons.* Only four
cases of C. psittaci pneumonia complicated by rhabdomyolysis have been reported globally to date,”” and the data are
either out of date or incomplete. C. psittaci pneumonia complicated by rhabdomyolysis is associated with multiple organ
dysfunction, and has a poor prognosis, so early clinical intervention is important. In this study, we retrospectively

analyzed the clinical data of four cases of severe C. psittaci pneumonia complicated by rhabdomyolysis diagnosed by
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metagenomic next-generation sequencing (mNGS) and summarized their clinical features to help clinicians to make an
early diagnosis and to initiate empirical antibiotic treatment early in order to improve the success rate of treatment.

Metagenomic Next-Generation Sequencing

All four cases were diagnosed by metagenomic next-generation sequencing (mNGS). Bronchoalveolar lavage fluid
(BALF) samples were collected by following the standards of aseptic processing procedures. Using previously described
methods, mNGS analyses were completed by the BGI Genomics Institute (Shenzhen, China).® Briefly, BALF samples
(3—5 mL) were collected following standard procedures. In the laboratory, the samples were agitated at 4000 rpm for 10
min. The DNA from 0.3 mL of each sample was extracted using a TITANamp Micro DNA Kit (DP316, Tiangen Biotech,
Beijing, China), following the manufacturer’s instructions. DNA libraries were constructed using DNA fragmentation,
end-repair, adapter ligation, and PCR amplification. Low-quality and short (length <35 bp) reads were removed to
generate high-quality sequencing data, and computational subtraction of human host sequences mapped to the human
reference genome (hgl9) were performed using the Burrows-Wheeler alignment. The remaining data were classified by
removing low-complexity reads, and the sequences were aligned to microbial genome databases for bacteria, fungi,
viruses, and parasites downloaded from the US National Center for Biotechnology Information website (ftp://ftp.ncbi.
nlm.nih.gov/genomes).

Case Presentations

Case |

The patient, a 64-year-old man, had a history of diabetes. Five days before presenting to our clinic, he developed fever, fatigue,
myalgia, cough, and expectoration, and became unable to walk. His highest body temperature was 39°C. Two days before
presenting, he experienced nausea, vomiting, and dizziness. He visited a local Hospital. Chest computed tomography (CT)
revealed consolidation in the lower lobe of the left lung. His white blood cell (WBC) count was 12.47x10°/L, neutrophil
percentage 82.6%, and his C-reactive protein (CRP) and procalcitonin (PCT) levels were 142.4 mg/L and 5.86 ng/mL,
respectively. His clinical condition worsened, and he was transferred to our hospital after tracheal intubation. On admission his
temperature was 37.8°C. Physical examination revealed wet rales in both lungs. Blood tests revealed elevated WBC count,
absolute neutrophil count and neutrophil percentage; elevated blood glucose (20.5 mmol/L), glycosylated hemoglobin
(HbA1c) (10.9%), CRP, PCT, CK, myoglobin, brain natriuretic peptide (BNP), creatinine, urea, fibroblast, D-dimer, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and lactate dehydrogenase (LDH) levels; and low serum calcium,
HCOj; and estimated glomerular filtration rate (eGFR)level (Table 1).;. Urinalysis revealed: proteinuria, 1+; glycosuria, 3+;
hematuria, 3+; erythrocyte sediment, 67.1/uL; urinary casts, 2.3/uL; and epithelial cells, 19.8/uL. Chest CT showed lung
consolidation in the left lower lobe with a small left-sided pleural effusion (Figure 1A). After admission, mechanical
ventilation was initiated. The patient was treated with intravenous piperacillin/tazobactam (4.5 g 8-hourly), which was
switched to intravenous meropenem (1 g 8-hourly) 2 days later. On day 2 of admission, bronchoalveolar lavage was performed
by fiberoptic bronchoscopy, and BALF was sent for mNGS. On day 3, the patient developed anuria. He was diagnosed with
acute kidney injury (AKI) and treated with continuous renal replacement therapy (CRRT). On day 4, the patient died of
multiple organ failure. On the day of death, the mNGS identified C. psittaci (sequence number 1255). When questioned about
the patient’s history of exposure to birds, family members reported that the patient had been exposed to parrots 10 days before
the disease onset.

Case 2

The patient, a 54-year-old man, had a history of coronary heart disease and hypertension, and had developed fever,
fatigue, and a cough 4 days previously. Two days later, his level of consciousness deteriorated, the fatigue increased, and
he developed myalgia and became unable to walk. He visited the emergency department of our hospital. On examination
his body temperature was 38.9°C and he appeared somnolent. The Respiratory sounds of both lungs were coarse, and the
muscle strength of both legs was Grade 4. Blood tests revealed an elevated neutrophil percentage; elevated CRP, PCT,
CK, myoglobin, BNP, creatinine, urea, fibroblast, D-dimer, AST, ALT, HCOj;, and LDH levels; and low WBC, serum
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Table | Clinical Characteristics and Laboratory Data of the Four Patients
Items Case | Case 2 Case 3 Case 4
Sex, age (years) Male, 64 Male, 54 Male, 46 Male, 56
History of bird contact Parrots Dead birds Geese Chickens
Underlying diseases Diabetes Coronary heart Hypertension None

disease,

hypertension

Symptoms

Fever, fatigue, muscle
soreness, cough,
expectoration, nausea,

and vomiting

Fever, fatigue,
muscle soreness,
cough, poor

consciousness

Fever, fatigue, muscle
soreness, cough,
expectoration, shortness

of breath, diarrhea

Fever, fatigue,
cough,

expectoration

HCO; (normal: 22-28 mmol/L) 19.54 29.6 24.4 223
WBC (normal: 4-10%10°/L) 13.31 32 6.17 5.88
Absolute neutrophil count(normal:2-7x10°/L) 12.05 2.28 5.45 4.76
Neutrophil percentage (normal: 50-70%) 90.5 88.2 88.3 80.6
CRP (normal: 0-8 mg/L) 89 229.5 179.96 147.79
PCT (normal: 0-5 ng/mL) 4.75 4.26 .16 1.15
CK (normal: 26—174 U/L) 20,252 7659 2363 5066
CK-MB (normal:0-24U/L) 23 19 20 17
High-sensitivity troponin T(normal:0—14ng/L) 13 I 12 11.53
Myoglobin (normal: 0—110 ng/mL) 823.13 613.5 867.5 534.21
BNP (normal: 0—100 pg/mL) 4246 1669 1461 1388
AST (normal: 13—40 U/L) 348 258 8l1.7 141
ALT (normal: 5-40 U/L) 70 72 48.4 141
LDH (normal: 0-247 U/L) 576 669 461 388
Cr (normal: 59—104 pmol/L) 178 257 11 137
Urea (normal: 3.2-7.1 pmol/L) 11.34 12.02 8.21 10.3
eGFR(normal:80—120 mL/min) 34.69 23.87 69.69 50.36
Ca (normal: 2.25-2.75 mmol/L) 1.87 1.74 1.68 1.85
P (normal: 0.96—1.62 mmol/L) 1.42 0.51 0.55 0.76
Fibroblasts (normal: 2—4 g/L) 12.54 6.65 471 6.58
D-dimer (normal: 0-0.5 mg/L) 2.26 2.13 3.44 1.3
mNGS C. psittaci reads (n) 1255 1178 1563 3102
McMahon score 9 9.5 5 8

Abbreviations: AST, aspartate aminotransferase; BNP, brain natriuretic peptide; CK, creatine kinase; Cr, creatinine; CRP, C-reactive protein; LDH, lactate dehydrogenase;

PCT, procalcitonin; WBC, white blood cell.

calcium, phosphorus and eGFR levels (Table 1). Urinalysis revealed: proteinuria, 2+; hematuria, 2+; erythrocyte

sediment, 138/uL; urinary casts, 4.08/uL; and epithelial cells, 23.3/uL.. Chest CT showed large areas of exudation and

consolidation in both lungs, mainly in the lower lobes, with an air bronchogram and small bilateral pleural effusions
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Figure | (A) Chest computed tomography (CT) of Case |: consolidation in left lower lung and a small amount of pleural effusion on the left. (B) Chest CT of Case 2: large
exudative consolidation foci in both lungs, mainly in the lower lobe, and a small amount of pleural effusion on both sides. (C) Chest CT of Case 3: consolidation in both
lower lungs, mainly on the left and bilateral pleural effusion. (D) Chest CT of Case 4: right lung consolidation and ground-glass shadow.

(Figure 1B). Cerebrospinal fluid examination showed no abnormalities. The patient was treated with intravenous
moxifloxacin (0.4 g daily) and meropenem (1 g 8-hourly) as antibiotic therapy in addition to a saline infusion and oral
sodium bicarbonate tablets (1 g three times a day). Two days later, the patient’s condition worsened, and the patient was
intubated and started on mechanical ventilation. Fiberoptic bronchoscopy with bronchoalveolar lavage was performed,
and BALF was sent for mNGS. According to the mNGS results, C. psittaci (sequence number 1178) was found. When
inquiring about the medical history, the family members said that the patient had been exposed to dead birds one week
before the disease onset. C. psittaci pneumonia was considered, and the antibiotic therapy was switched to intravenous
doxycycline (0.1 g twice a day) combined with moxifloxacin. After 2 days of doxycycline treatment, the patient’s body
temperature returned to normal, and he was treated with doxycycline alone. After 14 days of treatment, reexamination
showed that his CK, myoglobin, and creatinine had returned to normal levels, and he was discharged. He continued to
take oral doxycycline (0.1 g twice a day) for one week after discharge. Follow-up chest CT performed in the outpatient
clinic showed absorption of the lung lesions.
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Case 3

The patient, a 46-year-old man with a history of hypertension, developed fever 17 days prior to presentation, with a
highest body temperature of 40°C, accompanied by fatigue, myalgia in both legs, and anorexia. He took over-the-counter
antipyretics but the fever recurred. A week before presentation, he developed a cough, expectoration, shortness of breath,
and diarrhea. He visited another hospital and was admitted for treatment. The blood test results were as follows: WBC,
8.9x10%/L; neutrophil percentage, 82.1%; CRP, 159.66 mg/L; PCT, 2.87 ng/mL; fibroblasts, 6.85 g/L; and D-dimer, 2.31
mg/L. Chest CT revealed consolidation in both lower lungs. Intravenous moxifloxacin (0.4 g daily) and piperacillin/
tazobactam (4.5 g 8-hourly) were given as antibiotic therapy. After one week of treatment, the patient still had recurrent
fever and shortness of breath, and so he was transferred to our hospital. A physical examination on admission revealed
the following: body temperature, 37.7°C; blood pressure, 165/81 mmHg; respiratory rate, 45 bpm; and wet rales in both
lower lungs. Blood tests revealed an elevated neutrophil percentage; elevated CRP, PCT, CK, myoglobin, BNP,
creatinine, urea, fibroblast, D-dimer, AST, ALT and LDH levels; and low serum calcium, phosphorus and eGFR levels
(Table 1). Urinalysis revealed: proteinuria, 1+;hematuria, 2+; erythrocyte sediment, 118/uL; urinary casts, 3.58/uL; and
epithelial cells, 21.6/uL. Chest CT showed consolidation in both lower lungs, mainly on the left side, and bilateral pleural
effusion (Figure 1C). After admission, the patient was given intravenous meropenem (1 g,8-hourly) and moxifloxacin
(0.4 g daily) as antibiotic therapy, and intravenous saline and oral sodium bicarbonate tablets (1 g three times a day). On
day 2 of admission, his oxygenation index dropped to 150 mmHg, and he was intubated and started on mechanical
ventilation. Fiberoptic bronchoscopy with bronchoalveolar lavage was performed, and BALF was sent for mNGS. The
mNGS revealed C. psittaci (sequence number, 1563). When asked about his history of exposure to birds, family members
reported that he had been exposed to live geese several times during the 2 weeks before disease onset. He was diagnosed
with C. psittaci pneumonia, and the antibiotic therapy was switched to intravenous doxycycline (0.1 g twice a day)
combined with moxifloxacin. Three days later, his body temperature returned to normal. After 2 weeks of treatment, his
CK, myoglobin, and creatinine levels had returned to normal, and he was discharged. He continued to take oral
doxycycline (0.1 g twice a day) for one week after discharge. Follow-up chest CT showed absorption of the lung lesions.

Case 4

The patient, a 56-year-old man developed fever one week prior to presentation, with a peak body temperature of 39.7°C,
accompanied by fatigue, myalgia, anorexia, cough, and expectoration. A physical examination on admission revealed a
body temperature of 38°C and coarse respiratory sounds in both lungs. Blood tests revealed an elevated neutrophil
percentage, and elevated CRP, PCT, CK, myoglobin, BNP, creatinine, urea, fibroblast, D-dimer, AST, ALT and LDH
levels; and low serum calcium, phosphorus and eGFR levels (Table 1). Urinalysis revealed: proteinuria, 2+;hematuria, 3
+; erythrocyte sediment, 147/uL; urinary casts, 4.88/uL; and epithelial cells, 25.6/uL. Chest CT showed consolidation
and ground-glass opacity in the right lung (Figure 1D). After admission, the patient was treated with mechanical
ventilation through tracheal intubation, intravenous piperacillin/tazobactam (4.5 g 8-hourly) and levofloxacin (0.5 g
daily) as antibiotic therapy, intravenous saline infusion, and oral sodium bicarbonate tablets (1 g three times a day). On
day 2, fiberoptic bronchoscopy with bronchoalveolar lavage was performed. BALF was sent for mNGS, which found C.
psittaci (sequence number 3102). When asked about his history of exposure to birds, family members reported that the
patient had been exposed to live chickens one week before the disease onset. He was diagnosed with C. psittaci
pneumonia, and the antibiotics were switched to intravenous doxycycline (0.1 g twice a day) and levofloxacin. After 2
weeks of treatment, his CK, myoglobin, and creatinine levels returned to normal, and he was discharged. He continued to
take oral doxycycline (0.1 g twice a day) for one week after discharge. Follow-up chest CT showed absorption of the lung
lesions.

Discussion

C. psittaci pneumonia accounts for about 1% of cases of community-acquired pneumonia, among which about 30% of
cases are severe.””'? Contact with birds or poultry is the main risk factor for C. psittaci pneumonia.'" In this study, all
four patients had a history of contact with birds. The incubation period in these patients after contact with birds was 1 to
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2 weeks, which is consistent with a report by Hogerwerf et al.'?> We recommend that newly admitted patients with severe
pneumonia should be routinely questioned about a history of contact with birds in the past month. In this study, all four
patients were male. According to Raeven et al,'* males account for the majority of cases of C. psittaci pneumonia. It is
unclear whether the male preponderance is related to males being more frequently engaging in breeding and slaughtering
birds. This remains to be confirmed by larger studies. Skin eruptions sometimes occur in patients affected with
Mycoplasma pneumoniae respiratory infections.'* No rash was found in the 4 patients with Chlamydia psittacosis
pneumonia.

Bacterial atypical pneumonia induced rhabdomyolysis is more common. Causative bacteria include Francisella
tularensis, Coxiella burnetii, Chlamydia pneumoniae and C. psittaci.® Simoni et al® reported 42 previously healthy
individuals with atypical pneumonia complicated with myositis, of which 27 cases were caused by Legionella species, 6
cases by other bacteria, 9 cases by Mycoplasma pneumoniae, and one case was caused by Chlamydia psittaci. Of the 42
patients, 37 were diagnosed with rhabdomyolysis-associated AKI. Rhabdomyolysis is the destruction and necrosis of
muscle tissue and the release of the cell contents into the blood.* Infection is a common cause of rhabdomyolysis. The
main mechanisms include tissue hypoxia, direct invasion of muscles by bacteria, decrease in glycolytic enzyme activity,
lysosomal enzyme activation, and endotoxin release.'”> Muscle biopsies performed in three patients with Mycoplasma

16-19 Wwith none of

infection and three patients with Legionella infection revealed inflammatory muscle lesions in all cases,
the patients testing positive for immune deposits. Diabetes is a risk factor for rhabdomyolysis.* The blood glucose and
HbAlc levels in Case 1 were markedly elevated on admission, indicating that the patient had longstanding poor blood
glucose control, and he had been in a state of hyperglycemia for an extended period. Hyperglycemia and hypertonic
states are more likely to cause osmotic swelling of skeletal muscle cells, calcium overload, and increased oxidative stress
due to damage to mitochondria and the sarcoplasmic reticulum, resulting in skeletal muscle injury.**° C. psittaci
pneumonia complicated by rhabdomyolysis is mainly characterized by fever, fatigue, myalgia, and tea-colored urine.
In this study, all patients had fatigue, tea-colored urine, and myalgia. The myalgia was mainly in the proximal muscle
groups such as those in the thighs, and lower back.* Rhabdomyolysis can be diagnosed when the blood CK level is
>1000 U/L.>'2% All 4 patients in this study met this criterion. Serum myoglobin was also increased in all four patients.
When the myoglobin concentration exceeds the threshold of renal metabolism, a large amount of myoglobin will be
excreted, resulting in tea-colored urine. All four patients had different degrees of hypocalcemia, which was related to the
destruction of muscle cell membranes and the influx of calcium ions into cells caused by adenosine triphosphate
consumption.”® AST, LDH, fibroblasts, and D-dimer increased to different degrees in all patients. Urinalysis showed
positive results for occult blood, protein, urinary casts, and dead epithelial cells.

AKI is the most serious complication of rhabdomyolysis, and occurs in approximately 7-10% of cases.* Once AKI
occurs, the mortality rate increases by 80%.* Active application of crystalloid fluids in the early stage can effectively
prevent and treat AKI caused by rhabdomyolysis. McMahon scoring can predict the risk of death caused by renal
replacement therapy or renal failure in patients with rhabdomyolysis. The main variables are age, sex, potential etiology,
and laboratory test results (blood calcium, CK, phosphate, and HCOj; levels). A McMahon score >6 points indicates a
high risk of AKI, requiring dialysis, and renal protective treatment should be provided.?** In this study, three patients
had a McMahon score >6 points, and the two surviving patients received renal protection therapy. Case 1, who died, had
a McMahon score of 9 points on admission. After admission, no standardized renal protection treatment was given, and
the patient rapidly progressed to renal failure and anuria, and finally CRRT was required. However, the mortality rate of
patients with acute renal injury who needed dialysis is as high as 50-80%.'> For patients with a McMahon score >6
points, rehydration should be started as soon as possible within 6 h after the diagnosis of rhabdomyolysis.*®*” Fluids
should be administered at a rate that maintains a urine output of 300 mL/h or more for at least the first 24 hours. Studies
have shown that the development of AKI is directly proportional to the timing of fluid administration, and that the longer
it takes for hydration to be initiated, the greater the likelihood of AKI. Prompt intravenous fluid administration is
associated with better outcomes.”® Initial fluid resuscitation may be given at a rate of 1 to 2 L/hour. Normally, hydration
is maintained until the resolution of rhabdomyolysis or until plasma CK levels decrease to <5000 U/L. AKI is less likely
to occur if the peak CK levels are under 10,000 U/L.%° Saline should be used as the main form of rehydration,® and
sodium bicarbonate can be taken orally to alkalize urine simultaneously.>' Some patients with rhabdomyolysis have been
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shown benefit from bicarbonate therapy. The principles of urine alkalinization are based on studies in animal models and
include the following: Tamm-Horsfall protein-myoglobin complex precipitation is increased in acidic urine, hence
alkalinization prevents intratubular pigment cast formation; redox cycling of myoglobin and lipid peroxidation is
inhibited by alkaline urine, thus decreasing tubular damage; and myoglobin-induced vasoconstriction is observed only
in acidic medium.*? There is no specific therapy once the patient develops AKI. Initiation of dialysis may be necessary
for control of volume overload and correction of intractable and severe metabolic abnormalities. Daily hemodialysis or
continuous hemofiltration may be required initially to remove urea and potassium that are released from damaged
muscles.'> In most cases, acute renal injury is completely reversible, and most patients’ renal function can return to
normal within a few months. Use of the McMahon score immediately on admission, enables early initiation of renal
protection or CRRT, which may improve the prognosis.

Tetracyclines, macrolides, and quinolones can be used to treat C. psittaci pneumonia.”® Tetracyclines such as
doxycycline, tetracycline, vibramycin, and minocycline are the antibiotics of choice for treating psittacosis pneumonia.'
Doxycycline is recommended for severely ill patients.** Because there was no vibramycin in our hospital, after three
severely ill patients were diagnosed, we adopted doxycycline combined with quinolones and achieved good results. The
recommended duration of antibiotic therapy for psittacosis pneumonia is 14 to 21 days.' In this study, the patient who
died did not receive any antibiotics, including quinolones, before diagnosis, while the three surviving patients were
administered B-lactams combined with quinolones as antibiotic therapy before diagnosis. We recommend that physicians
routinely use P-amides combined with quinolones as empiric antibiotic treatment in severely ill patients®* pending
diagnosis.

Conclusion

Psittacosis with rhabdomyolysis is rare, with fever, fatigue, myalgia and tea-colored urine as the main clinical
manifestations, and a significant increase in the serum CK and myoglobin levels. Early diagnosis is very important.
The McMahon score should be applied in the early stage to assess the risk of AKI and the need for CRRT, and CRRT
should be initiated early. In severely ill patients, early use of empiric antibiotic regimens, including quinolones, may
improve the prognosis.
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