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Abstract: We evaluated the application of metagenomic next-generation sequencing (mNGS) combined with rapid
on-site cytological evaluation (ROSCE) in the diagnosis of Chlamydia psittaci pneumonia, to provide a basis for an
accurate diagnosis. Clinical data from three patients with C. psittaci pneumonia diagnosed by the combination of
MNGS and ROSCE from June 2019 to June 2020 in the Department of Respiratory and Critical Care Medicine of
Tianjin Medical University General Hospital were reviewed. Three patients with community-acquired pneumonia
failed to respond to the initial treatment, and were finally diagnosed by bronchoscopic lung biopsy and alveolar la-
vage fluid (BALF) mNGS. According to the ROSCE cytologic characteristics, the scope of the lesions was narrowed to
inflammatory lesions excluding tumor and other non-infectious lesions. Subsequently, mMNGS results confirmed that
the three patients were infected by C. psittaci, sequence numbers 2066, 126, and 1077, respectively. Two patients
developed severe pneumonia and required organ function support. The other patient had recurrent high fever and
severe headache, which significantly complicated clinical diagnosis and treatment. Eventually, the treatment plan
was adjusted according to the mNGS results, resulting in gradual improvement of symptoms and satisfactory prog-
nosis. MNGS combined with ROSCE is effective for the accurate diagnosis and treatment of C. psittaci pneumonia,
having significant advantages in comparison with other detection methods, particularly in the cases of rare patho-
gens, mixed pathogen infections, and immunodeficient patients.

Keywords: Metagenomic next-generation sequencing (mNGS), rapid on-site cytological evaluation (ROSCE),
Chlamydia psittaci pneumonia

Introduction With the recent increase in the number of pet

birds, C. psittaci infections are on the rise. The

Chlamydia psittaci is an intracellular parasitic
pathogen. After inhalation into the lung, the
pathogen enters the blood, followed by prolif-
eration in the mononuclear phagocytic system
in the liver and spleen, finally spreading through
the circulation to the organs of the entire body,
including the lung, liver, spleen, kidney, and
central nervous system [1]. Pneumonia caused
by C. psittaci is a zoonotic disease, disseminat-
ed mostly by the dust of excreta of parrots,
pigeons, and canaries. Additionally, chickens
and peacocks can carry this pathogen and
cause disease transmission, as well as the pos-
sibility of interpersonal transmission [2, 3].

detection methods for C. psittaci are limited
and time-consuming. The detection of antibod-
ies against Chlamydia provides a retrospective
diagnosis, and the absence of an early test
delays the treatment of the disease. In addi-
tion, considerable drug resistance of C. psittaci
complicates clinical treatment, negatively affe-
cting the prognosis and the cost of therapy.
Therefore, rapid and timely diagnosis is the key
to the successful management of C. psittaci
pneumonia.

At present, the commonly used methods for the
detection of pathogens utilize body fluid smears
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and cultures. However, these traditional tech-
niques are time-consuming and many are char-
acterized by a low positive rate and frequent
false-positive results. Therefore, if no positive
results are obtained using conventional detec-
tion methods, clinicians desire to quickly and
accurately identify the pathogenic bacteria and
provide an appropriate and timely anti-infection
treatment to avoid adverse outcomes. This is
especially true for rare diseases, critically ill
patients, and immunodeficient patients, and
early diagnosis is essential. In this report, we
review three cases of C. psittaci pneumonia
treated in our department during the last year.
We have analyzed the role of metagenomic
next-generation sequencing (MNGS) and rapid
on-site cytological evaluation (ROSCE) in the
diagnosis and treatment of this disease and
summarized the steps of the procedure and
clinical significance of these technologies.

Medical records

Case 1, an 83 year-old female, was admitted to
the hospital on November 21, 2019, due to
fever and wheezing lasting for six days. She had
a history of cerebral infarction in 2015, and an
occasional cough when she was eating and
drinking water. The patient had had fever for six
days before admission, with the highest tem-
perature of 39°C, accompanied by headache,
runny nose, sore throat, whole-body ache, and
weakness. Additionally, she was experiencing
nausea and vomiting, occasional cough, ex-
pectoration, wheezing, and a small amount of
white sticky sputum. She could lie on her back
at night without edema of her lower limbs. Aft-
er admission, the patient received cefixime,
moxifloxacin, and tazocin for the infection and
dexamethasone as an antipyretic treatment.
Intermittent fever was still present, especially
in the afternoon, with the body temperature
reaching 41°C. Physical examination on admis-
sion: temperature 39°C, heart rate 120 bpm,
respiratory rate 25 bpm, and blood pressure
171/80 mmHg. The respiratory sounds of both
lungs were thick, and moist rales could be
heard in the right lung. Blood gas analysis doc-
umented type | respiratory failure (inhaled
oxygen concentration: 83%, pH 7.42, paO,
63.90 mmHg, pCO, 30.80 mmHg, HCO,- 19.50
mmol/L). Routine blood testing showed the
following: white blood cells 13.86 x 10°%/L, neu-
trophils 94.9% (high), C-reactive protein (CRP)
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21.80 mg/dL (high), procalcitonin 10.31 ng/mL
(high), plasma D-dimer > 10000 ng/mL (high),
and B-type natriuretic peptide (BNP) 2160.0
pg/mL (high). Additional laboratory tests indi-
cated: I1gM antibody against Legionella pneu-
mophila negative, 1gG antibody against Legio-
nella pneumophila negative, Chlamydia pneu-
moniae antibody negative, Mycoplasma pneu-
moniae antibody negative, fungi (1-3)-B-D glu-
can < 37.5 pg/mL, Aspergillus galactomannan
< 0.25 ug/L; antinuclear antibody positive
(nuclear granule type 1:80), anti-SSA antibody
positive, anti-Ro-52 antibody positive, rheuma-
toid factor 24.50 IU/ml (high), and anti-neutro-
phil cytoplasmic antibody (ANCA) negative. The
levels of tumor markers were as follows: ferritin
529.25 ng/mL (high), cytokeratin 19 fragment
7.17 ng/mL (high), squamous cell carcinoma
antigen 3.30 pg/L (high), and human epididy-
mal epithelial secretory protein 4 (HE4) 249.20
pmol/L (high). Chest CT (Figure 1) showed a
large area of increased density in the upper
lobe of the right lung and multiple patchy con-
solidations in the middle and lower lobes of the
right lung. Diagnosis at admission indicated se-
vere community-acquired pneumonia (SCAP),
type | respiratory failure, and heart failure
(heart function grade IV). The patient was gi-
ven piperacillin-tazobactam 4.5 g every eight
hours and moxifloxacin 0.4 g daily as an em-
pirical broad coverage anti-infection therapy.
Bronchoscopy, sputum smear, and culture of
airway secretions, rapid on-site cytological ev-
aluation of lung tissue by transbronchial lung
biopsy (TBLB), and second-generation sequenc-
ing of the bronchoalveolar lavage fluid (BLAF)
were performed. The results of ROSCE (Figure
2) revealed the presence of fibroblasts, neutro-
phils, macrophages, monocytes, and lympho-
cytes. Inflammatory lesions were identified,
and an organizing pneumonia trend was ob-
served; however, tumor lesions and other non-
infectious diseases were definitively excluded.
MNGS detected the presence of C. psittaci DNA
(sequence number 2066). In view of the results
of the tests, the treatment plan was adjusted to
moxifloxacin (0.4 g per day) and doxycycline
enteric-coated capsules (0.1 g every 12 hours).
Additionally, nasal high-flow ventilation assist-
ed respiration was initiated, medications for
heart failure and hypoproteinemia were given,
and nutritional support was provided. The pa-
tient’s temperature gradually decreased, and
the respiratory function improved. After eight
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Figure 1. Case 1: chest CT at admission (November 21, 2019).

Figure 2. Case 1: ROSCE results.

days of treatment, a chest CT (Figure 3) scan
demonstrated that the lesions were clearly
absorbed. One month after discharge, the pa-
tient was free from fever, cough, and expec-
toration.

Case 2, a 60 year-old male, was admitted to the
hospital on September 30, 2019 for “fever for
one week”. He had a history of acute glomeru-
lonephritis 40 years previously that was cured
and a history of hypertension for 10 years that
was well controlled. Fifteen years previously, he
had had drainage of a liver abscess, and six
months previously, surgery for a right femoral
shaft fracture that was healing well. One week
before admission, the patient developed fever
with a temperature of 38.6°C and headache,
but no other associated symptoms. After treat-
ment with cephalosporins, the fever returned.
Lung CT examination in the hospital showed a
consolidation shadow in the middle lobe of the
right lung. After treatment with moxifloxacin
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and methylprednisolone for
three days, he continued to
have a recurrent fever. Ph-
ysical examination: tempera-
ture 38.6°C, heart rate 100
bpm, respiratory rate 22 bpm,
and blood pressure 140/80
mmHg. Breath sounds were
thick in both lungs, and mo-
ist rales could be heard in
the right lung. Supplementary
examinations included rou-
tine blood testing which sh-
owed a white blood cell count of 5.92 x 10%/L,
neutrophils 75%, and CRP 13.3 mg/dL. Addi-
tional laboratory tests indicated: Legionella
pneumophila 1gG antibody suspected positive,
Mycoplasma pneumoniae antibody negative,
Chlamydia pneumoniae antibody negative, Cry-
ptococcus capsular antigen negative, tumor
makers negative, and antinuclear antibody po-
sitive (nuclear granule type 1:80). Chest CT
(Figure 4) showed patchy consolidation near
the right cardiac margin. Diagnosis at admis-
sion indicated community-acquired pneumonia
(CAP), Legionella pneumonia not excluded, and
hypertension grade lll (high risk). After intrave-
nous treatment with moxifloxacin (0.4 g daily),
the body temperature did not decrease, and
chest pain, headache, and other symptoms
occurred. Chest CT re-examinations after three
and twelve days of treatment (Figures 5, 6)
showed that the consolidation was larger than
before. After a detailed review of the patient’s
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Figure 4. Case 2: chest CT at admission (September 30, 2019).

medical history, it was discovered that the
patient had been clearing feces from a pigeon
shed 20 days before admission. Although moxi-
floxacin was given intravenously, it failed to
work. Because infection by special pathogens
could not be excluded, fiberoptic bronchoscopy
was performed again, and the secretion in the
airway was sampled and cultured. TBLB was
used to collect lung tissue for ROSCE, and BA-
LF was sent out for mNGS. ROSCE (Figure 7)
showed the presence of large numbers of fibro-
blasts, histiocytes, macrophages, monocytes,
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and lymphocytes under the microscope. The
BALF was negative for Mycobacterium tuber-
culosis DNA, and the BALF smear, bacterial cul-
ture, and acid-fast staining were also negati-
ve. mMNSG detected C. psittaci DNA (sequence
number 126). The revised diagnosis was C.
psittaci pneumonia and secondary organizing
pneumonia. The treatment regimen was adjust-
ed to intravenous moxifloxacin (0.4 g per day),
intravenous minocycline (100 mg twice a day),
methylprednisolone (40 mg twice a day for five
days, then 40 mg daily for three days and 20
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mg daily for three days, fol-
lowed by a gradual reduction.
Chest CT scan after four days
of minocycline treatment (Fi-
gure 8) showed evident ab-
sorption of the lesions.

Case 3, a 72 year-old male
patient, was admitted to hos-
pital on October 28, 2020,
Figure 7. Case 2: ROSCE results. due to fever, vomiting, and
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Figure 8. Case 2: chest CT after 4 days of minocycline treatment (October 22, 2019).

SR

.

a

7

¥

Figure 9. Case 3: chest CT on admission.

diarrhea for two days. The patient had a 20-year
history of diabetes. Fever had occurred two
days before admission, with the highest tem-
perature of 38.7°C, accompanied by vomiting
of stomach contents and, diarrhea, but no
abdominal pain, no obvious cough and expecto-
ration, no chest tightness and chest pain, no
hemoptysis, or other symptoms, so he was hos-
pitalized. Physical examination: temperature
38.0°C, blood pressure 135/78 mmHg, respi-
ratory rate 23 bpm, heart rate 115 bpm, and
poor mental health. The physical examination
coordination was poor, the breathing sounds of
both lungs were thick, a small amount of moist
rales could be heard in the right lung, the heart
sound was normal, the abdominal physical

394

examination was negative, neither of the lower
limbs was swollen, and pathologic signs were
not induced. On the supplementary examina-
tion, the results of the routine blood tests were
as follows: white blood cell count 9.76 x 10°/L,
neutrophil percentage 85.7%, blood gas analy-
sis showed pH 7.543, (pa0, 55 mmHg, paCo,
23.6 mmHg), BNP 11.7 pg/ml, CRP 75.26 mg/I,
procalcitonin 0.55 ng/ml, lactate dehydroge-
nase 293 u/L, albumin 21 g/L, Na+ 123
mmol/L. Legionella IgM antibody was suspect-
ed positive, antinuclear antibody was positive,
the carcinoembryonic antigen level was 6.81
ng/ml, ferritin 1611.67 ng/ml, and the cytoker-
atin fragment 6.38 ng/ml. Chest CT (Figure 9)
showed a large consolidation in the lower lobe
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Figure 10. Case 3: ROSCE results.

of the right lung. Diagnosis at admission indi-
cated SCAP, type | respiratory failure, Legionella
pneumonia, electrolyte disorder, and hypopro-
teinemia. The patient was given moxifloxacin,
oxygen therapy, blood glucose regulation, basic
support, and other treatment. Although the pa-
tient’'s symptoms improved, there was still
intermittent fever, dry cough symptoms, and
pulmonary burst sound. Bronchoscopic lung
biopsy, ROSCE, and mNGS were performed.
ROSCE (Figure 10) showed that a large numb-
er of fibroblasts, fibroblasts, histiocytes, and
macrophages under the microscope. The BALF
was negative for Mycobacterium tuberculosis
DNA, and the BALF smear, bacterial culture,
and acid-fast staining were also negative.
mNSG detected C. psittaci DNA (sequence nu-
mber 1077). The revised diagnosis was Chla-
mydia psittaci pneumonia, secondary organiz-
ing pneumonia, and type | respiratory failure.
Doxycycline (100 mg, bid) was added to the
treatment. The patient’s temperature gradually
dropped to normal, and the respiratory symp-
toms improved.

Discussion

C. psittaci pneumonia is a zoonotic disease
typically caused by the excretory dust of par-
rots and pigeons. The epidemiological history is
very important, although some patients may
not have a clear or direct bird contact history. In
the early stage, C. psittaci pneumonia causes
inflammatory reactions mediated mostly by
neutrophils. The pathogenesis involves mainly
perivascular inflammation, which spreads th-
roughout the body, causing lobular and intersti-
tial pneumonia that is obvious in the lower part.
Most cases have a sudden onset, typically
manifested by fever, dry cough, myalgia, and
headache, with the latter being the most char-
acteristic feature. In some cases, however, only
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fever of unknown origin is
present, respiratory symp-
toms are absent, and the clini-
cal manifestations are quite
different. In critical cases, pa-
tients can develop severe
pneumonia with dyspnea, cy-
anosis, and coma, and prog-
nosis is often poor [4]. More-
over, the disease can be easi-
ly misdiagnosed as Legionella
pneumonia due to the involve-
ment of multiple organ sys-
tems and imaging features of the lungs [5].
Also, lung imaging reveals mainly single nod-
ules, consolidation, or ground-glass opacity dis-
tributed along the subpleural space [6], fea-
tures that can be readily confused with invasive
pulmonary fungal diseases such as cryptococ-
cal infection. However, in the three patients dis-
cussed here, the tests for fungi were negative,
and there was no fungal sequence found in the
MNGS results. The identification of C. psittaci
in patients mainly depends on antibody detec-
tion. The international standard for the sero-
logic diagnosis of C. psittaci is the micro-immu-
nofluorescence method, which not only needs
to be carried out in a specialized laboratory but
can be used solely for retrospective diagnosis.
Tetracyclines (doxycycline and minocycline) are
the first-choice drugs for the treatment of C.
psittaci pneumonia. The treatment lasts 10 to
14 days, and 3-4 weeks is required in special
cases. However, a significant increase in the
resistance of Chlamydia trachomatis to tetracy-
clines has been documented recently. In vitro
studies have demonstrated that moxifloxacin
has strong antibacterial activity against
Chlamydia species, particularly C. pneumoniae,
C. trachomatis, and C. psittaci [7]. At present,
the effectiveness of quinolones in the treat-
ment of C. psittaci has been reported in only a
few cases [8]. Although moxifloxacin was given
to the three patients on admission in the early
stage of the disease, this therapy was not effec-
tive, and the symptoms, such as fever, did not
improve. The treatment of C. psittaci pneumo-
nia caused by a pathogen with high drug resis-
tance is challenging. In addition, the mortality
rate in severe cases is high. Therefore, early
diagnosis is particularly important.

The three patients discussed in this paper had
a tortuous course of the disease, including re-
current fever, severe headache, with no obvi-
ous cough and expectoration, and the respon-
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se to the hormonal antipyretic was poor. The
presence of the pathogen in blood and sputum
samples and BALF culture did not produce pos-
itive results. Eventually, C. psittaci was detect-
ed in the BALF by mNGS. Case 1 and Case 3
were complicated by respiratory failure, and
Case 1 was complicated by heart failure at the
same time. Given the clinical course and imag-
ing findings, the two patients were diagnosed
with severe pneumonia. A high number of se-
quences of C. psittaci were detected by mNGS,
which was consistent with the diagnosis of
severe C. psittaci pneumonia. The two patients
were admitted to the respiratory ICU of Tianjin
Medical University to provide high-flow respira-
tory support. In addition, although several im-
mune indices of these two patients were ab-
normal, dominating the patients’ medical histo-
ries, the lung imaging did not reveal obvious
interstitial changes, and the characteristics of
the lesions did not conform to the manifesta-
tions of immune-related lung injury. In case 2,
obvious fever and severe headaches were
present. The serum was weakly positive for the
Legionella antibody. The imaging showed “atoll-
like” changes without apparent exudation. Early
examination of TBLB identified fibroblasts, lym-
phocytes, monocytes, and macrophages. The
patient was initially diagnosed with Legionella
pneumonia and secondary organizing pneumo-
nia and was treated with moxifloxacin (0.4 g,
per day) combined with methylprednisolone
(60 mg, per day). The patient continued to have
a recurrent high fever accompanied by a se-
vere headache. The dosage of methylpredniso-
lone (40 mg, twice a day) was increased but
did not affect the fever. Therefore, TBLB was
repeated, and the BALF was analyzed by mNGS.
Large numbers of fibroblasts, macrophages,
and lymphocytes were observed in ROSCE.
MNGS detected C. psittaci, but not Legionella.
Gram-negative bacteria were not found in the
smear. Legionella pneumonia was ruled out,
and a revised diagnosis of C. psittaci pneumo-
nia with secondary organizing pneumonia was
made. After adjusting the treatment plan by
adding minocycline (100 mg, twice daily), the
body temperature gradually decreased, the
dose of methylprednisolone could be reduced,
and the body temperature returned to normal.
One month after discharge, the lung lesions
were clearly absorbed.

ROSCE utilizes samples obtained by puncture,
biopsy, and brush examination to prepare cyto-
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logic specimens by direct tissue imprint or cell
suspension smear. Rapid staining is used to
evaluate the quality of the sample and provide
a preliminary diagnosis. ROSCE is used mostly
for the initial identification of benign and malig-
nant lesions, to determine the effect of sam-
pling and whether the number of samples is
sufficient. Several methods for the preparation
of ROSCE specimens are used. 1. Small tissue
block printing is used for most tissue samples
obtained by bronchoscopy or thoracoscopic
mucosal biopsy and lung biopsy, percutaneous
lung biopsy, or other percutaneous examina-
tion. Small tissue block printing is also used for
the strip tissue block obtained by transbron-
chial needle aspiration (TBNA). 2. Brush film is
utilized for most bronchoscope brush pieces or
other thicker samples. 3. Spray film is used for
most fine needle aspiration (FNA) samples and
cytologic specimens obtained in percutaneous
FNA lung biopsies or other percutaneous exam-
inations. Spray film is also employed for cyto-
logic specimens other than the strip-shaped
tissue blocks from TBNA. Staining protocols in
ROSCE involve very fast, lasting 30 seconds,
modified Wright's staining. In most cases, the
samples are ready for observation within 30
seconds to 1 minute [9]. The results are inter-
preted using a light microscope and a support-
ing image acquisition system. Full-time cytopa-
thology experts are needed to evaluate the
quality of the samples and to interpret the find-
ings. Different subsequent tests are performed
according to different results. For example, in
the case of cell necrosis, large numbers of in-
filtrating neutrophils and lymphocytes can be
seen under the microscope, suggesting that a
bacterial infection may be involved, and speci-
men culture is required. The presence of fung-
al spores and hyphae indicates a fungal infec-
tion, and fungal antigen detection and silver
staining should be carried out. The presence of
purulent secretions and cheese-like granulo-
matous changes suggests the necessity to
perform gene Xpert detection. If heterologous
cells are seen under the microscope, it is nec-
essary to determine the tumor type by immuno-
histochemistry and to identify its genotype. In
addition, ROSCE can help in making a prelimi-
nary assessment of the disease, guide furth-
er examination, and provide information for a
definitive diagnosis. However, the interpreta-
tion of ROSCE results is affected by the experi-
ence of the operator and cytologist, the quality
of the microscope, the pathologic type of the
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specimen, the location and size of the lesion,
and the staining reagent used.

mNGS is a non-biased method for pathogen
detection based on second-generation sequ-
encing technology. It directly extracts the DNA
and RNA of all pathogenic microorganisms in
clinical samples by standard genomics tech-
niques and performs a high-throughput se-
quencing. By comparing the results with the
sequences database and bioinformatic analy-
sis, MNGS can achieve simultaneous detection
of bacteria, fungi, viruses, parasites, and other
pathogens [10]. Importantly, this technique is
not affected by the use of antibiotics in the
early stage of the disease, has a high detection
rate, fast speed, wide coverage, high sensitivi-
ty, and is non-biased. mNGS has clear advan-
tages in comparison with the current com-
monly methods for pathogen detection tech-
nology. For example, analysis of body fluid
smears or cultures by enzyme-linked immuno-
sorbent assay (ELISA) or polymerase chain re-
action (PCR) is affected by multiple factors, is
sensitive to contamination, frequently provides
false-positive results, and often cannot distin-
guish between pathogenic bacteria and colo-
nized bacteria. In addition, the properties of
pathogens also can affect the culture results.
Cultures of Mycobacterium tuberculosis, non-
tuberculosis mycobacteria, mycoplasma, chla-
mydia, Legionella, Cryptococcus, fungi, viruses,
and Pneumocystis not only require a long time
but also yield a low positive rate, causing sig-
nificant confusion and misdirecting the treat-
ment. Thus, ELISA and PCR require the deter-
mination of the possible pathogens in advan-
ce, and then conducting respective detection
assays; since the number of feasible tests is
limited, it is easy to miss the correct diagnosis.
In contrast, mMNGS is not affected by other
pathogenic factors and is better suited for the
detection of pathogens responsible for lung dis-
eases than the other methods. The clear advan-
tages of mMNGS for the diagnosis of unknown
pathogens, special pathogens, and drug-resis-
tant pathogens are currently well-documented
[11, 12].

The diagnosis and treatment of the three
patients provide valuable experience. We dem-
onstrated that mNGS has obvious advantages
over other clinical methods for the detection
of pathogens, particularly in the case of rare
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pathogens, mixed pathogen infections, severe-
ly ill patients, and immunodeficient patients. In
all these instances, mMNGS can provide an ac-
curate diagnosis. ROSCE can ensure precise
cytological characterization of the lesion site.
For example, in the case of patients showing
fever with lung shadow at admission, in which
the anti-infection treatment is not effective,
ROSCE can exclude tumor lesions or other non-
infectious diseases. In the three patients dis-
cussed in this study, ROSCE documented large
numbers of fibroblasts, lymphocytes, and mac-
rophages. The detection of C. psittaci by mNGS,
in combination with the patient’s history, was
more in line with the secondary organized
pneumonia after infection, thus changing the
direction of treatment and providing the basis
for more accurate diagnosis and more effective
therapy. Therefore, the combination of ROSCE
and mNGS can improve the accuracy and
speed of diagnosis, and accelerate the initia-
tion of treatment, thus minimizing the expo-
sure to broad-spectrum antibiotics, reducing
the therapy cost, shortening hospital stay, and
improving patient outcome. Our center special-
izes in interventional treatment of respiratory
diseases, and several studies have verified that
the combination of ROSCE and mNGS is supe-
rior to other detection methods in the diagnosis
of pulmonary infectious diseases [13-15]. How-
ever, due to the lack of recognized interpreta-
tion standards, complex procedures, and high-
er detection cost than that of traditional detec-
tion methods, the clinical application of mMNGS
remains limited and cannot be promoted on a
large scale [16].
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