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ABSTRACT

Introduction: Chlamydia psittaci pneumonia
has been a global public health hotspot in
recent years. Although some scattered cases of
C. psittaci pneumonia have been reported, there
is a lack of large case studies worldwide.
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Methods: In this multicenter, observational
study, we recruited all consecutive patients with
confirmed C. psittaci pneumonia from October
4, 2018, to October 23, 2020, in nine tertiary
general hospitals in Central-South China. Epi-
demiologic and clinical data from patients’
electronic medical records were collected and
analyzed.

Results: One hundred and sixteen patients
with C. psittaci pneumonia were included in the
study. The mean age was 59.7 years. Fever
(96.6%) and cough (65.5%) were the most
common clinical symptoms. Most patients
presented with an increase in the proportion of
neutrophils, neutrophil to lymphocyte ratio,
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LDH, alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) and a signifi-
cant decrease in lymphocytes. The main CT
lung findings were consolidation (81%) and
pleural effusion (35.3%), and bilateral lung
consolidation was mainly found in severe
patients. Chlamydia psittaci DNA was detected in
BALF (bronchoalveolar lavage fluid) or blood
samples by metagenomic next-generation
sequencing (mNGS) in all patients. Use of qui-
nolone was associated with shorter length of
hospital stay and fever duration after antibiotic
use. Multivariate logistic regression analysis
indicated that respiratory support was associ-
ated with both severe pneumonia and in-hos-
pital death.

Conclusions: The clinical phenotype of C. psit-
taci pneumonia is complex and variable. mNGS
is helpful in the diagnosis and treatment of C.
psittaci pneumonia, and early treatment with
quinolone may benefit patients.

Keywords: Central-South China; Chlamydia
psittaci  pneumonia; Metagenomic next-
generation sequencing; Observational study;
Quinolone

Why carry out this study?

Chlamydia psittaci (C. psittaci) pneumonia
has been a global public health hotspot in
recent years. It was estimated that the
incidence of C. psittaci accounts for at
least 1% of the incidence of CAP.
Although some scattered cases of C.
psittaci pneumonia have been reported,
there is a lack of large case studies
worldwide.

This study is the largest descriptive study
to date describing the clinical and
epidemiological characteristics of
Chlamydia psittaci pneumonia. We
retrospectively collected data from 116
patients with Chlamydia psittaci diagnosed
by mNGS (metagenomic next-generation
sequencing) in nine tertiary hospitals in
Central-south China.

What was learned from the study?

Contrary to previous studies, our study
found that metagenomes are helpful in
the diagnosis and treatment of C. psittaci
and that quinolone can effectively reduce
the hospital stay and fever duration.

Since the previous studies on the efficacy
of C. psittaci drugs were mainly case
reports, clinical studies on the
effectiveness of quinolones against C.
psittaci are not yet available.

INTRODUCTION

Psittacosis, which is also known as parrot fever
or ornithosis, is a zoonotic bacterial infectious
disease caused by the obligate intracellular gram
negative organism Chlamydia psittaci (C. psit-
taci). C. psittaci can not only infect humans
through the respiratory tract in the form of air
or aerosols, leading to the occurrence of atypical
community-acquired pneumonia (CAP), but
also infect human skin, mucous membranes
and digestive tract by excreta [1]. Parrot fever
was endemic in 12 countries in the 1930s and
led directly to the creation of the National
Institutes of Health [2]. The flow of C. psittaci
from parrots spread from person to person in a
limited way [3-6], and over the past few dec-
ades, sporadic outbreaks of C. psittaci have
spread from place to place [7-10]. Hogerwerf
estimated that the incidence of C. psittaci is at
least 1% of the incidence of CAP [11]. In fact,
unlike traditional microbiologic diagnosis, C.
psittaci pneumonia in humans is often mis- and
underdiagnosed.

C. psittaci mainly causes respiratory infec-
tions in humans, with variable clinical symp-
toms. After the initial replication in the
epithelial cells and macrophages of the respira-
tory system, the bacteria may spread through-
out the body and affect different organs [1]. The
severity of C. psittaci pneumonia ranges from
mild flu-like symptoms to severe life-threaten-
ing pneumonia [1]. Due to the variable clinical
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characteristics and limited human-to-human
transmission of C. psittaci pneumonia, it is more
likely to be misdiagnosed in the context of the
global overlap of influenza and COVID-19 [6].
Therefore, there is an urgent need for clinical
analysis with large sample size to further
understand the epidemiology and clinical
characteristics of patients with C. psittaci
pneumonia.

As we known, the culture of C. psittaci is too
sensitive and complex to be routinely con-
ducted [12]. The performance of other labora-
tory tests in the diagnosis of parrot fever is poor,
for example, serologic analysis has both low
specificity and sensitivity, while polymerase
chain reaction (PCR) has low sensitivity [12].
Given the limitations of traditional diagnostic
methods, non-targeted metagenomic next-gen-
eration sequencing (mNGS) has been increas-
ingly applied for the diagnosis of infectious
diseases [13]. Here, by collecting data from 116
confirmed mNGS cases, we attempt to provide
an up-to-date description of the clinical char-
acteristics of patients with C. psitfaci pneumo-
nia in China.

METHODS

Study Design and Subjects

In this retrospective, multi-center study, all
consecutive patients who were diagnosed with
C. psittaci pneumonia and admitted to nine
major tertiary hospitals in Central-South China
from October 4, 2018, to October 23, 2020, were
enrolled. The inclusion criteria were: first,
patients met with the diagnostic criteria for
community-acquired pneumonia [14]; second,
metagenomic  next-generation sequencing
(mNGS) from an airway sample or blood
revealed a specific DNA fragment in C. psittaci.
Diagnostic criteria, clinical classification, treat-
ment and discharge criteria for C. psittaci
pneumonia cases were based on the Guidelines
of the American Thoracic Society on CAP [15].
This study was approved by the institutional
review board of the Second Xiangya Hospital
(no. luohong201906). Informed consent was
obtained from all included patients.

Data Collection

Epidemiologic and clinical data were extracted
from electronic medical records. Clinical out-
comes were followed up to October 31, 2020.
The date of disease onset was defined as the day
when the symptoms were noticed by the
patient. A high fever was defined as a body
temperature > 39.1 °C. Fever duration day after
antibiotic use referred to the time from first use
of quinolones or tetracyclines to recover from
fever for patients who had fever during
hospitalization.

Laboratory Confirmation

Bronchoalveolar lavage fluid (BALF) or blood
was collected based on the standard clinical
procedure [16]; 0.3 ml BALF or blood samples
were separated in a new micro-centrifuge tube,
and DNA was extracted using the TIANamp
Micro DNA Kit (DP316, Tiangen Biotech)
according to the manufacturer’s recommenda-
tion. The DNA library was constructed accord-
ing to the protocol of the BGISEQ-50
sequencing platform. Constructed library was
qualified by Agilent2100 (Agilent Technologies,
Santa Clara, CA) and Qubit 2.0 (Invitrogen,
USA), and a qualified double-strand DNA library
was transformed into a single-strand circular
DNA library. DNA nanoballs (DNBs) were gen-
erated from single-strand circular DNA using
rolling circle amplification. DNBs were qualified
using Qubit 2.0. Qualified DNBs were loaded
into the flow cell and sequenced (50 bp, single
end) on the BGISEQ-50 platform.

Statistical Analysis

Patients were grouped into severe/non-severe
pneumonia groups according to the ATS
guideline on CAP [15]. Furthermore, patients in
the severe group were grouped into survival/
non-survival groups according to their progno-
sis. Continuous variables were tested for nor-
mality using the skewness-kurtosis test and
expressed as mean =+ standard deviation (SD) or
median (interquartile range [IQR]) depending
on normal/non-normal distribution;
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continuous variables were compared using Stu-
dent’s t-test or Mann-Whitney U test, as appro-
priate. Categorical variables were expressed as
number and percentage and compared using
the chi-square test. Univariate and multivariate
logistic regression models were performed to
explore the risk factors for severe cases and
hospital death. To build a multivariate regres-
sion model, variables with p < 0.05 in the uni-
variate model and known related factors based
on clinical consideration were included in the
original model and screened by backward
method, which removed the most insignificant
variable with a significance level > 0.05 step-
wise. All data were analyzed by Stata (16.0) and
Python (3.7). A two-tailed p value < 0.05 was
considered statistically significant in all tests.

RESULTS

Epidemiologic and Baseline
Characteristics of 116 Patients with C.
psittaci Pneumonia

One hundred and sixteen patients with C. psit-
taci pneumonia were included in this study.
Their demographics and baseline characteristics
are shown in Table 1. For all 116 patients, the
mean age was 59.7 (SD 12.5; range 26.0—
81.0) years, and 79.3% patients were older than
50 years; 72.4% patients were male. Only 18
patients had a history of exposure to parrots or
poultry. C. psittaci pneumonia was diagnosed
throughout the whole spectrum of seasons, but
was more likely to occur in autumn (38.8%) and
winter (33.6%). Forty-seven patients had at least
one underlying disease including hypertension
(19%), diabetes (18.1%), cardiovascular disease
(8.6%), digestive disease (7.8%), cerebrovascular
diseases (6.9%), etc. The most common symp-
toms included fever (96.6%), high fever
(78.4%), cough (65.5%), dyspnea (46.6%) and
fatigue (44.8%). Time from illness onset to first
hospital admission was 7.0 (IQR 6.0-9.2; range
1.0-20.0) days. Among them, four medical staff
were associated with clusters.

After admission, 63 and 53 patients were
categorized into non-severe/severe subgroups as
mentioned above. The severe group were of a

significantly older age than the non-severe
group (63.2 vs. 56.7 years, p < 0.001). There was
no difference in gender, exposure history, sea-
son or coexisting conditions between the two
groups. Subsequently, we divided the 53
patients in the severe subgroup into survival/
non-survival groups according to their progno-
sis. We found that the non-survival group had a
higher proportion of having at least one
comorbidity (70% vs. 41.9%, p < 0.05), espe-
cially for respiratory diseases (20% vs. O,
p <0.001), compared with the survival group.

Laboratory Examinations

Table 2 shows the radiologic and laboratory
findings on admission. Chest computed
tomography (CT) on admission was performed
in 96 patients. Among these 96 patients with
available CT results, 53.1% showed bilateral
pulmonary involvement on lung CT, and the
most common imaging findings on CT at
admission included consolidation (99.0%) and
pleural effusion (43.8%), while interstitial
changes (5.2%) were rare. Figure 1 demonstrates
the representative CT findings of four patients
with non-severe or severe C. psittaci pneumonia.
Severe cases yielded more prominent bilateral
pulmonary involvement on CT than non-severe
cases (68.2% vs. 40.4%, p < 0.01).

Laboratory examination data are also given
in Table 2. On admission, all patients under-
went metagenomic sequencing with airway
sample (91.4%) or/and blood sample (14.7%).
The median DNA sequence number of airway/
blood samples for C. psittaci was 100.0 (IQR
23.8-372.8). This number was higher in the
severe and non-survival groups compared with
the non-severe and survival groups (113.0 vs.
56.0, p < 0.05; 593.9 vs. 100.0, p = 0.165). The
combined detection rates of bacteria, fungi and
virus were 16.4%, 18.1% and 10.3%, respec-
tively, and there was no difference in the
detection rates for these pathogens between
different groups.

Interestingly, most patients presented with
increased  neutrophils and  significantly
decreased lymphocyte percentage. In general,
compared with the non-severe and surviving
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Table 1 Demographics and baseline characteristics of 116 patients with Chlamydia psittaci pneumonia

Variables All patients Non-severe Severe group p values  Survival Non- p values
(N =116) group (N =53) (< 0.050) group survival (< 0.050)
(N = 63) (N = 43) group
(N = 10)

Age, years 59.7 (12.5) 567 (13.0) 632 (11.1) 0.005 644 (102)  58.0 (13.7) 0.100
18-49 24 (207%) 20 (31.7%) 4 (7.5%) 0.001 4 (7.5%) 2 (20.0%) 0.098
50-64 45 (38.8%) 22 (34.9%) 23 (43.4%) 0351 18 (41.9%) 5 (50.0%) 0.640
Above 65 47 (40.5%) 21 (33.3%) 26 (49.1%) 0086 23(535%) 3 (30.0%) 0.181

Sex 0.796 0.574
Male 84 (72.4%) 45 (714%) 39 (73.6%) 31(72.1%)  8(80%)

Female 32(27.6%)  18(28.6%)  14(26.4%) 12027.9%)  2(20%)

Smoke history 2 (19.0%) 12 (19.0%) 10 (18.9%) 0980 7 (16.3%) 1 (10.0%) 0.449

Expose history 8 (155%) 9 (143%) 9 (17.0%) 0.690 2 (4.7%) 2 (20.0%) 0.682

Onset seasons 0.222 0.827
Spring 4(12.1%) 11 (17.5%) 3 (5.7%) 3 (7.0%) 1 (10.0%)

Summer 8 (155%) 10 (15.9%) 8(15.1%) 8 (18.6%) 2 (20.0%)
Autumn 5 (38.8%) 23 (365%) 17 (32.1%) 7 (39.5%) 4 (40.0%)
Winter 9 (33.6%) 19 (302%) 25 (47.6%) 25(58.1%) 3 (30.0%)
Coexisting
conditions
Any 47 (40.5%) 22 (34.9%) 25 (47.2%) 0.181 18 (41.9%) 7 (70.0%) 0.047
Respiratory discases 3 (26%) 1 (16%) 2 (3.8%) 0460 0 (0%) 2 (200%) < 0.001
Diabetes 1(18.1%) 10 (159%) 11 (20.8%) 0496 9 (209%) 2 (20.0%) 0.871
Cardiovascular 0(8.6%) 3 (48%) 7 (132%) 0.106 7 (163%) 0 (0%) 0310
diseases
Cerebrovascular 8 (69%) 4 (63%) 4 (7.5%) 0.800 3 (7.0%) 1 (10.0%) 0.685
diseases
Hypertension 2 (19.0%) 8 (127%) 14 (26.4%) 0.060 12 (27.9%) (20.0%) 0930
Tumor 1009%)  1(16%) 0 (0%) 0357 0 (0%) (0%) 0.758
Liver diseases 5 (43%)  2(32%) 3 (57%) 0511 2 (4.7%) 1 (10.0%) 0.354
Kidney diseases 3(26%) 2(32%) 1(1.9%) 0.663 1 (2.3%) 0 (0%) 0.590
Digestive discases 9 (7.8%) 5 (7.9%) 4 (7.5%) 0938 3 (7.0%) 1 (100%) 0782
Surgery history 15 (12.9%) 10 (15.9%) 5 (9.4%) 0303 3 (7.0%) 2 (20.0%) 0.486

Time from illness 7.0 7.0 70 (7.0-9.0) 0268 7.0 (7.0-9.0) 6.7 (2.9) 0.588

onset to first (6.0-9.2) (4.5-9.0)

hospital admission
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Table 1 continued

Variables All patients Non-severe Severe group p values  Survival Non- p values
(N =116) group (N =53) (< 0.050) group survival (< 0.050)
(N = 63) (N = 43) group
(N = 10)
Signs and symptoms
High fever 91 (784%) 51 (81.0%) 40 (75.5%) 0475 31 (721%) 9 (90.0%) 0.236
Fever 112 (96.6%) 61 (96.8%) 51 (96.2%) 0.860 41 (953%) 10 (100.0%)  0.487
Cough 76 (65.5%) 42 (66.7%) 34 (64.2%) 0.776 26 (60.5%) 8 (80.0%) 0.246
Dyspnea 54 (46.6%) 26 (413%) 28 (52.8%) 0214 22 (512%) 6 (60.0%) 0.614
Muscle ache 14 (12.1%) 10 (15.9%) 4 (7.5%) 0.170 4 (9.3%) 0 (0%) 0.316
Headache 27 (233%) 18 (28.6%) 9 (17.0%) 0.141 8 (18.6%) 1 (10.0%) 0.514
Dizzyness 27 (23.3%) 13 (20.6%) 14 (26.4%) 0463 10 (23.3%) 4 (40.0%) 0.279
Stomach ache 3 (2.6%) 1 (1.6%) 2 (3.8%) 0460 2 (4.7%) 0 (0%) 0.487
Diarrhea 6(52%)  4(63%) 2 (3.8%) 0533 1 (23%) 1 (10.0%) 0251
Fatigue 52 (44.8%) 29 (46.0%) 23 (43.4%) 0776 16 (37.2%) 7 (70.0%) 0.059
Vomit 14 (121%) 8 (127%) 6 (11.3%) 0.821 4 (9.3%) 2 (20.0%) 0.336
Runny nose 3(26%)  1(1.6%) 2 (3.8%) 0460 2 (4.7%) 0 (0%) 0.487
Severity of illness
scores
APACHE 1I 11.0 94 (38)  13.0 <0001 110 19.4 (6.9) 0.028
(9.0-13.2) (11.0-18.0) (11.0-16.5)
SOFA 2.0 2.0 30 (2.0-60) <0001 3.0 (2.0-6.0) 54 (2.2) 0.041
(10-3.0)  (0.5-2.0)
PSI 29(11) 30 3.0 (3.0-40) <0001 3.4 (0.8) 42 (0.9) 0.013
(1.5-3.0)

APACHE II Acute Physiology and Chronic Health Evaluation II, SOFA Sequential Organ Failure Assessment, PSI

Pneumonia Severity Index

groups, the severe group and non-survive group
had a higher neutrophil-to-lymphocyte ratio
and fewer lymphocytes (all p <0.05). Bio-
chemistry tests showed elevated alanine
aminotransferase (ALT) and aspartate amino-
transferase (AST) levels in most patients, with
median ALT and AST values of 63.5 and 100.1
U/l (IQR 47.8-99.3; 57.9-146.1). However, no
obvious difference in ALT and AST values was
found between severe and non-severe subgroup
patients. For infection biomarkers, erythrocyte
sedimentation rate (ESR) and high-sensitivity

C-reactive protein (h-CRP) were increased in >
90% of patients. Moreover, compared with the
non-severe group, the severe group had a higher
level of h-CRP, procalcitonin, p-dimer and lac-
tate dehydrogenase and lower oxygenation
index (all p < 0.05).

Treatment and Clinical Outcomes

Treatment and clinical outcomes in 116
patients with C. psittaci pneumonia are shown
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2 in Table 3. During hospitalization, 68 (58.6%) of
- 9 = R 116 patients received respiratory support ther-
E % I I g' apy, including oxygen (35.3%), high-flow nasal
S o A 3 cannula (7.8%), non-invasive ventilation (6.9%)
_ and invasive ventilation (18.1%). More severe
S . . o .
2 R cases received mechanical ventilation (non-in-
% 3 A R 2 vasive: 15.1% vs. 0%; invasive: 39.6% vs. 0%,
>y = = = .
ax S S S p <0.01) compared with non-severe cases.
= - During hospitalization, the percentages of
o ™ i patients being admitted to the ICU, requiring
E ; = Q[ &0 mechanical ventilation and death were 50.0%,
2% = > = 2 20.7% and 8.6%, respectively. The length of
L & e 0 = . o
g 3 = Ny & hospital stay ranged from 4 to 57 days in dis-
Z St VI‘: ’a) N o i . .
0 & © — o charged patients. Comparison between survival
o =) E and non-survival in all 106 included patients
g ~ e  F|° are shown in Table S2.
& E o N § As for antibiotics treatment, 98 patients with
E \;'l“ & _ 5 o gs ~ detailed antibiotic usage data were further ana-
32 ) N i —| = lyzed, and the results are shown in Table 4.
= g Ninety-eight  patients were sub-grouped
22 2 according to antibiotic usage. The group with
= S 3 q 2 g use of tetracycline or quinolones only had no
; v a p = ~ statistically significant association with severe
. gp pneumonia, ICU admission or hospital death.
& . = ; g However, length of hospital stay (13.8 vs.
e N N N I 18.8 day, p <0.001) and fever duration days
:‘f Y A A S T after antibiotic use (3 vs. 4, p < 0.05) were sig-
g c ~q 23 E nificantly reduced in the quinolone group
" Rl =
32 N Q 3 2 compared with the non-quinolone group,
o~ ~ _S’ which was not observed in the tetracycline
@ !
o n al A g sroup-
S = o — % -
5 ! 2 . .
2 o N ) \Z/ = Risk Factors for Severe Pneumonia, ICU
s 2 ~ = 3 5 Admission and Hospital Death
Z b s Q Q =
o
. 2 \Z/ Univariate logistic analysis was performed to
s n = R explore the risk factors for severe pneumonia
ST o N S . .
&= A o S| g and hospital death, respectively, and the results
& > - 235 are shown in Table S1 in Supplementary
z2 Ny I Appendix. To adjust the confounding effect,
& multivariate logistic regression models were
g g built for severe pneumonia and hospital death
< g following the previously mentioned method,
2 L.; o B - and the results are shown in Table 5§ and 6. In
E E; .o £ I = _é the logistic model for severe pneumonia, we
‘g ERS % 2 é g E initially included the following variables: age,
ar ; 5, £ = He g ED v APACHE II, PSI, WBC, neutrophil percentage,
e =z _‘;D _g g 2 T 5% g ; lymphocyte percentage, neutrophil-to-lympho-
2 € e =g & & = E|2 cyte ratio, hemoglobin, albumin, globulin,
gl 18 F7 &7 07
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Table 3 Treatments and clinical outcomes in 116 patients with Chlamydia psittaci pneumonia

Variables All patients  Non severe Severe group p values  Survive None p values
(N = 116) group (N =53) (< 0.050) group survive (< 0.050)
(N = 63) (N = 43) group
(N = 10)
Respiratory support
Oxygen 41 (353%) 34 (54.0%) 7 (13.2%) <0001 6(140%) 1 (10.0%) 0.739
High-flow nasal 9 (7.8%) 4 (6.3%) 5 (94%) 0.536 5 (11.6%) 0 (0%) 0.257
cannula
Non-invasive 8 (6.9%) 0 (0%) 8 (15.1%) 0001 5 (11.6%) 3 (30.0%) 0.144
ventilation
Invasive ventilation 21 (18.1%) 0 (0%) 21 (39.6%) < 0.001 14 (32.6%) 7 (70.0%) 0.029
Respiratory therapy 31 (26.7%) 4 (5.6%) 27 (60.0%) < 0.001 19 (44.2%) 8 (80.0%) 0.041
except oxygen
Other supportive
treatment
CRRT 4 (3.4%) 0 (0%) 4 (7.5%) 0026 2 (4.7%) 2 (20.0%) 0.098
ECMO 2 (1.7%) 0 (0%) 2 (3.8%) 0120 1 (2.3%) 1 (10.0%) 0.251
Length of stay
Hospital day 14.0 14.0 14.0 < 0.001 14.0 13.5 (8.4) 0.112
(10.0-17.0)  (8.0-140)  (14.0-20.0) (14.0-19.5)
ICU day 0.0 (0.0-40) 0.0 3.0 <0001 0.0 10.2 (8.2) 0.032
(00-00)  (0.0-14.0) (0.0-12.0)
Outcomes
Death 10 (86%) 0 (0%) 10 (189%) < 0.001 0 (0%) 10 < 0.001
(100.0%)
ICU 58 (50.0%) 15 (23.8%) 43 (81.1%) < 0.001 34 (79.1%) 9 (90.0%) 0.426
Survive 106 (91.4%)  63(100%)  43(81%) <0001 43 0 (0%) <0.001

Values are numbers (percentages) or median (IQR) unless stated otherwise. Percentages do not total to 100% owing to

missing data

total/direct bilirubin, lactate dehydrogenase,
ESR, procalcitonin, b-dimer, partial carbon
dioxide pressure, cardiovascular diseases, any
complications, bilateral pulmonary involve-
ment and respiratory therapy except oxygen.
The final model revealed that higher globulin
concentration (OR 0.838, 95% CI 0.704-0.998,
p =0.048) was a protective factor for survival,
and higher APACHE II score (OR 38.342, 95% CI

1.118-1.59, p = 0.001) and respiratory therapy
except oxygen (OR 8.304, 95% CI 1.874-36.783,
p = 0.005) were risk predictors of severe pneu-
monia. Respiratory therapy except oxygen
refers to all other respiratory therapy except
oxygen therapy, including high-flow nasal
cannula, non-invasive ventilation and invasive
ventilation. In the regression model for hospital
death, the included variables were APACHE II,
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Table 4 Efficacy of antibiotics for treatment in 98 patients with Chlamydia psittaci pneumonia

Variables All Quinolones Non- p values  Tetracyclines  Non- p values
patients  group quinolones (< 0.050) group(V = 24) tetracyclines (< 0.050)
(N=98) (N =52) group(N = 46) group(N = 74)

ICU 47(48.0%) 21(40.4%)  26(56.5%) 0.111 15(62.5%) 32(43.2%) 0.101

Severe 44(44.9%) 20(38.5%)  24(52.2%) 0.173 11(45.8%) 33(44.6%) 0.916

Death 7(7.1%)  3(5.77%) 4(8.7%) 0.575 2(8.3%) 5(6.8%) 0.794

Hospital day  163(0.8)  13.8(1.0) 18.8(1.1) 0.001 19.2(1.4) 15.3(0.9) 0.014

Fever duration ~ 3(2-5) 3(1-4) 4(2-7.5) 0.019 3(1-5) 3(2-5) 0.579

day after

antibiotics use

PSI, neutrophil percentage, lymphocyte per-
centage, platelet count, p-dimer, partial pressure
of carbon dioxide, cardiovascular diseases, any
complications, bilateral pulmonary involve-
ment and respiratory therapy except oxygen.
The final model showed that higher lympho-
cyte percentage (OR 0.696, 95% CI 0.514-0.942,
p =0.019) was the only protective factor for
survival, and higher PSI (OR 5.984, 95% CI
1.812-19.759, p = 0.003) and respiratory ther-
apy except oxygen (OR 10.077, 95% CI
1.361-74.579, p = 0.002) were risk predictors of
hospital death.

DISCUSSION

This report, to our knowledge, is the largest case
series of hospitalized patients with C. psittaci
pneumonia to date. In this nine-center obser-
vational study, epidemiology and clinical char-
acteristics of 116 C. psittaci pneumonia patients
in Central-South China were described and
compared between severe/non-severe and sur-
vival/non-survival patients. Effectiveness of
quinolone and tetracycline treatment and risk
factors for severe pneumonia and hospital death
were also analyzed. Our study found that
metagenomes are helpful in the diagnosis and
treatment of C. psittaci, and quinolone is asso-
ciated with fewer hospital days and fever dura-
tion days after antibiotic use.

The host species of C. psittaci are diverse,
including birds with psittacosis, the main host,

and poultry such as chickens and ducks. Previ-
ous studies have indicated that C. psittaci has
limited human-to-human transmission ability
[5, 6, 17-19]. Many countries have listed C.
psittaci as a notifiable infectious disease for
surveillance [20]. In our research, only one
cluster of disease was found, which was caused
by a patient with C. psittaci who infected four
medical staff members, but the exact route of
infection was unclear [6]. In the past, the inci-
dence of C. psittaci pneumonia has been
underestimated because of limited testing
techniques for diagnosis. To date, there are no
data on the incidence of C. psittaci pneumonia
in China. Therefore, the route and details of C.
psittaci infection need more epidemiologic
investigation.

The incidence of C. psittaci pneumonia could
be related to variations in ecologic and geo-
graphic factors such as temperature, rainfall and
landscape [21]. Central South China is a place of
bird migration [22]. Autumn and winter are the
migratory seasons for migratory birds [22, 23].
During the migration season, migratory birds
easily get sick, and cross infection occurs when
they mix with poultry during migration. Our
research found that C. psitfaci pneumonia
occurs mainly in autumn and winter. Therefore,
during the migratory season, the public should
pay attention to hygiene when raising live
poultry or holding live poultry markets.

Previous studies have shown that C. psittaci
pneumonia mainly occurs in the middle-aged
and elderly  population, with  male
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Fig. 1 Typical CT findings of patients with Chlamydia
psittaci pneumonia at admission and discharge. A A
26-year-old male with fever, cough, muscle pain and
headache for 2 days, diagnosed with non-severe C. psittaci
pneumonia. Axial CT on admission indicated unilateral
lung consolidation and pleural effusion, and re-examina-
tion suggested complete absorption. B A 48-year-old
female with fever, cough, shortness of breath and headache
for 15 days was diagnosed with severe C. psittaci pneumo-
nia. Axial CT at admission showed bilateral pulmonary
exudation and bilateral pleural effusion, and re-

preponderance, and more than half have a his-
tory of bird exposure [8, 10, 24]. Similar to
previous studies, our study found that 93.1% of
C. psittaci pneumonia patients were > 40 years
old, and male patients accounted for the most
cases. However, inconsistent with previous
studies, only 15.5% of them could be traced
back to a clear exposure history in this study.
Due to the retrospective nature of our study,
and the long time from illness onset to first
hospital admission and the diversity of patients,
it was difficult to trace back the exposure history
of all patients.

examination showed complete absorption. C A 36-year-
old male presented with fever, cough, muscle pain and
headache for 4 days and was diagnosed with non-severe
Chlamydia psittaci pneumonia. Axial CT scan at admission
showed unilateral interstitial lung lesion, and re-examina-
tion showed complete absorption. D A 66-year-old male
presented with fever, cough and shortness of breath for
13 days and was diagnosed with severe Chlamydia psitraci
pneumonia. Axial CT scan at admission showed bilateral
interstitial lesions, and re-examination showed most of the
lesions had been completely absorbed

Chlamydia psittaci is a zoonotic pathogen
parasitizing strictly in eukaryotic cells. After
infection, C. psittaci first invades epithelial
columnar cells and then multiplies in the
inclusion bodies of mononuclear macro-
phages, avoiding the immune defense
response of host cells and phagocytosis by
lysosomes [1]. Human infection with C. psit-
taci can lead to systemic symptoms due to the
extensive presence of epithelial and mononu-
clear macrophage systems [1]. Previous studies
have shown that people infected with C.
psittaci generally present with influenza-like
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Table 5 Risk factors for severe pneumonia in multivariate logistic regression model

Risk factor SE OR 95% CI p value
APACHE 11 0.119 3.2 1.333 1.118-1.590 0.001
Globulin 0.075 — 198 0.838 0.704-0.998 0.048
Respiratory therapy except oxygen 10.291 2.26 8.304 1.874-36.783 0.005
SE standard error, OR odds ratio, CI confidence interval

Table 6 Risk factors for hospital death in multivariate logistic regression model

Risk factor SE OR 95% CI p value
Lymphocyte percentage 0.108 — 234 0.696 0.514-0.942 0.019
PSI 3.647 2.94 5.984 1.812-19.759 0.003
Respiratory therapy except oxygen 10.291 2.26 10.077 1.361-74.579 0.024

SE standard error, OR odds ratio, CI confidence interval

atypical symptoms such as fever, chills, head-
ache, myalgia and fatigue, with or without
respiratory symptoms. Our study seems to be
similar to previous studies, with nearly 50% of
patients presenting with headache, dizziness,
stomach ache, diarrhea, frequent urination or
urgent urination as the first symptoms
[1, 25, 26]. However, as the disease progresses,
almost all patients develop respiratory symp-
toms, with high fever, cough, dyspnea and
fatigue being the most common clinical
symptoms. The symptoms of C. psittaci are
variable, and the diagnosis is difficult. In the
current situation of the COVID-19 epidemic, it
is more important to raise people’s attention
and vigilance, and medical staff should be
carefully trace the source of exposure when
recording the medical history.

Chlamydia psittaci infection is easily ignored
because its symptoms are not typical and it is
difficult to diagnose. Clinicians have limited
knowledge of C. psittaci infection. Laboratory
testing for C. psittaci includes culture, sero-
logic assay and PCR. Chlamydia psittaci cul-
turing is complex and time-consuming and
requires a P3 laboratory. The sensitivity and
specificity of serologic detection and PCR
diagnosis are limited, so most clinical

laboratories cannot carry out routine testing.
Because acute and convalescent sera are both
required, serologic tests are only useful for
retrospective diagnosis. PCR-based nucleic acid
detection is the fastest and most specific
method, but is sensitive only in the acute
phase. mNGS is increasingly recommended for
the diagnosis of infectious diseases when the
empirical use of conventional anti-infective
therapy is not effective. All the patients in our
study were confirmed by mNGS with blood
and/or airway samples, and consistently with
the clinical situation, the number of sequen-
ces was significantly higher in severe patients.
Our study shows that mNGS in both blood
and BALF samples is effective in the detection
of C. psittaci, so we may choose to send blood
samples for mNGS in primary hospitals with-
out bronchoscopic equipment or when
patients cannot tolerate bronchoscopy.

The recommended treatment for C. psittaci
pneumonia includes tetracyclines, macrolides
and quinolones, and the recommended first-
line drugs are tetracyclines [1, 11, 26]. Since
the previous studies on the efficacy of C.
psittaci drugs were mainly case reports, clinical
studies on the effectiveness of quinolones
against C. psittaci are not yet available [1].
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Contrary to previous studies, our study found
that use of quinolones rather than tetracycli-
nes was associated with fewer hospital days
and fever duration days after antibiotic use.
Currently, the efficacy of moxifloxacin against
C. psittaci is controversial, although Turkish
researchers conducted drug sensitivity tests on
doxycycline and ciprofloxacin in vitro and
found that the MIC of doxycycline was lower
than that of ciprofloxacin [27]. Due to the
widespread use of tetracycline drugs in the
poultry and pet bird industries [1], many cases
of tetracycline-resistant chlamydia strains have
been reported in recent years [28, 29]. More-
over, as a new generation of quinolones,
moxifloxacin has a stronger antibacterial effect
than ciprofloxacin against atypical pathogens
such as Chlamydia [30]. Prospective random-
ized controlled trial (RCT) studies on the effi-
cacy of these two drugs against C. psittaci are
urgently needed.

There are several limitations that should be
mentioned in this study. First, due to the
retrospective multi-center study design, there
is information bias in tracing the exposure
history. Second, all patients were diagnosed by
mNGS and did not undergo traditional gold
standard laboratory tests, including C. psittaci
culture and PCR, for diagnosis. Third, multiple
factors related to medicine use such as drug
combination, different drug types, different
manufacturers and inconsistent duration of
drug use were missing and might lead to bias
in the analysis of drug efficacy. A prospective
study is needed to further study the thera-
peutic effect of the drugs on psittacosis.

CONCLUSION

In summary, this multi-center case series of 116
hospitalized patients with confirmed C. psittaci
pneumonia in Central-South China provides
clinicians with not only a greater basis for
diagnosis and treatment, but also some useful
information for governments and communities
to help them carry out effective epidemiologic
control measures.
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