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Background

With the development of metagenomic sequencing technologies, more and more cases of pneumonia caused with Chlamydia psittaci (C. psittaci) have been reported. However, it remains unknown about the characteristics of patients with pneumonia caused by different strains of C. psittaci. Here, we shared the clinical characteristics of two cases of pneumonia caused with C. psittaci strains SZ18-2 and SZ15 which were rarely identified in humans.



Case presentation

Case 1: A 69-year-old male farmer who fed ducks presented to hospital for cough, diarrhea and lethargy with the temperature of 39.8°C. Case 2: A 48-year-old male worker who slaughtered ducks was transferred to hospital for high fever, cough, myalgia, diarrhea and loss of appetite. Both patients did not take any protective measures (wearing face masks or gloves) while processing ducks. C. psittaci pneumonia was diagnosed by metagenomic next-generation sequencing and polymerase chain reaction. After treatment with doxycycline and azithromycin individually, they recovered well and discharged from hospital. Through OmpA sequencing, two different strains of SZ18-2 and SZ15 were identified in case 1 and case 2, respectively.



Conclusions

Patients infected with different strains of C. psittaci may own different clinical manifestations. C. psittaci infection should be suspected when pneumonia appears, accompanied by digestive symptoms and multiple organ dysfunction, especially under the exposure of specific birds.
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Background

Psittacosis is a zoonotic infectious disease resulting from the transmission of the bacterium Chlamydia psittaci (C. psittaci) from birds to humans. Humans infected with psittacosis may experience non-specific flu-like symptoms by directly contacting with infected animals or by inhaling their excreta, such as high fever, cough, myalgia, fatigue, and loss of appetite (Knittler and Sachse, 2015; Chen et al., 2020). Human psittacosis is often overlooked by clinicians due to atypical clinical manifestations, low incidence, and limited testing methods. According to a meta-analysis in 2017 (Hogerwerf et al., 2017), approximately 1% of annual community-acquired pneumonia was caused by C. psittaci worldwide. At present, however, there are lack of assays for identification of C. psittaci pathogens in various laboratories, thus it is very difficult and time-consuming for the diagnosis of C. psittaci infection.

C. psittaci is commonly classified into 15 genotypes, including A, B, C, D, E, F, E/B, M56, 1V, WC, 6N, Matl16, R54, YP84 and CPX0308 (Radomski et al., 2016), which are usually identified through the outer membrane protein A (ompA) sequencing. C. psittaci genotypes have some preference for specific species (Zaręba-Marchewka et al., 2021). In recent years, more and more cases of C. psittaci pneumonia have been reported with the development of metagenomic sequencing technologies. However, it remains unknown regarding the characteristics of human pneumonia caused by different strains of C. psittaci. Here, we described the clinical characteristics of two patients with pneumonia caused by different strains of C. psittaci (SZ18-2 and SZ15), which had been previously detected in ducks but rarely reported in human (Beeckman and Vanrompay, 2009; Lin et al., 2019).



Case presentation

Case 1. A 69-year-old man came to our hospital on October 23, 2020 for cough and asthma for 8 days, inflammatory infiltration in multiple lobes, and disturbance of consciousness. He was diagnosed as severe pneumonia, accompanied by septic shock and pleural effusion. Eight days ago, the patient developed cough with sticky sputum, myalgia, loss of appetite and diarrhea for 4-5 times per day, but the symptoms didn’t improve after intravenous transfusion of cefazoxime. On the next day, he began to experience dyspnea and lethargy, with the highest temperature of 39.8°C. He had no history of smoking, alcohol consumption or drug use. Moist rales can be heard in the right lung. Laboratory examinations showed elevated levels of creatine kinase (CK), lactic dehydrogenase (LDH), alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatinine (Cr) and blood urea nitrogen (BUN). The chest computed tomography (CT) revealed patchy consolidation in both lungs, especially in the right lung (Figures 1A, B).




Figure 1 | Chest CT scan of Case 1 and Case 2 before and after treatment. (A, B) Patchy infiltration and consolidation of both lungs, especially in the right lung in case 1 before treatment. (C, D) Lung shadow absorption after treatment in case 1. (E, F) Patchy high-density shade was seen in the anterior segment of the upper lobe, median lobe and the basal segment of the inferior lobe in the right lung, as well as the anterior segment of the upper lobe in the left lung of case 2 before treatment. (G, H) Lung shadow absorption after treatment in case 2.



Case 2. A 48-year-old man with a long-term history of hypertension presented to our hospital on October 26, 2020 due to high fever, cough, muscle pain in the whole body, diarrhea and loss of appetite for 5 days, and was diagnosed as severe pneumonia. This patient was also treated with intravenous transfusion of cefazoxime, but the symptoms did not improve. No moist rales were heard by the lung auscultation. Laboratory examinations showed elevated levels of CK, LDH, ALT and AST on admission. The chest CT indicated a patchy high-density shade in the anterior segment of the upper lobe, median lobe, and the basal segment of the inferior lobe in the right lung, as well as the anterior segment of the upper lobe in the left lung (Figures 1E, F).

Notably, these two patients both had a history of duck contact, and did not take any protective measures, such as wearing face masks or gloves, while processing the ducks. The clinical features and laboratory indicators of the two patients on admission are summarized in Table 1.


Table 1 | Clinical features and laboratory indicators of two patients with C. psittaci pneumonia on admission.



To explore the possible pathogens of the infection, we obtained the bronchoalveolar lavage fluid (BALF) from two patients by electronic bronchoscope on the 3rd day after admission. The BALF was delivered for culture and metagenomic next-generation sequencing (mNGS). The results of culture were negative, but C. psittaci was identified by mNGS, which was further confirmed by real-time polymerase chain reaction (RT-PCR) assay. PCR primer sequence was F: ATGAAAAAACTCTTGAAATCGG and R: CAAGATTTTCTAGA CTTCATTTT. To determine the genotypes of C. psittaci from 2 cases, 1100 bp fragments of the omp A gene were amplified using the nest PCR (Herrmann et al., 2006) and sequenced using an Applied Biosystems 3130 Genetic Analyzer (ThermoFisher Scientific, https://www.thermofisher.com). We aligned nucleotide sequences using Mafft (https://mafft.cbrc.jp/alignment/software/) and constructed a phylogenetic tree with MEGA5 (https://www.megasoftware.net) according to a previous study (Lu et al., 2019). The results showed 100% identical omp A gene sequences in these two cases, with 100% and 99.81% identical to the sequence of C. psittaci strain SZ15 (GenBank accession no. MK630234.1) and SZ18-2 (GenBank accession no. MK751471.1), respectively (Figure 2). The processes of mNGS and RT-PCR are described particularly in Supplementary Materials.




Figure 2 | Phylogenetic tree of C. psittaci ompA gene sequences. The tree was constructed using the maximum-likelihood method based on GTR model, with 1,000 bootstrap replicates in MEGA5, compared with reference sequences available in the GenBank database (GenBank accession number indicated). C. caviae (AF269282.1) was used as an out-group. Black dots indicate isolates from this study. Numbers at nodes indicate bootstrap values. Scale bar indicates nucleotide substitutions per site.



Two cases of pneumonia were both confirmed to be caused by C. psittaci. Case 1 was treated with oral administration of doxycycline, while case 2 was treated with intravenous injection of azithromycin. The clinical symptoms and laboratory indicators were both improved after treatment. The CT also showed decreased inflammatory exudation after 1-2 months of treatment (Figures 1C, D, G, H). During the treatment, there were no adverse and unanticipated events. The timelines of disease progression and treatment are depicted in Figure 3, and the changes of laboratory indicators are described in Figure S1.




Figure 3 | The timeline of disease progression and treatment of the two patients.





Discussion

C. psittaci is a zoonotic pathogen which can infect avian and mammalian hosts, including humans. In clinical practice, however, C. psittaci infection is very easy to be overlooked because of the difficulty in diagnosis. In this study, we reported the clinical characteristics and laboratory indicators of two patients with pneumonia caused by different strains of C. psittaci, and demonstrated that patients infected with different strains of C. psittaci may own different clinical manifestations, which will need more large-scale studies to further verify.

Patients with C. psittaci infection may experience multiple organ dysfunction, for which several hypotheses have been proposed. It is reported that the nuclear factor-κB signaling pathway is activated and the function of macrophages is inhibited at the time of C. psittaci infection (Chu et al., 2020), and the microRNA expression of inflammatory cytokines in human bronchial epithelial cells is upregulated (Liu et al., 2021). In 2016, Chu et al. found that virulent C. psittaci infection could inhibit the immune response through suppression of humoral responses and adjustment of Th1/Th2 balance, consequently leading to increased mortality in H9N2-infected birds (Chu et al., 2016).

In this study, we reported two patients infected with different strains of C. psittaci (SZ18-2 and SZ15). The SZ15 isolate is closely related to the VS1, 6BC and 84‐55 strains, indicating that the SZ15 isolate belongs to the genotype A, which is usually found in psittacine birds (Lin et al., 2019). Based on Genbank phylogenetic relationship of C. psittaci strains, SZ15 and SZ 18-2 were clustered together. Further analysis is needed to determine whether these two strains belong to the same genotype.

In this study, the two patients suffered from soreness and weakness in the whole body and more pronounced digestive symptoms rather than respiratory symptoms. The white blood cells were in normal range, while the percentage of neutrophils increased consistently in both cases. The high-sensitivity C-reactive protein levels were normal in case 1 on day 9 after symptoms occurred, but significantly elevated on day 14 and were markedly higher than that in case 2 on day 5. In addition, they both had an abnormal rise in liver enzyme and myocardial enzyme, suggesting that the pulmonary infection caused by C. psittaci might damage the liver and heart function to some extent. The concentration of Cr and BUN only increased in case 1, which may be related to the lethargy in case 1. Moist rales were found in case 1 but not in case 2.

C. psittaci infection should be suspected when pneumonia was present, accompanied by digestive manifestations and multiple organ dysfunction, especially under the exposure of specific birds. By means of mNGS, we found the main pathogen and took therapeutic measures in time. Both patients recovered finally. These two cases in our study had close contact with ducks before the onset, suggesting that C. psittaci pneumonia might be associated to prior exposure to ducks. However, the duck samples were not collected and detected to confirm the source of C. psittaci. In the future, this association will need to be further investigated.

In 2019, Lin et al. isolated C. psittaci strain SZ15 (genotype A) in ducks (Lin et al., 2019). The ducks inoculated with SZ15 showed anorexia, depression, and poor laying performance. Besides, hemorrhage in the liver, heart, oviduct, and ovary was also observed. The infected humans and ducks shared some similarity in manifestations. This reminds us to enhance the surveillance of C. psittaci in ducks and proper respiratory protection should be taken for those feeding or slaughtering ducks.

In conclusion, patients with pneumonia caused by different strains of C. psittaci may own different clinical manifestations. C. psittaci infection should be suspected when pneumonia appears, accompanied by digestive symptoms and multiple organ dysfunction, especially under the exposure of specific birds.
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