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Gestational psittacosis and hemophagocytic syndrome (HPS) are rare clinical diseases. In this article, a case of gestational psittacosis concomitant with secondary HPS was reported. An analysis was performed on the clinical characteristics, signs, laboratory findings, progression, diagnosis, and treatment of a patient with gestational psittacosis concomitant with secondary HPS. Besides, the literature with respect to this disease was reviewed. This patient was definitively diagnosed through metagenomic next-generation sequencing techniques, bone marrow puncture and smear examination, and the determination of sCD25 level and natural killer (NK) cell activity. Anti-infectives such as doxycycline and etoposide combined with hormone chemotherapy achieved significant improvement in cough and expectoration, a return to normal temperature, and a significant improvement in oxygenation index. In addition, chest computed tomography revealed obvious absorption of lung lesions and a return of NK cell activity and sCD25 levels to normal ranges. Chlamydia psittaci pneumonia requires a clear determination of etiology, while HPS requires bone marrow puncture and smear examination, together with the determination of sCD25 level and NK cell activity in the blood. The findings of this study suggest that metagenomic next-generation sequencing is an effective instrument in clearly identifying pathogens that cause lung infection. Clinicians should consider atypical pathogens of lung infection in patients with poor response to empirical anti-infectives, and strive to design an effective treatment strategy as per an accurate diagnosis based on the etiology. As for patients suffering from long-term high fever and poor temperature control after broad-spectrum antibiotic treatment, non-infectious fever should be taken into account. A rapid and clear diagnosis would significantly improve patient prognosis.
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INTRODUCTION

Intimate contact with birds is usually associated with a risk of suffering from anthropozoonosis caused by Chlamydia psittaci. C. psittaci pneumonia is a rare clinical disease, with an incubation period of 1–4 weeks. The clinical manifestations of this disease include influenza and high fever with a temperature more than 40°C, accompanied by headache, myalgia, joint pain, and other symptoms, including cough, expectoration, and bloody sputum occurring ~1 week after the infection. C. psittaci infection can involve multiple systems, among which the pulmonary organs are the main targets. Therefore, respiratory failure may occur in severe cases (1). Hemophagocytic syndrome (HPS), also known as hemophagocytic lymphohistiocytosis (HLH), is a type of excessive inflammatory response syndrome caused by primary or secondary immune abnormalities. Most cases would develop disease secondary to infection, tumor(s), and/or autoimmune diseases (2). Infection can be caused by bacteria, parasites, and viral infections, including Epstein–Barr virus and cytomegalovirus. HPS is characterized by acute onset, rapid progress, difficult to treat, and high mortality. C. psittaci, which belongs to the genus Chlamydia, together with Chlamydia pneumoniae and Chlamydia trachomatis, can survive for several months at room temperature, and is an anthropozoonosis (3). Gestational psittacosis with secondary HPS is even more rare. To our knowledge, there is currently no report on gestational psittacosis concomitant with secondary HPS. Therefore, a case of gestational psittacosis with secondary HPSs is expounded in this article.



CASE REPORT

In this article, a case involving a 27-year-old woman with gravida 2, para 1, and gestational weeks of 26 was reported. This patient suffered from a fever shortly after she became soaked in the rain 6 days previously, with the highest temperature of 40°C. Then, she had cough 3 days previously, with white phlegm and occasional bloody sputum, combined with chest tightness and asthma. These symptoms were not improved after the administration of mezlocillin sodium and sulbactam sodium as anti-infectives in the outpatient department. Subsequently, she visited the emergency department of the First Affiliated Hospital of Anhui Medical University (Anhui, China) on October 22, 2020, where she was admitted to the hospital with “fever and pregnancy status (26 weeks pregnant).” This patient developed intermittent diarrhea in the previous 3 days, with the clinical manifestations of yellow watery stool and dark urine. The patient was previously in good condition and had no other diseases. Through auscultation, breathing sounds in both lungs were thick, with obvious moist rales. On the admission day, the temperature of the patient was 38.5°C, with a heart rate of 150 beats/min, a blood pressure of 105/69 mmHg, and a respiratory rate of 35 breaths/min. The findings of laboratory examinations were as follows: hemoglobin, 88 g/L; C-reactive protein (CRP), 145.46 mg/L; white blood cell count (WBC), 14.73 × 109/L; platelet count, 189 × 109/L; procalcitonin (PCT), 19.36 ng/mL; D-dimer, 12.85 μg/mL; glutamic-oxaloacetic transaminase, 125 U/L; and creatinine, 39.3 μmol/L. Chest X-ray (Figure 1A) revealed bilateral lung inflammation, lung abscess in the superior lobe of the left lung, and right pleural effusion. The preliminary differential diagnosis included severe pneumonia, acute respiratory distress syndrome, septic shock, and pregnancy. Although meropenem and oseltamivir were administered to resist infection, the patient's dyspnea symptoms persisted, and her high-flow oxygenation index was < 100 mmHg. After endotracheal intubation, the patient was transferred to the intensive care unit (ICU). On October 23, 2020, the patient was examined through fiberoptic bronchoscopy, sputum and alveolar lavage fluid in the left and right bronchi were aspirated, and meropenem, vancomycin, azithromycin, and oseltamivir were administered with mechanical-assisted ventilation. On October 25, 2020, the patient received metagenomic next-generation sequencing (mNGS) (Figures 2A,B) of alveolar lavage fluid and blood, with both results indicating C. psittaci. Therefore, the diagnosis of C. psittaci pneumonia was confirmed, and the antibiotic regimen was adjusted to include doxycycline, cefoperazone sodium and sulbactam sodium, and moxifloxacin. Symptomatic treatment, including mechanical ventilation, anti-shock, protection of important organs, nutritional support, sedation, and analgesia, was actively administered. On October 29, 2020, bronchoscopy was performed again, with the results of metagenomic next-generation sequencing (mNGS) of alveolar lavage fluid and blood continuing to show C. psittaci. However, the level of C. psittaci (Figures 2C,D) in the alveolar lavage fluid decreased compared to the earlier analysis, although the level of C. psittaci in the blood increased. On October 31, 2020, the oxygenation index of the patient reached 280 mmHg, which was significantly improved, the temperature of the patient was 40°C, with a heart rate of 105 beats/min and a blood pressure of 120/60 mmHg. The findings of laboratory examinations were as follows: hemoglobin, 93 g/L; CRP, 80.19 mg/L;WBC, 14.36 × 109/L; platelet count, 140 × 109/L; PCT, 4.87 ng/mL; D-dimer, 8.35 μg/mL; glutamic-oxaloacetic transaminase, 54 U/L; and creatinine, 26.7 μmol/L. Chest X-ray revealed improved bilateral lung inflammation and lung lesions compared with the condition at admission. However, the peak temperature of this patient was higher than before. As for those patients suffering from long-term high fever, if the temperature is not effectively controlled after extensive coverage with broad-spectrum and powerful antibiotics, non-infectious fever should be taken into account at the same time. In other cases, non-infectious fever is common in the rheumatic blood system and tumor diseases. Bone marrow puncture and smear examination were performed on November 2, 2020, and the tumor index of the patient was elevated, which was considered to be related to pregnancy and hypoproteinemia. Sputum and blood cultures showed Acinetobacter baumannii, and sputum and urine cultures showed Candida albicans and Candida tropicalis. Therefore, the antibiotic regimen was adjusted to include polymyxin + cefoperazone sodium and sulbactam sodium + doxycycline + teicoplanin + voriconazole on November 9, 2020. On November 15, 2020, ultrasound indicated that the umbilical cord was wound around the neck of the fetus for 2 weeks, the volume of amniotic fluid was decreased, and fetal kidney parenchyma echo was enhanced. After communicating with the family members of the patient and obstetrics physicians, rivanol was injected into the amniotic cavity to induce labor. On November 19, 2020, the patient became conscious, and her breathing and circulation were stable; however, she developed a cough reaction, and tried to break away from the ventilator and remove tracheal intubation. Pulmonary imaging revealed mitigated fever (temperature > 38.5°C), reduced red blood cell (RBC) count (1.99 × 1012/L) and platelet count (111 × 109/L), hypertriglyceridemia (triglycerides, 6.21 mmol/L), and hyperferritinemia (ferritin, 2,284 μg/L). Phagocytic cells were apparent on bone marrow smear and HPS could not be excluded. Besides, natural killer (NK) cell activity and soluble CD25 levels were examined, and the CD107a excitation test was improved. These results indicated that the level of sCD25 increased, and NK cell activity decreased. Therefore, the diagnosis of HPS caused by infection was confirmed. The HLH-2004 regimen, recommended by the International Histocyte Association, was applied in the treatment of HPS. Etoposide combined with hormone therapy can significantly mitigate—if not eliminate—symptoms, and immunosuppressants, such as cyclosporine A (CSA) and anti-thymocyte globulin (ATG), could be added according to the condition (4). On November 20, 2020, VP-16 (150 mg) and dexamethasone (10 mg) were administered to eliminate symptoms. On November 22, 2020, the temperature of the patient returned to 36.8°C.On November 27, 2020, the temperature of the patient was basically maintained within the normal range. The finding of laboratory examinations were as follows: hemoglobin, 92 g/L; CRP, 7.48 mg/L;WBC, 11.43 × 109/L; platelet count, 103 × 109/L; PCT, 0.11 ng/mL; D-dimer, 0.93 μg/mL; glutamic-oxaloacetic transaminase, 62 U/L; creatinine, 13.3 μmol/L; RBC count, 2.83 × 1012/L; hypertriglyceridemia (triglycerides, 5.68 mmol/L); and hyperferritinemia (ferritin, 2,212 μg/L). The indices of ferritin and triglycerides for the patient did not decrease significantly compared with the previous time, and HPS had not been completely controlled. On November 27, 2020, etoposide (100 mg) was administered on the basis of dexamethasone to control the primary disease. The findings of laboratory examinations on December 3, 2020, were as follows: WBC, 6.55 × 109/L; platelet count, 155 × 109/L; triglycerides, 2.34 mmol/L; ferritin, 1,807 μg/L; and glutamic-oxaloacetic transaminase, 14 U/L. Etoposide (100 mg) was administered for the third time on December 6, 2020. On December 10, 2020, NK cell activity and sCD25 levels were re-examined, with the results showing that NK cell activity did not decrease and the level of sCD25 returned to the normal range. Therefore, it was not necessary to continue the treatment with etoposide, and dexamethasone was gradually decreased. On December 23, 2020, the fever, cough, and expectoration were obviously mitigated and breath sounds in both lungs became clear. Chest CT (Figure 1B) revealed that the lung lesions were absorbed, and the level of sCD25 and NK cell activity suggested that the condition of the patient was basically stable; therefore, the patient was discharged from the hospital. The telephone follow-up 1 week later revealed that the patient had no complaints of discomfort, fever, cough, or expectoration, and she was advised to conduct outpatient reviews regularly (Figure 3).
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FIGURE 1. (A) Chest X-ray before and after treatment. (B) Chest computed tomography at different time points after treatment.
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FIGURE 2. (A) Chlamydia psittaci detection in bronchoalveolar lavage fluid (BALF) using metagenomic next-generation sequencing (mNGS) on October 25, 2020. (B) C. psittaci in blood detected by mNGS on October 25, 2020. (C) C. psittaci detected in BALF using mNGS on November 4, 2020. (D) C. psittaci in blood detected by mNGS on November 4, 2020.
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FIGURE 3. Timetable used to show the progress of the disease and the patient's treatment.




DISCUSSION

The pregnant woman reported that she had a history of contact with poultry a week before the onset of illness. Also, it was found from the results of mNGS sent by bronchoalveolar lavage fluid (BALF) that she was infected with C. psittaci. After active anti-infective treatment, the lung lesions of the patient were significantly absorbed. However, she still had a high fever, reduced RBC and platelet count, hypertriglyceridemia, hyperferritinemia, apparent phagocytic cells on bone marrow smear, increased level of sCD25, and decreased activity of NK cells, and hence the diagnosis of gestational psittacosis with secondary HPS could be confirmed.

Chlamydia psittaci infections occur mainly in the autumn, and almost all relevant cases are associated with a fever. There are also other symptoms, including chills, myalgia, headache, diarrhea, dyspnea, and hemoptysis. C. psittaci pneumonia accounts for ~1% of community-acquired pneumonias (5). Sixty percent of patients with C. psittaci pneumonia exhibit dysfunction of the liver (6), as did the patient described in this article. The findings of laboratory examinations on October 25, 2020, were as follows: alanine aminotransferase (ALT), 88 U/L; aspartate aminotransferase (AST), 433 U/L; direct bilirubin, 22.6 μmol/L; and indirect bilirubin 38.3 μmol/L. After treatment, laboratory examinations were performed on November 2, 2020, with the results were as follows: ALT, 14 U/L; AST, 30 U/L; direct bilirubin 10.7 μmol/L; and indirect bilirubin 14.2 μmol/L. Ito et al. drew a comparison between mycoplasma pneumonia, C. pneumonia, and C. psittaci pneumonia, and they found that C. psittaci infection was dominated by frosted glass shadow bilateral lung lesions which were more common, and ~8% of patients exhibited pleural effusion (7). In this case, the patient exhibited bilateral lung disease with right pleural effusion. It has been demonstrated in some studies that the level of D-dimer in patients with C. psittaci pneumonia concomitant with single or multiple lung lobe involvement is significantly higher than that in those with simple lung segment lesions, and the level of D-dimer can be regarded as a prognostic factor, which can be employed to reveal the changes in the condition of patients (8). There were also significant changes in the level of D-dimer which was evident in the present case, with the value exceeding 20 μg/mL at the initial stage of the disease. After the treatment with doxycycline, moxifloxacin, and other antibacterial drugs, the lung lesions in the patient decreased, and the level of D-dimer decreased to 4.17 μg/mL on November 2, 2020. Severe C. psittaci pneumonia is similar to Legionella pneumonia with regard to extrapulmonary manifestations, biological characteristics, and prognosis. The difference is that C. psittaci pneumonia is associated with a history of exposure to sick birds and a prolonged duration of symptoms before admission (9). In this case, the patient (a 27-year-old woman) had a history of contact with poultry 1 week before the onset of the disease.

At present, the diagnosis of C. psittaci pneumonia is mainly based on the contact history with sick birds, and pathogens in bronchial secretions. Currently, the detection methods include pathogen isolation and identification, immunofluorescence, complement fixation test, ELISA, routine PCR, and fluorescence PCR. The micro-immunofluorescence method is a common method to detect C. psittaci, and requires the sample collection twice at the acute and recovery stages. It is a retrospective diagnosis, which can be employed to determine the disease condition and evaluate the exposure situation. However, it is difficult to implement the culture technology for C. psittaci and excessive handling of samples may lead to contamination. Therefore, the high-level biosafety is required, which further limits clinical application. The detection of C. psittaci nucleic acid in respiratory secretions, blood, and tissues of patients with suspected acute-stage infection is a rapid and reliable diagnostic method with high sensitivity and specificity (10, 11). Moreover, nucleic acid detection can also provide strain genotyping and avoid cross-reactions with serological diagnosis (12). The recently developed mNGS is a novel technology to detect/identify microorganisms, and features high pathogen-positive detection rate, rapidity, wide pathogen coverage, and high sensitivity. It has been widely applied in the field of metagenomic detection of unknown pathogens, including hereditary diseases, tumors, infectious diseases, human leukocyte antigen analysis, and non-invasive prenatal screening (13). At present, mNGS is a favorable method for detecting unknown pathogens in pulmonary infections. The patient in this report suffered from severe infection, but no abnormality was found through routine detection of sputum etiology, and the empirical anti-infection treatment took no effect, in combination with the contact history of the patient with poultry 1 week before the onset of this disease. Bronchoscopy and alveolar lavage were utilized to collect BALF, and blood was collected for mNGS. The results identified C. psittaci as the pathogen, which provided clear direction for subsequent treatment. Currently, there are a few reports on the detection of C. psittaci through second-generation sequencing methods (14, 15). However, it has been reported in some studies that tetracyclines are the first-choice treatment for patients with C. psittaci infection (16). Azithromycin has also exhibited favorable activity against C. psittaci, while fluoroquinolones have a weak inhibitory effect, but can be used as an alternative (15). In this case, after 2 days of treatment with doxycycline, the temperature and oxygenation levels of the patient exhibited no significant improvement. Considering the poor anti-infective effect on the patient and the favorable therapeutic effect of moxifloxacin on C. psittaci pneumonia (16), antibiotic treatment was replaced with doxycycline, cefoperazone sodium, and sulbactam sodium combined with moxifloxacin. After 1 week of treatment, the condition of the patient was significantly improved, with specific manifestations of decreased inflammation index and absorbed lung lesions as per the chest CT results.

Hemophagocytic syndrome is a syndrome involving multiple systems, and it can be caused by the abnormal proliferation of activated macrophages and histiocytes (17). Its common clinical manifestations include high fever, enlarged liver, splenic lymph nodes, pancytopenia, low fibrinogen level, hypertriglyceridemia, abnormal liver enzyme levels, poor prognosis, and a high mortality rate (18). In this case, the patient also had a fever, with the temperature reaching 40°C, RBC count decreasing to 1.67 × 1012/L, platelet count decreasing to 75 × 109/L, triglyceride levels reaching 4.38 mmol/L, and abnormal liver enzyme levels.

Hemophagocytic syndrome is associated with many diseases, and its etiology is particularly important in the diagnosis due to the fact that these potentially relevant diseases would exert significant impacts on the treatment and prognosis of individuals with HPS (19). HPS occurs rarely in pregnant women, and there are only a few studies about pregnancy-related HPS. In these published cases, it is unclear whether the cause of HPS was related to pregnancy itself or viral infection, or both (20). HPS in the patient was considered to be secondary to severe C. psittaci pneumonia. The pathophysiology of HPS remains unclear; however, a “cytokine storm” has been assumed as a cause in one theory (21, 22). Currently, there is no specific diagnostic method for HPS, although the diagnostic standard revised by the Histiocyte Society in 2004 has been widely adopted (4). The diagnosis can be made according to any of the following.

Molecular diagnosis: At present, it is known that related genes, such as PRF1, UNC13D, STX11, STXBP2, Rab27a, LYST, and SH2D1A, have pathological mutations; and meet five of the following eight standards: fever, temperature > 38.5°C, duration > 7 days; spleen, hypocytopenia (two or three series of peripheral blood); hemoglobin < 90 g/L, PLT < 100 × 109/L, and GR < 1.0 × 109/L, and these are not caused by the decreased hematopoietic function of bone marrow; hypertriglyceridemia and/or hypoproteinemia: triacylglycerol > 3 mmol/L, fibrinogen < 1.5 g/L; phagocytic blood cells found in bone marrow, spleen, or lymph nodes; elevated serum ferritin ≥ 500 μg/L; decreased level or lack of NK cell activity; and an increase in the level of sCD25.

Although the general prognosis for HPS is poor, the prognosis for HPS caused by bacterial infection is better. However, the prognosis for HPS caused by Epstein–Barr virus is the worst. The mortality of HPS caused by other viruses is generally ~50%, and the mortality of tumor-related HPS is almost 100%. The appearance of HPS indicates the deterioration of this disease. The main causes of death include hemorrhage, infection, multiple organ failure, and disseminated intravascular coagulation. Factors associated with poor prognosis include low albumin and/or high lactate dehydrogenase levels, severe hemorrhage and uncontrolled infection, thrombocytopenia, liver function damage, and aging (23). HPS therapies can be divided into two categories: induced remission and etiological therapies. Induced remission therapy mainly refers to controlling excessive inflammation, while the objective of etiological therapy is to correct immunodeficiency by actively treating the primary disease (24). In this case, after the treatment with etoposide and hormone, the temperature of the patient rapidly returned to normal ranges, and the related indices were improved. In summary, the clinical manifestations of HPS are complex and diverse, and the disease progresses rapidly and the prognosis is poor. Therefore, it is significant to make early diagnosis for this disease and treat it correctly.

Although HPS has been investigated in some studies around the world, cases of C. psittaci pneumonia concomitant with secondary HPS during pregnancy have not, to our knowledge, been reported. Katsura et al. reported a case of psittacosis during pregnancy, and reviewed the research about 23 cases of psittacosis during pregnancy from 1967 to date (25). The mortality rates for fetuses and pregnant women were 82.6% (19/23) and 8.7% (2/23), respectively. The primary reason for the death of pregnant women and fetuses was that C. psittaci infection was not diagnosed in time during the progression of the disease. In this case, although the fetus was subjected to labor induction, the reason for the better prognosis of the patient was that the diagnosis of C. psittaci pneumonia was confirmed by mNGS in the early stage of the disease, which provided a basis for the selection of effective antibiotics to quickly control lung lesions. In those patients with a persistent high fever after pulmonary lesions are obviously mitigated, HPS is diagnosed by bone marrow biopsy, smear, NK cell activity, soluble CD25 level, and a CD107a challenge test. The condition of the patient was improved after the active treatment with etoposide and hormone therapy according to the HLH-94 and HLH-2004 guidelines, and all indicators gradually returned to normal ranges.

Through this study, it can be recognized that the clinical application of mNGS should be actively pursued for pulmonary infections with unknown etiology.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article, further inquiries can be directed to the corresponding author.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Review Board at First affiliated hospital of Anhui Medical University. The patients provided their written informed consent to participate in this study. Written informed consent was obtained from the individual for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

RW and LS conception and design of the study. LS, BP, and PW provided clinical treatment for the patient and manuscript preparation. RW performed manuscript review. All authors have read and approved the content of the manuscript.



FUNDING

The present study was supported by a fund from the Natural Science Foundation of China (No. 81970051). Excellent Top Talent Cultivation Project of Anhui Higher Education Institutions (gxgwfx2021014).



ACKNOWLEDGMENTS

The authors thank the patient for her cooperation during the diagnostic process. The authors thank the Intensive Care Unit of the First Affiliated Hospital of Anhui Medical University for its great help in the treatment of the patient.



REFERENCES

 1. Heddema ER, van Hannen EJ, Duim B, de Jongh BM, Kaan JA, van Kessel R, et al. An outbreak of psittacosis due to Chlamydophila psittaci genotype A in a veterinary teaching hospital. J Med Microbiol. (2006) 55:1571–5. doi: 10.1099/jmm.0.46692-0

 2. Janka GE. Familial and acquired hemophagocytic lymphohistiocytosis. Eur J Pediatr. (2007) 166:95–109. doi: 10.1007/s00431-006-0258-1

 3. Cong W, Huang SY, Zhang XX, Zhou DH, Xu MJ, Zhao Q, et al. Chlamydia psittaci exposure in pet birds. J Med Microbiol. (2014) 63:578–81. doi: 10.1099/jmm.0.070003-0

 4. Henter JI, Horne A, Arico M, Egeler RM, Filipovich AH, Imashuku S, et al. HLH-2004: diagnostic and therapeutic guidelines for hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer. (2007) 48:124–31. doi: 10.1002/pbc.21039

 5. Hogerwerf LB, Baan BW. Chlamydia psittaci (psittacosis) as a cause of community-acquired pneumonia: a systematic review and meta-analysis. Epidemiol Infect. (2017) 145:3096–105. doi: 10.1017/S0950268817002060

 6. Branley JM, Weston KM, England J, Dwyer DE, Sorrell TC. Clinical features of endemic community-acquired psittacosis. New Microbes New Infect. (2014) 2:7–12. doi: 10.1002/2052-2975.29

 7. Itoh I, Ishida T, Hashimoto T, Arita M, Osawa M, Tachibana H, et al. Chest radiograph of atypical pneumonia: comparison among Chlamydia pneumoniae. Pneumonia, ornithosis, and Mycoplasma pneumoniae pneumonia. Kansenshogaku Zasshi. (2000) 74:954–60. doi: 10.11150/kansenshogakuzasshi1970.74.954

 8. Querol-Ribelles JM, Tenias JM, Grau E, Querol-Borras JM, Climent JL, Gomez E, et al. Plasma d-dimer levels correlate with outcomes in patients with community-acquired pneumonia. Chest. (2004) 126:1087–92. doi: 10.1378/chest.126.4.1087

 9. Gacouin A, Revest M, Letheulle J, Fillatre P, Jouneau S, Piau C, et al. Distinctive features between community-acquired pneumonia (CAP) due to Chlamydophila psittaci and CAP due to Legionella pneumophila admitted to the intensive care unit (ICU). Eur J Clin Microbiol Infect Dis. (2012) 31:2713–8. doi: 10.1007/s10096-012-1618-6

 10. Fukumoto H, Sato Y, Hasegawa H, Saeki H, Katano H. Development of a new real-time PCR system for simultaneous detection of bacteria and fungi in pathological samples. Int J Clin Exp Pathol. (2015) 8:15479–88.

 11. Benitez AJ, Thurman KA, Diaz MH, Conklin L, Kendig NE, Winchell JM. Comparison of real-time PCR and a microimmunofluorescence serological assay for detection of Chlamydophila pneumoniae infection in an outbreak investigation. J Clin Microbiol. (2012) 50:151–3. doi: 10.1128/JCM.05357-11

 12. Nieuwenhuizen AA, Dijkstra F, Notermans DW, van der Hoek W. Laboratory methods for case finding in human psittacosis outbreaks: a systematic review. BMC Infect Dis. (2018) 18:442. doi: 10.1186/s12879-018-3317-0

 13. Langelier C, Zinter MS, Kalantar K, Yanik GA, Christenson S, O'Donovan B, et al. Metagenomic sequencing detects respiratory pathogens in hematopoietic cellular transplant patients. Am J Respir Crit Care Med. (2018) 197:524–8. doi: 10.1164/rccm.201706-1097LE

 14. Wu XD Li YY, Zhang M, Li MM, Zhang R, Lu X, et al. Etiology of severe community-acquired pneumonia in adults based on metagenomic next-generation sequencing. A prospective multicenter study. Infect Dis Ther. (2020) 9:1003–15. doi: 10.1007/s40121-020-00353-y

 15. Paul L, Comstock J, Edes K, Schlaberg R. Gestational psittacosis resulting in neonatal death identified by next-generation RNA sequencing of postmortem, formalin-fixed lung tissue. Open Forum Infect Dis. (2018) 5:ofy172. doi: 10.1093/ofid/ofy172

 16. Mandell LA, Wunderink RG, Anzueto A, Bartlett JG, Campbell GD, Dean NC, et al. Infectious Diseases Society of America/American Thoracic Society consensus guidelines on the management of community-acquired pneumonia in adults. Clin Infect Dis. (2007) 44:S27–72. doi: 10.1086/511159

 17. Basarab M, Macrae MB, Curtis CM. Atypical pneumonia. Curr Opin Pulm Med. (2014) 20:247–51. doi: 10.1097/MCP.0000000000000048

 18. Janka GE. Familial and acquired hemophagocytic lymphohistiocytosis. Annu Rev Med. (2012) 63:233–46. doi: 10.1146/annurev-med-041610-134208

 19. Fraeyman A, Boel A, Van Vaerenbergh K, De Beenhouwer H. Atypical pneumonia due to Chlamydophila psittaci: 3 case reports and review of literature. Acta Clin Belg. (2010) 65:192–6. doi: 10.1179/acb.2010.040

 20. Haddad E, Sulis ML, Jabado N, Blanche S, Fischer A, Tardieu M. Frequency and severity of central nervous system lesions in hemophagocytic lymphohistiocytosis. Blood. (1997) 89:794–800. doi: 10.1182/blood.V89.3.794

 21. Rousselin A, Alavi Z, Le Moigne E, Renard S, Tremouilhac C, Delluc A, et al. Hemophagocytic syndrome in pregnancy: case report, diagnosis, treatment, and prognosis. Clin Case Rep. (2017) 5:1756–64. doi: 10.1002/ccr3.1172

 22. Chmait RH, Meimin DL, Koo CH, Huffaker J. Hemophagocytic syndrome in pregnancy. Obstet Gynecol. (2000) 95:1022–4. doi: 10.1016/S0029-7844(00)00834-6

 23. Parrott J, Shilling A, Male HJ, Holland M, Clark-Ganheart CA. Hemophagocytic lymphohistiocytosis in pregnancy: a case series and review of the current literature. Case Rep Obstet Gynecol. (2019) 2019:9695367. doi: 10.1155/2019/9695367

 24. Jawad S, Dhariwal A, Ellis L, Cosgrove C, Reyal Y. Haemophagocytic lymphohistiocytosis in pregnancy. Lancet Haematol. (2020) 7:e498. doi: 10.1016/S2352-3026(20)30101-0

 25. Katsura D, Tsuji S, Kimura F, Tanaka T, Eguchi Y, Murakami T. Gestational psittacosis: a case report and literature review. J Obstet Gynaecol Res. (2020) 46:673–7. doi: 10.1111/jog.14217

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Sun, Li, Pang, Wu and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-755669-g003.gif
210200
251102020
o212
1512020
22320

051122020
2122020

Admted to hospital with ever, and prognancy stalus (26 weeks pregnant)'.
Wetaperem ardcstanivs

TGS of aeolrvagefidand bood, 1 cicald ith bt et it C.pitsi

e Gagtos of . it preutons vas crfimed.
Donyycine,cloperazons sodun andsubactam g,

Polmpen  celopeazone scdum andsutacam sodum + onting + opann  verconszse
Riarcvas ctod ot tho amiciccaviy b oo oo

VP15 (150 mg) a0 deanetasace (10m3).

Elposce 150mp QY. DX fmg 0D.

Elpos (100119 as ad adrinistred o h it 5.

The patient was d:scharged rom hospial,





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Gestational Psittacosis With Secondary Hemophagocytic Syndrome: A Case Report and Literature Review



		Introduction



		Case Report



		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Gestational Psittacosis With
Secondary Hemophagocytic
Syndrome: A Case Report and
Literature Review





OPS/images/fmed-08-755669-g001.gif





OPS/images/fmed-08-755669-g002.gif
g il
1

e i

St










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





