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Background: Coinfection with Pneumocystis jirovecii and Mycobacterium tuberculosis is rare in HIV-seronegative patients. Because 
it is associated with unknown morbidity and a high mortality rate especially in patients with immunosuppression, health care 
practitioners should have a high index of suspicion when dealing with such patients.
Case Presentation: A 66-year-old man with glucocorticoid therapy for 9 years had a fever after getting a cold and developed 
respiratory failure rapidly within 3 days. He was given trimethoprim-sulfamethoxazole empirically before Pneumocystis pneumonia 
(PCP) was confirmed with the presence of cysts in the sputum. Although there was a partial improvement of symptoms, an area of 
consolidation on the left upper lung lobe gradually enlarged. Bronchoscopy was performed 3 times and Mycobacterium tuberculosis 
infection was finally diagnosed. For 1 years, he was treated with standard antituberculosis agents, and his psychological well-being 
was managed using traditional Chinese medicine techniques. After 3 years of follow-up, his outcome was very good.
Conclusion: HIV-seronegative patients on long-term glucocorticoid therapy in areas with a high incidence of Mycobacterium 
tuberculosis may be co-infected with Pneumocystis jirovecii. When opportunistic infections are suspected, diagnostic procedures 
including invasive ones should be performed as soon as possible and appropriate interventions need to be carried out promptly.
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Background
Pneumocystis jirovecii and Mycobacterium tuberculosis are common opportunistic pulmonary pathogens in patients 
infected with human immunodeficiency virus (HIV). However, co-infection is extremely rare in HIV-seronegative 
patients;1 while once occurred, it is severe and has a higher mortality rate.2 Early diagnosis is difficult and delays in 
antibiotic treatment are more common in HIV-negative patients, which may lead to a poor prognosis.3,4 Currently, there 
are no accurate diagnostic tools, so being aware of the possibility of coinfection and rapidly performing diagnostic 
procedures that may include invasive ones are key to improving clinical outcomes.

Case Presentation
A 66-year-old man presented and was admitted to the hospital with fever for 3 days and dyspnea for 1 day. The patient 
had been diagnosed with malignant pemphigus vulgaris and put on prednisolone, methylprednisolone and other 
immunosuppressive drugs for the past 9 years. On admission, he experienced respiratory failure. The absolute count 
of regulatory T lymphocytes was 156.67 cells/uL. The lactate dehydrogenase increased to 457 IU/L. The chest computed 
tomography (CT) scan revealed multiple flaky, fuzzy, and high-density opacities in both lungs (Figure 1A). The patient 
had been on steroids for a long time. He had obvious hypoxia and had never had any other respiratory symptoms or other 
infections. On respiratory examination, the patient did not have many rales in the lungs. The lung CT scan showed 
interstitial changes. PCP, usually treated with sulfonamides, was considered a possible etiology because of his 
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immunocompromised state. Caspofungin is a good treatment of choice for Aspergillus infection, which could not be 
excluded. For other atypical pathogens, moxifloxacin should be added. Thus he was given trimethoprim- 
sulfamethoxazole (3 tablets, twice daily for 3 weeks), caspofungin (loading dose, 70mg infused over 1 hour; maintenance 
dose, 50 mg daily infused over 1 hour for 2 weeks), steroids, and moxifloxacin. Consequently, his respiratory function 
improved, and his body temperature dropped. PCP was confirmed 4 days later when cysts were found in the sputum 
(Supplementary Material).

Curiously, the follow-up chest CT suggested an enlarged consolidation in the left upper lobe (Figure 1A–C). The 
patient was admitted to the hospital again due to cough, expectoration, and intermittent fever. Bronchoscopy was 
performed for 3 times. Smears and culture of the bronchial brush, tracheal secretions, and bronchoalveolar lavage 
fluid (BALF) were performed. Lung tissue was taken for culture and pathological examination, and tuberculosis was 
diagnosed (Figure 2). Antituberculosis treatment (isoniazid 300 mg once daily, rifapentine 600 mg twice weekly, 
ethambutol 750 mg once daily, and pyrazinamide 500 mg thrice daily) was given for 2 months and later ethambutol 
and pyrazinamide were excluded. Antituberculosis treatment lasted for 1 year. Simultaneously, traditional Chinese 
medicine techniques were used to manage the patient’s psychological well-being and improve mental state. After 3 
years of follow-up, the clinical outcome was good (Figure 3). The patient’s complete course is shown in Figure 4.

Figure 1 A chest CT scan of the 66-year-old man showing Pneumocystis jirovecii Pneumonia and Mycobacterium tuberculosis Infection. (A) A transverse chest CT scan obtained 
on the first day after admission showed multiple ground-glass opacities in both lungs (white arrow), and an area of consolidation in the left upper lung lobe (black arrow). (B) 
A follow-up chest CT scan obtained 1 month after admission showed the ground-glass opacities in both lungs were reduced (white arrow), but the left upper lobe 
consolidation was enlarged (black arrow). (C) A follow-up chest CT scan obtained on month 41 after initial admission showed gradual absorption of the ground glass 
opacities in both lungs (white arrow), a decrease in the left upper lobe consolidation, and a gradual disappearance of the multiple lung nodules (black arrow).

Figure 2 Pathological examination of bronchoscopy samples. (A) Pathological examination of bronchoscopy samples obtained on month 2 after the first admission showed 
a wide alveolar cavity, fibrous proliferation, collagenization, lymphocyte infiltration, and carbon dust deposition. The formation of small focal granulomas can be seen, with 
inflammatory necrosis and small abscesses in the center (white arrow). The lesion was consistent with tuberculosis. (B) A smear of secretions: acid-fast bacillus was found, + 
+, the shape suggested M. tuberculosis (white arrow).
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Figure 3 Three-dimensional CT Reconstruction of the Lungs. The consolidation in the left upper lung lobe and the multiple lung nodules gradually disappeared. CT was 
obtained on month 3 after the first admission. m, months.

Figure 4 Timeline of diagnostic testing, imaging, and procedures. For treatment, each bar indicates the time between starting and ending. 
Abbreviations: MTX, methotrexate; PDNN, prednisolone; Cys A, cyclosporin A; THAL, thalidomide; MePr, methylprednisolone; SMZ-TMP, sulfamethoxazole- 
trimethoprim; Cas, caspofungin; INH, isoniazid; RFP, rifapentine; EMB, ethambutol; PZA, pyrazinamide; MXF, moxifloxacin; EBV, Epstein-Barr virus; CMV, cytomegalovirus; 
PCP, Pneumocystis jirovecii pneumonia; CT, computed tomography; WBC, white blood cell; N%, neutrophilic granulocyte percentage; ESR, erythrocyte sedimentation rate; 
hsCRP, high-sensitivity C-reactive protein; LDH, lactate dehydrogenase; PH, potential of hydrogen; PO2, partial pressure of oxygen; PCO2, partial pressure of carbon dioxide.
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Discussion and Conclusion
We performed a PubMed literature review of HIV-seronegative patients with PCP and tuberculosis (TB) coinfection 
using the keywords “tuberculosis” and “pneumocystis pneumonia”. From 2000 to 2021, a total of 17 cases including our 
case were reported. We divided these 17 reported cases based on the cause of the disease into the following categories: 
steroid therapy (alone or with chemotherapy) (8 cases), CD4+ lymphocytopenia (3 cases), malnutrition (1 case), visceral 
leishmaniasis (1 case), alcohol-related cirrhosis (1 case), and pancytopenia (1 case). There were 2 cases with no obvious 
cause (Figure 5). Based on these categories, steroid therapy appears to be the major predisposing factor for PCP and TB 
coinfection.

Glucocorticoids have a variety of anti-inflammatory and immunosuppressive effects on virtually all immune cells, and 
their exact effects depend on the state of cell differentiation and activation.5 Glucocorticoid use increases the risk of new 
infections and reactivation of chronic infections, which influences the vaccines that are recommended.6 Observational 
studies from the “real world” consistently show a dose-dependent increase in the risk of severe infections and 
opportunistic infections such as TB and PCP.7 A Mayo Clinic study of 116 patients with PCP (without HIV) from 
1985 to 1991 found that 105 patients (91%) received corticosteroids for multiple indications within 1 month of a PCP 
diagnosis. They had a median prednisone equivalent (PEQ) dose of 30 mg/day.8 In a case-control study, the adjusted odds 
ratio of TB was 2.8 (95% confidence interval [CI], 1.0–7.9) for less than a 15 mg daily dose of prednisone and 7.7 (95% 
CI, 2.8–21.4) for more than a 15 mg daily dose of prednisone.9 Vaccination and screening strategies should be used to 
mitigate this risk in patients who are starting chronic steroid therapy.6 Trimethoprim-sulfamethoxazole is an effective 
PCP prophylactic agent with a low risk of adverse effects.7 The tuberculin skin test (TST) or the interferon-gamma 
release assay (IGRA) can be used to screen and identify patients at a higher risk of active TB and treat them 
appropriately.10,11

Figure 5 Distribution of predisposing factors for TB and PCP coinfection in cases reported in literature.
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In our case, we suspected that the patient had PCP and treated them accordingly before we received the sputum 
results. Bronchoscopy was done to diagnose TB because other non-invasive diagnostic procedures were not useful. 
Antituberculosis drug treatment was carried out in time. The patient was followed up for 3 years after discharge and his 
prognosis was good.

In conclusion, co-infection with Pneumocystis jirovecii and Mycobacterium tuberculosis may exist in HIV- 
seronegative patients on long-term glucocorticoid therapy. When it is suspected, diagnostic procedures including invasive 
ones should be done as soon as possible and appropriate therapeutic interventions need to be given promptly.

Abbreviations
CT, computed tomography; HIV, human immunodeficiency virus; PCP, pneumocystis pneumonia; TB, tuberculosis.
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