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Abstract :  Pneumocystis jirovecii is an uncultivable ascomycete, characterized by a strong tropism for human lungs, 
and an airborne interindividual transmission. Pneumocystis pneumonia (PCP) is listed as a rare disease by Orphanet 
(code 723) (www.orpha.net) but remains the main cause of AIDS-defining disease in developed countries. An increased 
frequency of PCP in patients without AIDS but with cellular or combined immunodeficiency has been reported. The 
fungus is also a comorbidity factor in acute or chronic pulmonary diseases developed by immunocompetent patients. 
Thus, Pneumocystis infections remain a serious public health issue. In this context, our research work consisted in the 
characterization of the human reservoir of P. jirovecii, the characterization of P. jirovecii in infected populations using 
genotyping methods, the investigation of P. jirovecii circulation and transmission, specifically in hospital premises, and 
the investigation of P. jirovecii genomic diversity under selection pressure by antifungal drugs.   
1- In the framework of a European project (CAPRI-PC, ELAC2014/HID0254), we investigated Pneumocystis primary 
infection in infants and premature newborns. A multivariate analysis pointed out two factors associated with P. jirovecii: 
absence of hospital discharge after birth (OR [IC 95], 0.1 [0.02–0.72]) and the 63–189-day group (OR [IC 95], 11.5 [2.1–
63.5]). Thus, P. jirovecii acquisition in infants and newborns mostly takes place in the community. In other respects, P. 
jirovecii DNA was detected in air samples collected using an air-liquid impaction device (Coriolis® μ air sampler) at 1 m 
distance from infected infants. Matching of P. jirovecii genotypes between infants and air samples suggested that P. 
jirovecii was effectively exhaled by the infected infants in their surrounding aerial environment. These original results 
represent a proof of concept of the role of infants with primary infection as infectious sources of P. jirovecii in hospitals, 
and consequently in the community. 
2- In a context of Pneumocystis infection outbreaks in hospitals, we identified the same P. jirovecii genotype in adult 
patients with PCP or pulmonary colonization, using a multilocus method. These results combined with the analysis of a 
transmission map suggest  that colonized patients, as well as PCP patients, may be potential sources of P. jirovecii for 
susceptible patients, specifically in a context of nosocomial transmission. In the framework of the PNEUMAIR project 
(Anses, grant number 2011/1/053), we obtained original data supporting P. jirovecii exhalation from colonized patients 
and PCP patients, which emphasizes the risk of P. jirovecii nosocomial transmission from both patient populations. 
3- Cotrimoxazole is the more efficient drug for prophylaxis and treatment of PCP. However, atovaquone is a second-line 
prophylaxis. We identified a P. jirovecii cytochrome b (cyt b) mutation (Ala144Val) associated with atovaquone 
prophylaxis failure during a PCP outbreak among heart transplant recipients (HTR). Computational modeling of the P. 
jirovecii Rieske–cyt b complex and in silico mutagenesis indicated that the cyt b Ala144Val mutation might alter the 
volume of the atovaquone-binding pocket, which could decrease atovaquone binding, and thus, might confer diminished 
sensitivity to atovaquone, resulting in spread of P. jirovecii among HTR submitted to atovaquone prophylaxis.  
4- The burden of nosocomial Pneumocystis infections in transplantation units in France was evaluated through a 
multicenter retrospective survey. Over 12 years, 16 outbreaks occurred among solid organ transplant recipients (SOT), 
who may have been infected with specific P. jirovecii strains. Mycophenolic acid (MPA) is widely used as an 
immunosuppressant to prevent rejection in SOT recipients. MPA targets the inosine 5’-monophosphate dehydrogenase 
(IMPDH) of human lymphocytes. In this context, we hypothesized that MPA exerts selective pressure on P. jirovecii 
considering its in vitro antifungal activity on other fungal species. We identified an Ala261Thr substitution in SOT 
recipients which was not present in non-SOT patients. Considering that IMPDHs of MPA-resistant fungi (e.g. a Candida 
albicans specific strain, and Penicillium brevicompactum), harbour Thr (or Ser) at the analogous position, the Ala261Thr 
mutation observed in MPA-treated patients was considered to represent the signature of P. jirovecii exposure to MPA. 
These results open a wide field of investigation on P. jirovecii strain transmission in SOT recipient population and other 
fungus acquisition in diverse patient populations susceptible to pulmonary fungal infections (e.g. patients with cystic 
fibrosis). 
This topic was developed within the following research units, LUBEM-EA3882 (2009-2016), then GEIHP-EA3142 (2017-
2021). It will be pursued for the next 5 years within the IRF research unit, supported by UBO and HCERES. 
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