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Pneumocystis spp. 

 

Background  

• First discovered by Carlos Chagas in 1909 and misidentified as a new schizogonic 

state of Trypanosma cruzi in the lungs of guinea pig.1 

• In 1910, Antonio Carini identified similar cysts in the lungs of Rattus norvegicus 

infected by Trypanosoma lewisi.2 

• In 1912, pulmonary cysts were named Pneumocystis (P.) carinii and described as a 

new biological entity by Delanoë.3 

• P. carinii is the type species of the genus.4 

• Since 1988, phylogenetic analyses have indicated that Pneumocystis belongs in the 

group of Fungi; the Pneumocystis genus was placed in the fungal phylum 

Ascomyceta.5,6 

• Today, there are 12 Pneumocystis taxa, including 5 accepted Pneumocystis species: 

P. carinii (Rattus norvegicus), P. jirovecii (humans), P. murina (Mus musculus), P. 

oryctolagi (Oryctolagus cuniculus), P. wakefieldiae (Rattus norvegicus).5,6 

Prevalence 

• A high prevalence of Pneumocystis infection in a wide range of mammals can be 

assumed, but in natural ecosystems Pneumocystis organisms rather parasitize in the 

lung than causing interstitial pneumonia.6 

• In prevalence studies, Pneumocystis spp. was detected by PCR in immunodeficient 

rats and mice in about 1% of the samples.7 

• P. oryctolagi is highly prevalent in rabbit colonies.8-10 

• Prevalence of Pneumocystis organisms of 36,9% in 564 slaughtered pigs in Brazil.11 

Host species 

• Pneumocystis spp. could be identified from a wide range of domestic, synanthropic 

and wild animals including laboratory animals and primates based on DNA 

sequences.6,12
  

Properties  

• Pneumocystis spp. are ascomycetous opportunistic pathogens with the ability to 

sexually reproduce. They show life-cycle stages in the lungs of infected hosts that 

involves an ameboid, mononuclear trophic (vegetative) form, three consecutive 

sporocytic stages and a cystic stage (ascus).5,6 

• Pneumocystis spp. show morphological, phenotypic, and immunological 

differences.5,6,13 

• Pneumocystis spp. show a strong host specificity that precludes Pneumocystis inter-

species transmission.14 

• Detection of Pneumocystis DNA from the air at conventional animal facilities, where 

Pneumocystis-infected laboratory animals are housed, and detection of mature cysts 

in the bronchial lumen15 indicates that Pneumocystis could be transmitted by the 

airborne route.16-19 
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• Cystic forms, but not the trophic forms can be transmitted by aerial route.20,21 

• Respiratory or airborne transmission of Pneumocystis organisms between mammals 

of the same species, even between immunocompetent hosts and from mother to 

offsprings.5,6,14,22,23 

• Transmission of Pneumocystis organisms from animals with Pneumocystis pneumonia 

to immunocompromised and immunocompetent recipients.22,24-27 

• Transplacental route of transmission of Pneumocystis organisms in humans28 and 

rabbits29,30 described, but not in immunosuppressed mice and rats.15 

• No evidence of Pneumocystis spp. environmental growth.5 

Susceptibility  

• High risk for all congenitally immunodeficient hosts and for experimental models of 

immunosuppression. 

• Common in immunodeficient strains and orthologous genetic knockout mice as well as 

to lesser degree in aging immunocompetent mice.31,32 

• Infections occur in the context of deficits in cellular immunity like decrease in the 

number of CD4+ T cells33-35, while mice depleted of CD8+ T cells are not susceptible 

to infection.36 

Organotropism 

• Co-phylogeny is the evolutionary pattern for Pneumocystis spp.; Pneumocystis exhibit 

an adaption to colonize the lungs of immunocompromised hosts.6 

• Replication of Pneumocystis spp. also in the lungs of immunocompetent hosts.5 

Clinical disease 

• Subclinical Pneumocystis infection in immunocompetent hosts.27 

• Induced immunosuppression of subclinically infected mice by the administration of 

cortisosteroids results in development of Pneumocystis pneumonia.37 

• Pneumocystis pneumonia is common in a variety of immunodeficient strains of mice 

and rats and includes dyspnoea, cyanosis, wasting, weight loss, hunched posture, dry 

and scaly skin.31,38 

• Significant clinical disease: pneumonia with obstruction of alveoli with organisms and 

subsequent respiratory failure in any species with acquired or congenital immune 

deficits.39,40 

• Reduce the lifespan of immunodeficient mice.41-44 

• Older immunodeficient mice are more severely affected than younger mice.42 

• Spontaneous and usually benign pneumocystosis in rabbits at weaning6,10 and in young 

piglets.11 

• Dyspnoea and growth retardation in pigs.45 

• Pneumocystis pneumonia is rarely reported in wild mammals.6 

Pathology  

• In mice and rats, lungs collapse poorly, and they have a rubbery consistency with pale, 

patchy areas of consolidation.31,38 

• P. carinii infection causes interstitial pneumonia in young immunocompetent laboratory 

rats.46,47 
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• Slight infection: multifocal alveolar aggregates of cysts and interstitial/perivascular non-

purulent infiltration.51,52 

• Severe infection: consolidated lungs; extensive lung areas involved with alveolar 

aggregates of cysts (foamy eosinophilic, honeycombed material), proliferation of type 

II pneumocytes and severe interstitial fibrosis.31,38 

• Severe Pneumocystis pneumonia is characterized by an intense neutrophilic 

inflammatory response resulting in gas exchange abnormalities, diffuse alveolar 

damage, and respiratory failure.53 

• Interstitial pneumonia with proteinaceous exudation into the alveolar lumina, marked 

thickening of alveolar septa and infiltration with mononuclear leukocytes.31,38 

• Vacuolated, eosinophilic material containing punctate cysts and alveolar macrophages 

are scattered in affected alveoli.31,38 

• Pneumocystis pneumonia typical honeycomb intra-alveolar material is observed rarely 

in P. oryctolagi infected lungs.10 

• Extrapulmonary infection of heart and spleen is reported in SCID mice.54 

• Extrapulmonary detection of Pneumocystis spp. in pigs’ bronchial lymph nodes, liver, 

spleen, kidney, and mesenteric lymph nodes.45 

Morbidity and mortality  

• Immunocompetent, healthy mammalian hosts act as Pneumocystis reservoir with low 

parasite burden.5 

• Latent Pneumocystis parasitism seems to be less frequent in mice than in rats or 

rabbits.6 

• Conventionally bred colonies may be persistently infected because of subclinical 

nature in immunocompetent hosts.55 

• Once Pneumocystis infection is established in an immunodeficient mouse colony, the 

Pneumocystis organisms tend to persist for long periods of time.42 

• Neonatal or young rodents, pigs and rabbits can harbour substantial numbers of 

Pneumocystis organisms.29 

• High morbidity and mortality with chronic progressive pneumonia in 

immunosuppressed animals. 

Zoonotic potential  

• No zoonotic pattern of Pneumocystis spp. due to strong host specificity of 

Pneumocystis spp.5 and revealed by cross-infection experiments.56-58 

Interference with research  

Oncology  

• No data 

Teratology  

• No data 
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Infectiology 

• Polymorphonuclear leukocytes in bacterial pneumonia may participate in host effector 

mechanisms against P. carinii.59 

Immunology  

• Control of lung infection and air shedding of Pneumocystis by immune response in 

immunocompetent mice and rats.23,25 

• A mild infection resolves in 5 to 6 weeks in immunocompetent mice when an immune 

response is present. Pneumocystis organisms are rapidly eliminated without clinical 

signs of disease.25 

• The adaptive host response to Pneumocystis infection involves humoral and cellular 

immune responses, alveolar macrophages, dendritic cells, neutrophils and cytokines 

to clear the infection, whereby CD4+ T lymphocytes tasks the central role in 

controlling the infection.53,60,61 

• A deep inhibition of immune response mechanisms seems to be required for 

pneumocystosis in young, immune-naïve animals.6 

• P. carinii induces activating and inhibitory innate cellular immune response 

mechanisms.62 

• Pneumocystis spp. induces Th1, Th2, Th17 or T regulatory reactions.32 

• Cellular immunity is important for protection of P. carinii infection in rat and mice.49,63 

• CD4+ T lymphocytes are crucial to host defense against P. carinii53 and protective 

immunity in the immunocompetent host.64 

• Infected mice and rats are resistant to reinfection for 6 weeks and 3 months, 

respectively.23,26 

• P. carinii-reactive CD4+ lymphocytes may contribute to the host's response in the 

mouse model by secretion of macrophage-activating cytokines (IFN-g and others) as 

well as by the production of signals that induce foster expansion of the antibody-

forming pool of B cells and cytotoxic CD8+ lymphocytes.65 

• Neutrophils, alveolar type II epithelial cells, B cells, CD8+ lymphocytes, antibodies 

and cytokines, such as IFN-g and TNF, participate in host effector mechanisms 

against P. carinii.36,66-75 

• P. carinii induces TNF-a production from monocyte and macrophage cultures with a 

peak within 8 h of incubation.76 

• P. carinii glycoprotein A stimulates IL-8 production and inflammatory cell activation in 

alveolar macrophages and cultured monocytes.77 

• P. carinii induces expression of ICAM-1 and IL-6 in lung epithelial cells.78,79 

• Formation of multinucleated giant cells in P. carinii pneumonia in Aß-/-, RAG1-/- and 

TCRß-/- mutant mice.80 

• CD8+ T cells recruited to the lungs in response of infection have been associated 

with lung injury in murine models,81,82 while other studies suggest a protective role of 

CD8+ T cells, particularly in the context of immunosuppression.36,74 

• Both, CD4+ and CD8+ T cells accumulate in the lung and control the infection in 

immunocompetent mice.83 

• CD8+ T cells in the lungs of immunodeficient mice fail to control the infection.48,84 

• Passive transfer of a Pneumocystis-specific monoclonal antibody promotes clearance 

of Pneumocystis in corticosteroid-immunosuppressed rats and ferrets.85 
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• An increase in anti-P. carinii IgM and IgG antibody titers precedes clearance of 

P. carinii from the lungs of immunocompetent rats.23 

• P. carinii f. sp. muris-specific immunoglobulin G as well as CD62low CD4- and CD8-

positive T-cells cause the clearance of P. carinii f. sp. muris organisms from the lung 

in immunocompetent mice.25 

Interactions with other infectious agents  

• Superimposed viral infection can exacerbate Pneumocystis pneumonia in mice.31 

• Dual infection with Pasteurella (P.) pneumotropica may result in suppurative 

bronchopneumonia and abscesses in immunodeficient mice.75,86 

• SCID mice subclinically infected with P. murina develop severe respiratory tract 

lesions after inoculation with PVM and vice versa.87 

Toxicology  

• No data 

Physiology  

• P. carinii pneumonia leads to alterations in compliance and lung mechanisms.88,89 

• During Pneumocystis pneumonia, alterations of quantity and quality of pulmonary 

surfactant have been reported.90 

• P. carinii may alter the amount and type of surfactant produced: P. carinii pneumonia 

in rats leads to a decrease in surfactant phospholipids in bronchoalveolar lavage and 

to a lowering of the phospholipid/protein ratio.91,92 

• Surfactant protein-A (SP-A) and SP-D levels increase during P. carinii pneumonia in 

the rat.93,94 

• SP-A and SP-D can function as ligands between P. carinii and alveolar 

macrophages.94,95 

• P. carinii organisms can directly inhibit secretion of surfactant phosphatidylcholine 

from alveolar type II cells.96 

• Phosphatidylglycerol from the bronchoalveolar lavage of P. carinii pneumonia in rats 

is reduced and may account for the impairment of gas exchange observed in 

P. carinii pneumonia.97 

• Attachment of P. carinii to alveolar macrophages occurs by a fibronectin- and 

calcium-dependent mechanism but does not trigger a phagocytic response.98 

• P. carinii attachment increases expression of fibronectin-binding integrins on cultured 

lung cells.99 

• P. carinii glycoprotein A (gpA) binds to macrophage mannose receptors, thereby 

mediating binding and uptake of P. carinii by alveolar macrophages.100,101 

• Attachment of P. carinii to type I pneumocytes leads to their degeneration and to 

proliferation of type II pneumocytes. Following attachment of P. carinii to type I cells, 

surface glycocalyx is decreased and alveolar-capillary permeability is increased. As a 

consequence of dysplasia and disruption of the epithelium, underlying material gains 

access to the alveolar space and impairs normal lung function.90,102-105 

• Trophic forms of Pneumocystis spp. attach to type-I epithelial alveolar cells, emit 

filopodia, develop progressively and may fill pulmonary alveolar cavities that leads to 

respiratory failure.6,15 
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• Rat-derived Pneumocystis seems to have a higher capacity for attaching in vitro to 

target cells than mouse-derived Pneumocystis.106 

• P. carinii and IFN-gamma induce rat alveolar macrophages to produce nitric oxide.107 

• Fibrinogen expression is induced in the lung epithelium during P. carinii 

pneumonia.108 

Cell biology  

• The host mitochondrial ATPase 6 gene is upregulated in P. carinii-infected rat lungs.109 

• P. carinii infection alters GTP-binding regulatory proteins in the membranes of the 

lung parenchyma.110 

• P. carinii inhibits the host epithelial cyclin-dependent kinase activity in lung epithelial 

cells.111 

Assisted reproductive technology  

• No data 

Special considerations 

• Pneumocystis spp. are unable to grow in vitro in fungal culture media and are not 

susceptible to most antifungal drugs.6 

• Pneumocystis organisms possess chitin and beta-glucans in their cell wall and only 

one rRNA gene.6 

• Stereoid-treated rats are the most frequently used P. carinii pneumonia models and 

most available data on Pneumocystis spp. are obtained from P. carinii.6 

• Pneumocystis rabbit model has been used for studying Pneumocystis-surfactant 

interactions.6 

 

Updated by Petra Kirsch, Berlin, January 2019  



GV-SOLAS, Working Group on Hygiene, Implication of infectious agents on results of January 2019 
animal experiments: Pneumocystis spp. 
 

 

 
Page 9 of 16 

 

References 

1. Chagas C. 1909. Nova tripanozomase humana. Estudos sobre a morfologia e o ciclo evolutivo do 

Schizotrypanum cruzi n. gen. n. gen. n. sp, agente etiológico de nova entidade mórbida do homem. 

Memórias do Instituto Oswaldo Cruz 1(2):159-218. 

2. Carini A. 1910. Formas de eschizogonia do Trypanozoma lewisi. Comm Soc Med Sao Paolo 

18:204. 

3. Delanoë P, Delanoë M. 1912. Sur les rapporte des kystos de carinii le Trypanosoma lewisi. Compt 

Rend Acad Sci 155:658-660. 

4. Frenkel JK. 1999. Pneumocystis pneumonia, an immunodeficiency-dependent disease (IDD): a 

critical historical overview. J Eukaryot Microbiol 46(5):S89–S92. 

5. Chabé M, Aliouat-Denis CM, Delhaes L, Aliouat el M, Viscogliosi E, Dei-Cas E. 2011. 

Pneumocystis: from a doubtful unique entity to a group of highly diversified fungal species. FEMS 

Yeast Res 11(1):2-17. 

6. Aliouat-Denis CM, Chabé M, Demanche C, Aliouat el M, Viscogliosi E, Guillot J, Delhaes L, Dei-

Cas E. 2008. Pneumocystis species, co-evolution and pathogenic power. Infect Genet Evol 

8(5):708-726. 

7. Pritchett-Corning KR, Cosentino J, Clifford CB. 2009. Contemporary prevalence of infectious 

agents in laboratory mice and rats. Lab Anim 43(2):165-173. 

8. Tamburrini E, Ortona E, Visconti E, Mencarini P, Margutti P, Zolfo M, Barca S, Peters SE, Wakefield 

AE, Siracusano A. 1999. Pneumocystis carinii infection in young non-immunosuppressed rabbits. 

Kinetics of infection and of the primary specific immune response. Med Microbiol Immunol 188(1):1-

7. 

9. Soulez B, Dei-Cas E, Charet P, Mougeot G, Caillaux M, Camus D. 1989. The young rabbit: a 

nonimmunosuppressed model for Pneumocystis carinii pneumonia. J Infect Dis 160(2):355-356. 

10. Dei-Cas E, Chabé M, Moukhlis R, Durand-Joly I, Aliouat el M, Stringer JR, Cushion M, Noël C, de 

Hoog GS, Guillot J, Viscogliosi E. 2006. Pneumocystis oryctolagi sp. nov., an uncultured fungus 

causing pneumonia in rabbits at weaning: review of current knowledge, and description of a new 

taxon on genotypic, phylogenetic and phenotypic bases. FEMS Microbiol Rev 30(6):853-871. 

11. Sanches EM, Pescador C, Rozza D, Spanamberg A, Borba MR, Ravazzolo AP, Driemeier D, 

Guillot J, Ferreiro L. 2007. Detection of Pneumocystis spp. in lung samples from pigs in Brazil. Med 

Mycol 45(5):395-399. 

12. Smulian AG, Walzer PD. 1992. The biology of Pneumocystis carinii. Crit Rev Microbiol 18(3):191-

216. 

13. Gigliotti F, Harmsen AG. 1997. Pneumocystis carinii host origin defines the antibody specificity and 

protective response induced by immunization. J Infect Dis 176(5):1322-1326. 

14. Chabé M, Durand-Joly I, Dei-Cas E. 2012. Transmission of Pneumocystis infection in humans. Med 

Sci (Paris) 28(6-7):599-604. 

15. Dei-Cas E. 2000. Pneumocystis infections: the iceberg? Med Mycol 38 Suppl 1:23-32. 

16. Wakefield AE. 1996. DNA sequences identical to Pneumocystis carinii f. sp. carinii and 

Pneumocystis carinii f. sp. hominis in samples of air spora. J Clin Microbiol 34(7):1754-1759. 

17. Olsson M, Sukura A, Lindberg LA, Linder E. 1996. Detection of Pneumocystis carinii DNA by 

filtration of air. Scand J Infect Dis 28(3):279-282. 



GV-SOLAS, Working Group on Hygiene, Implication of infectious agents on results of January 2019 
animal experiments: Pneumocystis spp. 
 

 

 
Page 10 of 16 

 

18. Latouche S, Olsson M, Polack B, Brun-Pascaud M, Bernard C, Roux P. 1997. Detection of 

Pneumocystis carinii f. sp. in air samples collected in animal rooms. J Eukaryot Microbiol 44(6):46S-

47S. 

19. Choukri F, Aliouat el M, Menotti J, Totet A, Gantois N, Garin YJ, Bergeron V, Dei-Cas E, Derouin 

F. 2011. Dynamics of Pneumocystis carinii air shedding during experimental pneumocystosis. J 

Infect Dis 203(9):1333-1336. 

20. Cushion MT, Linke MJ, Ashbaugh A, Sesterhenn T, Collins MS, Lynch K, Brubaker R, Walzer PD. 

2010. Echinocandin treatment of Pneumocystis pneumonia in rodent models depletes cysts leaving 

trophic burdens that cannot transmit the infection. PLoS ONE 5(1):e8524. 

21. Martinez A, Halliez MC, Aliouat el M, Chabé M, Standaert-Vitse A, Fréalle E, Gantois N, Pottier M, 

Pinon A, Dei-Cas E, Aliouat-Denis CM. 2013. Growth and airborne transmission of cell-sorted life 

cycle stages of Pneumocystis carinii. PLoS One 8(11):e79958. 

22. Hughes WT. 1982. Natural mode of acquisition for de novo infection with Pneumocystis carinii. J 

Infect Dis 145(6):842-848. 

23. Menotti J, Emmanuel A, Bouchekouk C, Chabe M, Choukri F, Pottier M, Sarfati C, Aliouat el M, 

Derouin F. 2013. Evidence of airborne excretion of Pneumocystis carinii during infection in 

immunocompetent rats. Lung involvement and antibody response. PLoS One 8(4):e62155. 

24. Dumoulin A, Mazars E, Seguy N, Gargallo-Viola D, Vargas S, Cailliez JC, Aliouat EM, Wakefield 

AE, Dei-Cas E. 2000. Transmission of Pneumocystis carinii disease from immunocompetent 

contacts of infected hosts to susceptible hosts. Eur J Clin Microbiol Infect Dis 19(9):671-678. 

25. An CL, Gigliotti F, Harmsen AG. 2003 Exposure of immunocompetent adult mice to Pneumocystis 

carinii f. sp. muris by cohousing: growth of P. carinii f. sp. muris and host immune response. Infect 

Immun 71(4):2065-2070. 

26. Gigliotti F, Harmsen AG, Wright TW. 2003. Characterization of transmission of Pneumocystis carinii 

f. sp. muris through immunocompetent BALB/c mice. Infect Immun 71(7):3852-3856. 

27. Chabé M, Dei-Cas E, Creusy C, Fleurisse L, Respaldiza N, Camus D, Durand-Joly I. 2004. 

Immunocompetent hosts as a reservoir of Pneumocystis organisms: histological and rt-PCR data 

demonstrate active replication. Eur J Clin Microbiol Infect Dis 23(2):89-97. 

28. Montes-Cano MA, Chabe M, Fontillon-Alberdi M, de-Lahorra C, Respaldiza N, Medrano FJ, Varela 

JM, Dei-Cas E, Calderon EJ. 2009. Vertical transmission of Pneumocystis jirovecii in humans. 

Emerg Infect Dis 15(1):125-127. 

29. Sanchez CA, Chabé M, Aliouat el M, Durand-Joly I, Gantois N, Conseil V, López C, Duriez T, Dei-

Cas E, Vargas SL. 2007. Exploring transplacental transmission of Pneumocystis oryctolagi in first-

time pregnant and multiparous rabbit does. Med Mycol 45(8):701-707. 

30. Cere N, Drouet-Viard F, Dei-Cas E, Chanteloup N, Coudert P. 1997. In utero transmission of 

Pneumocystis carinii sp. f. oryctolagi. Parasite 4(4):325-330. 

31. Barthold SW, Griffey SM, Percy DH (eds). 2016. Pathology of laboratory rodents and rabbits. 4th 

ed. Ames: Wiley Blackwell, pp.79-81. 

32. Hoving JC, Kolls JK. New advances in understanding the host immune response to Pneumocystis. 

Curr Opin Microbiol 2017; 40:65-71. 

33. Leigh TR, Kangro HO, Gazzard BG, Jeffries DJ, Collins JV. 1993. DNA amplification by the 

polymerase chain reaction to detect sub-clinical Pneumocystis carinii colonization in HIV-positive 

and HIV-negative male homosexuals with and without respiratory symptoms. Respir Med 

87(7):525-529. 



GV-SOLAS, Working Group on Hygiene, Implication of infectious agents on results of January 2019 
animal experiments: Pneumocystis spp. 
 

 

 
Page 11 of 16 

 

34. Nevez G, Raccurt C, Vincent P, Jounieaux V, Dei-Cas E. 1999. Pulmonary colonization with 

Pneumocystis carinii in human immunodeficiency virus-negative patients: assessing risk with blood 

CD4T cell counts. Clin Infect Dis 29(5):1331-1332. 

35. Elsegeiny W, Eddens T, Chen K, Kolls JK. 2015. Anti-CD20 antibody therapy and susceptibility to 

Pneumocystis pneumonia. Infect Immun 83(5):2043-2052. 

36. Beck JM, Newbury RL, Palmer BE, Warnock ML, Byrd PK, Kaltreider HB. 1996. Role of CD8+ 

lymphocytes in host defense against Pneumocystis carinii in mice. J Lab Clin Med 128(5):477-487. 

37. Walzer PD, Powell RD Jr, Yoneda K. 1979. Experimental Pneumocystis carinii pneumonia in 

different strains of cortisonized mice. Infect Immun 24(3):939-947. 

38. Barthold SW, Griffey SM, Percy DH (eds). 2016. Pathology of laboratory rodents and rabbits. 4th 

ed. Ames: Wiley Blackwell, pp.146-147. 

39. Deerberg F, Pohlmeyer G, Wullenweber M, Hedrich HJ. 1993. History and pathology of an enzootic 

Pneumocystis carinii pneumonia in athymic Han:RNU and Han:NZNU rats. J Exp Anim Sci 36(1):1-

11. 

40. Pohlmeyer G, Deerberg F. 1993. Nude rats as a model of natural Pneumocystis carinii pneumonia: 

sequential morphological study of lung lesions. J Comp Pathol 109(3):217-230. 

41. Shultz LD, Schweitzer PA, Hall EJ, Sundberg JP, Taylor S, Walzer PD. 1989. Pneumocystis carinii 

pneumonia in scid/scid mice. Curr Top Microbiol Immunol 152:243-249. 

42. Walzer PD, Kim CK, Linke MJ, Pogue CL, Huerkamp MJ, Chrisp CE, Lerro AV, Wixson SK, Hall E, 

Shultz LD. 1989. Outbreaks of Pneumocystis carinii pneumonia in colonies of immunodeficient 

mice. Infect Immun 57(1):62-70. 

43. Weir EC, Brownstein DG, Barthold SW. 1986. Spontaneous wasting disease in nude mice 

associated with Pneumocystis carinii infection. Lab Anim Sci 36(2):140-144. 

44. Ueda K, Goto Y, Yamazaki S, Fujiwara K. 1977. Chronic fatal pneumocystosis in nude mice. Jpn J 

Exp Med 47(6):475-482. 

45. Bille-Hansen V, Jorsal SE, Henriksen SA, Settnes OP. 1990. Pneumocystis carinii pneumonia in 

Danish piglets. Vet Rec 127(16):407-408. 

46. Henderson KS, Dole V, Parker NJ, Banu L, Brouillette R, Simon MA, Albers TM, Pritchett-Corning 

KR, Clifford CB, Shek WR. 2012. Pneumocystis carinii causes a distinctive interstitial pneumonia 

in immunocompetent laboratory rats that had been attributed to "rat respiratory virus". Vet Pathol 

49(3):440-452. 

47. Livingston RS, Besch-Williford CL, Myles MH, Franklin CL, Crim MJ, Riley LK. 2011. Pneumocystis 

carinii infection causes lung lesions historically attributed to rat respiratory virus. Comp Med 

61(1):45-59. 

48. Beck JM, Warnock ML, Curtis JL, Sniezek MJ, Arraj-Peffer SM, Kaltreider HB, Shellito JE. 1991. 

Inflammatory responses to Pneumocystis carinii in mice selectively depleted of helper T 

lymphocytes. Am J Respir Cell Mol Biol 5(2):186-197. 

49. Furuta T, Ueda K, Fujiwara K, Yamanouchi K. 1985. Cellular and humoral immune responses of 

mice subclinically infected with Pneumocystis carinii. Infect Immun 47(2):544-548. 

50. Hernandez-Novoa B, Bishop L, Logun C, Munson PJ, Elnekave E, Rangel ZG, Barb J, Danner RL, 

Kovacs JA. 2008. Immune responses to Pneumocystis murina are robust in healthy mice but largely 

absent in CD40 ligand-deficient mice. J Leukoc Biol 84(2):420-430. 

51. Walzer PD, Powell RD Jr, Yoneda K, Rutledge ME, Milder JE. 1980. Growth characteristics and 

pathogenesis of experimental Pneumocystis carinii pneumonia. Infect Immun 27(3):928-937. 



GV-SOLAS, Working Group on Hygiene, Implication of infectious agents on results of January 2019 
animal experiments: Pneumocystis spp. 
 

 

 
Page 12 of 16 

 

52. Chen W, Mills JW, Harmsen AG. 1992. Development and resolution of Pneumocystis carinii 

pneumonia in severe combined immunodeficient mice: a morphological study of host inflammatory 

responses. Int J Exp Pathol 73(6):709-720. 

53. Hahn PY, Limper AH. 2003. The role of inflammation in respiratory impairment during 

Pneumocystis carinii pneumonia. Semin Respir Infect 18(1):40-47. 

54. Soulez B, Palluault F, Cesbron JY, Dei-Cas E, Capron A, Camus D. 1991. Introduction of 

Pneumocystis carinii in a colony of SCID mice. J Protozool 38(6):123S-125S. 

55. Frenkel JK, Good JT, Shultz JA. 1966. Latent Pneumocystis infection of rats, relapse and 

chemotherapy. Lab Invest 15(10):1559-1577. 

56. Aliouat EM, Mazars E, Dei-Cas E, Cesbron JY, Camus D. 1993. Intranasal inoculation of mouse, 

rat or rabbit-derived Pneumocystis in SCID mice. J Protozool Res 3:94-98. 

57. Aliouat EM, Mazars E, Dei-Cas E, Delcourt P, Billaut P, Camus D. 1994. Pneumocystis cross 

infection experiments using SCID mice and nude rats as recipient host, showed strong host-species 

specificity. J Eukaryot Microbiol 41(5):71S. 

58. Gigliotti F, Harmsen AG, Haidaris CG, Haidaris PJ. 1993. Pneumocystis carinii is not universally 

transmissible between mammalian species. Infect Immun 61(7):2886-2890. 

59. Pesanti EL. 1982. Effects of bacterial pneumonitis on development of pneumocystosis in rats. Am 

Rev Respir Dis 125(6):723-726. 

60. Khalife S, Chabé M, Gantois N, Audebert C, Pottier M, Hlais S, Pinçon C, Chassat T, Pierrot C, 

Khalife J, Aliouat-Denis CM, Aliouat el M. 2016. Relationship between Pneumocystis carinii burden 

and the degree of host immunosuppression in an airborne transmission experimental model. J 

Eukaryot Microbiol 63(3):309-317. 

61. Kelly MN, Shellito JE. 2010. Current understanding of Pneumocystis immunology. Future Microbiol 

5(1):43–65. 

62. Warschkau H, Yu H, Kiderlen AF. 1998. Activation and suppression of natural cellular immune 

functions by Pneumocystis carinii. Immunobiology 198(4):343-360. 

63. Furuta T, Ueda K, Fujiwara K. 1984. Experimental Pneumocystis carinii infection in nude rats. Jpn 

J Exp Med 54(2):65-72. 

64. Hanano R, Kaufmann SH. 1998. Pneumocystis carinii and the immune response in disease. Trends 

Microbiol 6(2):71-75. 

65. Beck JM, Warnock ML, Kaltreider HB, Shellito JE. 1993. Host defenses against Pneumocystis 

carinii in mice selectively depleted of CD4+ lymphocytes. Chest 103:116S-118S. 

66. Masur H, Jones TC. 1978. The interaction in vitro of Pneumocystis carinii with macrophages and 

L-cells. J Exp Med 147(1):157-170. 

67. Von Behren LA, Pesanti EL. 1978. Uptake and degradation of Pneumocystis carinii by 

macrophages in vitro. Am Rev Respir Dis 118(6):1051-1059. 

68. Shear H, el-Sadr W, Rubinstein BE, Ferreira M. 1989. Effects of steroid induced Pneumocystis 

carinii on alveolar macrophages in the rat. J Protozool 36(1):49S-50S. 

69. Pesanti EL. 1989. Interaction of Pneumocystis carinii with secretions of alveolar macrophages and 

type II epithelial cells. J Protozool 36(1):47S-49S. 

70. Pesanti EL. 1991. Interaction of cytokines and alveolar cells with Pneumocystis carinii in vitro. J 

Infect Dis 163(3):611-616. 



GV-SOLAS, Working Group on Hygiene, Implication of infectious agents on results of January 2019 
animal experiments: Pneumocystis spp. 
 

 

 
Page 13 of 16 

 

71. Chen W, Havell EA, Harmsen AG. 1992. Importance of endogenous tumor necrosis factor alpha 

and gamma interferon in host resistance against Pneumocystis carinii infection. Infect Immun 

60(4):1279-1284. 

72. Garvy BA, Ezekowitz RA, Harmsen AG. 1997. Role of gamma interferon in the host immune and 

inflammatory responses to Pneumocystis carinii infection. Infect Immun 65(2):373-379. 

73. Kolls JK, Lei D, Vazquez C, Odom G, Summer WR, Nelson S, Shellito J. 1997. Exacerbation of 

murine Pneumocystis carinii infection by adenoviral-mediated gene transfer of a TNF inhibitor. Am 

J Respir Cell Mol Biol 16(2):112-118. 

74. Kolls JK, Habetz S, Shean MK, Vazquez C, Brown JA, Lei D, Schwarzenberger P, Ye P, Nelson S, 

Summer WR, Shellito JE. 1999. IFN-gamma and CD8+ T cells restore host defenses against 

Pneumocystis carinii in mice depleted of CD4+ T cells. J Immunol 162(5):2890-2894. 

75. Marcotte H, Levesque D, Delanay K, Bourgeault A, de la Durantaye R, Brochu S, Lavoie MC. 1996. 

Pneumocystis carinii infection in transgenic B cell-deficient mice. J Infect Dis 173(4):1034-1037. 

76. Tamburrini E, De Luca A, Ventura G, Maiuro G, Siracusano A, Ortona E, Antinori A. 1991. 

Pneumocystis carinii stimulates in vitro production of tumor necrosis factor-alpha by human 

macrophages. Med Microbiol Immunol 180(1):15-20. 

77. Lipschik GY, Treml JF, Moore SD. 1996. Pneumocystis carinii glycoprotein A stimulates interleukin-

8 production and inflammatory cell activation in alveolar macrophages and cultured monocytes. J 

Eukaryot Microbiol 43(5):14S-15S. 

78. Yu ML, Limper AH. 1997. Pneumocystis carinii induces ICAM-1 expression in lung epithelial cells 

through a TNF-alpha mediated mechanism. Am J Physiol 273(6):L1103-1111. 

79. Pottratz ST, Reese S, Sheldon JL. 1998. Pneumocystis carinii induces interleukin 6 production by 

an alveolar epithelial cell line. Eur J Clin Invest 28(5):424-429. 

80. Hanano R, Reifenberg K, Kaufmann SH. 1996. T- and B-lymphocyte-independent formation of 

alveolar macrophage-derived multinucleated giant cells in murine Pneumocystis carinii pneumonia. 

Infect Immun 64(7):2821-2823. 

81. Gigliotti F, Crow EL, Bhagwat SP, Wright TW. 2006. Sensitized CD8+ T cells fail to control organism 

burden but accelerate the onset of lung injury during Pneumocystis carinii pneumonia. Infect Immun 

74(11):6310-6316. 

82. Meissner NN, Lund FE, Han S, Harmsen A. 2005. CD8 T cell-mediated lung damage in response 

to the extracellular pathogen Pneumocystis is dependent on MHC class I expression by radiation 

resistant lung cells. J Immunol 175(12):8271-8279. 

83. Beck JM, Harmsen AG. 1998. Lymphocytes in host defense against Pneumocystis carinii. Semin 

Respir Infect 13(4):330-338. 

84. Roths JB, Sidman CL. 1992. Both immunity and hyperresponsiveness to Pneumocystis carinii 

result from transfer of CD4+ but not CD8+ T cells into severe combined immunodeficiency mice. J 

Clin Invest 90(2):673-678. 

85. Gigliotti F, Hughes WT. 1988. Passive immunoprophylaxis with specific monoclonal antibody 

confers partial protection against Pneumocystis carinii pneumonitis in animal models. J Clin Invest 

81(6):1666-1668. 

86. Macy JD Jr, Weir EC, Compton SR, Shlomchik MJ, Brownstein DG. 2000. Dual infection with 

Pneumocystis carinii and Pasteurella pneumotropica in B cell-deficient mice: diagnosis and 

therapy. Comp Med 50(1):49-55. 



GV-SOLAS, Working Group on Hygiene, Implication of infectious agents on results of January 2019 
animal experiments: Pneumocystis spp. 
 

 

 
Page 14 of 16 

 

87. Bray MV, Barthold SW, Sidman CL, Roths J, Smith AL. 1993. Exacerbation of Pneumocystis carinii 

pneumonia in immunodeficient (scid) mice by concurrent infection with a pneumovirus. Infect 

Immun 61(4):1586-1588. 

88. Brun-Pascaud M, Pocidalo JJ, Kernbaum S. 1985. Respiratory and pulmonary alterations in 

experimental Pneumocystis carinii pneumonia in rats. Bull Eur Physiopathol Respir 21(1):37-41. 

89. Stokes DC, Hughes WT, Alderson PO, King RE, Garfinkel DJ. 1986. Lung mechanics, radiography 

and 67Ga scintigraphy in experimental Pneumocystis carinii pneumonia. Br J Exp Pathol 67(3):383-

393. 

90. Prévost MC, Escamilla R, Aliouat EM, Ceré N, Coudert P, Dei-Cas E. 1998. Pneumocystosis 

pathophysiology. FEMS Immunol Med Microbiol 22(1-2):123-128. 

91. Kernbaum S, Masliah J, Alcindor LG, Bouton C, Christol D. 1983. Phospholipase activities of 

bronchoalveolar lavage fluid in rat Pneumocystis carinii pneumonia. Br J Exp Pathol 64(1):75-80. 

92. Sheehan PM, Stokes DC, Yeh YY, Hughes WT. 1986. Surfactant phospholipids and lavage 

phospholipase A2 in experimental Pneumocystis carinii pneumonia. Am Rev Respir Dis 

134(3):526-531. 

93. Phelps DS, Umstead TM, Rose RM, Fishman JA. 1996. Surfactant protein-A levels increase during 

Pneumocystis carinii pneumonia in the rat. Eur Respir J 9(3):565-570. 

94. Limper AH, Crouch EC, O'Riordan DM, Chang D, Vuk-Pavlovic Z, Standing JE, Kwon KY, Adlakha 

A. 1995. Surfactant protein-D modulates interaction of Pneumocystis carinii with alveolar 

macrophages. J Lab Clin Med 126(5):416-422. 

95. Williams MD, Wright JR, March KL, Martin WJ 2nd. 1996. Human surfactant protein A enhances 

attachment of Pneumocystis carinii to rat alveolar macrophages. Am J Respir Cell Mol Biol 

14(3):232-238. 

96. Rice WR, Singleton FM, Linke MJ, Walzer PD. 1993. Regulation of surfactant phosphatidylcholine 

secretion from alveolar type II cells during Pneumocystis carinii pneumonia in the rat. J Clin Invest 

92(6):2778-2782. 

97. Su TH, Natarajan V, Kachel DL, Moxley MA, Longmore WJ, Martin WJ 2nd. 1996. Functional 

impairment of bronchoalveolar lavage phospholipids in early Pneumocystis carinii pneumonia in 

rats. J Lab Clin Med 127(3):263-271. 

98. Pottratz ST, Martin WJ 2nd. 1990. Mechanism of Pneumocystis carinii attachment to cultured rat 

alveolar macrophages. J Clin Invest 86(5):1678-1683. 

99. Pottratz ST, Weir AL, Wisniowski PE. 1994. Pneumocystis carinii attachment increases expression 

of fibronectin-binding integrins on cultured lung cells. Infect Immun 62(12):5464-5469. 

100. Ezekowitz RA, Williams DJ, Koziel H, Armstrong MY, Warner A, Richards FF, Rose RM. 1991. 

Uptake of Pneumocystis carinii mediated by the macrophage mannose receptor. Nature 

351(6322):155-158. 

101. O’Riordan DM, Standing JE, Limper AH. 1995. Pneumocystis carinii glycoprotein A binds 

macrophage mannose receptors. Infect Immun 63(3):779-784. 

102. Lanken PN, Minda M, Pietra GG, Fishman AP. 1980. Alveolar response to experimental 

Pneumocystis carinii pneumonia in the rat. Am J Pathol 99(3):561-588. 

103. Yoneda K, Walzer PD. 1980. Interaction of Pneumocystis carinii with host cells: an ultrastructural 

study. Infect Immun 29(2):692-703. 

104. Yoneda K, Walzer PD. 1981. Mechanism of pulmonary alveolar injury in experimental 

Pneumocystis carinii pneumonia in the rat. Br J Exp Pathol 62(4):339-346. 



GV-SOLAS, Working Group on Hygiene, Implication of infectious agents on results of January 2019 
animal experiments: Pneumocystis spp. 
 

 

 
Page 15 of 16 

 

105. Yoneda K, Walzer PD. 1984. The effect of corticosteroid treatment on the cell surface glycocalyx 

of the rat pulmonary alveolus: relevance to the host parasite relationship in Pneumocystis carinii 

infection. Br J Exp Pathol 65(3):347-354. 

106. Aliouat EM, Dei-Cas E, Ouaissi A, Palluault F, Soulez B, Camus D. 1993. In vitro attachment of 

Pneumocystis carinii from mouse and rat origin. Biol Cell 77(2):209-217. 

107. Sherman MP, Hidalgo HA, Aeberhard EE, Wong VZ, Gilliam MB, Helmke RJ. 1992. Pneumocystis 

carinii and interferon gamma induce rat alveolar macrophages to produce nitric oxide. Am Rev 

Respir Dis 145:A246. 

108. Simpson-Haidaris PJ, Courtney MA, Wright TW, Goss R, Harmsen A, Gigliotti F. 1998. Induction 

of fibrinogen expression in the lung epithelium during Pneumocystis carinii pneumonia. Infect 

Immun 66(9):4431-4439. 

109. Asnicar MA, Goheen M, Bartlett MS, Smith JW, Lee CH. 1996. Upregulation of host mitochondrial 

ATPase 6 gene in Pneumocystis carinii-infected rat lungs. J Eukaryot Microbiol 43(5):38S. 

110. Oz HS, Hughes WT. 1997. Pneumocystis carinii infection alters GTP-binding proteins in the lung. 

J Parasitol 83(4):679-685. 

111. Limper AH, Edens M, Anders RA, Leof EB. 1998. Pneumocystis carinii inhibits cyclin-dependent 

kinase activity in lung epithelial cells. J Clin Invest 101(5):1148-1155. 

 

  



GV-SOLAS, Working Group on Hygiene, Implication of infectious agents on results of January 2019 
animal experiments: Pneumocystis spp. 
 

 

 
Page 16 of 16 

 

Disclaimer 

Any use of GV-SOLAS booklets (publications) and statements and the application of the information 
contained therein are at the express risk of the user. Neither GV-SOLAS nor the authors can accept 
liability for any accidents or damages of any kind arising from the use of a publication (e.g., resulting 
from the absence of safety instructions), irrespective of legal grounds. Liability claims against GV-
SOLAS and the author for damages of a material or non-material nature caused by the use or non-use 
of the information or by the use of erroneous and/or incomplete information are in principle excluded. 
Legal claims and claims for damages are thus excluded. The work, including all content, has been 
compiled with utmost care. However, GV-SOLAS and the authors assume no responsibility for the 
currentness, correctness, completeness or quality of the information provided. Printing errors and 
incorrect information cannot be completely ruled out. GV-SOLAS and the authors accept no liability for 
the currentness, correctness and completeness of the content of the publications or for printing errors. 
GV-SOLAS and the authors accept no legal responsibility or liability in any form for incorrect statements 
and consequences arising therefrom. Responsibility for the content of the internet pages printed in these 
publications lies solely with the owner of the websites concerned. GV-SOLAS and the authors have no 
influence on the design and content of third-party websites. GV-SOLAS and the authors therefore 
distance themselves from all third-party content. Responsibility within the meaning of press legislation 
lies with the board of GV-SOLAS. 


