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              Pulmonary fi brosis represents the end point of many 
diseases and is characterized by excessive and irre-

versible deposition of extracellular matrix in the lung 
parenchyma, leading to compromised ventilation and 
organ dysfunction. Despite considerable research, 
many fi brotic lung diseases remain elusive in terms 
of etiology, pathogenesis, and treatment.  1   Progress is 
hindered by the lack of a translatable animal model 
with durable and persistent fi brosis.  2   

 The term “idiopathic pleuroparenchymal fi broelas-
tosis” was coined by the authors of a case study in 2004 
to describe a novel clinicopathologic entity that did 
not fall within the 2002 American Thoracic Society 

consensus classifi cation of idiopathic interstitial pneu-
monias.  3   The authors described a predominantly upper 
zone distribution of pleural and subpleural fi brosis 
with elastosis and proposed that previous reports 
of idiopathic pulmonary fi brosis of upper lung lobes 
were consistent with pleuroparenchymal fi broelas-
tosis (PPFE).  3   PPFE was subsequently included in 
the 2013 American Thoracic Society/European Respi-
ratory Society statement “Update of the International 
Multidisciplinary Classifi cation of the Idiopathic Inter-
stitial Pneumonias” in the category of rare idiopathic 
interstitial pneumonias.  4   Although PPFE is regarded as 
usually idiopathic, it has been linked with connective 
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Because this study used only ex vivo tissue collected at routine 
necropsy, licensing on ethical and humane grounds was not 
required. 

 Histology 

 Histology sections were reviewed independently and blindly by 
three medical and veterinary pathologists with experience in lung 
disease. Subsequent to the recognition that the changes observed 
resembled those of human PPFE, the histologic features were 
categorized as being consistent with or inconsistent with PPFE 
according to criteria described by Reddy et al.  5   Cases were cate-
gorized as consistent with PPFE on histology if (1) there was pleu-
ral thickening with associated subpleural intraalveolar fi brosis and 
alveolar septal elastosis or (2) intraalveolar fi brosis was present 
but either not associated with pleural fi brosis, not predominantly 
subpleural, or not in a dorsal lobe sample. Inconsistent with PPFE 
was assigned to lungs that lacked these features. 

 High-Resolution CT Imaging and Digital Photography 

 Eighteen whole infl ated ex vivo lungs (11 DPF, seven control) 
were imaged with a high-resolution CT (HRCT) scanner (Aquilion 
One [Toshiba Medi cal Systems, Toshiba Corp] or Somatom Vol-
ume Zoom [Siemens AG]). The remaining lungs (eight DPF, 
six control) were systematically sectioned transversely and photo-
graphed digitally. All images were reviewed independently and 
blindly by an expert radiologist and were categorized as consistent 
with or inconsistent with PPFE according to criteria described 
previously.  5   Cases were categorized as consistent with PPFE if 
(1) there was pleural thicken ing with associated subpleural fi brosis 
predominantly in the dorsal lung or (2) there was dorsal lung pleu-
ral thickening and associated subpleural fi brosis, but the distribution 
of fi brosis was not concentrated in the dorsal lung or coexistent 
lung disease was evident elsewhere. Inconsistent with PPFE was 
assigned to lungs that lacked these features. Overall, cases were 
assigned as PPFE-like only if categorized as consistent with PPFE 
on both imaging and histology. 

 PCR for Herpesviral Polymerase 

 Eight lung samples (four DPF, four control) collected into 
RNA later  were processed using an AllPrep DNA/RNA Mini Kit 
(QIAGEN) according to the manufacturer’s instructions. For 
investigation of the presence of herpesvirus, a region of the her-
pesvirus DNA polymerase gene was amplifi ed using 100 ng DNA 
per reaction with two sets of nested degenerate primers as previ-
ously described.  8   PCR products were cloned into the TOPO TA 
vector (Invitrogen by Life Technologies) and sequenced (The 
GenePool), and BLASTn, version 2.6.2 (National Center for Bio-
technology Information) was used to align derived sequences 
against known herpesvirus sequences. 

 Special Staining 

 Lung sections in which there was granulomatous infl ammation 
were stained for acid-fast bacteria using a standard Ziehl-Neelsen 
stain and for fungal hyphae using Grocott’s methenamine silver 
and periodic acid-Schiff stains. 

 X-ray Diffraction 

 Formalin-fi xed wet lung tissue samples from four DPF ex vivo 
lungs were pooled, digested in potassium hydroxide, and pre-
pared for mineral particle analysis under transmission electron 
microscopy at a magnifi cation of 20,000 and for energy-dispersive 
x-ray analysis. The mass of dust per gram of dry lung tissue was 

tissue diseases, genetic predisposition, and autoimmu-
nity following organ transplant.  3-5   Reddy et al  5   sug-
gested that repeated infl ammatory damage follow ing 
recurrent infections in predisposed individuals could 
lead to PPFE and that airway-centered injury could 
be key to disease pathogenesis. 

 Donkey pulmonary fi brosis (DPF) is a syndrome 
that is also sparsely documented, yet a prevalence of 
35% at routine necropsy was reported in a UK cohort.  6   
Very little is known about this chronic, potentially 
debilitating, and currently untreatable idiopathic con-
dition. To test our hypothesis that many cases of DPF 
share the key pathologic and imaging characteristics 
of PPFE, we performed the most comprehensive sys-
tematic characterization of DPF to date. 

 Materials and Methods 

 Tissue Collection and Processing 

 Whole lungs were collected from 32 aged donkeys during rou-
tine necropsy at two UK donkey sanctuaries between June 2009 
and January 2013 (e-Appendix 1). Nineteen DPF lungs were 
selected because of grossly visible fi brosis, whereas 13 grossly 
unaffected control lungs were selected at random. All lungs were 
manually infl ated, the tracheas clamped, and gross images photo-
graphed. Tissue samples were collected from each lung into 10% 
buffered formalin, essentially as described previously,  7   before 
undergoing routine processing to paraffi n blocks. Sections were 
stained with hematoxylin and eosin, elastic Van Gieson (EVG), and 
Masson’s trichrome. Tissue samples from eight lungs (four DPF, 
four control) were collected into RNA later  (QIAGEN) for DNA 
extraction and subsequent polymerase chain reaction (PCR). 
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