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Rapid On-Site Evaluation (ROSE) 
in Diagnostic Interventional 
Pulmonology: Introduction 
and Detailed Methods

Jing Feng, Qiang Li, Yi Shi, and Ke Wang

In recent years, the use of diagnostic interven-
tional pulmonology has been booming due to the 
increased prevalence of lung cancer, more drug- 
resistant pathogen infections of lower respiratory 
tract, and urgent request for diagnosis of baffling 
and critical respiratory diseases. The efficiency of 
interventional diagnostics has become one of the 
most important references for rating pulmonology 
or cancer center, which promote the clinical appli-
cation of numerous advanced technologies and 
facilities. As a “real-time accompany technique” 
for diagnostic interventional pulmonology, rapid 
on-site evaluation (ROSE) has also been paid an 
unprecedented attention and develops promptly.

1.1  Definition and Work Content 
of Diagnostic Interventional 
Pulmonology ROSE

The diagnostic interventional pulmonology ROSE 
is a real-time cytological examination technique 
which accompanies sequential sampling. The pro-
cess of ROSE is as follows: A small part of every 
tissue specimen sampled from target lesion is 
smeared on a slide without losing tissue material 
significantly. Then the cytological slide is stained 
as soon as possible. Finally, the stained slide is 
interpreted immediately under specialized micro-
scope integrating with all the available clinical 
information. The cytological content to be inter-
preted includes cellular morphology, differential 
cell counts, constituent ratio, cellular array, 
mutual relation, cytological background, and 
analysis of exotic substance.

As a carrier of cells, ROSE slide plays the fol-
lowing roles: evaluation of adequate sampling, 
real-time guidance for interventional methods 
and modalities, approaching a preliminary diag-
nosis or narrowing differential diagnosis spec-
trum, optimizing processing scheme for target 
lesion specimen, analyzing patients’ disease sta-
tus, and prognosis in combination with all avail-
able clinical and cytological information. It is 
still controversial about whether ROSE can 
increase the rate of successful diagnosis in diag-
nostic interventional pulmonology.
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1.2  Historic Evolution 
and Prospect Forecast 
of ROSE Clinical Practice

“Modern” ROSE was first applied in interventional 
pulmonology in 1981. Pak HY et  al. [1] used a 
quick staining and rapid interpretation technique in 
the procedure of percutaneous transthoracic fine 
needle aspiration biopsy under fluoroscopic guid-
ance. Staining could be accomplished within 
5  min, and interpretation was available less than 
15  min after sampling target lesions. Successful 
diagnosis was achieved in 36 of 37 patients (97%). 
An improved rate of successful diagnosis follow-
ing the “bedside” rapid stain was then proposed, 
which reflected the advantage of being able to 
determine the adequacy of specimens before 
releasing patients from the procedure room.

The use of “modern” ROSE in interventional 
operation with flexible bronchoscopy began from 
1990. Davenport RD [2] suggested that ROSE 
might significantly improve the diagnostic yield 
of transbronchial aspirates.

Around 2005, “minimally invasive internal 
medicine” techniques with favorable sensitivity 
and specificity, including transbronchial needle 
aspiration (TBNA), began to spread widely. These 
techniques were not only applied to the diagnosis 
of lung/mediastinal malignancies but also benign 
diseases such as sarcoidosis, tuberculosis, etc.

If operators are satisfied with the specimen got 
through these procedures, it is not necessary to 
perform more invasive surgeries such as medias-
tinoscopy, video-assisted thoracoscopic surgery 
(VATS), and open lung biopsy. Meanwhile, inter-
ventional pulmonologists have to answer ques-
tions regarding the following: Whether the target 
specimen is obtained and sufficient? How to deal 
with target specimen appropriately? Can a pre-
liminary diagnosis be achieved or a wide differ-
ential diagnosis spectrum be narrowed? Can 
patients’ disease status and prognosis be ana-
lyzed comprehensively in combination with all 
available clinical and cytological information? 
Obviously, this “real-time feedback” ROSE 
information is invaluable.

During interventional procedures, if target 
specimen is satisfactory, the procedure stops 
where it should stop, which can not only save time 

and medical resources but also reduce pain, 
trauma, and complications. On the contrary, the 
procedure should be continued, and interventional 
methods and modalities may have to be changed 
appropriately. If a preliminary diagnosis is made, 
differential diagnosis spectrum is narrowed, or 
disease status is integrated, an important refer-
ence may be provided for clinicians to establish a 
thorough diagnostic protocol and treatment regi-
men. And it can also help to select processing 
scheme for target lesion specimen including 
oncological examinations such as immunohisto-
chemistry, polymerase chain reaction (PCR), 
chromosome fluorescence in situ hybridization 
(FISH), electron microscopy, and microbiological 
examinations such as special staining, grinded tis-
sue culture, etc. And it can also assist in the selec-
tion of further means of procedures. In a case for 
which ROSE in TBNA has provided a relatively 
definite diagnosis of malignant tumor and 
obtained satisfactory specimens for follow-up 
oncology-related examination, the transbronchial 
lung biopsy (TBLB) with higher risks of compli-
cations is then not necessary [3]. The entire inter-
ventional diagnostic operation is thus considered 
optimized. Therefore, ROSE has been widely 
accepted and utilized during this period [4] and is 
matured in about 2010 [5, 6].

Since 2010, high-tech equipment represented by 
virtual bronchoscopy navigation (VBN), ultrathin 
bronchoscopy, endobronchial ultrasound (EBUS), 
electromagnetic navigation (EMN) bronchoscopy, 
etc. was widely used in interventional pulmonary 
diagnosis and treatment [7, 8]. Due to the high cost 
of such technical equipment, relatively complicated 
manipulating process, and expensive consumable 
items, an extremely high success rate of interven-
tion diagnosis is required; with the addition of the 
urgent needs of microbial etiology in critical respi-
ratory disease, ROSE has almost become a “stan-
dard configuration” in interventional lung disease 
diagnosis and treatment center.

In 1997, the birth of clone sheep shocked the 
world, and it showed that single somatic cell 
could contain almost all the life information. 
Recently, rapid development and extensive appli-
cation of molecular diagnostics has brought cyto-
logical technology to rejuvenate. At present, the 
ability to diagnose of cytology is almost compa-
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rable to that of histology [9] and is distinctly 
advantageous in many aspects [10, 11]. ROSE 
glass slide, as a cell carrier, can not only be used 
to make cytological interpretation but also can be 
a “treasure trove” for preserving and studying 
cells. All cell-based molecular biology and gene 
technology can be carried out using the ROSE 
glass slides, including PCR, FISH, immunocyto-
chemistry, second-generation gene sequencing, 
etc. [11, 12]. The development of biotechnology 
is at a tremendous pace; especially the progress of 
molecular biology and genetic technology is 
beyond imagination. In this scenario, the future of 
ROSE is anticipated.

1.3  Basic Working Conditions 
and Equipment 
Requirements of ROSE

1.3.1  ROSE Cytological Microscope

The main equipment of ROSE is a dedicated 
cytological microscope, and the ocular lens are 
usually ×10 (10 times), while the wide-field 
objective lens are ×10 (10 times) and ×40 (40 
times). “Oil-free”  ×  100 objective lens (100 
times) is recommended, which is not only neces-
sary for observing characteristics of microorgan-
isms but also an easy access to get high-quality 
graphic information.

1.3.2  Graphic Imaging 
and Photographic System

It should be equipped with high-resolution graphic 
imaging and photographic system for report mak-
ing, data summary, case review, academic exchange, 
clinical education, etc. A high- resolution camera 
with autofocus function is recommended to inte-
grate on a microscope as its graphic system.

1.3.3  ROSE for Infectious Diseases

In principle, the preparing of infection-related 
ROSE slides should be carried out in Class II bio-
safety cabinet. The slides and staining liquor 

should be specially treated after interpretation. 
After all, the operators must get biosafety-related 
training and have the required qualifications.

1.3.4  Location Requirements

ROSE must be positioned at the procedure room, 
providing primary cytological interpretation and 
exchanging real-time impression. The advanced 
interventional pulmonary center may be equipped 
with a professional ROSE room, which should 
connect to the procedure site or can show micro-
scope graphic information directly to operators in 
real time through electronic systems.

1.3.5  Preparation for ROSE

Sterile cytological slides with cell adhesion, 
absorbent paper, powder-free latex gloves, and 
disposable 2.5/5  mL syringe needles should be 
prepared before procedure, and a full set of Diff- 
Quik (DQ) staining liquor can be poured into 
sealed glass dyeing cylinders for convenience.

1.3.6  Conservation of Stained 
Slides

Stained slides and dyeing liquor for infectious 
diseases should be treated after use following 
Class II biosafety protocols. It is recommended 
to place stained cytological slides in a cool and 
dry place directly for long-term preservation and 
not to use neutral gum for slide sealing to avoid 
missing cytological information.

1.4  The Detailed Work Process 
for ROSE

ROSE is to proceed with the three steps of pre-
paring, staining, and interpreting continuously. 
As ROSE needs to “guide interventional pulmo-
nary procedures” real time, in clinical practice, 
preparing, staining, and interpreting of ROSE 
slides should be accomplished in succession 
promptly.

1 Rapid On-Site Evaluation (ROSE) in Diagnostic Interventional Pulmonology: Introduction and Detailed…



4

1.4.1  The Preparation of Cytological 
Slides for ROSE

1.4.1.1  Imprinting (Rolling)
It is the most commonly used method, suitable 
for transbronchial lung biopsy (TBLB), conven-
tional transbronchial needle aspiration (TBNA) 
with tissue-incising needles (such as Wang’s 
MW-319 needle), mucosa biopsy under direct 
bronchoscopic vision, medical thoracoscopy 
biopsy under direct scopic vision, and percutane-
ous tissue-incising needle lung biopsy.

After target site sampled, the tissue pellets are 
picked up with a disposable 2.5/5  mL syringe 
needle from biopsy forceps cup or percutaneous 
tissue-incising needle groove or are pushed out 
from tissue-incising needle (such as Wang’s 
MW-319 needle). Then the specimens are smeared 
roundly on the one-third dyeing side of cytologi-
cal slide, which should have a strong cell adhe-
sion, with a diameter of about 1 cm and a proper 
thickness without losing materials for histopatho-
logical exam as its premise. After that, the tissue 
pellets are processed conventionally step by step 
including pathologic or microbiologic exams, and 
the target specimen flow direction is optimized 
according to the results of ROSE interpretation, 
thus adjusting further process means.

1.4.1.2  Brushing
It is applicable to specimens brushed with ordi-
nary cell brush, protected specimen brush, or ultra-
fine cell brush, as well as semiliquid specimens 
including sputum, viscous body fluid, etc. After 
target site is drawn, the brush tip is pushed out, and 
the specimens are smeared on the one- third dyeing 
side of cytological slide, which should have a 
strong cell adhesion, forming a rectangle of about 
1 × 2 cm. Slides in other processes such as regular 
slides sent to pathology department and microbiol-
ogy laboratory should be still prepared according 
to the conventional methods.

1.4.1.3  Spraying
It is applicable for fine needle aspiration (FNA) 
and conventional transbronchial needle aspira-
tion (TBNA) with cytological needle such as 
SW-121, SW-122, SW-521, and SW-522 type of 

Wang’s needle and so on. After target site sam-
pled, the needle tip is pressed against the one- 
third dyeing side of cytological slide, which 
should have a strong cell adhesion. As air pres-
surizing at needle tail, the specimens are smeared 
roundly with a diameter of about 1  cm and a 
proper thickness without losing materials for his-
topathological exam as its premise. Slides in 
other processes such as regular slides sent to 
pathology department and microbiology labora-
tory should be still prepared according to conven-
tional methods.

1.4.1.4  Leaving
It is appropriate to endobronchial ultrasonogra-
phy (EBUS)-induced transbronchial needle aspi-
ration (TBNA), so called EBUS-TBNA.  After 
target site sampled, the needle tip is press against 
the one-third dyeing side of cytological slide, 
which should have a strong cell adhesion, and the 
tissue paste is pushed out with the inner needle. 
After most of the tissue specimens are taken 
away with filter paper hold by pointed tweezers, 
the cytological material will be left on the slide to 
become a ROSE film. Then the tissue paste sent 
to pathology department and microbiology labo-
ratory should be still prepared according to con-
ventional methods. Or, ROSE cytological slides 
in EBUS-TBNA can also be prepared using the 
aforementioned “Spraying” method.

1.4.2  Rapid Staining of ROSE 
Cytological Slides (Staining)

The World Health Organization (WHO) recom-
mends the use of Diff-Quik (DQ) staining liquor 
to rapidly stain ROSE cytological slides. DQ 
staining has been modified from Romanowsky 
stain technology, which has the similar interpret-
ing results to Wright’s staining. DQ staining 
liquor contains acid dye (eosin) and alkaline dye 
(methylene blue). DQ staining’s rationale is the 
constituents to be dyed have different affinities to 
staining liquor and show different colors for 
identifying the morphological characteristics. It 
consumes very short time (only about 30–70 s) 
for cytological slides to be stained after the target 

J. Feng et al.
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site is sampled. Thus, the interpreting process of 
ROSE forms a “real-time” feedback to interven-
tional procedure because of time-saving prepar-
ing and staining.

It is recommended to use “dip” staining rather 
than “drop” staining to improve quality and effi-
ciency. DQ A solution, DQ B solution, phosphate- 
buffered saline (PBS), and water are poured 
respectively in glass vials with lids. Individual 
ROSE slide is dipped in DQ A solution for 10–30 s 
and transferred to PBS vial washing DQ A solu-
tion. Then the slide is soaked in DQ B solution for 
20–40 s and washed in water tank. Finally, resid-
ual liquid is removed from slide with bibulous 
paper. Glass vials holding DQ A solution, DQ B 
solution, and PBS should be sealed after use 
because these solutions are volatilizable.

1.4.3  To Interpret ROSE Cytological 
Slides Promptly 
and Comprehensively

The stained ROSE slide should be delivered 
immediately to the assistant and interpreted real 
timely with specialized cytological microscope. 
Cytological interpreting impression is indispens-
able part of the information needed for analyzing 
disease status comprehensively. In practice, 
ROSE interpretation should be based on all the 
available knowledge and clinical information, 
which should include the following:

 1. Multidisciplinary knowledge about respira-
tory diseases, interventional pulmonology, 
pathology, clinical microbiology, infectious 
diseases, oncology, etc.

 2. Detailed medical history and physical 
examination.

 3. All the diagnosis and treatment process and 
development of the disease.

 4. Imaging manifestations, especially comparison 
of imaging data before and after treatment.

 5. Laboratory tests, comparison of laboratory 
data before and after treatment.

 6. Manifestations of endoscopic vision and 
physical properties of the specimens obtained 
during the interventional procedure.

 7. “Real-time” ROSE impression of the cytolog-
ical interpretation after target site is confirmed 
and sampled precisely.

1.5  ROSE Implications 
for Disease/Disease Status

In general, ROSE is significative and putative in 
the diagnosis and differential diagnosis of lung 
disease/disease status as listed below:

 1. Most common types of solid malignancies 
and histological typing of tumor.

 2. Tuberculosis and its different development 
stages.

 3. Sarcoidosis.
 4. Mycoplasma pneumonia.
 5. Viral pneumonia.
 6. Some kinds of mycotic pneumonia (such as 

aspergillus, cryptococcus, or candida).
 7. Organizing pneumonia or organizing status 

(i.e., organization) or fibrosis.
 8. Pyogenic infection.
 9. Necrotic infection or necrotic changes 

(necrosis).
 10. Some kinds of allergic diseases or allergic 

changes.
 11. Some kinds of rheumatic diseases, immune 

diseases (such as certain types of vasculitis), 
or immune changes.

 12. Others, such as post-chemotherapy immune 
reconstitution or related changes after lung 
transplantation.

1.6  Consensus and Controversy 
in Clinical Practice of ROSE

1.6.1  ROSE and Histopathology/
Laboratory Medicine Are 
Mutual Complementation, 
Rather than Mutual Repulsion

ROSE is a carrier of cytological information, and 
it is independent and interrelated among cytology, 
histopathology, and ecsomatics. ROSE will not 
compromise the status of histopathology or ecso-

1 Rapid On-Site Evaluation (ROSE) in Diagnostic Interventional Pulmonology: Introduction and Detailed…



6

matics in clinical diagnosis. On the contrary, high-
quality specimens can be obtained and delivered to 
the department of pathology and laboratory with 
the help of ROSE. Thus, the target specimen qual-
ity can be controlled, and the use of specimens can 
be optimized, when it will provide focus of atten-
tion to the auxiliary departments without delay. 
Similarly, the evaluation of ROSE cytological sig-
nificance should not depend absolutely on whether 
the histopathology/laboratory examination has 
“positive results” or not. Cytological interpretation 
of ROSE is based on its own analysis index. ROSE 
impressions should be considered as a key compo-
nent of diagnosis basis and integrated with all the 
available clinical information. It is not appropriate 
to excessively limit the flow of specimens accord-
ing to ROSE impressions unless ROSE diagnosis 
is definite or the specimen amount is insufficient 
and further sampling is impossible. It is recom-
mended to add nonstandard specimen inspection 
process not designed originally, such as special 
pathogen staining on tissue sections, according to 
ROSE results, thereby increasing the diagnostic 
efficiency.

1.6.2  Obtaining Target Lesion Is 
the Basis of ROSE 
Interpretation

The interpreting and comprehensive analyzing of 
ROSE should not be carried out until the speci-
men is obtained precisely from target lesions. 
Otherwise, the ROSE interpretation is worthless 
or even misleading clinical decision. If target 
lesion is not obtained, interventional modes and 
modalities should be modified to attempt repeat-
edly with the help of ROSE.

1.6.3  ROSE Is Not Exactly “Observe 
the Pathogenic 
Microorganism Itself”

In some kinds of mycotic pneumonia pathogens 
(such as aspergillus, cryptococcus, or candida), 
ROSE can interpret the pathogen directly accord-

ing to microbial morphology. In case of other 
infectious diseases like tuberculosis, interpreting 
ROSE should be based more on cytological back-
ground integrated with available clinical infor-
mation. ROSE is not only a “real-time” state 
analysis of illnesses but also an auxiliary before-
hand anticipation for progression of disease.

1.6.4  It Is Still Controversial 
Whether ROSE Can Increase 
the Yield Rate of Diagnostic 
Interventional Pulmonology

In the 1980s, emergence of ROSE was aimed at 
improving the yield rate of diagnostic interven-
tional pulmonology [1, 2]. As a carrier of cytologi-
cal information, ROSE clinical value is continuously 
explored, and it is utilized further with the develop-
ment of biotechnology. In recent years, there have 
been researches to question ROSE’s “original 
intention” in improving diagnostic yield rate.

The controversy is mainly reflected in TBNA 
for lymph nodes, regardless of conventional 
lymph node TBNA or EBUS-lymph node 
TBNA.  In cases of conventional lymph node 
TBNA, some researchers argue that ROSE can 
improve the positive rate [13, 14], while others 
thought that it cannot [5]. Similar arguments have 
been put forward for EBUS-lymph node 
TBNA. Some argue ROSE’s positive value [15–
17], especially for lymph node malignancy geno-
typing [18] or benign diseases [19], when others 
deem there is no difference [20–22]. However, 
from the perspective of reducing complications 
and improving the “exact diagnosis” efficiency, 
using ROSE is not only recommended in conven-
tional lymph node TBNA [5] but also suggested 
in EBUS-lymph node TBNA [3], which was 
demonstrated by a large multicenter study.

In other diagnostic interventional procedures 
in applications of “high-tech equipment” except 
of lymph node TBNA, such as pulmonary periph-
eral lesion TBNA [23], positioning biopsy with 
peripheral lung radial EBUS (R-EBUS) [24, 25], 
peripheral lung precise bronchoscopic brushings 
[26], and positioning biopsy with peripheral pul-

J. Feng et al.
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monary EMN [27–29], ROSE is proven to 
increase the positive rate of diagnostic interven-
tional procedures in majority of current studies. 
More prospective randomized controlled studies 
are warranted for further conclusions.

1.6.5  Applying ROSE May Benefit 
More to the Following 
Interventional Procedures

 1. Procedures applying “high-tech equipment” 
such as EMN and R-EBUS.

 2. Target lesions difficult to sample, such as 
lesions that cannot directly be viewed through 
endoscope, very small target lesions, or 
lesions difficult to access.

 3. Procedures with high risk of complications, to 
minimize the sampled material and stop where 
it should stop.

 4. Short of sampled material may optimize the 
use of specimens with the help of ROSE pre-
liminary impression.

 5. Diagnosis and treatment that should be completed 
at the same time, such as EMN positioning ther-
mal ablation for pulmonary peripheral nodules.

 6. Urgent target lesion assessment for critical 
respiratory diseases requires timely differen-
tial diagnosis and treatment plan.

 7. To narrow the spectrum of differential diagno-
sis or analyze patients’ disease status and 
prognosis in combination with all available 
clinical and cytological information.

 8. “Exact diagnosis” or “immediate diagnosis” 
must be made in a single procedure or the 
obvious existence of psychological and objec-
tive pressure.

 9. Operation demo, academic exchange, techni-
cal training, or clinical teaching.

1.6.6  Who Will Interpret ROSE 
Slides?

ROSE should be completed under the predomi-
nance of a clinical (interventional) physician, and 
so is a comprehensive evaluating process rather 

than just a histopathology/laboratory process. 
Staffs involved in ROSE interpretation should be 
cytopathologists, cytopathological technicians, 
laboratorians and trained clinical/interventional 
physicians, nurses, common technicians, interns, 
etc. [30]. If ROSE report is needed for medical 
records or charges, it can be issued by a qualified 
cytopathology physician or laboratorian.
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Anatomic Distribution 
and Morphology of Common 
Tracheal/Bronchial/Pulmonary Cells

Jing Feng, Pei Li, Xin Li, and Hongmei Zhou

2.1  Native Tracheal/Bronchial/
Pulmonary Cells

2.1.1  Cell Components of Proximal 
Airways

Ciliary columnar epithelial cells (ciliated cells); 
goblet cells; brush cells; basal cells; neuroendo-
crine cells.

2.1.2  Cell Components of Terminal 
Airways (Bronchioli)

These include ciliary columnar epithelial cells 
(ciliated cells) and glabrous cells.

Glabrous cells: Glabrous cells are mainly 
Clara cells; others are bronchiolar neuroendo-
crine cells (labeled as K, very few) and various 
types of bronchiolo-epithelial cells (e.g., occa-
sional distal airway basal cells); these cells can 
be collectively referred to as distal/terminal bron-
chiolar epithelial cells, or distal airway epithelial 
cells, or Feng’s cells, labeled as F.

2.1.3  Cell Components of Gas 
Exchange Areas

Type II pneumocytes; Type I pneumocytes.

2.1.4  Other Native Cell Components

Fibroblasts and fibrocytes; glandular cells; myo-
cytes; basement (membrane) cells of blood vessel 
(difficult to differentiate from airway basal cells); 
others.

2.2  Common Nonnative 
Tracheal/Bronchial/
Pulmonary Cells

Erythrocytes; neutrophils; eosinophils; basophils; 
lymphocytes; monocytes; macrophages; histiocytes; 
epithelioid cells; multinuclear giant cells; others.

Morphology of Common Tracheal/Bronchial/
Pulmonary Cells (DQ Staining).
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2.3  Native Tracheal/Bronchial/
Pulmonary Cell Morphology

2.3.1  Cell Morphology of Proximal 
Airways

Ciliary columnar epithelial cells (ciliated cells): 
The cells are roughly cylindrical, with the nucleus 
located in the middle. The end of the cell body is 
gradually tapered, the other end has a flat termi-
nal bar, and the terminal bar is attached by pink- 
stained cilia.

Goblet cells: The cells are polar, the long axis 
of the nucleus is perpendicular to the long axis of 
the cell, the nucleus is located at one side which 
is narrow relatively, and the top of the other side 
expands, mostly empty vacuoles in cytoplasm, 
like a stemmed goblet.

Brush cells: Cells are roughly cylindrical and 
the nucleus is located in the middle. The cell body 
at one end is tapered, the other end has a flat ter-
minal bar, and the terminal bar is lined with well-
arranged microvilli. Another type of brush cells 
are hairless small fusiform (i.e., tapering at both 
ends) epithelial cells embedded in pseudostrati-
fied ciliated columnar epithelial structure.

Basal cells (reserve cells): The cells are small 
in size; the nucleus is similar in size to erythro-
cytes, conical or cuboidal in shape, and progres-
sively smaller in nuclear-to-plasma ratio from 
deep to superficial; and cytoplasm is gradually 
increasing and eosinophilic, but nucleoplasm 
ratio is larger as a whole. These cells form a 
structure, appearing as a sheet. They are multidi-
rectional stem cells and can differentiate and 
supplement other types of epithelial cells.

Neuroendocrine cells: The cells are rare and 
cylindrical or cubic, cytoplasm is abundant, and the 
overall nuclear-to-plasma ratio is small. Thick neu-
rosecretory granules can be seen in the cytoplasm.

2.3.2  Cell Morphology of Terminal 
Airways (Bronchioli)

Clara cells: The nucleus size is about 1.2–1.5 
times larger than that of erythrocyte; nucleus size 
of these cells is further increased under disease 

conditions, but the overall nuclear-to-plasma 
ratio and morphology still suggest nonmalignant 
cells. The nuclear chromatin is delicate, overall 
lightly stained, and occasionally deeply stained 
under disease conditions.

The chromatin is slightly thick; the cell mem-
brane is thin, incomplete, or even invisible, and 
there is a clear cytoplasm, but not much, which is 
grayish blue or gray in color; the nucleus located 
in the cytoplasm without cell membrane is an 
important feature of the cell, and there is no 
polarity; there are also Clara cells without cyto-
plasm, and they must be differentiated from reac-
tive lymphocytes.

2.3.3  Cell Morphology of Gas 
Exchange Areas

Type II pneumocytes: Nuclear-to-plasma ratio is 
relatively small; nuclear is circular or quasi- 
circular; cytoplasmic staining is deeper compared 
with lung macrophages and histiocytes; and vac-
uoles are in the cytoplasm, but have no phagocy-
tosis like macrophages.

Type I pneumocytes: These cells can be seen 
only in the destruction of large amounts of lung 
tissue; the nucleus is oval-shaped with thin 
cytomembrane.

2.3.4  Other Native Cell Morphology

Fibroblasts and fibrocytes: Fibroblasts are large 
and round, abundant in cytoplasm, darkly stained, 
cyanophilic, with larger nuclei, and often more 
than 2 times the diameter of erythrocytes; nuclear 
membrane is thick and cyanophilic and also has 
deep staining; the nuclei and the whole size of 
fibrocytes are smaller than those of the fibro-
blasts. Fibrocytes are elongated or  spindle- shaped, 
often appearing in an aggregated manner and 
arranged in series.

Glandular cells: These cells are often sheet 
structure arranged, with abundant cytoplasm and 
vacuoles, lightly stained, and neutrophile; nuclear-
to-plasma ratio is relatively small; and most of the 
eosinophilic nuclei are eccentric.

J. Feng et al.
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2.4  Common Nonnative 
Tracheal/Bronchial/
Pulmonary Cell Morphology

Erythrocytes: Erythrocytes have a diameter of 
6–9 μm and average 7.2 μm and are light red or gray 
in DQ staining and often used as a cell size ruler.

Neutrophils: Neutrophils have a diameter of 
10–12 μm; cytoplasm in the DQ staining is color-
less, the nuclei are darkly stained like curved rods 
(horseshoes) or lobulated, and the lobulated 
nuclei have usually 2–5 leaves, which are con-
nected by filaments.

In the transbronchial lung biopsy (TBLB), neu-
trophils are in a very low magnitude; when there 
are no obvious infection and bleeding, it is 
extremely difficult to see neutrophils; generally, 
when obvious distribution of neutrophils is seen, 
you can confirm that the relevant infection exists; 
when the density of neutrophils is relatively high, 
it can be confirmed that the relevant infection 
exists and is severe; it should be noted that the den-
sity of neutrophil distribution in the mucus/secre-
tory substance is relatively high, so it must be 
considered comprehensively when making the 
interpretation.

In the activated phase, neutrophils are mainly 
composed of rod-shaped nuclei and two-lobule 
nuclei. The cytomembrane is relatively intact, 
and the cytoplasm is plump, showing “poisoning 
changes”; in the necrosis phase, the neutrophils 
are mainly composed of 3–5 nuclei and have 
often no membrane and no cytoplasm, showing 
neutrophil “debris and fragmentation.”

In most cases of bacterial infections, “neutro-
phil phagocytosis of bacteria” is visible, which is 
of further significance for the interpretation of 
infections; according to cytology pertinent the-
ory, neutrophils seldom phagocytize “colonized 
bacteria” but tend to phagocytize “pathogenic 
bacteria.” Neutrophils are found in bacterial and 
fungal infections, that is, suppurative infections, 
partial rheumatism, and destructive damages to 
some lung lesions.

Eosinophils: Eosinophils have a diameter of 
13–15 μm, their nuclear shape is similar to neu-
trophil, and they can have 2–3 leaves, generally 
two leaves like glasses, and are dark purple 

stained; cytoplasm may have splintery eosino-
philic particles; eosinophilic cytoplasm is pale 
red; eosinophils are easy to crumble, and particles 
can be distributed around the cells; when a large 
number of eosinophils disintegrate, diamond- 
shaped “Charcot-Leyden” crystals can be formed; 
and eosinophils are seen in tuberculosis, parasitic 
diseases, tumors, allergies, etc.

Basophils: They are 10–14  μm in diameter 
and round, and their cytoplasm contains coarse, 
different-sized, unevenly distributed, and blue- 
violet- dyed basophilic granules; granules cover 
the nuclei, so nuclei of the basophils are often 
unclear, though their shape looks like the nuclei 
of the neutrophils with 2–3 leaves, usually 2 
leaves; and increased basophils can also be seen 
in allergic diseases.

Lymphocytes: Lymphocytes are classified into 
three types, large (11–18 μm), medium (7–11 μm), 
and small (4–7  μm), according to diameter; 
medium and small lymphocytes can be seen in 
TBLB; large lymphocytes can be seen at the time 
of transbronchial needle aspiration (TBNA); and 
in TBLB, the nuclear-to-plasma ratio of lympho-
cytes is more and the cytoplasm is less. In the 
mature and stable lymphocytes, nuclei are of 
round type, with more chromatin and deeper 
staining, and the cytoplasm is blue.

The nuclei of reactive lymphocytes, often 
appearing in TBLB, are larger; the chromatin is 
even and loose, and the staining is more light than 
that in mature and stable lymphocytes; the cyto-
plasm is very little or no cytoplasm. In TBNA, the 
large lymphocytes are round, and the cytoplasm is 
more and light blue; nuclei types are round and 
can have notch; nuclear chromatin is concen-
trated, and nucleoli remnants are visible. The 
small lymphocytes are circular or  quasi- circular 
and pale blue and have little or no cytoplasm and 
no particles; the nuclei are round, with visible 
notches and pits; nuclear chromatin clumps, pur-
ple, and no nucleoli.

Plasmocytes: These cells, also known as effec-
tor B lymphocytes, are derived from the B lym-
phocytes by the stimulation of CD4+ lymphocytes, 
so they are consistent with the morphology of 
some B lymphocytes; plasmocyte diameter is 
10–20  μm; nucleus is located on one side, and 
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double nuclei are seen occasionally; the chroma-
tin is thick and dense, and it is dyed into uneven 
lilac; there is often a half-moon lightly stained 
area near the nucleus, and there may be vacuoles 
in the cytoplasm.

Plentiful of lymphocytes are likely to represent 
the acute phase of the lesion, seen in various types 
of inflammatory reactions, viral infections, tuber-
culosis (especially obvious), some rheumatism, 
some allergic reactions, and immune responses 
such as graft versus host. When plasmocytes 
appear, it is suggested that a chronic phase begins 
(but does not negate the acute phase).

2.4.1  Mononuclear Cell-Derived 
Non-epithelial Cells

2.4.1.1  Monocyte-Macrophage
Monocytes have a diameter of 12–20 μm and are 
round or irregular in shape; occasionally, pseudo-
podia are visible; nucleus morphology is irregu-
lar and can be kidney-shaped, horseshoe-shaped, 
and lobulated, often accompanied by notches, 
pittings, and obvious twisting and folding. The 
nuclear chromatin is more delicate, loose and 
silky, or cord-like; generally, there is no nucleo-
lus; cytoplasm is more and grayish blue or pink 
in color; fine purple-red particles are seen in the 
cytoplasm; once the monocytes migrate into the 
lungs, they become pulmonary macrophages; 
therefore, the lung is dominated by its macro-
phage subtype, and typical monocytes are rare.

Pulmonary macrophages differentiate from 
monocytes and are widely distributed in the stroma, 
with more in airways and alveolar septa below the 
bronchioles; some migrate to the alveoli, so are 
called alveolar macrophages; macrophages are 
9–40 μm in diameter, their nuclei are circular or 
quasi-circular, and they are rich in cytoplasm and 
characterized by phagocytosis or being foamy. 
Early-phase lung macrophages are relatively small, 
with less cytoplasm and phagocytosis.

Histiocytes: These cells are differentiated from 
monocytes or transformed from alveolar macro-
phages (also monocyte origin) after phagocytosis 
for pathogens (such as tubercle bacillus); cells are 
of different sizes, generally more than 7 μm, and 

round, oval, or irregular in shape; cytoplasm is 
abundant and lightly stained, with thin or even 
incomplete cell membrane, and can undergo 
“cytoplasm-shedding” to form naked nuclei; 
nuclei contain fine vacuoles and show irregular 
round, oval, long, or kidney shapes, often sidely 
located; sometimes nucleoli are visible.

Epithelioid cells: Their morphology is similar 
to epithelial cells, so it is called. Epithelioid cells 
are the main cellular components of granuloma; 
they can be directly differentiated from mono-
cytes or from histiocytes or pulmonary macro-
phages (all of which are monocyte in origin) after 
phagocytosis and digestion of pathogens (such as 
the tubercle bacilli containing waxy membrane); 
they are fusiform or polygonal, rich in cytoplasm, 
and lightly stained and have thin or even incom-
plete cell membrane; a considerable part of epi-
thelioid cells can be “cytoplasm-shedding” to 
form naked nuclei; nuclei have fine vacuoles and 
are kidney-shaped, crescent-shaped, shoe-like, 
narrow rod-shaped, or cucumber-shaped, with 
both ends blunt round.

Lots of histiocytes suggest a chronic phase 
and the appearance of hyperplasia and reparation 
(but not negate acute phase).

It can be considered that monocyte- macrophage, 
histiocyte, and epithelioid cell are different stages 
of the differentiation and evolution of the same 
monocyte cell line; during this evolution, the 
cells gradually become irregular; the cytoplasm 
gradually increases; the cytomembrane gradually 
becomes thin and gradually undergoes “cyto-
plasm-shedding” to form naked nuclei; the nuclei 
gradually change from a round shape into an 
irregular shape and then become a kidney shape, 
a long shape, and a cucumber shape, which are 
growing longer and longer. These cells can array 
circularly together with lymphocytes to become 
multinucleated giant cells or become granuloma 
directly with more of these cells.

The multinucleated giant cells: More than 
three or even up to hundreds of epithelioid cells 
protrude out of cytoplasm, and then the cell bod-
ies approach each other. Finally, the fusion of 
cytoplasmic protrusion causes the epithelioid 
cells to align circularly with lymphocytes and 
fuse together to form the multinucleated giant 
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cells, so the giant cells are abundant in cytoplasm; 
the nuclei of epithelioid cells scatter in the cyto-
plasm of giant cells; multinucleated giant cells in 
tuberculosis are also called Langhans giant cells.

Mastocytes: Basophils are called mastocytes 
when they are in connective tissue or in mucosal 
epithelium. So their structure and functions are 
similar to those of basophils. Like blood baso-
phils, they have basophilic granules. In DQ stain-
ing, they are characterized by the presence of 
toluidine blue-positive rose-red particles in the 
cytoplasm.

2.5  The Labeling of Cell Types 
and Cell States in this Book

In this book, we use two letters, in which the ini-
tial one is capitalized, of the cell name as the 
abbreviation of the cell type for legend, and use 
the italic form of the two letters, also in which the 
initial one is capitalized, as the abbreviation of 
the cell state for legend.

• Ciliated cell, labeled as Ci.
• Glabrous cells: Glabrous cells are mainly 

Clara cells; others are bronchiolar neuroendo-
crine cells (labeled as K, very few) and various 
types of bronchiolo-epithelial cells (e.g., occa-
sional distal airway basal cells); these cells can 
be collectively referred to as distal/terminal 
bronchiolar epithelial cells, or distal airway 
epithelial cells, or Feng’s cells, labeled as F.

• Goblet cell, labeled as Go.
• Brush cell (including the glabrous spindle epi-

thelial cell), labeled as Br.
• Basal cell (also known as reserve cell), 

labeled as Ba.
• Neuroendocrine cell (also known as small 

granulosa cell), labeled as K.
• Type II alveolar epithelial cells (Type II pneu-

mocytes), labeled as Al2.

• Type I alveolar epithelial cells (Type I pneu-
mocytes), labeled as Al1.

• Fibrocyte, labeled as Fi.
• Fibroblast, labeled as Fb.
• Glandular cell, labeled as Gl.
• Myocyte, labeled as My.
• Erythrocyte, labeled as Er.
• Neutrophil, labeled as Ne.
• Eosinophil, labeled as Eo.
• Basophil, labeled as Bp.
• Lymphocyte, labeled as Ly.
• Plasmocyte, labeled as Pl.
• Mononuclear-macrophage system.
• Migratory macrophage, or monocyte, collec-

tively known as mononuclear cell, labeled as 
Mo.

• Macrophage, labeled as Ma.
• Histiocyte, labeled as Hi.
• Epithelioid cell, labeled as Ei.
• Multinucleated giant cell, labeled as Gi.
• Mastocyte, labeled as Mc.
• Mucus, labeled as Mu.
• Mesothelial cell, labeled as Me.
• Gomphosis, labeled as Gp.
• Keratinization, labeled as Ke.
• Cytoplasm, labeled as Cp.
• Cell state (italic).
• Hyperplasia, labeled as Hy.
• Necrosis, labeled as Nr.
• Aggregate, labeled as Ag.
• Giant cell reaction (cytomegalic), labeled as 

Gc (Cm).
• Some external objects.
• Hypha, labeled as Hp.
• Septum, labeled as Se.
• Spore, labeled as Sp.
• Bifurcate, labeled as Bi.
• Inclusion body, labeled as Ib.
• Amorphous material, labeled as Am.
• Tumor cell, labeled as Tc.
• All the others not mentioned here need to be 

specially marked.

2 Anatomic Distribution and Morphology of Common Tracheal/Bronchial/Pulmonary Cells
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Clustering (Categorizing) Analysis 
in ROSE Interpretation of Common 
Nonneoplastic Disease States 
of Lung/Mediastinum

Jing Feng, Pei Chen, Wei Chen, and Yao Li

For nonneoplastic diseases, ROSE is often the 
“cytologic version” of histopathology, that is, the 
manifestation of the cell shedding of correspond-
ing tissue content, so the interpreter should have 
a deep understanding of the histopathology of 
corresponding diseases.

It should be noted that ROSE clustering (cat-
egorizing) analysis is the most common method 
we use in ROSE interpretation. This method is 
used throughout this book.

In general, nonneoplastic disease states of the 
lung/mediastinum can be classified into the fol-
lowing categories in ROSE interpretation (the 
detailed classification (clusters) of clustering 
analysis). Some of these categories can be classi-
fied as mild, moderate, and severe according to 
the specific situations.

3.1  Poorly Prepared ROSE Slides 
May Result in Meaningless 
Interpretations

At this point, the interpreter can be prompted to 
suggest that a bad slide preparation is got, so as to 
make corresponding corrections in subsequent 
process.

3.2  “Inflammatory Changes”

The “inflammatory changes” are lacking in 
specificity, and there are differences in the 
degree.

The cells of tissue specimen drawn from tar-
get anatomic site/lesion (especially airway epi-
thelial cells) are found to have hyperplasia, 
degeneration, necrosis, and denaturation; occa-
sionally, a small number of inflammatory cells, 
such as scattered neutrophils, reactive lympho-
cytes or plasma cells, and excessive alveolar 
macrophages, are seen.

3.3  Approximately Normal/Mild 
Non-specific Inflammatory 
Response

Scattered clear macrophages/clear macro-
phages are abundant, with mild “inflammatory 
changes.”
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3.4  Suppurative Infections (with 
or without Visible 
Pathogens)

A variety of inflammatory cells mainly neutrophils, 
including lots of reactive lymphocytes and macro-
phages, are seen. Necrosis is obvious. Epithelial 
cell proliferation, degeneration, necrosis, and dena-
turation are visible.

3.5  May Conform to Viral 
Infections; May Conform 
to Mycoplasma Infections

In viral pneumonia, a variety of inflammatory cells 
mainly reactive lymphocytes, including scattered 
neutrophils and macrophages, and varying degrees 
of “inflammatory changes” are presented; type II 
pneumocyte hyperplasia is obvious. It may have 
“cytomegaly and karyomegaly,” viral inclusions, 
“ciliocytophthoria,” and some other features.

In mycoplasma pneumonia, a variety of inflam-
matory cells mainly mononuclear cells (early migra-
tory macrophages), including scattered neutrophils, 
are presented. “Inflammatory changes” are obvious.

3.6  Granulomatous 
Inflammation

In inflammation phase, the key feature of “epitheli-
oid cell subpopulation among reactive lymphocytes” 
is presented; namely, histocytes and/or epithelioid 
cells are among lots of reactive lymphocytes.

In proliferation phase, many inflammatory 
cells mainly composed of histocytes and/or epi-
thelioid cells are found; multinucleated giant 
cells are visible.

3.7  May Conform 
to Organization

Organization is found secondary to infection or 
immune reasons. Abundant foamy macrophages 
aggregate, and scattered reactive lymphocytes 
and fibroblasts, with or without basophilic necro-
sis, can be seen.

3.8  May Conform to Fibrosis 
(Fibroblast Dominant/
Fibrocyte Dominant)

There are abundant fibroblasts and some of them 
have evolved to fibrocytes.

3.9  Lymphocyte-Based Immune 
Inflammatory Response

Abundant reactive lymphocytes are presented, 
and there are varying degrees of “inflammatory 
changes.”

3.10  Eosinophil-Based Immune 
Inflammatory Response

Abundant eosinophils are presented, and there 
are varying degrees of “inflammatory changes.”

3.11  Proliferative/Reparative 
Inflammatory Response

Histocytes are dominating, and occasionally mul-
tinucleated giant cells and atypical granulomas 
are seen, with or without different numbers of 
reactive lymphocytes and plasma cells; varying 
degrees of “inflammatory changes” may be seen.

3.12  There Are Visible Pathogens, 
Characteristic Manifestations, 
or Foreign Objects

It may have hyphae, spores, cysts, bacteria, para-
sites, and other visible pathogens in the back-
ground, and some pathogens may be associated 
with eosinophils.

3.13  Necrotic “Inflammatory 
Changes”

Necrosis is evident. Most cells break up and dis-
integrate in the mucus background, and it is dif-
ficult to classify and count these cells.

J. Feng et al.
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3.14  Inconclusive Interpretation 
May Be Reached or 
the Interpretation Is 
Inconsistent with Clinical 
Information

At this point, the interpreter may be prompted to 
suggest that an invalid specimen is got or suggest 
that the clinical value of this interventional pro-
cedure is insufficient, and further clinical evi-
dence should be sought.

3 Clustering (Categorizing) Analysis in ROSE Interpretation of Common Nonneoplastic Disease States…
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It should be noted that ROSE clustering (catego-
rizing) analysis is the most common method we 
use in ROSE interpretation. This method is used 
throughout this book.

Clustering (categorizing) analysis of ROSE 
characteristics in common infectious disease 
states of lung/mediastinum [the detailed classifi-
cation (clusters) of clustering analysis].

4.1  Tuberculosis (Five Subtypes)

The key ROSE features of this disease:

1. “Inflammatory changes”
The “inflammatory changes” are lacking in 
specificity, and there are differences in the 
degree.

The cells of tissue specimen drawn from 
target anatomic site/lesion (especially airway 
epithelial cells) are found to have hyperplasia, 
degeneration, necrosis, and denaturation; occa-
sionally, a small number of inflammatory cells, 
such as scattered neutrophils, reactive lympho-
cytes or plasma cells, and excessive alveolar 
macrophages, are seen.

2. Granulomatous inflammation
In inflammation phase, the key feature of “epi-
thelioid cell subpopulation among reactive lym-
phocytes” is presented; namely, histocytes and/
or epithelioid cells are among lots of reactive 
lymphocytes.

In proliferation phase, many inflammatory 
cells mainly composed of histocytes and/or epi-
thelioid cells are found; multinucleated giant 
cells are visible.

3. Lymphocyte-based immune inflammatory 
response
Abundant reactive lymphocytes are presented, 
and there are varying degrees of “inflammatory 
changes.”
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4. Necrotic “inflammatory changes”
Necrosis is evident. Most cells break up and dis-
integrate in the mucus background, and it is dif-
ficult to classify and count these cells.

4.1.1  Pulmonary Tuberculosis (Nine 
Cases)

4.1.2  Endobronchial Tuberculosis 
(Three Cases)

4.1.3  Miliary Pulmonary 
Tuberculosis (Two Cases)

4.1.4  Mediastinal Tuberculous 
Lymphadenitis (Two Cases)

4.1.5  Tuberculous Pleurisy (Two 
Cases)

4.2  Bacterial Pneumonia (Six 
Cases)

The key ROSE features of this disease:

1. “Inflammatory changes”
The “inflammatory changes” are lacking in 
specificity, and there are differences in the 
degree.

The cells of tissue specimen drawn from 
target anatomic site/lesion (especially airway 
epithelial cells) are found to have hyperplasia, 
degeneration, necrosis, and denaturation; occa-
sionally, a small number of inflammatory cells, 
such as scattered neutrophils, reactive lympho-
cytes or plasma cells, and excessive alveolar 
macrophages, are seen.

2. Suppurative infections (with or without 
visible pathogens)
A variety of inflammatory cells mainly neutro-
phils, including lots of reactive lymphocytes 
and macrophages, are seen. Necrosis is obvious. 
Epithelial cell proliferation, degeneration, necro-
sis, and denaturation are visible.

3. There are visible pathogens, characteristic 
manifestations, or foreign objects
It may have hyphae, spores, cysts, bacteria, par-
asites, and other visible pathogens in the back-
ground, and some pathogens may be associated 
with eosinophils.

4. Necrotic “inflammatory changes”
Necrosis is evident. Most cells break up  
and disintegrate in the mucus background,  
and it is difficult to classify and count these 
cells.

4.3  Viral Pneumonia (Two Cases)

The key ROSE features of this disease:

1. “Inflammatory changes”
The “inflammatory changes” are lacking in 
specificity, and there are differences in the 
degree.

The cells of tissue specimen drawn from 
target anatomic site/lesion (especially airway 
epithelial cells) are found to have hyperplasia, 
degeneration, necrosis, and denaturation; occa-
sionally, a small number of inflammatory cells, 
such as scattered neutrophils, reactive lympho-
cytes or plasma cells, and excessive alveolar 
macrophages, are seen.

2. May conform to viral infections
In viral pneumonia, a variety of inflammatory 
cells mainly reactive lymphocytes, including 
scattered neutrophils and macrophages, and 
varying degrees of “inflammatory changes” are 
presented; type II pneumocyte hyperplasia is 
obvious. It may have “cytomegaly and karyomeg-
aly,” viral inclusions, “ciliocytophthoria,” and 
some other features.

3. Lymphocyte-based immune inflammatory 
response
Abundant reactive lymphocytes are presented, 
and there are varying degrees of “inflammatory 
changes.”

J. Feng et al.
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4.4  Cytomegalovirus Pneumonia 
(Two Cases)

The key ROSE features of this disease:

1. “Inflammatory changes”
The “inflammatory changes” are lacking in 
specificity, and there are differences in the 
degree.

The cells of tissue specimen drawn from 
target anatomic site/lesion (especially airway 
epithelial cells) are found to have hyperplasia, 
degeneration, necrosis, and denaturation; occa-
sionally, a small number of inflammatory cells, 
such as scattered neutrophils, reactive lympho-
cytes or plasma cells, and excessive alveolar 
macrophages, are seen.

2. May conform to viral infections
In viral pneumonia, a variety of inflammatory 
cells mainly reactive lymphocytes, including 
scattered neutrophils and macrophages, and 
varying degrees of “inflammatory changes” are 
presented; type II pneumocyte hyperplasia is 
obvious. It may have “cytomegaly and karyomeg-
aly,” viral inclusions, “ciliocytophthoria,” and 
some other features.

3. Lymphocyte-based immune inflammatory 
response
Abundant reactive lymphocytes are presented, 
and there are varying degrees of “inflammatory 
changes.”

4.5  Mycoplasma Pneumonia 
(Three Cases)

The key ROSE features of this disease:

1. “Inflammatory changes”
The “inflammatory changes” are lacking in 
specificity, and there are differences in the 
degree.

The cells of tissue specimen drawn from 
target anatomic site/lesion (especially airway 
epithelial cells) are found to have hyperplasia, 
degeneration, necrosis, and denaturation; occa-

sionally, a small number of inflammatory cells, 
such as scattered neutrophils, reactive lympho-
cytes or plasma cells, and excessive alveolar 
macrophages, are seen.

2. May conform to mycoplasma infections
In mycoplasma pneumonia, a variety of inflam-
matory cells mainly mononuclear cells (early 
migratory macrophages), including scattered 
neutrophils, are presented. “Inflammatory 
changes” are obvious.

3. Necrotic “inflammatory changes”
Necrosis is evident. Most cells break up and dis-
integrate in the mucus background, and it is dif-
ficult to classify and count these cells.

4.6  Aspergillosis (Six Cases)

The key ROSE features of this disease:

1. “Inflammatory changes”
The “inflammatory changes” are lacking in 
specificity, and there are differences in the 
degree.

The cells of tissue specimen drawn from 
target anatomic site/lesion (especially airway 
epithelial cells) are found to have hyperplasia, 
degeneration, necrosis, and denaturation; occa-
sionally, a small number of inflammatory cells, 
such as scattered neutrophils, reactive lympho-
cytes or plasma cells, and excessive alveolar 
macrophages, are seen.

2. Suppurative infections (with or without 
visible pathogens)
A variety of inflammatory cells mainly neutro-
phils, including lots of reactive lymphocytes 
and macrophages, are seen. Necrosis is obvious. 
Epithelial cell proliferation, degeneration, necro-
sis, and denaturation are visible.

3. Eosinophil-based immune inflammatory 
response
Abundant eosinophils are presented, and 
there are varying degrees of “inflammatory 
changes.”

4 Interpretation of ROSE Characteristics of Common Infectious Disease States of Lung/Mediastinum


