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A borderline-diabetic 63-year-old housewife, a human T-cell leukemia virus-1 carrier, complained of fever and coughing. Com-
puted tomography scan identified a 50 mm-sized, cavitated mass in the lower lobe of the right lung. To evaluate the nature 
of the lesion, cytological screening was performed. Giemsa-stained sputum cytology was quite effective for identifying myco-
bacteria as negative (unstained) bacillary images in the cytoplasm of many neutrophils and some macrophages. A re-staining 
technique clearly demonstrated acid-fastness of the ghosted rods. Microbial culture and real-time polymerase chain reaction 
analysis confirmed infection of Mycobacterium avium. It is necessary for us to employ Giemsa stain in sputum cytology, partic-
ularly when lung infection is clinically suspected.
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Highlights

• Giemsa-stained sputum cytopreparations demonstrated mycobacteria as a negative image.

• When lung infection is suspected, Giemsa stain should be performed in sputum cytology.

• Giemsa stain can significantly contribute to quick diagnosis of mycobacterial infection.
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Introduction

German doctors significantly contributed to the development of 
acid-fast stain for the diagnosis of tuberculosis [1-3]. In 1882, 
Robert Koch discovered Mycobacterium tuberculosis. Paul Ehrlich 
invented a special stain for M. tuberculosis, the alum hematoxy-
lin stain. In 1882, Franz Ziehl, a bacteriologist, modified Ehrlich’s 
method by employing carbolic acid (phenol) as a mordant. Frie-
drich Neelsen, a pathologist, further changed the primary reagent 
to carbol fuchsin in 1884. Ziehl and Neelsen’s modifications were 
thus established as a classical acid-fast stain. Joseph Kinyoun, an 
American surgeon, modified the Ziehl-Neelsen stain, in 1915, by 
removing the heating step from the procedure, named as Kinyoun 
stain. José Faraco in Brazil (1938) and George Fite in USA (1947) 
developed a meticulous modification, called Fite-Faraco stain, 
with increased mycobacterial detectability in paraffin sections by 
using a mixture of two parts xylene/one part vegetable oil for de-
paraffinization.

Cytological diagnosis of mycobacterial infection has conventional-
ly been made by recognizing epithelioid granulomas with caseous 
necrosis and by proving acid-fast bacilli with Ziehl-Neelsen’s stain. 
In 1989, Maygarden, et al. [4] first described “negative images” of 
mycobacteria in modified Wright (Diff-Quik)-stained cytology 
smears sampled from patients with acquired immunodeficiency 
syndrome. In 1990, Fisher, et al. [5] documented the same phe-
nomenon in Gram and Giemsa-stained cytological preparations. 
The usefulness of non-acid-fast stain such as Giemsa stain for de-
tecting mycobacteria in cytological preparations has been report-
ed repeatedly [6-11].

We report herein a female case of opportunistic Mycobacterium 
avium infection of the lung. The use of Giemsa stain for sputum 
cytology was quite effective for localizing mycobacteria in the cy-
toplasm of neutrophils and macrophages. A re-staining procedure 
confirmed acid-fastness of the “ghost” images of long rods.

Case Presentation

A 63-year-old housewife nonsmoker visited Tanaka Clinic, Kashi-
ma, Kumamoto, with complaints of coughing and fever lasting for 
one month. The leukocyte count in the peripheral blood was nor-

mal: 6,100/µL (reference value: 3,000–7,800/µL), without associa-
tion of abnormal cells. Serum C-reactive protein level was elevated 
to 2.96 mg/dL (reference value: <0.3 mg/dL). She had past history 
of hypertension, brain infarction and borderline diabetes mellitus. 
Neither immunosuppressive nor autoimmune disorders were re-
corded. Serum antibody against human immunodeficiency virus 
was negative, but the antibody against human T-cell leukemia 
virus-1 (HTLV-1) was positive (≥1:256). Computed tomography 
(CT) scan identified a single, 50 mm-sized cavitated subpleural 
mass in the S6 segment of the lower lobe of the right lung (Figure 
1). In addition to microbial culture and the real-time polymerase 
chain reaction (RT-PCR) test specific for Mycobacterium tubercu-
losis, sputum cytology specimens were evaluated for differential 
diagnosis, including lung cancer, lung abscess, mycotic infection, 
tuberculosis, and non-tuberculous mycobacterial infection.

Routine bacterial culture failed to demonstrate causative patho-
gens, and the RT-PCR test targeted to M. tuberculosis was nega-
tive. Acid-fast bacilli were not identified in the sputum smear ex-
amination. The sputum sample was sent to a cytology laboratory, 
Chuken Co. Kumamoto, Koshi, Kumamoto, Japan. In the cytology 
division of Chuken Co. Kumamoto, both wet ethanol-fixed Papa-

Figure 1: Chest CT scan: A thick walled cavitated lesion measuring 50 
mm is seen subpleurally in the S6 segment of the right lung.
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Figure 2: Papanicolaou-stained sputum cytology (right: a close-up 
view of the dotted square in the left panel): Clusters of epithelioid cells 
are identified in the inflammatory background with neutrophils (yellow 
arrowheads), lymphocytes (red arrowheads) and macrophages (green 
arrowheads).

Figure 3: Giemsa-stained sputum cytology (left) and the re-stained pic-
ture for Ziehl-Neelsen’s acid-fast reactivity (right).  Negatively stained 
bacterial ghosts are seen in the cytoplasm of neutrophils, and the same 
rods reveal distinct acid-fastness.

nicolaou stain and air-dried Giemsa stain are routinely performed 
for respiratory cytology practice, particularly when infectious eti-
ology is clinically suspected. In the Papanicolaou-stained sputum 
preparation, clusters of epithelioid cells with Langhans-type mul-
tinucleated giant cells were scattered (Figure 2) in the background 
of neutrophils, lymphocytes, and macrophages. In Giemsa-stained 
preparation, long bacilli were seen in the cytoplasm of neutrophils 
and macrophages as negatively stained ghost images (Figure 3, 
left). The ghosts were seen predominantly in the neutrophils. The 
negatively stained bacilli were refractile, when the aperture of the 

microscopic lens was stopped down. At this point, mycobacterial 
infection, including tuberculosis, was cytologically indicated, and 
immediately reported. After sloughing off the cover glass, the Gi-
emsa’s dyes were bleached in acid alcohol, and Ziehl-Neelsen’s se-
quence was re-stained on the same glass slide. The refractile bacilli 
clearly showed acid-fastness (Figure 3, right), definitely confirm-
ing the diagnosis of mycobacterial infection.

The patient was then transferred to Kumamoto Chuo Hospital, 
Kumamoto. Transbronchial lung biopsy indicated nonspecific 
chronic active inflammation rich in neutrophils. From the biop-
sied tissue, M. avium was identified by mycobacterial culture and 
the following analysis with Matrix Assisted Laser Desorption/Ion-
ization Time of Flight Mass Spectrometry (MALDI-TOF MS) by 
using MALDI Byotyper (Bruker Japan Daltonics division, Yoko-
hama). The RT-PCR test employing specific primer pairs COBAS 
TaqMan MAI targeted at 16S ribosomal RNA of M. avium and M. 
intracellulare (equipmemt: COBAS TaqMan 48, Roche Diagnos-
tics, Tokyo) further detected M. avium-specific DNA sequence. 
Chemotherapy with peroral daily administration of clarithromy-
cin (800 mg/day), rifampicin (450 mg/day) and ethambutol (750 
mg/day) was effective. Three months later, CT scan confirmed 
considerable involution of the cavitated lung lesion to 19 mm in 
size. The chemotherapy continued for a total of six months, and 
at present time, no abnormal shadow is observable on the chest 
X-ray film.

Discussion

Cavitated lung infection of M. avium occurred in a Japanese wom-
an, a healthy carrier of HTLV-1 living in Kumamoto, Kyushu is-
land, an endemic area of HTLV-1-related disorders. The mycobac-
terial infection was quickly diagnosed by Giemsa-stained sputum 
cytology, whereas acid-fast bacilli were not found in the sputum 
smear preparations. Papanicolaou-stained preparations demon-
strated epithelioid granulomas. The mycobacteria predominantly 
phagocytized by neutrophils were characteristically Giemsa-un-
stained: We believe the areas rich in neutrophils should be evalu-
ated for the negative images under the microscope. The re-staining 
trial beautifully showed acid-fastness of the long rods.

Acid-fast microorganisms (mycobacteria) contain large amounts 
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of lipid called mycolic acids in the cell wall [12]. This unique cell 
wall structure of mycobacteria renders them impermeable for dyes 
(azur-eosin-methylene blue) used in Giemsa stain, which is cat-
egorized in so-called Romanowsky stains [4,6,9]. The rods thus 
appear as negatively stained and refractile ghosts [4-11]. The neg-
atively stained images of mycobacteria should be a very helpful 
and valuable finding of notice for prompt cytological diagnosis of 
mycobacterial infection. Awareness of this unique feature prompts 
us cytologists and cytopathologists to detect mycobacteria in cy-
tology specimens. It is known that the same ghost phenomenon is 
also encountered in Gram-stained smears and hematoxylin and 
eosin stain [4,5,10,13,14].

In the present case, the ghost figures in the Giemsa-stained prepa-
ration were prominently observed in the cytoplasm of neutrophils. 
It is known that the granulomas seen in nontuberculous myco-
bacterial infection may be rich in neutrophilic reaction to form 
“suppurative granulomas” (featured by neutrophil-rich abscess 
surrounded by epithelioid cells) [15,16]. The predominance of the 
negatively stained rods in the cytoplasm of neutrophils may indi-
cate nontuberculous mycobacterial infection rather than tubercu-
losis, as was so in the current case.

We should emphasize the importance of the use of Giemsa stain, 
a rapid and cost-effective method, for sputum cytology evalua-
tions particularly in cases clinically suspected of lung infection. 
Of note is that mycobacteria can be visualized with non-acid-fast 
routine stain. In the cytology practice, Giemsa stain is far superior 
to Papanicolaou stain for identifying a variety of microbes, such as 
fungi, Nocardia and bacteria causing lung infections [17]. In the 
Giemsa-stained preparation, the types and amounts of inflamma-
tory cells are recognizable, and the monotonous growth pattern of 
pathogens can be confirmed. We strongly recommend that such 
a search is routinely introduced in the sputum cytology practice, 
particularly in cases lung infections are clinically suspected.
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