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Staining with two observational methods for
the diagnosis of tuberculous meningitis
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Abstract. Ziehl-Neelsen (Z-N) staining of cerebrospinal fluid
(CSF) for acid-fast bacilli (AFB) is the cornerstone of the labo-
ratory diagnosis of tuberculous meningitis (TBM). However,
the sensitivity of conventional Z-N staining for the detection
of AFB in CSF specimens is suboptimal. The present study
aimed to compare the practicality of modified Z-N staining
with light microscopy and fluorescence microscopy in the
same smear without auramine O. A total of 155 patients with
223 CSF specimens were enrolled and grouped according to
the uniform case definition. The smears of each CSF specimen
were subjected to modified Z-N staining and then observed
using a light microscope under transmitted light and under
fluorescence with a green-excitation wavelength in the same
microscopic field. The results for different groups, inspection
times, and prior to and following treatment were compared.
Results indicated that the fuchsin-stained AFB were visible
as bright orange-red fluorescing rods under fluorescence,
or as red, lightly curved rods under transmitted light. The
sensitivity of fluorescence microscopy was 96.2% while that
of light microscopy was 84.6%. The positive rate of fluores-
cence microscopy was 79.2% prior to treatment compared
with 61.7% post-treatment. In the same microscopic field, a
greater number of AFB were observed using fluorescence
compared with transmitted light, and AFB that were not
visible under transmitted light were clearly observed under
fluorescence. Furthermore, transmitted light and fluorescence
could be interchanged directly when equivocal smears were
encountered. The combination of modified Z-N staining and
fluorescence microscopy without auramine O is sensitive and
convenient for the diagnosis of TBM.
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Introduction

Tuberculous meningitis (TBM) is the most lethal form of tuber-
culosis. A higher proportion of sufferers succumb to mortality
as a result of TBM compared with any other form of tubercu-
losis (1). Rapid diagnosis and early treatment should enable the
mortality to be reduced. The ideal tuberculosis screening test
should be cost-effective, robust and easy to perform, require
little infrastructure or reagents and provide results within
a short span of time (2). Of the current diagnostic methods,
smear microscopy remains the most convenient gold standard
for detecting acid-fast bacilli (AFB), especially in developing
countries (3). An international TBM workshop has reported
a definite diagnosis criteria for TBM, which is the detection
of AFB in the cerebrospinal fluid (CSF) (4). However, the
sensitivity of conventional Ziehl-Neelsen (Z-N) staining for
CSF speciments is rarely >60% (5-10). Modified Z-N staining
is advocated as a good technique with high sensitivity and
specificity (6). However, a mycobacterium is thin with an
approximate length of 1-4 ym, and the density of mycobacteria
in the CSF is low (11). Typically, =5 min is required for the
reading of a negative smear with light microscopy (12), and
further time is required to examine all the visual fields, which
increases the workload of the microscopist. Therefore, rapid
and simple diagnosis methods are urgently required for the
diagnosis of TBM.

In the present study, two observational methods were
employed for modified Z-N staining in the same smear. The
smears were firstly observed under transmitted light, and
then observed by fluorescence directly, without auramine O
or auramine-rhodamine. The aim of the present study was to
compare the practicality of the two observational methods and
provide a more effective method for the diagnosis of TBM.

Materials and methods

Subjects. Ethical approval for the present study was granted
by the Research Ethics Committees of the Second Hospital of
Hebei Medical University (Shijiazhuang, China), and written
informed consent was obtained from all patients or their direct
relatives. A total of 155 patients from the Second Hospital
of Hebei Medical University were enrolled in the study,
and 223 CSF specimens were collected from them between
March 2011 and March 2013. Among the enrolled patients,
99 patients with 167 specimens were clinically diagnosed
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with TBM according to the uniform case definition for use
in clinical research (4). A definitive diagnosis of TBM was
made if there was evidence of AFB in the CSF smear, culture
or on histological specimens from the brain or spinal cord.
According to the point-scoring system reported by a previous
study (4), a probable diagnosis was established if the total score
was >10 points and no imaging data was available for patients,
or >12 points if imaging was used. A possible diagnosis was
made on the basis of scores between 6 and 9 points without
imaging or between 6 and 11 points with imaging. Patients
were excluded if their diagnostic score was <6. The patients
were classified as definite, probable and possible TBM and
56 patients with 56 samples in which CSF was found to be the
pathogen served as negative controls. Meningeal carcinoma-
tosis was confirmed according to the detection of malignant
cells from the CSF. Cryptococcal meningitis was confirmed
according to the detection of Cryptococcus neoformans or
culture isolation of Cryprococcus neoformans from CSF. Viral
encephalitis was confirmed according to etiological diagnosis
(CSF had a positive antigen screening). Leukemia with central
nervous system involvement was confirmed by the detection
of leukemia cells in CSF. Purulent meningitis was identified
through the culturing of CSF and neurocysticercosis was diag-
nosed based upon clinical characteristics, imaging findings
and histological changes.

In order to analyze the changes of the positive rate of
modified Z-N staining over time, all patients were classified
into two stages according to the duration of symptoms prior to
admission to the Second Hospital of Hebei Medical University
(stage 1, <1 month prior to admission to the hospital; stage 2,
=1 month prior to admission to the hospital).

Modified Z-N staining and GeneXpert test. Standard
procedures were performed upon each of the CSF smears:
A poly-l-lysine-coated slide was used to collect the cells in
0.5 ml CSF specimen by centrifugation at 150 x g for 5 min,
followed by air drying and fixation with 4% paraformalde-
hyde (pH 7.4) for 10 min. The smears were then subjected
to Z-N staining subsequent to permeabilization with 0.3%
Triton X-100 (Fuzhou Maixin Biotechnology Development
Co., Ltd., Fuzhou, China) for 30 min. The smears were flooded
with carbol fuchsin solution (Shanghai Sangon Biological
Engineering Co., Ltd., Shanghai, China) for 20 min, then
rinsed with sterile water, decolorized twice with acid-alcohol
for 2 min, then rinsed with sterile water, counterstained with
methylene blue (Shanghai Sangon Biological Engineering Co.,
Ltd.) for 2 min, rinsed with sterile water and allowed to air dry.
The GeneXpert test was performed to detect TBM according
to the reported method (13).

Microscopic observation. The well-stained smears of each
CSF specimen were observed successively using an Olympus
BX-51 light microscope (Olympus Corporation, Tokyo,
Japan) under transmitted light (magnification, x1,000) and
under fluorescence with the green-excitation wavelength
(546-590 nm; magnification, x1,000). AFB were observed
as red, thin and slightly curved structures under transmitted
light. Fuchsin-stained AFB were also directly detectable
by green-excitation wavelength under a fluorescent micro-
scope, and orange-red emission could be observed without
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the use of a fluorescent dye, for example, auramine O or
auramine-rhodamine.

Recording and reporting of results. The results were reported
according to the Revised National Tuberculosis Control
Programme guidelines (14). All smears were read and clas-
sified as positive or negative by two types of observational
methods. A single acid-fast bacillus was considered as a cutoff
point for a positive result. For each smear, 100 fields were
examined by two experienced observers prior to declaring a
smear negative or positive.

Statistical analysis. SPSS statistical software (version 14.0;
SPSS, Inc., Chicago, IL, USA was employed for statistical
analysis. Subsequent to reading of the smears under transmitted
light and fluorescence, the results were compared through use
the two types of observational methods. The y? test was used
to compare the detection rate of the two methods. P<0.05 was
considered to indicate a statistically significant difference.

Results

Characteristics of patients. Twenty-seven definitive TBM
cases with 52 smears were identified, among which 15 CSF
samples tested positive by isolation of the organism from
culture, 19 CSF samples tested positive through the use of
conventional Z-N staining and 22 CSF samples tested positive
by GeneXpert. In addition, there were 22 probable TBM cases
with 39 smears and 50 possible TBM cases with 76 smears.
Among the 99 patients with definite, probable or possible
TBM, 68 patients were classified as stage 1, and the remaining
31 patients were classified as stage 2. In the 56 non-tuberculous
control cases, there were 17 cases of meningeal carcinoma-
tosis, 10 cases of purulent meningitis, 6 cases of cryptococcal
meningitis, 8 cases of leukemia with central nervous system
involvement, 4 cases of neurocysticercosis cases and 11 cases
of viral encephalitis.

Micrographs of AFB obtained with two observational
methods. The fuchsin-stained AFB revealed bright orange-red
fluorescing rods under fluorescence or red, lightly curved
rods under transmitted light (Fig. 1). The shapes of the AFB
were diverse and appeared thin and slightly curved prior to
treatment (Fig. 2A and B), however, they became shorter and
thicker following treatment (Fig. 2C and D). AFB were clearly
observed within the immune cells, including neutrophils,
monocytes and lymphocytes. Within the same microscopic
field, a greater number of AFB were observed using fluores-
cence compared with transmitted light, and AFB that were not
visible under transmitted light were detectable using fluores-
cence (Fig. 3).

Performance of fluorescence microscopy and light micros-
copy. A total of 52 CSF samples were identified by the gold
standard method, smear microscopy. The number of CSF
samples that tested positive under transmitted light was 44,
while 50 tested positive under fluorescence. Hence, the sensi-
tivity of fluorescence microscopy was 96.2%, whilst that of
light microscopy was 84.6% (P<0.05). In the negative control
group, 6 samples tested positive by fluorescence and light
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Figure 1. Micrographs of acid-fast bacilli obtained with fluorescence microscopy and transmitted light microscopy (modified Z-N staining). The fuchsin-stained
acid-fast bacilli revealed (A) bright orange-red fluorescing rods (shown by arrows) under fluorescence and (B) red, lightly curved rods (shown by arrows) under
transmitted light (magnification, x1,000). These rods were also visible (shown by arrows) by (C) fluorescence and (D) transmitted light microscopy at a lower
magnification (x800).

A

=

Figure 2. Comparison of the morphologic changes prior to and following treatment (modified Z-N staining; magnification, x1,000). The shapes of the acid-fast
bacilli were diverse and appeared thin and slightly curved prior to treatment, and are shown (A) under fluorescence and (B) under transmitted light. However,
the bacilli became shorter and thicker following treatment, as shown (C) under fluorescence and (D) under transmitted light.

microscopy, so the positive predictive value of fluorescence  microscopy were 89.3%. The negative predictive value of fluo-
microscopy was 89.3% and of light microscopy was 88.0%, rescence microscopy was 96.2% and of light microscopy was
and the specificities of fluorescence microscopy and light  86.2%. A comparison of fluorescence microscopy observations
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Figure 3. Acid-fast bacilli as observed by light microscopy and fluorescence microscopy in the same microscopic field (modified Z-N staining). At low mag-
nification (x800) acid-fast bacilli were (A) not detectable under transmitted light but (B) were detectable using fluorescence. At higher magnification (x1,000),
acid-fast bacilli (C) remained undetectable under transmitted light but (D) were detectable using fluorescence.

and light microscopy observations for the different groups are
summarized in Table I. When the results for either patients
or samples were analyzed, a statistically significant difference
(P<0.05) was identified in the positive rate of Z-N staining
between fluorescence microscopy and light microscopy. When
a sample analysis was conducted, the positive rate was 57.5%
with light microscopy observation and 73.1% with fluorescence
microscopy observation (P<0.05). When a patient analysis was
conducted, light microscopy observations indicated a posi-
tivity of 82.8%, whilst fluorescence microscopy observations
revealed a positivity of 90.9% (P<0.05).

Comparison of disease duration prior to hospitalization
and positive rate between the two observational methods.
The positive rate of samples at stage 1 was 86.8% (59/68) by
fluorescence microscopy observation, and 95.6% (65/68) by
fluorescence microscopy observation. At stage 2, the posi-
tive rate of fluorescence microscopy and light microscopy
observation was 77.4% (24/31) and 77.4% (24/31), respectively
(Table II). The positive rate between fluorescence microscopy
and light microscopy was significantly different at stage 1
(P<0.05). There was no statistically significant difference
between the two methods for the diagnosis of TBM at stage 2
(P>0.05). The positive rate of fluorescence microscopy obser-
vation between stages 1 and 2 was also significantly different
(P<0.05).

Comparison of positive rates of fluorescence microscopy
prior to and after treatment. Initial lumbar puncture CSF
was defined as the CSF prior to treatment, and the CSF of

the patients who received antituberculosis drugs and had
<10 white blood cells/ul were defined as CSF after treatment.
Of the 77 CSF specimens classified into the ‘prior to’ treat-
ment group, 61 tested positive. Of the 47 post-treatment CSF
specimens, 29 tested positive. The positive rate prior to treat-
ment was higher compared with that after treatment (P<0.05).

Discussion

The World Health Organization estimated that, in 2010, there
were 8.8 million new cases of tuberculosis of all forms globally,
and 1.45 million mortalities from the infection (14). Although
TBM represents ~1% of all cases of tuberculosis, ~50% of
those affected will become severely disabled or succumb to
mortality as a result of the disease (15). A diagnosis of TBM
can be made by various techniques, including clinical, immu-
nological and radiological methods, and the identification of
Mycobacterium tuberculosis in samples is the most accurate
and reliable method of diagnosis of tuberculosis (16). However,
the number of effective diagnostic techniques was limited
prior to the investigation of modified Z-N staining from China.
Shapiro and Hinscheid reported that M. tuberculosis stained
too faintly by fuchsin to be detectable under transmitted light
could successfully be detected by green-excited orange-red
fluorescence (17). Cryptosporidium parvum and Isospora belli
oocysts stained with fuchsin also fluoresce bright red under
green light (546 nm) (18). However, this study was not a
case-control study, and requires repetition using a larger sample
size. Based on this, the present group performed a compara-
tive study to examine the reliability of combined modified Z-N
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Table I. Evaluation of the two observational methods in each diagnostic group.

Positive results, n (%)

Analysis type Group N Fluorescence microscopy Light microscopy

Patients Definite 27 27 (100) 27 (100)
Probable 22 17 (77.3) 11 (50.0)
Possible 50 46 (92.0) 44 (88.0)
Control 56 6 (10.7) 6 (10.7)

Sample Definite 52 41 (78.8) 35 (67.3)
Probable 39 28 (71.8) 16 (41.0)
Possible 76 53 (69.7) 45 (59.2)
Control 56 6 (10.7) 6 (10.7)

Table II. Comparison of positive rates of tuberculous menin-
gitis diagnosis for the two observational methods according to
disease duration prior to hospitalization.

No. of samples

Disease duration Light Fluorescence
and diagnosis microscopy microscopy
<1 month
Positive 59 65
Negative 9 3
=1 month
Positive 24 24
Negative 7 7

staining and fluorescence microscopy observation for AFB. A
good positive rate was achieved with fluorescence microscopy
detection of Z-N-stained AFB. The sensitivity of fluorescence
microscopy observation was 96.2% and the specificity was
89.3%. The sensitivity of fluorescence microscopy observation
was 10% higher than that of light microscopy observation. The
results are consistent with the literature (19). We hypothesize
that the combination of modified Z-N staining and fluores-
cence microscopy without auramine O is superior to using
light microscopy alone.

It is generally accepted that fluorescence microscopy
has the advantages of increased sensitivity and reduced
workload (12,20-26). However, conventional fluorescence
microscopic observation of AFB requires the use of dyes
such as auramine-rhodamine or acridine, which are rela-
tively expensive and whose fluorescence is rapidly quenched.
Furthermore, they are toxic substances and carcinogenic.
The modified method presented in the current study involves
the use of fuchsin instead of auramine O and observed the
auto-fluorescence of fuchsin-stained AFB through a green
excitation filter (546-590 nm) under a fluorescence microscope.
The fluorescent contrast caused by fuchsin-stained AFB was
observed more readily compared with the red of AFB against
a blue background in light microscopy. Furthermore, the
background of stained slides under fluorescence is brighter

than under transmitted light, facilitating the focus on and
examination of smears with fewer bacilli for the laboratory
technician. The well-stained smears may be stored for an
extended duration prior to review. The examination time of
fluorescence microscopy observation was ~50% more rapid
compared with light microscopy examination, consolidating
upon the results reported by Xia et al (27). The fuchsin-stained
AFB exhibited a bright orange-red fluorescence, clustered or
diffused distribution and thin and slightly curved bacilli. It
was also observed that the AFB were markedly shorter and
thicker subsequent to antituberculosis treatment. It is reported
that bacteria are able to enter into a cell-less state known as
L-form conversion under certain conditions (28). L-forms
display a variety of morphological shapes, including bulbi-
form, rod-shaped bacteria and filamentous structures. The use
of isoniazide is a cause of AFB entering into L-form (29).

In the current study, the positive rate of AFB was higher
with fluorescence microscopy compared with light micros-
copy, irrespective of whether the results were analyzed
according to the number of samples or patients in each group.
The positive rate in the definite group was the highest. There
was no statistically significant difference between the prob-
able and possible groups. This suggested that the international
TBM diagnostic criteria may assist the optimization of the
diagnostic process of TBM. Once analysis of all patients was
complete, fluorescence microscopy observation indicated
90.9% positivity, whereas light microscopy observation
indicated 82.8% positivity. Furthermore, with the same micro-
scopic field, a greater number of AFB were detectable using
fluorescence compared with transmitted light, and more AFB
that were undetectable under transmitted light could be clearly
seen under fluorescence. Equivocal smears encountered with
fluorescence microscopy may then be observed under trans-
mitted light directly. Therefore, fluorescence microscopy may
help to focus bacilli and light microscopy may then assist in
distinguishing bacilli. This is likely to largely avoid false posi-
tive results. The combination of the modified Z-N staining and
fluorescence microscopy should greatly improve the diagnostic
value of CSF smears, particularly those with a low density
of bacilli that are likely to be missed by light microscopy
observation, and reduce the inconvenience to microscopists.
In countries with a high tuberculosis burden, fluorescence
microscopy was not previously widely used due to the expense
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involved in purchasing and maintaining fluorescence micros-
copy materials, which is far greater compared with that of
light microscopy. However, an evaluation in Thailand found
that the total cost of fluorescence microscopy operated in
the National Tuberculosis Reference Laboratory (NTRL) in
Bangkok, Thailand, was similar to that of light microscopy
performed in the NTRL and in four regional Thai laborato-
ries (30). Thus, fluorescence microscopy and light microscopy
should be used in combination to improve the detection rate.
The positive rate of AFB was higher when the analysis was
conducted on the basis of patient numbers than when analyzed
according to sample numbers in the same group, suggesting
that the sensitivity will increase if the number of specimens for
each patient is increased.

In the present study, the association between disease dura-
tion prior to hospitalization and the positive rate of the two
observational methods was observed. With the use of fluo-
rescence microscopy observation, a difference was observed
between stages 1 and 2, indicating the earlier the inspection,
the higher the positive rate. The positive rate was ~20% higher
at stage 1 compared with stage 2. At stage 1, 65 patients tested
positive with fluorescence microscopy observation while
59 patients were positive with light microscopy observation.
Thus, missed diagnosis as a result of numerous false negatives
was largely avoided by fluorescence microscopy observation.
Furthermore, we hypothesize that a higher proportion of
patients will be detected earlier using the modified observa-
tional method, compared with previous methods.

The positive rate of fluorescence microscopy was 72.2%
prior to treatment compared with a 61.7% post-treatment posi-
tive rate (P<0.05). This suggests that Z-N staining results may
be useful for predicting clinical effects. However, the present
study also observed that the post-treatment positive rate of
Z-N staining remained high. Thus, it may be speculated that
the bacteria may be dead but continue to exist in the CSF for a
long period of time. Furthermore, in a number of immunocom-
promised patients, the immune function cannot be activated
effectively, so removal of the bacteria is not possible. The
result of Z-N staining may remain positive even when there
are <10 white blood cells/ul in the CSF; for such patients, an
improvement of clinical manifestations was not evident.

Overall, there are a number of advantages of this modi-
fied technique. Firstly, the combination of the modified Z-N
staining and fluorescence microscopy is convenient and suffi-
ciently sensitive to examine samples for the presence of AFB
rapidly, especially for the detection of AFB in CSF. On this
basis, a greater number of AFB may be observed in a field
using fluorescence rather than transmitted light. The work
efficiency of the microscopist should be improved and the
workload reduced. Secondly, the microscopist may compare
the fluorescence and transmitted light images on the same
smears simultaneously, to clarify the AFB status. Finally,
Z-N dyeing followed by fluorescence microscopy observation
is utilized instead of auramine O or rhodamine, which will
reduce the waste in the laboratory and reduce the harm to
microscopists. Thus, this method may be easily carried out in
the general laboratory.

In the present study, 6 patients in the negative control
group tested positive, including 4 patients with meningeal
carcinomatosis, 1 patient with neurocysticercosis and 1 patient
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with viral encephalitis. Each of the 6 patients had a diagnostic
score of >6 according to the international TBM diagnostic
criteria, and one of the patients with meningeal carcinomatosis
was classified into the probable group. It remains uncertain
as to whether these were true- or false-positives. However,
there are reports concerning the coexistence of tuberculosis
and cancer (31,32) and the coexistence of tuberculosis and
viral encephalitis (33). Initially, for a patient with tubercu-
losis, a decline in cellular immune function creates favorable
conditions for tumorigenesis. Similarly, tumor cells are able
to produce immunosuppressive factors that may reduce
the body's immune function and increase the chances of
tuberculosis (34). Secondly, inflammation associated with
infection may contribute to carcinogenesis, and inflammation
has powerful effects on tumor development (32). Neutrophils
are the initial recruited effectors of the acute inflammatory
response. Reactive nitrogen and oxygen species released from
inflammatory cells are able to bind to DNA, inducing tumori-
genesis and metastasis (32). Thirdly, during tissue repair in
patients with pulmonary tuberculosis, there is increased cell
proliferation and angiogenesis, and the epithelium is increas-
ingly prone to metaplasia. Furthermore, there may be an
association between tuberculosis and cancer or tuberculosis
and viral encephalitis. However, whether the 6 patients in the
control group who tested positive actually had tuberculosis
was not determined. The clinicians did not further examine
the patients subsequent to the detection of malignant cells or
etiological diagnosis from the CSF.

In conclusion, the combination of modified Z-N staining
and fluorescence microscopy without auramine O is a reliable
alternative method for the diagnosis of tuberculous meningitis
and has many favorable attributes, and thus may be widely
used in countries with a high tuberculosis burden.
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