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Abstract Blinded rechecking is a method proposed for external quality assurance (EQA) of
auramine-stained acid-fast bacilli (AFB) smears using fluorescence microscopy (FM), however,
this procedure is not well developed and slides fading over time could compromise its imple-
mentation. Since bleaching of fluorescent molecules involves temperature-dependent chemical
reactions, it is likely that low temperatures could slow down this process. We stored auramine-
stained slides under different environmental conditions, including −20 ◦C, and examined them
over time. The slides stored in all the environments faded. At −20 ◦C, fading was not reduced
in relation to room temperature. Restaining and re-examining smears after five months showed
that the slides containing saliva and storage at −20 ◦C were associated with failure in AFB
reappearance. In conclusion, the practice of freezing slides until they are viewed should be
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discouraged as it has a negative effect on blinded rechecking by reducing reading concordance
after restaining. Specimen quality should be considered when interpreting FM-EQA results.
© 2016 Asociación Argentina de Microbioloǵıa. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Microscopía de fluorescencia con lámpara LED en el diagnóstico de tuberculosis:
decoloración y recoloración de extendidos para evaluación externa de calidad

Resumen La relectura usando microscopía fluorescente con lámpara LED es una metodología
propuesta para la evaluación externa de calidad (EEC) de los extendidos teñidos con auramina
empleados para detectar bacilos ácido-alcohol resistentes (BAAR), pero el procedimiento está
parcialmente desarrollado y la decoloración de los BAAR con el transcurso del tiempo puede
comprometer su implementación. La decoloración de moléculas fluorescentes involucra reac-
ciones químicas temperatura-dependientes, por lo que la reducción de la temperatura podría
enlentecerla. Guardamos extendidos coloreados en distintas condiciones, incluyendo a −20 ◦C,
y los examinamos a distintos tiempos. Las láminas guardadas en todos los ambientes se decolo-
raron; a −20 ◦C la decoloración fue más rápida que a temperatura ambiente. La recoloración
evidenció que en extendidos de saliva o conservados a −20 ◦C existía mayor probabilidad de
que los BAAR no reaparecieran. En conclusión, la conservación de extendidos en freezer debe
evitarse, ya que reduciría la concordancia de lectura luego de recolorear para la EEC. La calidad
de la muestra debe considerarse para interpretar la EEC.
© 2016 Asociación Argentina de Microbioloǵıa. Publicado por Elsevier España, S.L.U. Este es un
art́ıculo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/s/by-nc-nd/
4.0/).

In comparison with Ziehl Neelsen (ZN) microscopy, con-
ventional (mercury vapor lamp) fluorescence microscopy
(FM) using auramine O staining, can detect approximately
5---10 % more acid-fast bacilli (AFB) positive smears7; how-
ever, its use has been limited due to the requirement of
expensive mercury vapor lamps and dark room facilities.
The advent of light-emitting diode (LED) technology, which is
inexpensive and uses a long lifespan lamp, has led the World
Health Organization (2011) to recommend the use of LED-
FM as an alternative to ZN in a phased manner10. However,
appropriate rechecking procedures and External Quality
Assessment (EQA) policies for FM are not well developed.
The fading of stains is generally believed to occur much
faster with auramine O than with ZN stained slides, partic-
ularly after light exposure5. This phenomenon is attributed
to the photo-oxidation property of auramine O as a fluo-
rescent dye. Therefore, the restaining of slides seems to
be mandatory to avoid gross errors by controllers during
the rechecking process of FM, the most effective method of
proficiency testing of sputum smears examined for acid-fast
bacilli (AFB) in peripheral centers.

Photobleaching mechanisms of organic dyes, such as
auramine O, are complex and mostly unknown. All flu-
orescent organic molecules photobleach sooner or later
at room temperature (RT). Since photobleaching involves
temperature-dependent chemical reactions, it is likely that
low temperatures could considerably slow down the process,
and, possibly, because of this observation, freezing slides
until they are viewed by FM is a common practice. Neverthe-
less, to our knowledge, the auramine O fading effect under

this low temperature has not yet been proved. Further-
more, even when bleaching of auramine O-stained smears
has been studied in regard to the speed of fading under dif-
ferent environmental conditions of storage3, no study has
yet determined whether these maintenance conditions may
affect the reading of the stored slides after restaining. In this
work we evaluated the effect of different storage tempera-
tures, including −20 ◦C, on the fading of auramine O-stained
smears. Furthermore, the storage conditions and other pos-
sible interfering factors were taken into account in order to
evaluate the reading concordance of the stored smears after
restaining.

The present study was conducted as part of a multi-
center study developed to assess the feasibility of using
LED-FM in peripheral laboratories in Argentina. For the pur-
pose of this multicenter study, FM slides were examined
under Olympus CX31 microscopes with TK-LED illumination
(Tolket, Argentina), using 200× magnification for screening
and 400× magnification for confirming and quantifying bacil-
lary counts in the slides. Slides were prepared for staining
in duplicate using the hot ZN technique (0.3 % carbol fuchsin
and 0.1 % methylene blue) or with 0.1 % auramine O, coun-
terstained with 0.5 % potassium permanganate, for LED-FM.
Two lengths of 200× magnification were read before the
slides were declared negative. A subset of 296 diagnostic
sputum specimens slides, identically scored by two micro-
scopists on initial reading, was selected for storage under
a variety of conditions. Smears differed in specimen qual-
ity and bacillary content. The slides were allocated in closed
slide boxes to one of four storage environments, in darkness,
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Table 1 Influence of storage time on the fading rate of auramine O-stained slides

Follow-up time (in months) Slides remaining positivea

Numerous AFB (positive ++ and +++) Less numerous AFB (scanty and positive +)

Number % Number %

0 128 100.00 128 100.00
1 128 100.00 120 93.75
2 128 100.00 112 87.50
3 123 96.09 93 72.66
4 118 92.19 77 60.16
5 112 87.50 64 50.00

Linear Regression −0.03 −0.10
Slopeb (−0.02, −0.04) (−0.09, −0.12)

a Slides undergoing storage in different environments were combined.
b Intercept forced through 1.0. The values in parentheses represent 95 % confidence intervals.

as follows: (i) in freezer (−20 ◦C), (ii) in refrigerator (4 ◦C),
(iii) at RT (22 ◦C) and (iv) in an incubator at 30 ◦C. The sub-
sets of 74 slides stored in each of the 4 environments were
composed of 10 negative slides and 64 positive smears that
were selected in order to enrich the positive panel with 50 %
of low positive smears (scanty and positive (+)), as follows:
16 scanty, 16 positive (+), 20 positive (++) and 12 positive
(+++) slides. This high proportion of low positive smears was
included in an effort to target the slides that were most
at risk of being missed during the incubation period due
to the fading effect at different environments. AFB were
counted at the start of the trial and at monthly intervals
in a blinded manner. When no AFB could be identified any
longer by the microscopist, the slide was subjected to a sec-
ond controller, who was not blinded to the original result,
in order to confirm the maximum of positivity; furthermore,
when no bacillus was found in the first two lengths of 200×
magnification, two additional lengths were read by this sec-
ond controller until the slides were declared negative. Even
if AFB were not detected by this second controller, the slide
continued to be examined during the following month in
order to confirm its fading. Only those smears that stayed
negative after two consecutive months were considered to
have faded.

Table 1 shows the fading rate of fluorescent staining
slides with different grades of positivity, considering all
smears kept under all temperature conditions. As previously
reported3, the fading speed significantly differed between
the slides containing ‘‘numerous AFB’’ (positive ++ and +++)
and those containing ‘‘less numerous AFB’’ (scanty and pos-
itive +) as could be observed by the analysis of the linear
regression slope; the proportion of positive smears that
faded to negative was 10.40 %/month (CI --- 8.81; 12.02) in
weakly positive slides (scanty and positive +) whereas it
dropped only to 2.60 %/month (CI --- 1.61; 3.62) in smears
with a higher quantity of AFB (positive ++ and +++). By
month 3, almost 30 % of the ‘‘less numerous AFB’’ slides
were negative, whereas this proportion reached less than
5 % in those slides with numerous AFB. Another subsets of
slides (composed of 24 slides with 4 negative smears and
a similar proportion of smears having different grades of

positivity as previously described) were kept under the four
previously described environments until the third month,
when smears were examined for the first time; of 40 strong
positive slides, 38 (95 %) remained positive whereas this pro-
portion reached 72.50 %% (29/40) in those slides with ‘‘less
numerous AFB’’; these proportions did not significantly dif-
fer from those obtained with slides read at monthly intervals
(96.10 % and 72.66 % for ‘‘numerous AFB’’ and ‘‘less numer-
ous AFB’’ slides, respectively, p < 0.05) (Table 1). Moreover,
we found that weakly positive slides began to fade during
the first month of observation; however, according to Xia
et al.11 and Radhakrishnan et al.6, the proportion of fading
of fluorescence-stained smears reported by us with weakly
positive smears (10 %/month) was considerably lower than
that described by Minion et al.3, who found a fading speed
of about 25 %/month. This difference could be attributed
to the limitations of the device used by Minion et al.2,
who informed that the Lumin attachment was difficult to
focus and showed lower excitation light intensity than other
devices, which might limit the identification of those AFB
that were slowly losing their intensity over time.

Contrary to our thoughts, when considering all the slides
with ‘‘less numerous AFB’’ that originally read as posi-
tive (combined scanty and positive +), the fading at the
lowest temperature of −20 ◦C was even more rapid than
at RT. AFB kept at RT seemed to disappear significantly
more slowly than in all the other conditions, as could be
observed by analyzing the confidence intervals of the slopes
obtained after linearizing the fading rate of fluorescent
stained slides (Table 2). Two circumstances could accelerate
photobleaching: the first one is working at room tempera-
ture, as fading increases with temperature because more
reactions involved in the process become activated. The sec-
ond one is the water or water-like environment, because
in aqueous solutions, fluorophores are easily attacked by
small reactive molecules such as oxygen or water itself.13

This last phenomenon could explain why, contrary to our
expectations, at a low temperature of −20 ◦C, fading
was not reduced in relation to RT; water condensation
accumulated on the cold smears after removal from the
freezer could accelerate fading more than constant ambient
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Table 2 Fading of low positive slides (scanty and positive +) under different storage conditions

Follow-up time (in
months)

% of slides with less numerous AFB (scanty and positive +) remaining positive (number of slides)

Freezer
−20 ◦C (32)

Refrigerator
4 ◦C (32)

Room temperature
22 ◦C (32)

Tropical temperature
30 ◦C (32)

0 100 100 100 100
1 92 97 93 93
2 81 91 91 87
3 63 79 88 62
4 63 59 78 41
5 51 56 72 22

Linear Regression −0.10 −0.10 −0.06 −0.16
Slopea (−0.12, −0.08) (−0.12, −0.07) (−0.06, −0.05) (−0.20, −0.13)

a Intercept forced through 1.0. The values in parentheses represent 95 % confidence intervals.

humidity did. Nevertheless, the explanation is not clear as
this phenomenon could not explain the fact that the fading
effect could be observed even immediately after the first
defrost done after one or three months of storage.

As fading occurred with stored auramine O-stained
smears, restaining all the slides would be the only way to
maintain the efficiency of blinded rechecking. Therefore, in
order to mimic the procedure that would be followed for
blinded rechecking before the first control, we decided to
restain all the stored smears after five months of storage. FM
readings were done by the same microscopists in a blinded
manner. False negative (FN) results (positive at the initial
reading and negative after restaining) were subjected to a
second control reading, following the previously described
reading scheme, aiming for the maximum confirmation of
positive results. A result was defined as true-positive if it was
confirmed at rechecking and a false-negative was declared
only when the slide was positive in the original reading but
no AFB could be found after restaining. After the reread-
ing process, the slides were stained with 0.1 % methylene
blue for 1 min in order to assess the sputum quality micro-
scopically. Saliva was defined as any specimen containing

a predominance of squamous epithelial cells, without the
presence of mucus.

The concordance analysis after restaining showed that
326 of the 336 initially positive slides displayed results
consistent with the original reading. All the 10 slides that
resulted negative had low grade of positivity (scanty or pos-
itive +). The analysis of the factors associated with the
loss of visible AFB in this group of 168 low positive slides,
showed a significantly increased proportion of discordant
results in the saliva specimens, scanty smears and frozen
storage slides (Table 3). No statistically significant differ-
ence in the proportion of positive slides after restaining was
observed between the slides read at monthly intervals and
those examined at month 3. After controlling by confounders
by multivariate logistic regression, only the smears made
from saliva specimens and storage at −20 ◦C were negatively
associated with the concordant results after restaining, with
OR being 0.17 (0.04, 0.72), and 0.17 (0.04, 0.73) respec-
tively. Similarly, Van Deun and Portaels9 showed a loss of AFB
in ZN-restained smears made from liquefied sputum but no
such losses could be shown in smears made from fresh spu-
tum; they hypothesized that under this latter condition, AFB

Table 3 Univariate analysis of specimen quality, bacillary load, storage conditions and reading schemes associated with loss
of positivity after restaining 168 low positive slides

Characteristics Initial positive slides
n

Negative slides after restaining
n (%)

p (Fisher exact test)

Specimen quality
Saliva 26 5 (19.23)
Mucoid/mucopurulent 142 5 (3.25) <0.01
Storage condition
Freezer 42 6 (14.29)
Other storage conditions 126 4 (3.17) 0.02
AFB quantity
Scanty 78 8 (10.26)
Positive + 80 2 (2.50) 0.04
Reading scheme
Monthly 128 8 (6.25)
After month 3 40 2 (5.00) 1.00
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removal during the restained process might be prevented as
the bacilli were presumably safe in a matrix of mucoid mate-
rial. In the same way, water condensation accumulated on
the cold smears after removal from the freezer could affect
AFB fixation, predisposing the bacilli to be washed out of the
smears during restaining. Negative results may also occur
during cross checking of low grade of positivity since rare
AFB, even without fading, do not always reappear due to the
inherently less reproducibility involved in the examination
of low positive slides. Nevertheless, in the present work, in
order to reduce this variability during the rechecking pro-
cess, special efforts were made to confirm low positivity
slides by including a non-blinded second controller who, in
cases of apparent FN, extended the number of fields exam-
ined. Furthermore, even if this lack of reproducibility among
low positive score slides could add variability to the read-
ing, this should not affect the differences of concordance
observed among the slides kept at various environments or
made from specimens of different quality.

Furthermore, even when we take into account those low
positive smears kept out of freezer storage conditions, about
16 % of saliva specimens, which apparently lost AFB during
restaining (data not shown), gave false negative results. In
practice, during the blinded rechecking process, these dis-
cordances would cause ‘‘false positive results’’ (a negative
smear declared by the controller that is misread as posi-
tive by the technician at the periphery laboratory), as the
controller, after restaining the slide, would not be able to
observe those AFB that were observed by the laboratory
workers at the periphery center. It is well known that AFB
positivity in smear microscopy is closely related to the qual-
ity of the specimen1,4 Hence, in Argentina, the results of 20
years of experience in EQA by blinded rechecking showed
that, in a large random sample, the proportion of posi-
tive slides made from saliva samples was only about 7 %1.
Applying our 16 % rate of discordant results found in saliva
specimens after restaining to the observed 7 % frequency of
saliva among positive smears reported by Kusznierz et al.1,
the restaining process previous to rechecking might thus
add 1.1 % false-positives at most. Low false positive (LFP)
errors are to be expected, since AFBs are not homogeneously
distributed in sputum. For these reasons, the interpreta-
tion of LFP errors may be considered separately from major
high false positive/high false negative errors8. In practice,
occasional scanty false-positive results should simply be dis-
regarded for analysis of cross checking results.

Contrary to what Yip et al. described12, our readers did
not find that restained slides were harder to read. Although
unclear, we hypothesized that this difference in restaining
performance may be associated with a higher concentra-
tion of auramine O and a lower proportion of the potassium
permanganate employed in the staining and counterstaining
solutions, respectively in the study described by Yip et al.
in comparison to ours.

In conclusion, restaining all the smears before recheck-
ing, a procedure that has proved essential to reach valid
evaluations for routine FM external quality assessment,
could be performed easily as usual. The common practice
in FM of refrigerating slides until they are viewed should be
discouraged as this storage condition has negative effects on
blinded rechecking both by accelerating the fading rate (in
comparison with RT) and, also, in the case of freezer condi-

tions, by reducing the reading concordance of stored slides
after restaining. Furthermore, smears made from saliva
specimens were significantly associated to ‘‘false false pos-
itive results’’ on cross-checking, which may happen when
AFB that were weakly trapped in a non-mucoid medium are
washed out of the smears during the restaining process. Nev-
ertheless, considering that the proportion of positive slides
of saliva in the Argentinean laboratory network seems to be
low, the negative effect of saliva specimens on the efficiency
of the rechecking process appears to be low, especially in
the context of other limitations of the cross checking process
previously described9. Saliva specimens must continue to be
systematically processed, since, although positivity in these
specimens is lower than that with good quality sputa, their
examination allows the diagnosis of additional TB cases.

Our study confirms that restaining all the auramine
O-stained smears is necessary before re-examination; how-
ever, this process requires much more additional work, a
major expense for laboratories and may cause new problems
that could affect the accurate assessment of LED-FM. Thus,
blinded rechecking programs continue to be a challenge
for FM, encouraging the importance of further research
to evaluate alternative methodologies for external quality
assessment.
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