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Investing time in microscopy: an opportunity to optimise 
smear-based case detection of tuberculosis

A. Cambanis,* A. Ramsay,† V. Wirkom,* E. Tata,* L. E. Cuevas†

S U M M A R Y

* St Elizabeth General Hospital, Shisong, Kumbo, Cameroon; † Liverpool School of Tropical Medicine, Liverpool, UK

SETTING: St. Elizabeth Hospital, rural North-west Cam-
eroon, an area with high tuberculosis (TB) and human
immunodeficiency virus (HIV) incidence.
OBJECTIVE: To measure the time spent during routine
sputum smear microscopy and assess whether reexamin-
ing slides for 10 min translates into higher case detection
of smear-positive cases.
DESIGN: A prospective observational study over a
6-month period with three components: 1) timing of
routine sputum smear examination; 2) blinded reexami-
nation of all slides for 10 min and results compared with
initial readings; and 3) blinded re-examination, by the
original microscopists, of a portion of false-negative slides
mixed with true negatives for 10 min.
RESULTS: A total of 204 patients submitted 612 sputum

specimens for screening. The median routine examination
time was 2 min 6 seconds (interquartile range 1:30–2:30).
A 10 min examination significantly increased the num-
ber of positive smears from 82 to 116 (P � 0.0083), and
overall case detection from 28 to 48 patients (P � 0.011).
On review by the original readers, more than half of the
false-negative slides were reported as positive after 10 min.
CONCLUSION: Sputum smear microscopy has low sensi-
tivity if performed too quickly, and 10 min re-examination
significantly increases case detection. Ensuring that smears
are examined for the recommended duration may be a
simple and low-cost way to improve case detection.
KEY WORDS: tuberculosis case finding; diagnosis; smear-
positive; pulmonary; sputum smear microscopy

DESPITE CURRENT CONTROL EFFORTS, tuber-
culosis (TB) remains the leading infectious cause of
death in humans1 and its incidence continues to rise,
mostly due to human immunodeficiency virus (HIV)
associated disease in sub-Saharan Africa.2 The diagno-
sis of smear-positive TB relies on microscopic exami-
nation of sputum for the presence of acid-fast bacilli
(AFB). Methods of preparing, staining and examining
slides are well-described and form the basis of case
finding in national TB control programmes (NTPs).3
Microscopists are expected to examine at least 100
high-power fields before declaring a slide negative
for AFB, a process that should take between 5 and
10 min.4–6

Although these techniques are relatively simple,
smear microscopy is labour-intensive and requires sig-
nificant investment in equipment, supplies, trained per-
sonnel, supervision and quality control.7 Furthermore,
the large number of patients with respiratory symptoms
requiring investigation in sub-Saharan Africa has over-
burdened control programmes, where a heavy smear
examination workload poses a serious problem.8 This
stress is illustrated by a study in Malawi, where one

microscopist was available for two half-days per week
to examine 45 specimens each day (a full-time micros-
copist should be able to process and read around 20
specimens per day).9 Workloads of this magnitude are
not unusual in sub-Saharan Africa, and they compro-
mise the quality of smear microscopy by reducing the
time devoted to smear examination, rarely reaching
the recommended 10 min.10

Despite the critical importance of smear micros-
copy in TB control and anecdotal reports that routine
smear microscopy is frequently rushed, very few data
document the time spent on these examinations and
the impact of shorter examination times on case find-
ing. We therefore measured the time technicians spent
examining sputum smears in the routine smear mi-
croscopy service and assessed whether examination
times shorter than recommended resulted in miss-
ing cases.

MATERIALS AND METHODS

This prospective observational study was carried out
over a 6-month period at St. Elizabeth Hospital, Shi-
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song, Northwest Cameroon, a rural mission hospi-
tal with 23 000 consultations and over 6000 admis-
sions per year.11 All sputum specimens submitted for
AFB screening were processed using the standard hot
Ziehl-Neelsen (ZN) technique.6,12 Heat-fixed sputum
smears were covered by 0.3% carbol fuschin and heated
for 5 min, decolourised with acid alcohol for 3 min,
then counterstained with 0.3% methylene blue for
1 min. Reagents used during ZN staining are supplied
by the NTP in Yaounde and arrive in containers la-
belled with the names of the reagents only. Every batch
of reagents received is subjected to internal quality
control: two smears are prepared from the most re-
cent AFB-positive sputum specimen available; one is
stained using the stains from Yaounde, the other with
stains prepared by our laboratory using fuchsin and
methylene blue by Merck (Darmstadt, Germany)
and phenol crystals by BDH AnalaR (BDH, Poole,
UK). The two slides are then examined and AFB stain-
ing compared.

Two of the authors (VW and ET) are laboratory
supervisors; they measured the time spent during spu-
tum smear examination by any of three technicians
who routinely process sputum slides. The timing pro-
cedure was carried out using a concealed hand-held
stopwatch. As the technicians had to be unaware that
they were being timed, this procedure was only car-
ried out when the person doing the timing was at least
3 m from the technician and sitting or standing behind
the microscope. As the hospital is associated with a
laboratory school, there would often be 10–15 people
in the large main room of the laboratory at any given
time, carrying out various tests and training exercises—
an atmosphere conducive to blind timing.

All sputum slides were then stored and re-read blind
at 2-week intervals for 10 min each, using a timer, by
three of the authors (AC, VW and ET). Smears with
AFB were confirmed by a second person in all cases
during the 10-min re-examination. A selection of smears
reported as negative during the routine examination
but found to be positive after the 10-min reading were
mixed randomly (by tossing a coin) with true negatives
and re-examined blind for 10 min at a later date by
the original technicians to see if case detection would

increase. Grading of sputum smears followed the guide-
lines of the International Union Against Tuberculosis
and Lung Disease (The Union).6

Data were entered and verified in a database using
Epi Info 2002 (Centers for Disease Control and Pre-
vention, Atlanta, GA, USA). Times were entered in
seconds and reported as medians, means and quartiles.
The �2 test was used to compare proportions, and P
values �0.05 were regarded as statistically significant.

Immediate attempts were made to trace all patients
re-classified as smear-positive as a result of the second
reading; 16 of these 20 patients were found and started
on treatment, three died before the second reading and
one was lost to follow-up.

The study was approved by the ethics committee of
the hospital board and was carried out with the knowl-
edge of the local district medical officer and the Min-
istry of Health.

RESULTS

During the study period, 232 patients underwent spu-
tum smear microscopy, a relatively light workload
compared with other parts of sub-Saharan Africa.13

Of these, six (2.6%) did not submit three specimens,
and slides were lost after the initial reading in a fur-
ther 22 cases, leaving 204 patients for the analysis.

Covert timing of smear microscopy was carried out
on 113 occasions over the 6 months of the study. The
median (mean) time for slide examination was 2 min
and 6 seconds (1:55), with an interquartile range (IQR)
of 1:30–2:30 (Table 1).

A total of 612 sputum smear results were registered
in the laboratory sputum register. Of these, 82 (13.4%)
were read as AFB-positive, with 28 patients (13.7%)
receiving a diagnosis of smear-positive pulmonary tu-
berculosis (PTB) following the standard case defini-
tion.2 Of the 530 slides initially reported as negative,
34 (6.4%) were found to be AFB-positive after 10 min
of examination (Tables 2 and 3). The median time it
took to find AFB in these false-negative slides was 5
min (IQR 2:45–7:15) (Table 1). There were no false-
positives. Spending 10 min per slide significantly in-
creased both the number of positive slides from 82 to

Table 1 Time in minutes and seconds spent during sputum smear microscopy

Phase of study Median Mean
Interquartile range

(minimum–maximum)

First round (n � 113)
Initial examination by technicians 2:06 1:55 1:30–2:30 (0:23–3:30)

Second round (n � 612)
Repeat examination by controllers 10:00 10:00 10:00

Time to find AFB in slides initially
read as negative (n � 34) 5:00 4:59 2:45–7:15 (0:10–10:00)

Repeat examination by original technicians (n � 54) 10:00 10:00 10:00
Time to find AFB in slides initially

read as negative (n � 11) 3:10 4:05 2:00–6:00 (0:40–9:40)

AFB � acid-fast bacilli.
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116 (P � 0.0083) as well as overall case detection from
28 to 48 patients (P � 0.011). When compared with
the 10-min reading, the initial process had a sensitiv-
ity of only 58% for the diagnosis of smear-positive
PTB (Table 4).

Seventy per cent of the slides were graded as 2� or
3� after the initial reading (Table 5), while most (18)
of the 34 slides found to be positive after the 10-min
re-examination were 1�, three were 2�, and 13 were
‘scanty’, with 3–9 AFB/100 fields.

After the 8-month period, 20 false-negative slides
were mixed with 34 true-negative slides by coin toss
and divided into three batches of 18 slides. Each of
the three technicians who had read the slides initially
then re-examined one batch of 18 slides for 10 min
per slide. Eleven were identified as AFB-positive dur-
ing the 10-min examination after a mean of 4:05 min
(IQR 2:00–6:00) (Table 1).

DISCUSSION

Cameroon’s TB incidence is estimated at 179 per
100 000 population, with a 31% HIV prevalence in
incident cases,2 typical of much of sub-Saharan Africa
and thus a good site for this study. Reducing the global
burden of TB has focused on achieving a 70% case-
detection rate of smear-positive cases and an 85%
cure rate. These targets were not met. The new Stop
TB Strategy and the Global Plan to Stop TB 2006–
2015 have been launched and aim to halve the preva-
lence and death rates from TB by 2015. The 70% case
detection and 85% cure rate targets remain.14 A key
element of this initiative is to achieve universal access
to high quality diagnosis, and there have been increas-
ing calls to improve case finding by developing new
diagnostic tools for diagnosing TB.15–18 Although the
sensitivity and specificity of sputum microscopy has
been debated for decades,19–23 it is still the most suit-
able approach for detecting the most infectious cases
of TB in a community.24

The targets for global TB control present particular
challenges in sub-Saharan Africa, where case detec-
tion is currently around 49%.2,25 HIV is highly asso-
ciated with smear-negative TB.26–29 Case detection in
this region is further challenged by inadequate health
system infrastructures, in many cases inaccessible by
the poor.30

While it is clear that new diagnostic tests for the di-
agnosis of smear-negative and extra-pulmonary TB are
necessary, high quality light microscopy is still a key
tool for improving TB control.31 These data correlate
performance with microscopy time and clearly dem-
onstrate that routine microscopy under operational con-
ditions may be suboptimal and result in large numbers
of cases being missed. In our setting, which we feel is
typical of laboratory practice in the region, routine
microscopy had a sensitivity of only 58% when com-
pared with the 10-min approach, and missed 42% of
the confirmed cases.

The laboratory manual for Cameroon’s NTP gives
no specific recommendations for the time required to
examine a slide, but the grading system is based on
100 fields.12 Other sources clearly state that at least

Table 2 Sputum slide results from routine and 10-minute 
examinations (n � 612)

Second round:
repeat 10-minute

examination by controllers

First round
AFB-positive

n
AFB-negative

n
Total

n

Initial examination
by technicians

AFB-positive 82 0 82
AFB-negative 34 496 530

Total 116* 496 612

* P � 0.01.
AFB � acid-fast bacilli.

Table 3 Patient diagnoses from routine and 10-minute 
sputum examinations (n � 204)

Second round:
repeat 10-minute

examination by controllers

First round
SP PTB

n
Negative

n
Total

n

Initial examination
by technicians

SP PTB 28 0 28
Negative 20 156 176

Total 48* 156 204

* P � 0.05.
SP PTB � smear-positive pulmonary tuberculosis.

Table 4 Performance of routine sputum smear microscopy 
using 10-minute examination as gold standard

Slides
%

Patients
%

Sensitivity 70.7 58.3
Specificity 100 100
False-negative rate 6.5 11.4
False-positive rate 0 0

Table 5 Grade of initially detected AFB-positive slides and 
those additionally detected after 10-minute examination

Grade of sputum smear*

Phase of study
Scanty
n (%)

1�
n (%)

2�
n (%)

3�
n (%)

Initial round (n � 82) 5 ( 6) 20 (24) 29 (36) 28 (34)

Detected in addition
after 10-minute
examination (n � 34) 13 (38) 18 (53) 3 ( 9) 0

Total (n � 116) 18 (16) 38 (33) 32 (28) 28 (24)

* Scanty � 1–9 AFB/100 fields; 3 or more AFB were required to label a slide
as AFB-positive.
AFB � acid-fast bacilli.
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300 fields should be examined before concluding that a
slide is negative.4 To examine 300 fields in 10 min would
require examining one field every 2 seconds, and The
Union’s guideline of 100 fields in at least 5 min requires
examining each field in 3 seconds. Our results therefore
suggest that, in our setting, microscopists were reading
too few fields, reading each field too quickly, or both,
before declaring a slide negative for AFB.

How many fields should be examined for optimal
case detection? A study in HIV-negative Bangladeshi
TB patients showed that AFB were seen within 100
fields in over 99% of positive slides and 80% of scanty
slides.32 We did not measure how many fields were ex-
amined before AFB were found in the missed positives,
but based on our reading technique (2–3 seconds per
field), a median of 100–150 fields was required to iden-
tify AFB. Our population is heavily co-infected with
HIV (45% of smear-positive PTB cases in 2005, A
Cambanis, unpublished data), and thus demands longer
microscopy times to ensure that enough fields have
been examined, as the bacillary loads of co-infected
patients are significantly lower. 33

The large increase in case yield after the 10-min ex-
amination may have been partly due to differing qual-
ity of microscopy, as there was a change of readers for
the repeat examination. This disparity is a major lim-
itation which could be corrected by using the original
readers for the repeat 10-min examination in a future
study.

The technician reading the slides does not work
exclusively with sputum smears and is under pressure
to complete an array of tasks; during the study period,
the mean daily output of the laboratory during a 5-hour
shift included screening tests for malaria (42), stool
(23), haemoglobin (34), urine (22), VDRL (Venereal
Disease Laboratory Slide Tests) (22), HIV (11) and
transfusion services. The short examination time of spu-
tum smears may therefore indicate stress on already
overburdened laboratory staff. Insufficient staff has
been found to impede the efficacy of refresher training
programmes designed to maintain the quality of smear
microscopy.34 Conversely, lack of motivation is a se-
rious problem, although one that is difficult to quan-
tify or measure. The low salaries of health laboratory
workers may further dampen morale and impact upon
technical performance.

It is well known that storage of slides under hot
conditions and incomplete removal of immersion oil
cause fading of carbol fuchsin in stained smears.23

More recent studies have shown that fading is depen-
dent on many factors, including temperature, relative
humidity and type of immersion oil.35 Such practical
concerns may jeopardise effective quality control. Our
laboratory uses cedarwood immersion oil, which, along
with high relative humidity, has been found to accel-
erate fading. The fact that the technicians in this study
were able to identify only 11 of the 20 slides they ini-
tially missed may in part reflect these technical changes,

as the last part of the study—the 10-min examination
of a mixture of AFB-positive and negative slides—took
place at the end of the 6-month period to avoid any
potential bias by introducing the 10-min concept. De-
spite these problems, having the same technician find
AFB after 3 or 4 min in slides they themselves previ-
ously reported as negative shows that even modest in-
creases in examination times would significantly im-
prove case detection.

The 58% sensitivity of routine screening is unac-
ceptable, falling short of the recommended 75%–80%
minimum.36 How could this problem be otherwise de-
tected? In this area of Cameroon, the NTP does in-
clude quality assessment, but only five positive and
five negative slides are collected every trimester. Over
the last 2 years, laboratory staff have received no doc-
umented feedback, and quality control activities clearly
need strengthening. External controllers should take
time to communicate their findings to the periphery, al-
though we think they may face some of the same prob-
lems of our own staff, namely inadequate time, train-
ing or interest. Internal quality control may be more
effective and could entail saving all negative slides with
random sampling of 10% every 3 months. Discrepan-
cies could be used as training cases to keep readers as
alert as possible. This type of control depends on having
skilled personnel on site, and thus underlines the gen-
eral need for more specialised workers to staff screen-
ing laboratories.

In some hospitals, designated sputum technicians
whose sole responsibility is to collect, process and ex-
amine sputum specimens may perform differently from
multitask technicians, and having a full-time technician
wholly dedicated to this activity may address these
shortcomings. On the other hand, the introduction of
a repetitive task, perceived as being tedious and time
consuming, might still result in poor performance and
needs to be evaluated in our context.

This study shows how simply making sure that the
recommended duration of examination is adhered to
can result in considerable increases in cases detected.
However, in the context of the human resource crisis,
overworked laboratories and poor laboratory infra-
structure, such a simple intervention may not be all
that easy to implement. This study highlights the im-
portance of taking a broad approach in optimising
laboratory practice, and future studies could assess
the impact the extra time recommended for sputum
examinations would have on overall performance.

CONCLUSION

Pending the development of better diagnostic tests,
smear microscopy remains the only method for con-
firming TB with suitable timeliness in the developing
world.37 This study shows that a significant number
of patients with smear-positive TB are missed if the
sputum slides are examined too quickly. In this study,
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a 10-min re-examination of the slides almost doubled
the number of cases detected. While a great deal of at-
tention is focused on developing new diagnostic tests
and rolling out culture facilities, much can still be gained
by optimising smear microscopy. Spending 10 min per
slide should be a goal to which all programmes aspire,
and the human resource limitations preventing the im-
plementation of high quality microscopy need to be
addressed. Addressing these practical operational
issues would greatly improve the effectiveness of TB
case detection and contribute to the realisation of global
TB control.
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R É S U M É

CONTEXTE : Hôpital St Elizabeth, Nord-Ouest rural du
Cameroun, une zone où l’incidence de la tuberculose
(TB) et du virus de l’immunodéficience humaine (VIH)
est élevée.
OBJECTIF : Mesurer le temps consacré à une bacillo-
scopie des frottis d’expectoration et évaluer si le réexa-
men des lames pendant 10 minutes entraîne un taux plus
élevé de détection des cas à bacilloscopie positive.
SCHÉMA : Etude observationnelle prospective au cours
d’une période de 6 mois et comprenant trois compo-
santes : 1) la durée de l’examen bacilloscopique des frot-
tis d’expectoration en routine ; 2) le réexamen à l’aveugle
de toutes les lames pendant 10 minutes et comparaison
de son résultat avec les lectures initiales ; et 3) le réexa-
men à l’aveugle pendant 10 minutes par les microsco-
pistes initiaux d’une portion des lames faussement néga-
tives mélées à des lames vraiment négatives.

RÉSULTATS : Le dépistage a porté sur 612 échantillons
d’expectoration provenant de 204 patients. La durée mé-
diane de l’examen en routine a été de 2 minutes 6 secondes
(marge interquartile 1:30–2:30). Un examen de 10 mi-
nutes a augmenté de manière significative le nombre de
frottis positifs de 82 à 116 (P � 0,0083), ainsi que le
taux global de détection de 28 à 48 patients (P � 0,011).
Lors de leur relecture par les lecteurs initiaux, plus de la
moitié des lames faussement négatives ont été signalées
comme positives après 10 minutes.
CONCLUSION : Lorsqu’elle est pratiquée trop rapidement,
la bacilloscopie des frottis d’expectoration a une faible
sensibilité et le taux de détection des cas est augmenté de
manière significative par un second examen de 10 mi-
nutes. Veiller à ce que les frottis soient examinés pendant
la durée recommandée peut constituer une façon simple
et peu coûteuse d’améliorer la détection des cas.

R E S U M E N

MARCO DE REFERENCIA : El estudio se llevo a cabo en el
Hospital St Elizabeth, situado en un área rural en el no-
roeste de Camerún que tiene una alta incidencia de tubercu-
losis (TB) y del virus de inmunodeficiencia humana (VIH).
OBJETIVO : Medir el tiempo utilizado para leer las lami-
nillas durante la microscopia rutinaria y evaluar si su re-
lectura por 10 minutos mejoraría la detección de casos.
MÉTODO : Un estudio prospectivo de 8 meses con tres
componentes : 1) la medición del tiempo empleado para
leer las laminillas durante la microscopia de rutina ; 2) la
re-lectura en ciego de las laminillas por 10 minutos y su
comparación con los resultados iniciales ; 3) la re-lectura
por 10 minutos por los microscopistas iniciales de una
proporción de las laminillas erróneamente clasificadas
como negativas, mezcladas con una proporción de lami-
nillas negativas.
RESULTADOS : De 204 pacientes proporcionaron 612

especimenes de esputo. Las laminillas fueron leídas ruti-
nariamente por una media de 2 minutos y 6 segundos
(rango interquartil 1:30 a 2:30). La lectura por 10 minu-
tos aumentó el número de laminillas clasificadas como
positivas, pasando de 82 a 116 laminillas positivas (P �
0,0083), y la detección de casos, pasando de 28 a 48 pa-
cientes (P � 0,011). Cuando el microscopista original
revisó por 10 minutos sus lecturas iniciales, más de la
mitad de las laminillas originalmente clasificadas como
negativas fueron reportadas como positivas.
CONCLUSION : El examen microscópico del esputo tiene
una baja sensibilidad si las laminillas son leídas dema-
siado rápidamente y re-examen por 10 minutos aumen-
taría significativamente la detección de casos. El control
de que las laminillas sean leídas por un mínimo de 10 mi-
nutos sería una forma simple y de bajo costo para mejorar
la detección de casos.
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