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Foreword

At the time of the writing of this book, tuberculosis still poses an enormous
health problem in many parts of the world, particularly in low-income countries.
Progress has been made with the implementation of effective control strategies;
many countries, however, still fail to sufficiently recognise the importance and
priority of good tuberculosis control. Tuberculosis bacteriology for the detection of
sources of infection, the diagnosis of clinical suspects, and the follow-up of the
effect and results of treatment, are essential components of tuberculosis control. A
well-organised network of laboratories performing the bacteriology of tuberculosis
is indispensable for carrying out these functions. The laboratory network can
provide valuable operational information which can be used to measure the
performance and impact of the national tuberculosis programme, identity potential
areas for improvement, and establish treatment policy. For these reasons, it is
crucial to ensure that a credible, capable reference laboratory is in place to oversee
not only the supervision of the laboratory network, but also the establishment of
laboratory standards and policies.

The national tuberculosis reference laboratory, whether it exists as part of
the central public health laboratory or as an upgraded laboratory of the country’s
principal tuberculosis institution, should be at the apex of the tuberculosis
laboratory network in order to serve as a reference laboratory for the tuberculosis
programme. The reference laboratory plays an essential role in the organisation and
maintenance of the network in terms of developing guidelines, ensuring high
quality and standardisation of smear microscopy, overseeing the training of
laboratory staff, conducting surveillance of drug resistance, participating in
epidemiological and operational research, and ensuring supplies and opportune
reporting. In this capacity, it should have full facilities for culture and for testing
of drug susceptibility.

This book provides useful guidance to national officers responsible for the
reference laboratory on its role, main responsibilities and technical and
organisational aspects of smear examination and surveillance of anti-tuberculosis
drug resistance. It is important to note here that quality assurance and control,
training, and monitoring are all general functions of the laboratory, and while this
book addresses tuberculosis, the same principles are applicable to other diseases or
functions. Accordingly, this book will be a welcome addition to the reference
material for the professionals of both the national laboratory and the national
tuberculosis control programmes. I congratulate the authors for this effort which
will fill a real need in an essential area of tuberculosis control.

Dr Arata Kochi
Director, Global Tuberculosis Programme World Health Organization
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Preface

This monograph originates from the appreciation of the needs of our
collaborators in numerous countries. Our gratitude then goes primarily to those
technicians in peripheral microscopy laboratories, largely in low-income countries,
who have shared with us their problems and innovative solutions and who have
repeatedly expressed their need for technical and moral support from the national
tuberculosis reference laboratory. This monograph thus provides an outline of the
responsibilities of the national tuberculosis reference laboratory as the apex of the
national laboratory network, within the framework of public health priorities of a
national tuberculosis control program. It is dedicated to the technicians who often
work under difficult circumstances in remote rural areas of low-income countries
and who contribute with their daily work to the success of tuberculosis control.

There are many superb books on mycobacteriology. The purpose of this
monograph is not to simply add another one, but to be complementary. It is limited
in scope and emphasis, as it does not attempt to cover the entire field of
mycobacteriology; it rather focuses on the specific set of minimum tasks that a
national tuberculosis reference laboratory has to accomplish as the apex of the
national laboratory network. Culture technique, for instance, is solely discussed in
the context as a prerequisite for drug susceptibility testing for surveillance of drug
resistance, and its potential for increased sensitivity in diagnosis of individuals is
not addressed. Similarly, identification of mycobacteria is discussed only to separate
the pathogenic species of the Mycobacterium tuberculosis complex (including
M. tuberculosis, M. bovis, and M. africanum, but excluding M. bovis BCG and
M. microti) with reasonable certainty from environmental mycobacteria, while no
attempt is made to provide advice on how to identify species among the latter.

While most of the material presented in this manual has been thoroughly
tested in the field and proved to be appropriate and robust, some ideas need further
field testing. The authors welcome comments from the field that might help to
improve the document in any future edition.

Paris, Dar es Salaam, Oslo, Schiffweiler, Ottawa, Seoul, and Dhaka
September 1998
The authors
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CHAPTER |

Tasks and staffing of a national tuberculosis
reference laboratory

. The tasks of the national tuberculosis reference laboratory

The core activities of a national tuberculosis control program in a low-
income country include case finding by sputum smear microscopy and the delivery
of effective chemotherapy to patients. The national tuberculosis reference
laboratory must concentrate its efforts to support these activities within the
national laboratory network. Thus, the major tasks of the national tuberculosis
reference laboratory are:

- Maintaining high proficiency in routine smear microscopy carried out in
peripheral health facilities

« Training of personnel and quality assurance testing of smear microscopy in the
national laboratory network

« Surveillance of anti-tuberculosis drug resistance

Obviously, the national tuberculosis reference laboratory is usually not in
the position to carry out all tasks related to training, supervision, and proficiency
testing of sputum smear microscopy in the entire country, nor would this be an
efficient use of its resources. Nevertheless, the national tuberculosis reference
laboratory has overall responsibility to set the standards in the country and to
oversee the implementation of policies.

Decentralization of certain activities is highly desirable, and the national
tuberculosis reference laboratory should take the leading role in encouraging
regional/provincial laboratories to take part in carrying out the essential tasks of the
national laboratory network. If in the following the national tuberculosis reference
laboratory is the addressee, it is understood that depending on the country-specific
situation, these tasks are shared by the intermediate level. In the long term, it will
be desirable that effective decentralization is implemented to make the support to
the national tuberculosis program increasingly more efficient.
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Maintaining proficiency in routine smear microscopy

The primary task of a national tuberculosis reference laboratory is to ensure
the quality of work in the national laboratory network. To remain credible, the
national tuberculosis reference laboratory must be proficient in the same routine
work that peripheral laboratories perform on a day-to-day basis. The national
tuberculosis reference laboratory thus performs routine services in examining
specimens by sputum smear microscopy from a limited number of designated
centers which refer tuberculosis suspects.

To remain proficient and an accepted leader for mycobacteriology in the
country, a minimum of positive results must be obtained. To maintain this
proficiency in the national tuberculosis reference laboratory, it would be desirable
that at least one case, on average, among newly examined suspects should be
identified per working day. Experience in International Union Against Tuberculosis
and Lung Disease (IUATLD) collaborative programs indicates that on average 15%
of all new suspects examined will have sputum smear positive tuberculosis, but
the range of positivity is wide, going from 5% to 30%. If it is recommended that
each new suspect should have three specimens examined and each new case of
tuberculosis must have three follow-up examinations, the numbers of slides to be
examined per case of sputum smear positive tuberculosis is (3/0.15)+3, i.e., 23 slides
per day, if one case is to be discovered on average per day. This amounts to
approximately 115 slides per 5-day working week or 6,000 slides per 52 working
weeks per year. It is important to emphasize here that the national tuberculosis
reference laboratory may run the risk of becoming overwhelmed with routine work
and thus failing to adhere to its major responsibilities of quality assurance, training
and supervision. For this reason it is recommended that the health units for which
routine diagnostic services are offered are carefully selected to ensure that the
number of examined slides will not exceed 10,000 per year.

Whenever the number of daily routine smear examinations exceeds 30
slides, fluorescence microscopy is recommended for the excess slides. While it is
tempting to take recourse solely to this method, it is not advisable to do so as
proficiency in the Ziehl-Neelsen method should not be allowed to be jeopardized.
For the practical organization of microscopy wotk in such a situation, the
organization may be such that a portion of specimens are examined by the Ziehl-
Neelsen technique, and another portion by fluorescence microscopy. Alternatively,
the two techniques might be used on alternating days. Whatever approach works
better might be chosen, but it must be ensured that the Ziehl-Neelsen technique
remains in continuous use, even if the number of specimens per day is very large.
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Integration of the work of the reference laboratory into the general health
services is also essential because training must be provided on an ongoing basis to
laboratory technicians working at the periphery. Such technicians must receive
training reflecting the real life situation as encountered in their daily work. During
the period of their training in the reference laboratory, they must participate directly
in the routine microscopy services of the national tuberculosis reference laboratory.

Quality assurance of smear microscopy in peripheral
laboratories

It is the responsibility of a national tuberculosis reference laboratory to
ensure that routine services of sputum smear microscopy at the periphery are
provided in a standardized manner and at a high proficiency level. This will require
that the head of the reference laboratory, in collaboration with the deputy head,
elaborate an annual schedule of visiting various regions and some peripheral
laboratories in the selected region. These visits are preferably coordinated and
jointly carried out as part of the activities of the central team of the national
tuberculosis program. These full-day visits permit the supervision of the daily work.
While direct supervision of peripheral laboratories is of utmost importance, more
formal systems of proficiency testing and quality control of sputum smear
microscopy must be established. The principal objective of such exercises is to
maintain and continually improve microscopy services in the country.

Surveillance of drug resistance

One of the major tasks of the national tuberculosis reference laboratory is
the surveillance of drug resistance.

Acquired drug resistance is defined as the acquisition of a resistant strain by
selective multiplication of the spontaneously-resistant mutant fraction of the
bacterial population as a result of inadequate chemotherapy. If a person becomes
infected with a resistant strain without ever having been treated with anti-
tuberculosis drugs, and develops disease with the drug-resistant strain, that person
is said to have primary resistant tuberculosis. The term initial resistance has been
coined to classify strains from patients obtained at diagnosis in whom it cannot be
determined whether or not they had ever received prior treatment.

While these theoretical definitions are clear, it is rarely possible in practice
to determine the exact nature of resistance. For instance, patients may choose not
to disclose prior treatment for various reasons, thus leading to a potential over-
estimation of primary resistance. On the other hand, patients who fail treatment
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may do so because their disease-causing strain was initially primarily resistant and
not because they acquired resistance during treatment. Acquired resistance is the
only type that can be determined accurately, but only if both a pre-treatment and
subsequent specimen are available and a change from susceptibility to resistance
is documented. This is not usually feasible in low-income countries where drug
susceptibility testing is not part of the routine diagnostic procedure in every newly
diagnosed case of tuberculosis.

This monograph thus abstains from using the terms “primary” and
“acquired” drug resistance in the context of drug resistance surveillance. Rather,
strains of M. tuberculosis complex are stratified in the reporting according to the
history of previous treatment given by the patient after careful interviewing. Patients
who have never previously received as much as one month of anti-tuberculosis
chemotherapy are classified as “never previously treated”, while patients with a
history of at least one month of treatment (relapses, i.e., patients with recurrent
disease after having been declared as cured in the past, patients returning with
recurrent disease after interrupting treatment for more than 2 months, patients
classified as treatment failures, and chronic excretors, i.e., patients failing on a full
course of a second-line regimen) are classified as “previously treated”. This
classification prevents the application of the well-defined terms “primary” and
“acquired” drug resistance to situations where the exact nature of resistance must
by necessity remain unclear. Furthermore, it follows generally recommended
treatment strategies that provide a first-line regimen to previously untreated patients
and a different second-line regimen to previously treated patients.

2. Staffing requirements and working days in the national
tuberculosis reference laboratory
In order to function properly, the national tuberculosis reference laboratory

must be adequately staffed. For optimum performance, the minimum number of
employees required will include:

« 1 head of the laboratory

« 1 junior professional deputy head of the laboratory

« 2 laboratory technicians for microscopy

« 2 persons (rotating) responsible for culture services (preparing media, inoculation,
drug susceptibility testing, reading)

« 1 person for cleaning and house maintenance (including autoclaving, glassware
cleaning, and waste disposal)
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Should the work load increase additional staff might be required.

The head of the laboratory is responsible for the overall operation of the
reference laboratory and for maintaining close coordination with the national
tuberculosis program to carry out the tasks essential for tuberculosis control in the
country. In particular, the tasks of the reference laboratory must be clearly
prioritized. The qualifications of the head of the laboratory ideally include a doctoral
degree in microbiology, medicine or a related field. The head of the laboratory
must be capable of organizing, coordinating, and conducting all tasks at a very
high level of competence.

The deputy head should second the head in all laboratory-related activities
and assume the acting role during the absence of the head of the laboratory.
Qualifications should be similar to those of the head of the laboratory, but at the
entry level.

Well-trained laboratory technicians knowledgeable in both light and
fluorescence microscopy are important for the functioning of the reference
laboratory. They are essential to guarantee a high quality of routine services, to
teach trainees, and to assist in the quality assurance activities for sputum smear
microscopy.

To ensure a continuous high level of proficiency of standardized culture
and drug susceptibility testing techniques, two multi-purpose technicians to assume
these duties should be available.

One full-time laboratory assistant is needed to assure the sterilization of
contaminated material, the washing of glassware, and daily general cleaning of
the laboratory.

Rotation of national tuberculosis reference laboratory personnel to work
in other national reference laboratories is rarely a productive activity and should
be avoided.
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CHAPTER I

Sputum smear microscopy

I. Collection of specimens

The collection of sputum specimens for smear examination should be
efficient and as convenient as possible to both patients and laboratory workers.
Numerous studies indicate that the incremental yield in detection of cases decreases
with the number of serial specimens collected. Most countries have adopted the
policy of collecting three specimens as an optimum means of identifying infectious
cases of tuberculosis. With this approach, approximately 80% of patients ultimately
positive on sputum smear examination will be positive on the first specimen, an
additional 15% on the second, and a final 5% only on the third.

Because of the high yield among multi-bacillary cases, the IUATLD has
recommended the “on-the-spot - early morning - on-the-spot” collection of sputum.
In contrast to the policy of three early morning specimens, which requires four
visits by the patient, the IUATLD approach requires only two visits. A first specimen
is collected when the patient presents with relevant symptoms. At that time, the
patient is given the second sputum container to collect an early morning specimen.
The third specimen is collected the next morning when the early morning specimen
is brought in. All three specimens can be examined (stained, smeared, and read) in
the same morning. A disadvantage of examining all three slides on the second day,
rather than examining the first specimen right away, is the potential loss of
motivation of the patient to return the following morning, but this is perhaps offset
by the convenience to the patient not to have to wait. Furthermore, patients may
present for the first time at any time during the day, and it is not usually practical
for a laboratory to prepare and examine smears throughout the day. This approach
might ultimately yield more cases even if an early morning specimen is preferable
to a spot specimen, because at least one specimen can be examined if the patient
does not return. The fulfillment of the three-specimen requirement is only possible
if the patient returns. If the laboratory register recommended by the IUATLD, which
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assigns a single line for one tuberculosis suspect, is used (appendix 5), the
implementation of this policy can be rapidly verified: among suspects with negative
smears, the proportion of those with one and those with three examinations should
approximate 100%, while the fraction of those with two should approach zero.

An evaluation of the policy of requesting three early morning specimens
indicated that 26% of all those with negative examinations had only one specimen
examined under routine conditions in Tanzania, 20% two specimens, and 54%
had all three examined. Calculating the yield of cases that was expected if all
suspects actually had three examinations, an estimated 5% of all potentially
identifiable cases were not diagnosed because they had not completed three
examinations.

The quality of the sputum specimen submitted for examination is
important. In spite of this, some studies show that specimens which contain only
saliva should be examined even though there may be a low yield. Patients must be
encouraged to take their time to produce a specimen that comes from deep within
the lungs.

The proportion of specimens containing only saliva among all specimens,
which supposedly contain sputum, should be monitored continuously. The basic
problem, however, is deciding on a definition of saliva that would be both accurate
and operationally feasible.

In general bacteriology practice (which may be also estimated with the
Ziehl-Neelsen technique), sputum cytology, i.e., counting the number of leukocytes
and of squamous epithelial cells per low power magnification field (approximately
100x magnification), is sometimes used. If the ratio of squamous epithelial cells to
leukocytes exceeds 1 to 10, then the likelihood of a salivary specimen increases.
Nevertheless, the rule may not apply if the period between collection and
examination exceeds 2 days, because leukocytes tend to disintegrate after this time.
This method is therefore not recommended for routine practice in peripheral
facilities.

The less accurate, but operationally acceptable macroscopic classification
of sputum specimens into “salivary”, “mucous”, “purulent”, and “mucopurulent”

is widely used, with acceptable results.

A certain proportion of saliva specimens will always be submitted. The
pragmatic approach is to select the lowest proportion encountered as the
operational standard and to advise institutions obtaining higher proportions to
revise their specimen collection systems.
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2. Requesting a sputum smear examination

For microscopic examination the interval between collection and staining
matters little. Because peripheral health services nearest to the residence of the
patient do not usually have sputum containers, most countries have adopted the
policy to send the patient to the nearest microscopy center. The policy of sending
specimens rather than the patient, although theoretically more convenient for the
patient, is very difficult to implement. It needs strong and permanent relations
between microscopy center and health services, careful follow-up of the process and
careful routine quality assurance and is, in fact, rarely feasible or efficient.

The type of sputum containers is also important. These should be made
of break-resistant plastic, with a wide mouth, and a screw cap to avoid leaks,
desiccation, and aerosol formation (figure II.1.). The container should have a fixed
label for patient information on the side of the container. It has been possible, in
practice, to obtain these containers mass-produced to order at a reasonable price.

It is important that laboratories obtain sufficient essential information on
the person whose sputum they need to examine. This is best accomplished by wide
distribution of a request form for sputum smear examination (appendix 3) which

43
&=

Figure I1.1. Wide-mouthed, screw-cap, plastic sputum container for use of sputum
collection in peripheral laboratories.
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facilitates the work of both the clinician submitting the request and the laboratory
technician carrying out the examination. Clinicians must clearly state on the request
form whether the examination is for diagnosis or bacteriological follow-up on
treatment. This information must be recorded in the laboratory register to allow
calculation of laboratory material requirements and epidemiologic evaluations.

3. Preparing and staining of sputum smears

Sputum smear positive patients are those who are the most potent sources
of transmission in the community. The sensitivity (proportion of actual cases
identified) of sputum smear microscopy in the diagnosis of pulmonary tuberculosis
is far from perfect. With a diligent technique, approximately 60% of all adults with
pulmonary tuberculosis can be identified this way, and the proportion is perhaps
even lower among patients co-infected with the human immunodeficiency virus,
and very low among children. However, its sensitivity in identifying transmitters
of tubercle bacilli is perhaps in excess of 90%, as sputum smear positive patients
are up to 10 times as likely to transmit M. tuberculosis as patients negative on three
consecutive examinations. Thus, sputum smear microscopy is one of the most
efficient tools of case finding in a national tuberculosis control program because of
its ability to identify and distinguish the cases with highest priority in tuberculosis
control.

Preparing the smear

When preparing a smear from a sputum specimen, the technician must
decide which part of the specimen is to be used for the smear. Sputum specimens
are usually non-homogenous except if left standing over night (e.g., the first on-
the-spot specimen) which may lead to some autolysis. If the specimen contains
obvious purulent parts, these might be selected preferentially. Thin, disposable
applicator sticks (e.g., made from bamboo) are much preferable to wire loops, as the
former are better to pick up desired particles than the latter and can be disposed
of easily, while wire loops need to be disinfected by heating before re-use.

Often smears are too thick, which will prevent proper reading of stained
smears. As a rule of thumb, the thickness of a smear should be such that a newspaper
can be read through the smear if held under the slide and the smear should be
evenly spread out on the slide. A stained smear should show a light blue color from
methylene blue. If the smear is dark blue it usually indicates that it is too thick.
The size of the smear is often recommended to be 20 mm by 10 mm. A 20 mm
wide smear will correspond to a length of approximately 100 oil immersion fields.
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Before heat fixation, the smear should be left to dry in air.

Color of acid-fast bacilli

Numerous methods have been developed for acid-fast microscopy. All of
these have some advantages and some disadvantages. Standardization of the
method throughout the country is more important than which method is chosen.
Quality assurance becomes extremely complicated if each laboratory uses a different
method; ordering staining reagents becomes an outright impossibility, because
different methods require different amounts of reagents. In the long run it is thus
a good investment to train new laboratory personnel in a single technique and to
convince those already trained to switch to a single recommended technique.

Acid-fast bacilli should be of a strong red color. If this is the case, a higher
proportion will be visible, resulting in more positive results. This requires a high
enough concentration of fuchsin. For this reason, some experts propose to use a 1%
solution rather than the 0.3% recommended in table II.1. It is also very important
that the stain on the slide is sufficiently heated, and that the stain remains
sufficiently long on the smear. No harm is done as long as the stain does not dry
up on the smear.

Decolorizing

Everything except acid-fast bacilli should be decolorized almost completely,
to make reading easier. This is more easily accomplished by using sulfuric acid 20-
25% than hydrochloric acid 3%, but it can be done with either acid (except when
the smear was made too thick) by repeating the step several times. It is almost
impossible to decolorize acid-fast bacilli that were well stained first using watery
acids, so the decolorizing time is not that critical, while acid-alcohol has a strong
decolorizing action. The choice of the acid (hydrochloric acid or sulfuric acid) is best
ascertained by comparing the two methods to allow determination of the preference
of the majority of experienced technicians before a countrywide policy is decided
upon.

Counterstain

The counterstain should give a good contrast, and hide the remaining red
of the background but without also hiding acid-fast bacilli in thicker smears.
Furthermore, the counterstain should give enough detail for keeping the smear
easily in focus while scanning, but not so much that the background takes too
much attention.
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Table Il.1. Material and reagents to prepare solutions for Ziehl-Neelsen
staining and method of staining.

Adapted from: International Union Against Tuberculosis. Technical guide for sputum examination
for tuberculosis by direct microscopy. Bull Int Union Tuberc 1978; (Suppl 2): 4-16.

Solution A: Saturated alcoholic solution of fuchsin

Basic fuchSin .........ccccciiviiiiiiii 3g

Ethanol 96% g.s. 100 mL
(g.s. = the quantity required to make up a certain volume. In the above formulation this
means placing 3 g basic fuchsin in a volumetric flask or measuring cylinder and then adding
enough ethyl alcohol or methylated spirit (q.s.) to obtain a total volume of 100 mL.

Solution B: Phenol solution, 50 g/L (5%), aqueous

Phenol crystals 10g

Water, distilled if possible g.s. 200 mL
Then:

Solution A 10 mL

Solution B 90 mL
Formula for decolorizing agent

Water, distilled if possible .300 mL

Slowly add sulfuric acid, concentrated ... 100 mL
or

Ethanol 96% 970 mL

Hydrochloric acid 30 mL
Formula for counterstaining solution

Methylene blue ... 03g

Water, distilled if possible g.s. 100 mL

For staining, the slides must be placed on a staining slide-rack over the sink with smeared

side uppermost, their edges separated by 1 cm.

1) Cover the whole surface of the slides with Ziehl’s carbol fuchsin after filtration. Heat
gently until vapor rises. Do not bring the stain to boil or dry on the slide. Leave the warm
stain for at least 5 minutes.

2) Rinse each slide gently under tap water until all macroscopically visible stain has been
washed away. Replace the decolorized slides on the rack and cover each slide with the
decolorizing solution for 3 minutes. Rinse each slide again gently under tap water until
all macroscopically visible stain has been washed away.

3) Replace decolorized, rinsed slides on slide-rack and flood smear with methylene blue
solution for 1 minute. Rinse each slide gently under tap water until all excess stain has
been washed away and allow to dry in open air.
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Methylene blue is rather difficult to use in this respect. It gives a beautiful
color contrast, but it will hide acid-fast bacilli in thick smears or when it is too
concentrated or for too long. Some experts would thus recommend using a
maximum of 0.1% (rather than the 0.3% recommended in table II.1), and for only
about half a minute.

Alternative counterstaining solutions have been used with good results.
Light staining, e.g., with dilute malachite or brilliant green solutions, makes a
better contrast with fuchsin in thicker parts of films. If provisions have to be made
for the color blind, picric acid might be a good choice.

Rinsing water

The rinsing water must be clean, and, if re-staining is required for quality
assurance, as free of environmental mycobacteria as possible. For this reason rubber
tubing on a tap to direct the jet should not be used, as environmental mycobacteria
may preferentially grow there. A beaker that can be thoroughly cleaned should be
used instead.

Usually staining racks over a sink are used, and in that case it is good
practice to leave sufficient space between the slides, to prevent the flow of solutions
from one slide to the next.

Ziehl-Neelsen acid-fast staining as recommended by the IUATLD

The method of choice for sputum smear microscopy is the Ziehl-Neelsen
technique. It is the only method providing consistently good results without need
for special equipment, and the required binocular microscope can be used for other
purposes as well. There are two methods of preparing Ziehl’s carbol fuchsin; one
requires a scale (table I1.1), the other does not. Experience in the field has shown,
however, that the method requiring no scale is difficult to use because basic fuchsin
powder will tend to solidify into a paste if the preparation is not done precisely as
recommended, thus making it impossible to process further. Whenever possible,
arrangements should thus be made to have the solutions prepared at the nearest
laboratory where a weighing scale is available, as it is preferable to prepare staining
solutions in laboratories that are properly equipped to do it. Distilled water should
preferentially be used whenever possible. Ideally, the reference laboratory or the
laboratory at the intermediate level should be preparing and distributing staining
solutions to the peripheral laboratories. Alternatively, it may distribute ready,
exactly pre-weighted amounts of stain. Such a practice guarantees better
standardization and makes quality assurance of this activity much easier.
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Table I1.2. Materials and reagents to prepare fluorescent dye
and method of staining.

Adapted from: Hagemann P K H. Fluoreszenzfirbung von Tuberkelbakterien mit Auramin.
Miinch Med Wschr 1938;85: 1066-1068.

Solution A:
Auramine O..... 01g
Ethanol 96% 10 mL

Solution B:

Phenol CTYStals ... 30¢g
Water, diStilled..........oeeeeeeeeeeeeeeeeeeeeeeeseeeeee 87 mL
Then:

Mix solution A and solution B

Decolorizing solution:
Ethanol, 70% ... 100 mL
Slowly add hydrochloric acid, concentrated........ 0.5 mL

“Counterstaining” solution
Potassium permanganate 05¢g
Water, distilled ... 100 mL

For staining, the slides must be placed on a staining slide-rack over the sink with the smeared

side uppermost, their edges separated by 1 cm.

1) Cover the whole surface of the slides with auramine O solution and stain for 15 minutes.
Do not heat.

2) Rinse each slide gently with water until all macroscopically visible stain has been washed
away. Replace the decolorized slides on the rack and cover each slide with the acid alcohol
solution for 2 minutes. Rinse each slide again gently with water until all stain has been
washed away.

3) Replace decolorized, rinsed slides on slide-rack and flood smear with potassium
permanganate solution for 2 minutes. Time is critical with potassium permanganate
because counterstaining for a longer time may suppress the fluorescence of the acid-fast
bacilli. Rinse each slide gently with water until all stain has been washed away and allow
to dry in open air.
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There are also two options provided for the decolorizing agent: either
hydrochloric acid or sulfuric acid. Hydrochloric acid is less expensive, less corrosive,
and environmentally more acceptable. The advantage of using sulfuric acid, on
the other hand, is its superior ability to destroy mucus and contaminant bacteria,
thus rendering acid-fast bacilli more visible. While the overall cost of the
decolorizing agent is of minor importance in the diagnosis (table V.5), the
environmental impact as well as the corrosive nature of the acid need to be carefully
considered before reaching a decision.

Fluorescence microscopy with auramine O

If the number of daily specimens to be examined exceeds 30, and if
electricity is continuously available, fluorescence microscopy might become more
cost-effective. Additional requirements in training and economic considerations
(capital investment and maintenance) must be taken into account before
introducing fluorescence microscopy. Fluorescence staining utilizes basically the
same approach as Ziehl-Neelsen staining, but carbol fuchsin is replaced by the
fluorescent dye, the acid for discoloration is gentler, and the counterstain is not
essential although useful to quench background fluorescence (table I1.2). Both
sensitivity and specificity of fluorescence microscopy are comparable to the
operating characteristics of the Ziehl-Neelsen technique. The most important
advantage of fluorescence staining is that slides can be examined at a lower
magnification, thus allowing the examination of a much larger area per unit of time.
In fluorescence microscopy, the same area that needs examination for 10 minutes
with light microscopy might be examined in 2 minutes. Its disadvantage lies with
the cost for capital investment, as a fluorescence microscope costs approximately
four to five times as much as a light microscope. Furthermore, the halogen lamps
need frequent replacement (200 hours working time) and, because they have to be
imported, they are often not kept in stock. The running costs of fluorescence
microscopy versus bright-field microscopy are largely determined by the salaries of
the technicians: the efficiency increases with increasing labor cost.

The national tuberculosis reference laboratory must be proficient in both
Ziehl-Neelsen and fluorescence microscopy. Several fluorescent dyes have been
utilized and all give very similar results. Here, the original staining technique with
auramine O is recommended.

With auramine O, acid-fast bacilli appear bright yellow against a dark
background. If there is uncertainty about the presence of a bacillus because of the
lower magnification, the slide might be examined subsequently with oil immersion
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where the bacilli appear larger than in light microscopy and with the granulation
of the bacilli very clear. Alternatively, an auramine O stained slide can be re-stained
by the Ziehl-Neelsen technique. Over-staining needs only prior de-oiling with
xylene, but not de-staining.

Because of the lower magnification and consequently the larger field, the
grading of a slide is not the same as with light microscopy. The area of examination
grows with the square of the reciprocal value of the relative power of the objective,
i.e., an objective of 40x with an eyepiece of 10x allows the examination of an area
that is about five times larger than that seen through an objective of 100x and an
eyepiece of 10x magnification. Any grading in this case must thus be adjusted by
a factor of 5. To allow comparative grading of positive smears in fluorescence
microscopy, the best approach is to re-stain the smear with the Ziehl-Neelsen
method, and to re-read the slide, which will also permit confirmation of positivity.

Other methods

Other methods for light microscopy include cold staining techniques (such
as with Kinyoun’s or Gabett’s solution, or Tam Tham Hok’s method). It should be
noted that the performance of cold staining might have been overestimated. A careful
study has shown that the quantity of bacilli seen with a cold staining method is
smaller than with Ziehl-Neelsen staining, which might pose problems in paucibacillary
specimens. The Gabett solution has advantages only for experienced technicians who
have to stain large numbers of smears, since it consists of only two steps (acid and
methylene blue combined), but the background is often not satisfactory.

Other methods for fluorescence microscopy include staining with auramine/
rhodamine, rhodamine, acridine orange, and others. These methods have proved
reliable, but are not recommended here, because they are more expensive, use more
toxic reagents, and offer no advantage in the operating characteristics of the test.

4. Examination of sputum smears

For the examination, a binocular microscope with an oil immersion
objective (magnification 100x) and eyepieces of moderate magnification (8x to
10x) should be used. In countries with irregular electricity supplies, it is best to
use microscopes that allow the power source to be changed from electric to sunlight
through a collector mirror.

Before examining the slide, one or two drops of immersion oil are applied
to the left edge of the stained smear. Attention should be taken not to touch the
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slide with the oil applicator, to avoid potential contamination of the immersion oil
and transferral of acid-fast bacilli to another slide. Acid-fast bacilli appear bright red
against the background material counterstained in blue. Tubercle bacilli are quite
variable in shape, from very short fragments to elongated types. They may be
uniformly stained or with one or many gaps, or even granular. They occur singly
or in small groups, and rarely in large clumps. The typical appearance is of bacilli
that are rather long and slender, slightly curved rods. If structures are seen that have
the correct color and a compatible morphology, they must be considered as acid-
fast bacilli and be reported as such. They may occasionally not be tubercle bacilli,
because environmental mycobacteria, some nocardia, and corynebacteria spores
may also be acid-fast. Nevertheless, no attempt should be made to differentiate
these in microscopy, since the margin of error is unacceptably high.

Several grading scales for the number of acid-fast bacilli found in a smear
have been proposed over the years. The IUATLD scale proposes five groups for
reporting the results of reading the smear; they should be recorded as follows:

Finding Recording

No acid-fast bacilli found in at least 100 fields negative

1 to 9 acid-fast bacilli per 100 fields exact figure/100
10 to 99 acid-fast bacilli per 100 fields +

1 to 10 acid-fast bacilli per field in at least 50 fields ++

More than 10 acid-fast bacilli per field in at least 20 fields +++

Very scanty results (1 to 3 bacilli per 100 fields) do not correspond very well
with culture, and a repeat examination of another specimen for confirmation of
such a result is thus usually recommended. A decision as to whether a finding of
1 to 3 bacilli per 100 fields is to be considered as significant or not should be
defined by the national program and not by the individual laboratory technician.

5.Recording and reporting results of sputum smear examinations

The utilization of a special register for tuberculosis laboratory examination
has proved very useful (appendix 5). Two essential features of the [UATLD laboratory
register are 1) that a distinction is made between patients presenting for diagnostic
examination and patients presenting for a bacteriologic follow-up examination,
and 2) that a single line is allotted to each examinee, not to each examination. This
permits an evaluation of the proportion of cases among suspects, which in turn
allows the calculation of requirements in laboratory materials based on the number
of reported smear positive cases.
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