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Abstract

As pulmonary tuberculosis (PTB) cases put an increasing
burden on overstretched TB control programmes, it is
crucial to explore ways to maximise the efficiency of
ascertainment and diagnosis without compromising
specificity or sensitivity, particularly in the spectrum of
disease associated with HIV infection. There have been
proposals to change the recommendation for collection of
sputum specimens from PTB suspects from three to two to
achieve this goal. We examined laboratory results from the
Karonga Prevention Study from a 5 year period, to assess
the ability of two smears to corvectly identify smear or
culture positive TB cases. A total of 1,992 PTB suspects with
three sputum smears and at least one culture result were
studied. Smears were auramine stained and examined with
fluorescence microscopy and positives confirmed with
Ziehl-Neelsen staining and light microscopy. Cultures were
set up on Lowenstein-Jensen media. True negative and
positive status was defined on the basis of culture. The
sensitivity, specificity and positive and negative predictive
values of two and three smears were compared.

Compared to culture the sensitivity, specificity and
positive and negative predictive values of three smears were
70%,98%, 92% and 92 % respectively. Of those detected as
smear-positive using three smears, at least 97% would have
been detected by two. Among those with HIV serology
results available, the sensitivity of two smears for detecting
culture-positive tuberculosis was identical to that using three.
In this setting, using fluorescence and light microscopy,
collecting two rather than three smears would only
marginally reduce sensitivity and would slightly improve
the specificity of diagnosis of PTB; this is unaffected by HIV
status.

Introduction

Tuberculosis is a major cause of morbidity and mortality in
Malawi, mainly due to the HIV epidemic. Numbers of people
presenting with chronic cough have risen, with a major impact
on overstretched laboratory services. The current
recommendations for diagnosis of pulmonary tuberculosis
(PTB) are to take three sputum specimens from each suspect
over a two day period.! These three specimens may not be
examined well due to time constraints. Were the recommended
number of sputum samples to be reduced to two smears, there
would be significant savings on sputum containers, slides and
reagents, and time.23 In Malawi, thousands of sputum samples
and smears are processed each day, and it is important to assess
whether a screening programme using fewer than three sputum
smears is acceptably sensitive and specific.# Thorough
examination of two slides may even be more sensitive and
specific than rushed examination of three.

In Ntcheu district, changing policy from three to two
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smears did not affect the proportion of suspects found to be
smear positive or other programme outcome indicators.? In
other studies it is estimated that between 77 and 83% of smear
positive cases (on three smears) would have been found on the
first smear and between 93 and 96% on the first two smears.5-°
These figures have not changed over time, suggesting that the
proportions are not significantly affected by HIV, although
there are reports that those who are HIV positive are less likely
than those who are HIV negative to be smear positive and less
likely to have high grade smears.!0-12

Where sets of sputum from each patient are
identifiable in the laboratory, reading may not be done
independently and retrospective review of recorded results can
be misleading; overestimating the sensitivity and specificity of
using just two smears if the results from the first two smears
were compared with the results overall. It is not clear from
published studies if slides were read blind to the other resuits
from that patient.3.5.68 As part of the Karonga Prevention Study
(KPS) we have compared the sensitivity and specificity of two
versus three sputum smears for the diagnosis of tuberculosis.
The KPS is responsible for the diagnosis of tuberculosis in
Karonga District, covering a population of around 200,000
people. Due to its organisation as a research project, the KPS is
able to provide a quality laboratory service with rigorous
examination and audit methods, where the prevalence of
tuberculosis amongst suspects and the nature of clinical disease
are similar to elsewhere in the country. The HIV prevalence
amongst patients with laboratory confirmed tuberculosis in
Karonga from 1996-1999 was 63 %. The HIV prevalence
among women seen in the antenatal clinics in 1999 was 10.2%
and the prevalence amongst tuberculosis “suspects” is likely to
be higher as they are older and tuberculosis-like symptoms are
common among those with HIV infection whether or not they
have tuberculosis.

Methods
Sputum is collected from PTB suspects, ie those with a cough
of at least 3 weeks duration. In Karonga district an enhanced
passive surveillance system for TB is in operation. Individuals
may self refer or be found at health centres, among hospital
inpatients admitted for other reasons, or in the field in the
course of other studies. Three sputum specimens are collected
from each suspect, one on-the-spot, a second early morning
specimen and a third on-the-spot specimen collected at the time
of delivery of the second specimen.

Smears are prepared and first stained with auramine
and examined under a fluorescence microscope (at x 40
magnification, with a minimum of 100 fields to be examined
before assigning a negative result). All smears are examined
independently in randomised order, and the two independent
microscopists are not aware which combination of sputa make
up a “set”. Positives are destained and restained with Ziehl-
Neelsen (ZN) stain and examined with a light microscope. Only
those confirmed by ZN are recorded as positive. All suspect
sputa are set up for culture on Lowenstein-Jensen media and
incubated for 10 weeks. Positive and negative controls are used
each time cultures are prepared. The data set presented here
covers a period from the last week of November 1996 to the end
of December 1999. A PTB suspect was included if they had
three specimens collected within 7 days and if the three
specimens were not all collected on the same day. Each person
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appears only once; the first time they became eligible. A true
negative case is defined here as someone with only negative
cultures for M tuberculosis complex from sputa collected within
one month of the set. A true positive case is someone with one
or more positive cultures for M tuberculosis complex. Smears
with any degree of smear positivity were counted as positive.
Analyses compare sensitivity and specificity of diagnosis based
on three smears and two smears against those diagnosed by
culture. We have also compared the sensitivity of two smears
for detecting those found to be smear positive on the basis of
three smears. We have assumed that the order in which sputa
were collected was important as early morning specimens have
been shown to have a higher yield than on-the-spot
specimens.”-!3 The order of specimens is therefore taken into
account in the analysis.

Results
All reported analyses are based on 1,992 sets of suspect sputa

that met the criteria. The proportions smear and culture positive
are shown in table 1.

Table 1 Positive smears and cultires ammlg 1992 pmmts with suspected mberculmxs

No. o pﬂfﬂtlvﬁs TotaI sets Percenmgﬂ

sy

Of the 445 classified as culture positive, 443 grew M
tuberculosis and 2 grew M bovis. Among those classified as
culture negative were 88 patients who had at least one specimen
confirmed as growing an environmental mycobacterium. A total
of 1524 sets (76.5%) were collected over a two day period as
recommended. For 148 sets (7.4%), the first two specimens
were collected on the same day, with the third specimen 1-4
days later, For the remainder, the second and third specimens
were collected on a different day to the first specimen, for 273
individuals (13.7%) the 3 smears were obtained over a three to
four day period, and for 47 individuals (2.4%) over a five to
seven day period.

The sensitivity, specificity and positive predictive
value of sputum smears compared to culture are shown in table
2. In 8 of the sets it was not possible to determine whether the
first two specimens should be included as positive or negative
as the first specimen was negative and the latter two specimens
had the same date and only one was positive. The results have
been calculated both assuming that they would have appeared
negative on two smears (“worst case”) and that they would have
appeared positive (“best case”). Of these 8 sets 5 were culture
positive (M tuberculosis) and 3 negative (of which one grew an
environmental mycobacterium). The sensitivity and specificity
of two and three smears are similar. From a public health
aspect, there may be more interest in identifying smear positive
cases because they constitute a greater transmission hazard than
culture positive smear-negative cases. Table 2 also shows the
sensitivity of two smears for detecting those who were positive
on at least one of 3 smears. (By definition, specificity and
positive predictive value in this comparison are 100%.) Of the
9 smear positive cases “missed “ on 2 smears (in the worst case
scenario), 5 were later confirmed by culture.

HIV results were available on 289 patients with
culture positive PTB: 165 (57.1%) were HIV positive. The
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sensitivity of three sputum smears for detecting culture positive
PTB was lower in HIV positives than HIV negatives (109/165,
66.1% versus 110/124, 88.7%, p < 0.001) but among the
patients with HIV results the sensitivity of two smears for
detecting culture positive tuberculosis was identical to that of
three for both HIV positive and HIV negative individuals.
Among those who were smear positive on three smears, all of
the 114 HIV negative individuals and all but one of 119 HIV
positive individuals were detected on the first two smears
(worst case scenarios), giving sensitivities of 100% and 99.2%
respectively.

Discussion

In this study, of 338 patients detected as smear positive on the
basis of three specimens, at least 329 (97%) would have been
detected if only two specimens had been examined. Using two
smears rather than three, the sensitivity for detecting culture
positive patients was only very marginally reduced, and the
specificity was marginally improved. The high yield of iwo
smears is consistent with other studies.3578 Since the slides
were read blind it was not artificially high.

The high sensitivity in this study may be partly
attributed to the use of fluorescence microscopy, which has
been shown to be more sensitive than ZN-microscopy.® In
addition, smears were read in duplicate by two technicians from
1998 which could improve both the sensitivity and specificity
of smear reading. However results from 1997 (when one
technician was used) and 1999 (after the change to two
technicians) were very similar.

The potential for improving specificity by reducing the
number of smears should not be forgotten. The more smears
that are examined the higher the chance that one will be
positive, but the proportion of false positives also increases.14.15
In this study the proportion of patients with culture-confirmed
tuberculosis was much lower in those with only one positive
smear than in those with two or three (table 1). This proportion
will be even lower if the single smear has only scanty bacilli.!6
Although it is important to diagnose as many tuberculosis cases
as possible, particularly smear positive cases, the costs of
misdiagnosis can be high. These include the financial and time
costs to the health service and patients, and also the poor
outcome in those apparently misdiagnosed as having
tuberculosis.
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In this population we have shown that mortality was four times
as high in smear positive patients diagnosed on the basis of a
single scanty smear as in those with culture confirmation.1?
The potential for improving specificity is increased if the time
saved by only examining two rather than three smears is
considered, so that further effort can be spent on getting correct
results from those smears examined. Our results, and those of
others, suggest that this can be achieved with only minor loss of
sensitivity. In practice, the time saving might also improve
sensitivity in overloaded laboratories. Also, if smear negative,
symptomatic tuberculosis suspects are further investigated with
X-rays, trials of antibiotic therapy, and further sputum
specimens if there is no improvement, then the number of
tuberculosis patients missed should be minimised.3

There are reports that smears are less sensitive for
detecting PTB in HIV positive patients than HIV negative
patients,!0-12 but others have found similar proportions of HIV
positive and HIV negative PTB patients to be smear
positive.18.19 Cavities are less common in conjunction with HIV,
but HIV positive patients with no or minor X-ray changes may
be smear positive.!8 In our study, although HIV positive
patients with culture-proven PTB were less likely than HIV
negative patients to be smear positive, the proportion of smear
positive patients detected on the first two specimens was similar
in HIV positive and negative patients. This is reassuring, as it is
in communities with a high prevalence of HIV that the need for
improving the efficiency of TB diagnosis is greatest.

Acknowledgements
The KPS is funded by the Wellcome Trust and the British Leprosy Relief Association.
Thanks to the support of the National TB control Programme, the

National AIDS Commission and the Health Sciences Research Committee in this work.
Also many thanks to all the people in Karonga who contribute

towards the success of this work; particularly the TB patients and the health service staff.
An extended version of this paper has appeared in the International Journal of
Tuberculosis and Lung Disease 2001; 5(11): 1-6, and has been reproduced with kind
permission of the editorial office.

AC Crampin!»2 * F Mwaungulu!, S Floyd2, GF Black!+2,

R Ndhlovu!, E Mwaiyeghele!, JR Glynn?, PEM Fine?

1. Karonga Prevention Study, PO Box 46, Chilumba, Karonga District, Malawi
2. London School of Hygiene and Tropical Medicine, UK

* Author for correspondence

References

1. Enarson DA, Rieder HL, Arnadottir T, Trebucq A. Tuberculosis Guide for Low Income
Countries. Paris: International Union Against Tuberculosis and Lung Disease, 1996.

2. Harries AD, Mphasa NB, Mundy C, Banerjee A, Kwanjana JH, Salaniponi FML..
Screening tuberculosis suspects using two sputum smears. Int J Tuberc Lung Dis 2000; 4:
36-40.

3. Walker D, McNerney R, Kimankinda Mwembo M, Foster S, Tihon V, Godfrey-Faussett
P. An incremental cost-effectiveness analysis of the first, second and third sputum
cxamination in the diagnosis of pulmonary tuberculosis. Int J Tuberc Lung Dis 2000; 4:
246-251. A

4. De Cock KM. Editorial: Tuberculosis control in resource-poor settings with high rates
of HIV infection, Am J Publ Hith 1996; 86: 1071-1073. ’

5. Ipuge YA, Rieder HL, Enarson DA. The yield of acid-fast bacilli from serial smears in
routine microscopy faboratories in rural Tanzania. Trans R Soc Trop Med Hyg 1996; 90:
258-261.

6. Harries AD, Kamenya A, Subramanyam VR, Salaniponi FM, Nyangulu DS. Sputum
smears for diagnosis of smear-positive pulmonary tubcrculosis. Lancet 1996; 347: 834-
835.

7. Urbancrzik R. Present position of microscopy and culture in diagnostic mycobacteriology.
Zbl Bakt Hyg A 1985; 260: 81-87.

8. Blair EB, Brown GL, Tull AH. Computer files and analyses of laboratory data {rom
tuberculosis paticnts. II. Analyses of six years’ data on sputum specimens. Am Rev Respir
Dis 1976; 113: 427-432.

9. Toman K. Tuberculosis case-finding and chemotherapy: questions and anwsers. Geneva:
WHO, 1979.

10. Long R, Scalcini M, Manfreda J, Michel JB, Hershfield E. The impact of HIV on the
usefulness of sputum smears for the diagnosis of tuberculosis. Am J Publ Hith 1991; 81:
1326-1328.

11. Elliott AM, Namaambo K, Allen BW, et al. Negative sputum smear results in HIV-
positive patients with pulmonary tuberculosis in Lusaka, Zambia. Tubercle Lung Dis 1993;
74: 191-194.

12. Klein NC, Duncanson FP, Lenox TH, Pitta A, Cohen SC, Wormser GP. The use of
mycobacterial smears in the diagnosis of pulmonary tubercujosis in AIDS/ARC patients.
Chest 1989; 95: 1190-1192.

13. Narain R, Subba Rao MS, Chandrasekhar P, Pyarelal . Microscopy positive and
microscopy negative cases of pulmonary tuberculosis. Am Rev Respir Dis 1971; 103: 761-
773.

14. Nair 8S, Gothi GD, Naganathan N, Rao KP, Banerjee GC, Rajalakshmi R. Precision
estimates of prevalence of bacteriologically confirmed pulmonary tuberculosis in general
population. Ind J Tuberc 1976; 23: 152-159.

15. Dujardin B, Haelterman E, Van Damme W, Kegels G. The adequacy of one sputum
smear for diagnosing pulmonary tuberculosis. Am I Publ Hith 1997; 87: 1234-1233.

16. Narain R, Nair SS, Naganna K, Chandrasekhar P, Ramanatha Rao G, Lal P. Problems
in defining a “case” of pulmonary tuberculosis in prevalence surveys. Bull WHO 1968; 39:
701-729.

17. Glynn JR, Warndorff DK, Fine PEM, Munthali MM, Sichone W, Ponnighaus JM.
Measurement and determinants of tuberculosis outcome in Karonga District, Malawi. Buil
World Health Organ 1998; 76: 295-305.

18. Smith RL, Yew K, Berkowitz KA, Aranda CP. Factors affecting the yield of acid-fast
sputum smears in patients with HIV and tuberculosis. Chest 1994; 106: 684-686.

19. Cauthen GM, Dooley SW, Onorato IM, et al. Transmission of Mycobacterium
tuberculosis from tuberculosis patients with HIV infection or AIDS. Am J Epidemiol 1996;
144: 69-77.

Malawi Medical Journal

11



