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Comparison of Tuberculosis Case-Finding in a
High Prevalence Area

C. DE VILLE DE GOYET. H.H. KLEEBERG

SUMMARY

This comparison of bacteriological methods for tubercu-
losis case-finding was made on 1595 specimens from
persons in 16 locations in the Transkei. Sputum induced
by mechanical stimulation of epiglottis and larynx was
superior to cultured laryngeal swabs. The 2-minute
examinations by fluorescence microscopy yielded 1,5
times as many positive smears as 4-minute examinations
by light microscopy. Culture yielded 97 strains of M.
tuberculosis. or 6,6%, and 171 colonies of other myco-
bacteria. Of the tuberculous sputa 58%; had only 20
colonies or less and none of these were recognised to
contain tubercle bacilli by microscopy. Of the culture-
positive smears 369 had been diagnesed on smear. The
potential yield of inoculabng only one slope was cal-
culated to be 73%, of the positive specimens. For high
prevalence areas such as the Transkei a network of
facilities for microscopic examination is recommended.
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Tuberculosis control programmes vary according to the

prevalence of the disease, rural or urban environment,
availability of health services and laboratories, and other
conditions, such as the accessibility and the development
of the people. In South Africa the Transkei is a high pre-
valence region with many special problems. The data ori-
ginate from a field study of bacteriological case-finding
undertaken in 16 randomly selected locations in the
Transkei in close co-operation with the South African
National Tuberculosis Association and the local State
health services. The data are published in detail in another
article. They are analysed here 1o determine the relative
efficiency of microscopy and culture for case-finding, and
the importance of various technical and operational factors.

PATIENTS AND METHODS
Population, Interrogation and Recording

At the 16 locations | 585 persons aged 15 years or older,
were investigated. A preponderance of females and elders
was noticed at every site because the able-bodied Black
men migrate to the towns and industrialised regions to
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seek work. Control of tuberculosis among the migratory
men js usually very good. The sample obtained may be
considered as representative of the population wanted for
examination by the mobile teams and at which the cam-
paign was aimed. ‘

Each person was carefully questioned in Xhosa by
Black nurses or health assistants about previous or cur-
rent anti-TB treatment, and about the presence of TB-
like symptoms, such as lasting cough, blood in sputum,
loss of appetite, pain in chest, sweating during night, and
shortage of breath. Records were made on the spot on
a printed card. No medical examination was performed.
The benefit of restricting case-finding to the symptomatic
persons is discussed in another report.”

Collection and Transportation of Specimens

One botde and 2 swabs were provided for each per-
son. Collection started early in the morning at the head-
man’s dwelling or at the school of the location. With the
assistance of a laryngoscope a 15<m long wooden swab
was introduced to irritate the epiglottis and larynx thus
producing a forced cough and good sputum. Without this
procedure the majority of specimen bottles would have
been empty. A second swab was then used to collect
sputurn inside the mouth. Face masks were worn for
protection of the operator. Between 50 and 300 samples
were taken per location, depending on the size of the
location. Samples were transported on ice to the nearest
airport, and flown to Pretoria. They were processed the
next momming, usually witbin 24 hours. Not all the sputa
were catisfactory as to quality and gquantity. This was
related to care taken by the collecting doctors.

Cultures and Smears

After transfer into centrifuge tubes the spufum was
mixed with equal parts of 4% NaOH. It was shaken in a
heated waterbath (37°C) for 15 minutes, and then spun
down in a centrifuge for a further 15 minutes. The super-
natant was discarded and the sediment neutralised.
Lowenstein-Jensen medium in 3 McCartney bottles was
inoculated by loop, and the same loop was used to prepare
2 smears on 2 slides each. To prevent washing off of the
material during staining, slides were alcohol-cleaned and
a drop. of serum was mixed with the sputum concentrate
before fixation. Smears were heat-fixed, treated and stained
in 2 ways—one by the Ziehl-Neelsen method, and the other
for fluorescence microscopy by the auramine/rhodamine
method. The ingredients were as follows: auramine 1,5 g,
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rhodamine 0.75 g, glycerine 75,0 ml phenol 10,0 ml, djs-
tiled H-O 50,0 mJ. Decolourisation was done with acid
alcohol: 0,5% HCI jn 70% ethyl alcohol; counterstaining
with 0,5% potassium permanganate solutiop. First staining
lasted 15 minutes, decoloucisation 2 minutes, counter-
stainiog + minute.

All smears were examined by a trained microscopist,
who screened the smears for 4 minutes if negative on light
microscopy and for 2 minutes for fAuorescence micro-
scopy.

The cultures were incubated for 8 weeks, and read each
week for 4 weeks and then after 8 weeks (90% of the
positive cultures were visible after 4 weeks). Colonies were
counted if possible, and when they were atypical in appear-
ance this was specially noted. 1f growth was abundant,
drug sensitivity lests were made immediately, otherwise a
subculture was made to produce more growth for identi-
fication and drug sensitivity testing. If thece was any
doubt about the genus of the colony, it was microscopically
investigated for acid-fastness and shape by ap experienced
bacteriologist. For conflrmation of species identification
the njacin tests on all non-pigmented strzins, and a test
for pyromucic acid hydrazide sensjtivity were made.

Drug sensitivity tests would normally not be undertaken
in a mass campaign, but in this case we wished to check
any initial drug resistance in that area for isoniazid,
streptomycin, PAS, thiacetazone and ethionamide. The
results of these tests, and all findings on mycobacteria
of other species will be presented in other articles.

RESULTS AND DISCUSSION

Tbe various bacteriological findings are summarised in
Table L Ordinary light microscopy after Ziehl-Neelsen
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stalning was positive in 1.7% of smears, compared with
2,1% of positive smears by fluorescence microscopy and
6.6% of positive samples on culture. Cultures made from
the swabs yielded growth in 0.2% of cases only.

Performance of Two Microscopical Techniques

Of the 1| 595 sputa, 1227 were satisfactorily stained by
both techniques. Since 1 trained microscopist read all
smears, a delay of 2 months occurred, but such a delay
does not influence the sens.tivity of either method.** The
percentage of smears which were unsatisfactory because
the material had washed off was very similar for both
methods; it was disregarded for analysis. The performance
of the methods (compared in Table 1I) is in favour of
fluorescence microscopy with 18 (1.5%) positive after Ziehl-
Neelsen staining and 27 (2.2%) positive after staining with
auramine/Thodamine. Several authors have reported similar
ﬁndjngs.hn

Rao and Nagpaul® demonsirated that the sensitivity of
direct microscopy vanes with different proportions of highly
positive to scantily positive sputa. A similar finding is
seen in Table 1I. Of 9 specimens which were negative
under ordinary light microscopy, 8 were found to be
scantily positive under fluorescence microscopy. The greater
sensitivity of the latter method is most useful for giag-
nosing scantily positive sputa. In our study, 2 smears were
made of each sputum, while | slide was successively
examined by both methods by others.*” Greater efficiency,
higher seositivity and saving of time was also seen by
Mitchison,”™ but fluorescence microscopes are at least
twice as costly and necessitate extensive training of
microscopists.

TABLE I. SUMMARY OF THE BACTERIOLOGICAL RESULTS — TRANSKEI BACTERIOLOGICAL SURVEY

Method
Tests
completed

Ziehl-Neelsen 1328
Fluorescence 1354
Sputum culture 1 546
Laryngeal swab culture 1249
Total cultures 2705

Positive

M. tuberculosis

Other mycobacteria

No. A No. VA
22 1.7 1 0.9
28 2.1 4 03
a3 6.0 171 11,0
3 0.2 5 0.4

TABLE ). COMPARATIVE YIELD OF TWO TECHNIQUES OF DIRECT MICROSCOPICAL EXAMINATION

Fluorescence

Zishi-Neslsen Negative Scanty
Negative 1 200 8
Scanty — 2
Moderate — —
Numerous —_ —

No. 1 200 H
Total { A 97.8 0.8

Total
Moderate  Numerous No. Vs
— { 1208 98,5
5 — 7 0.8
. 2 2 0,2
— 9 9 0,7
5 12 V227
04 1,0
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TABLE Il POBITIVITY OF SPUTUM CULTURE VERSLIS MUMBER OF POSITIVE SLANTS
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TABLE I¥V. RESULTS OF SPUTUM CULTURE CORRELATED TO THE MUMBER OF TUBES CONTAMINATED OR DRIED
OUT (1 588 SPECIMENS)

Mo, of MHa of
unrsadable Lbes specimens Hegaiwe i bbb Other mysobacisria
(1] 1 3T8 1153 L] 141
1 147 10 T -
2 L] H - 1
.| 4B He disghosis g dapgnoas bin diagnosis

Cuolture Resulis Related 1o Namber of Slants

Each of the | 5%5 sputa were incculated onio 3 elants
of Liwenstein-Jensen mediom, Of these, 40 spocimens
were heavily contaminated on all 3 slants, or the mednam
deled out Ip Table Il the specimens yiclding prowth of
M. tubercylosis are commelied 1o the number of positive
slants, Fifty specimens (5.38°%) were positive on all 3
botthes, including 38 of the 39 sputs which were signifi-
cantly positive, & + o ++++.

An over-all loss of 6% throogh coptammabon s mot
alarmimg n a feld survey. The people beld the open
bottles for a minute or two in their unclean bands i the
open Geld, and some slso had foreipn matier in their
mouths. The dmtrbution of the number of contaminyied
slants is shown in Table % (Ist aod 2nd colummslh
Coptarupation of a single ube (142 cases) may in [l
kave been cauwsed inmde the laborsiory. Shoold the con-
tamination of a slope be an independent andom phenome-
pon, the number of spocimens i coloma 2 of Table IV
would read 1322 34 16 and 3, respectively, zpd the
loss of a fample would be & very e ocooumence: 3 ool
of 1 595,

The potential yeld of inoculating 2 and | stope espec-
tively is shown in Teble V. Ouwi of 93 poutive specimens
only 63 (73.21%) would have bern found bhad the specimen
been inocu'ated cmto s single botile The sumber of
spreimens aciually nod evaluated because of contamination
would have reen from 49 (.1%) for 3. w 57 (346%) for 2,
and 113 {7.1%} for | sngle media slope. In a case-finding

TABLE va. DBSERVED AND CALCULATED CONTAMINATION
HATES FROM | 398 SPECIMENS

Me of contaminaled slants

Mo of slenls —— — -
P s b i F ]
> 142 k-] A
T+ e L1 MA
" 13 MA A

TABLE Ve ODBSEAVED AND CALCULATED YHELD OF
CLULTURIMNG OF | 585 SPUTA

Mo of slsnis
ol ol g Mo, af positiee slanls (M lubstuioss)
1 2 3 Tatsl
3* o o 50 3
ki = L5 | BA B2
it ] HNA MA Ed

* Mnidrvid saluas
* Walapy ERCElEET By ComMndlatsl §nalyies

programme the loss of some low-yield culires (1 -

colonies) s ofset by saving in time and increase of
capcity of the labomatory. In an epidemiological survey
this ko of some positives due 1o restriction in media would
kad to an underestimation of the prevolence raie of
carriers of M. peberculosis and of other mycobacteria.
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TABLE V1. COMPARATIVE YIELD OF SPUTUM EXAMINATION BY FLUORESCENCE AND CULTURE
M TUBERCLILOSIS)

Spulum culture
Toagd
Flugreacentces = 4+ gr
MiCrescopy Megat e 1 -5 eol B:Mcol. —m4+4+ —4+4+4 Mo y
Hegalive 1 085 -] o 2 1 1142 oT8
Scanty 2 - —_ 7 ; 8 o8
Mederate - — - 3 2 . as
Humeraws — — — 1 14 15 13
Mo 10687 I =] 13 17 1im
Toiul I W 83,7 30 oA 1.1 1.5

TABLE Vil PROPOATION OF CULTURE-POSITIVE SPUTA CONFIRMED BY DIRECT SMEAR EXAMINATION
Pastive by

Year Haures of aputa mathod culture e V- Callecizon

Londgn TH5A-A2 Mewly dagnosed patients F 73 an a2 Hospital

France” 188550 Mewly admitted ar roadmitted F TE (4L} B1.2* Hospital
palisats

France " Aoutine specimans F 1 By i) &H. 4

[Lilke)

inaia " 96163 Abnormal X-ray shadow F L Fi ] 148 A5, T Field survey

i ! 186:2-63 Sympitoms suggesiive of F 182 i 6B.5 Lasp finding
FTa

Eclia T8E1.84 Symptoms suggestve of FTE F F-] 106 822  Chinice

Enafia 196763 Treated casos F 58 B1 BEA  Clinics
Untreated cases F 12 ur 65,1 Clmles

imdiia * 1856-58 HNewly diagnossd patants F dz4 o A Clinkce

Sengapote 1565 Mawly admit'ed cases (X.ray [ 2 Al a ar.n Clinsca
findings consisient with #TH)

Thadand IS&0-E5S X-oray abnarmalibes IMN 157 2| 38,7 Field survey

Germzioa 1985-19T2  Routine specimens [hospital IN 5700 4104 w7 Hasnial
palimate]

Cape Town' 1872 Mewly-admitted cases [%-ray Fd, | BO 40 813 Hospital
findings consislemt with PTH) IN B w2t 7.8 Hoapital

Caser  amagt and culture
Micrascops  pos. by

F = Sebtaipair sebod IN -
* . Bacsdied agessaern

f = 1 ppegemes

= ¥ wpcemam

Tl MpmmlnEr FEFOd

Yield of Microscopy Compared with Culture

Smnce the floovescence method was more efficsent than
ihe Fichl-Mechen macroscopy. the roulis of the Ltier will
ot be further considered bere Im all 1171 specimens
weie examined by boith sputum culiure and fluorescence

and the relative yiekds are shown in Table V1
Of the 74 cwlture-positive specimens 27 (36551 were
poitive abo by Booreicence microicopy. The greaber
senitivity of coliure compared with microscopy i gene-
rally accepied. According 1o & mngw by Hirimann er al”
ihe failure mie of microscopy waned between 13 and
18, A1 the Knighs Laboratory =i Germision 3 (0K
comparative iosis were done anmally over many yran
and coliure comustently viehded abowt 2570 more cases
than microscopy. the sputem ofiginating from  ireated

@

patiente. Table Y1 aleo shows that none of the 44 spmiphes
with low or single colony counls was posilive wnder 1he
M Poscope

The wartous degrees ol  positivity, the  viability of
pubercle bacilli and the refinement of the various rechnigues
are influencing factors, as may be seen from Table Y1
Al but 2 of the microscopically positive sputs produced
more than 20 colonies on culture. Mone of the poiitive
cultures wilh less than M colodles of M rbercalois
was indicated by microscopy. This feature partly explaini
ihe different rates observed in Table Y10,

In conditions similor (o ours. as in the Beld surveys in
Imvifia and Thauland, the proportien of postive cultuire
cnses detected microscopoeally was s than 30%. In
epiderniologicnl sudies comparatively more culture with
lew colonles are encouniered. In subjects with symproms
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suggestive of pulmonary tubercubosts, the proporiion of Lig-
nificantly positive spuis, and consequently the proportion of
positive microscopy, & larger. According 1o Milchisan® the
difference between Madras’ and London's respective yields
by direct microscopy (Table WII lay in the severity of the
disease. In unireated patenis with clinical andfor radio-
logical signs of pulmonary wherculoss the relative efficacy
of smear examination varicd between 1% and 95%.

The refinement and improvement of the 2
affect their relative vield, In Cape Town™ the relative
proportion of positive cultires confirmed by direct smear
examunation increased from 61,3% to 77.9% when micro-
scopy was performed op J suocessive specimens. Warions
additional faclors have been investgated, such & intake
of drugs, transpori and siorage conditions, oumber of
specimens collected, me of collection (overnight or spot
specirnens), number of slans  inoculsted for culne,
training of microscopical examiner, and time spent on
ciamination.

From Table ¥T it is clear thal I specimens were negalive
on culiure and scantly positive by fuorescence.

Such misleading poiitive smears caused by non-vishle
bacilli do not occur as frequently in & case-finding pro-
gramuné as (hey do in the bacleriological assessment of
chemotherapy. This problem was well sudied by Parrot
et al™ The influence of bacteriostatic drugs muost be con-
sidered when positive microscopical resulin coaflier with
negalive coliures

result only when a smear has 2t beasi 5- 10 bacillary
forms." Repetition of specimen collsction preatly reduces
the aumber of false positives on microscopy.™ In & mass
case-finding this procedure would be oo costly.

Coughing and sxpectoration were induced by uckling
the individuel’s laryax with 2 sierile laryngeal swabi
This procedure was suocsiful in producing  cough,
iplastic flexible rods are preferable 1o wooden stichs which
tend to bresk)

Culiuring of the wwab material was dope for the fird
1249 specimens with & very low iotsl weeld of 02%
(Table I} Ounly & specimem grew in the fluid Kinchner

but pothing was gained by achmlly colmrning the swabs
in iivs case-finding propramme.

Seince resousces are aluays Emited they must be allocated

in the optimz] way. To om the chsin of ranumiscien the
detection of nfeclions ches mesl obvioenly be given
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pricnty n & conirgl programame Raj Nairsin er ol
found the mwe of infection among children aged 0- 14
years i be 41%, WL and 1295 respecuvely, in houssholds

culodis among 1116 close contacts of paticnts
pulmonsry fuberculoss wan thown o be clossly cormelated
o the bacillary content of the sputum: the prevalence was
65% when the spulum was mcroscopcally poultive
1.3% when the bacilli from the index case were found
on culiure only ™

The cont of dagnosing & case by direct microscopy or
culture was significantly lower

& case by TO-mm X-ray mobile
mﬁudthm:m-hﬂnlhm

of pulmonary twberculows s high" the enit cosl of
dugnoung & case bacteriolopeally & likely 1o be low,
CONCLUSION

souncE requine demonstration by microscopy or by culture,
or both. Apari from jis low cosi i time, money and staff,
the greal sdvaninge of diagnosia by direci microscopy i
ﬂmkmtmpndhhnlpﬂn{hilhh
m-l Excreion.

. Culndre is mdﬂ
individusls excreting only few baollh. Theswe people arc
Lable 1w develop sctive disease al any time.

As 3 hirst pnonty, & permanent network of facilithes
for microscopecal examination in the Transkei and other
high prevalence areas i recommended A network af
locslly tramed microscopists could detect the major parn
of the pood of highly poditive excrefors, bul it b of po
valee unlew close supervision s kept and the sinndurd
of work B coatinesily upgraded. Contral by rereading o
random selection of wmears s pecessary for such @
scheme.

Culture i of sdvantage in cades thai are less infectlous,
The cost of culuring has ofien been oversstimoted,
Cu'ture on o single medium slant was shown 1o be efficient
under cave-finding conditions. Since culturing requires
mores iraining of siaf and day-lo-day direct supervision, le
lesds o 3 comiderable delay between collection of sputum
and recespt of resulis, Laborstory focilities may be re-
siricied to the urban population (o the early stages, or
mobile facilities may be fequired where the attendance i
healih institutions 5 difficulr owing o distence and terrnin,
Individusls excreting few bacilli may develop more active
diiczie af any time which makes permaneni facilives or
repeated mass campagns s real necessity,

Larvogesl swabs are recommended for inducement of
cough, but colturing of awabs appears to be of little interest
i & cxie-Anding scheme,

Swspects, e persoma with X-ray shadows, are of a
lower priority in & community-orieniated programme,
Costly mass X-ray campaigns and long-term chamotharnpy
of fibrotic or imactive pulmonary lesions contribute liobe
o the control of the disease, and they can block koy
personnel for long periods of time
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