
\. GUIDE ~ro ~rHI£ COUN/rING O:b-' MYCOHAC'L'.l!JHIA L\ 
CLINICAL AND E~XPERI.MENTAL l'IIA'J'lDHJALS I." 

.JOJ-lX H. HAKI\~, PH.D., B. It. CHATTER.II': I·:, 1\I.B., H.~. 
AX)) ?\ I r C I-I EL 1<' . LEC I-I AT, ~I. D.:1 

J ohns Ilop1cins Unhrrsi ty· T,conard W ood J{cmorial L eprosy i:amrc" Lau oratory 
The Johns llop1c ins School oj' 11 yoicnc 

Jla/timorr, Jl{aryZand 

. ~ill CC) MycobacteriulI! lepm e is not availah lC' ill su('(i ciellt. purit~- for 
s tandardization hy weight, spect rophotornet ry or nitrog<'ll CO ntC'llt, 
bacterial counts are required to determine its concentration ill lep ro­
min and in experiments on Hnimal transmission, cc) 11 culturC's, dir(' ct 
cultivation, etc. When bacterial cOl1 celltratioll s ill SOllrC(' materials 
are modest, direct COllllts often arC' feasible. vYhen CO ll c(, lltrations are 
high, la rge clumps and globi l'C'quil'e declumping of the bacilli by 
chloroform and dispersion in a suitable diluent. 'While the lahor­
iousness of cO,unting is well known, seve ral ddNmillants of r eliahl e 
COUllts are n.o"t commonly recognized, as illdi cated in the following 
paragraphs (A-D). 

A. J\farkedly different, though reliahle, di st rihution s of bacterial 
concentrations are produced hy each method of spr c.aCling samples on 
glass slides . After mechanical spreading of measured samples on sq uare 
or circular areas, the numbers of bacteria perfielc1 11ear the centen; of 
film s may exceed those ]1ear the perimeters by five to ten times C'L 
Random microscopic sampling of these physically induced "ariations 
in bacterial concentrations results in enormous standard errors for 
the counts from each film. From this it fol lo\\"s that films must be 
small in order that their entire diameters may he sampled, a l1 (l that 
statistical analysis must be based on "ranking methocls"C ) permitting 
comparison of the number s of bacilli in each field 'with llUmbers ob­
served in corresponding sites in other film s. Fortunately, uniformly 
replicated microspot films can be made with great rapidit~T . In the 
narrow marginal rims of such films the counts tend to be only 2.5 
times those encountered across a central plateau. 

B. Proper concentrations of protein are required to help retain 
films on slides. 

C. Staining and differentiation must be cOl1ducted with rC'agents 
that possess "fixing" quali ties, in order to minimize the loss of bacilli. 
Rinsing must be gentle and minimal. 

D. The major factors influencing reliability can be demonst rated, 
tested or controlled by visual inspections, and need not be monitored 
by tedious compilation of bacterial counts . 
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This paper, therefore, is prepared solely as a technical guide to 
minimal equipment, maximal convenience, and the factors that must 
be taken into account to produce reliable results . Since explanations 
are so tedious in comparison with demonstration, we have tried to il­
lush'ate materials, procedures, and the basis of several considerations. 

Major features to be described are: the'decll1mping and dispersion 
of lJI. lep ra,e when necessary, rapid preparation of replicate films on 
glass slides, safeguards against losses of material during s taining and 
differentiation, and convenient microscopic sampling of films by a 
method that measures the area covered by each film and eliminates the 
calibration of microscopic field s. 

MATERIALS AN D METHODS 

Uaterials include lepromins, t issue homogenates f ree from rapidly settling tissue 
particles, and other experimental samples from which uniform aliquots can be drawn . 
Materials essentia l to the counting method have been arranged in four groups, three of 
which are illustrated by fi gures. 

A. Declwrnping and dispel'sion of mycobacte ria (li' ig . 1) .- Pointed, 3 ml. glass­
stoppered microcentrif nge tubes (Kimball No. 45,152); pure chloroform for declump­
ing ; 2 p er cent serum in 0.5 per cent phenol water fo r dispersion and dilution and 
iusurance of uniform r etention of films on slides; serolog ic pipettes f or measuring 
the samples and the chloroform. 

FIG. 1. Material s 
required for deelumping 
and dispers ion of fiyeo· 
bfl,etoria. 

B . P" eparation of film s (Fig . 2).- A spot plate to provid e small samples at Ulli­
form depths (Arthur I-1. 'l'homas, No. 8288, size 2/0); small "sequin" pins for rapid 
transfer of replicate samples (we use. Scoville No. 8-S, selecting for head diamders 
of 1.53 !l1l11. (0.06") ± 2% ); a swab stick, pencil with rubber eraser, or hemostatic 
clamp to hold the pins by the points; trmplatrs fo r arrang ing the microspot films in 
orderly rows on glass slides (prepared by typing "full-stops," "peri ods," or "o's" on 3" 
x 5" can1s) . VVe now stamp the microspots f rom rach sa mple as soon a. t he latter 
has been placed in the spot plate, th11s elimina ting' the need for rubber stoppers to 
prevent evaporation. 

C. Fixation and staining of films (Fig. 3) .- A tightly sealed 70 ml. Coplin jar 
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FIG. 2. l\Iat('r ial s and method for rapid repli ca ti on of mirro~pot filrn s on s li cl,·~. 

containillg 0.7 ml. of forma lin proyicies 1 1)(>[ t!'nt or I'orilialili / Yo lnllw or air. A 
horizo nta l g'lass plat!' s('l'\'ing' as a 9So)'. hot- p latp is la id OI'I'[ a s lIlal l slIppl,l' of 
hoiling lI'ater in a tin ('an, Cnrbolflltitsin in a glass-joint droppillg' hott l(' t 1 part 
3% IH'II' fl1(·hsin / wt. in 95 % al(·nito l · 9 parts of 5 % ph!'1101 in lI'alt ' r), Dil'f!'rrn­
tiator: a Coplin jar (·untaining ]0 ml. of aqlH'OllS so illt-ion of' methy li'llI' hhlP (1 %/11't. ) 
and -to IIlI. of ;) per ('ent su l flll'i(' aeid / l'ol. (nl(·thylene him' O,2 ','{, in sllll' lI l'il' a(·id -170 )' 
For ('ontroll!'d rin s ing: a Cop li n jar l\'Ith an app roprialt· 1('n2"tll 01' n()nl'll~ting' wire 
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\\"('dgl' il r1 i:lg·onall .\" aC'ross the hOttOIll, to ppl'Iliit s low passagl' of rill ~ ~' wllter h( lIl'a tli the 
s li (ks; a , ma ll fnnnr i 10 dirr<-( t lie flo\\" of Wilt!'!' info tli!' Cop lin jar. 

n. (·o/fllli ll fJ .- A ::lU-squal'l' o(, l1ln1' grill fo r tlie {',)'l' piPf'1' of (-lit' mi(,l'os('ope 
( Btlll,w li anl! Lom h micl'Odiamt>t!'l' disc, Cal. 1\0. :l l1(j1f'i ) . 11. tah\(> of '-('ol1 \"{'rsion fHe­
tors" (';1i('ll la(t'd for (lir miel'os('o pr t'l"nploy!'d. 

PHOCEIJ C np, 

/) eclll lllpi il/J ({'lid di s persioll of 1nycoba(:tcrl(( .- 1. 8:1<1];-(' th e Jepr o­
min 01' otilC' l' sampl e thol'ough ly. K 00 P it agitated hy aspil ation while 
]'elll oy jllg 0.:-3 Ill!. to a glnss-stopp01'ed tllhe. 

2 . ...:\d<1 O.O;~ 1lI1. chl o l'ofol'm alld 1'0pla c(' til(' ca p Pl'Olllptl y. Im­
mecliatl'l .\' shak(' t l1(' co ni(,lIts end to 01](1 thl'ough all arc of 90° as 
vigo l'ous l." n:-; pORs ihl (', (,11Iploying ]0 st. l'ok('s fol' cl ('c lulTlpillg. 

:1. 111l1llNliat0iy aclcll.2 m!. of the 2 pel' ce ll t S0 1'UJl1 in phellol wa Ler 
and shake l\1.·ic('. 1' h0 sal11plC' has now 1)('011 dilutN1fiye times. 

4. To lllinillliz(' lahol', foul' sampl('s aI'(' hl'ought to this pOillt, the 
s toPP(, l' :-i ill tl1<' tul)('s al'(, secul'cd with tl1(' thu11Ih, ancl all ar(' shaken 
vigo l'ou:-il? (ns d(':-;c ril)('d nho\'(' ) for :) llIillllt('S to pl'oduce ulIi fo rHl 
<li spcr:-iioll of the ba cilli. 

Pre})I/ l'((t ion of fil11l s (Fi g. 2).-1. :-;h1:1];:(' Hilt! a:-ipirnt (' (,Hch di s­
pel's(' (1 S<1 111ple a1l(1 Lran sf(' r 0.0;) 1111. to tIl(' spot plat-(' . 

2. t;lir t]l(' samvle with a pin hcad as illust ratN1, alld stamp G 
micl'ospot :-i 0 11 ('nch of :2 s1i(1('s . During thi s ope l'aEon, thc f01'ea r111 
is r cs ted 0 11 the tabl e nlHl the wl'i s t is s\\'un g ill an a l'c. Superior 
n ' pli caho1\:-i al' (, S('C tlI'0(i hy stamping ill(' pill \'(' r tica ll? alld holdly on 
the slid c ,,,hil e cotl1lting to ensure all evcll tcmpo of movcnwnt. If 
for <Ill." 1'(, <1 S011 t]1<'l'(, is n delay in making tl1<' mi cl'ospots on s1icles, 
cove l' il](' S(\1111)l t' \\' ith H l'ul)l)(' r stoppe l' to pl'event ('\·apor ation. 

-

rIC:. ~. :\JH t(' riHl ~ :11l (1 nlT:1n~Cnlrl1t for fixH t i on 0111(1 ~ta inin;..:- of fi hll ~. 
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As many ~ s 8 ve r t ical rows (samples ) a rc film ed on each s lide to 
ensure uniformity in sta inillg, convenience in labelling, storag(', etc. 
All fi lms a rc allowed to clry at room temperature. 

F ixation and staining of films (l1'ig. 3) .- 1. Place the slides in the 
Coplin jar of fo rmalin vapor for 3 minutes. 

2. Lay them on the hot pl ate fo r 60 secolHl s to drive off formalin 
and to fix by heat. 

3. Covel' the fi lm s with carbolfuchsill for :·30 secoll(ls whil e on the 
hot pla te; rinse g ently in wa tel'; shake off excess water. 

. 4. Immerse the s lides in the differeD t iator for 4 min utes; rin se 
gen li.1) in "'}Iter. ~hak (' off a ll excess water and allow the slid es to air­
dry. 

The gentl e rin sing is ca rried out by placing the slides in a Coplin 
jar modified as described anc1 filled with tap water. A ll fi lms face 
toward the right. Flowing ,vater is in troducec1 into the left side of 
the ja l' through a small funnel. Lest the fi lm s he softened, rinsin g' 
should be termillatec1 as soon as dyed water ha s been r eplaced h:' clear 
water. 

M - 1.-----.... ~ ,--- -.....~---... 

v 

( 11 .. c-
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PIG. -t. Th e use of adjacC'nt square fi£'ld s to establi sh t he total number of fil'lLl s a nti 
of baci lli per diam ete r of circular films. M- 'I'he left margin of a miscrospot film on the 
slide. c- The entire circle of the usual microscopic fi eld, includi ng the 36 small squares 
into \\'hi ch this area is divided by the ocular. 1-'1' lIe artual fi eld of ] 6 small sq uares in 
which the bacilli are counted. 

Eaell movement of the sli dl' is mad e with a haeillus, pa rti cle 01' other hllllllllark as a 
reference po in t, so that exact ly one new fif'ld is examinefl for each count. Xo oH'rlapping 
or gaps are permitted \l'hen moving from field to fi eld . 

'Vith a mrchanical countrl', Ollr k('y is pun ched fo r ea(·1t field f'xalll in rd. Anothf'1' key 
is used to J'eco rd the 11umher of' bacilli. If statistical anal,vs is is int!'nclrd, th(' llumhrr of 
bacilli in each li pId is also J'{'('o rtlcLl in tahlps pI'Ppan'd for that purposr (~) . 

Counting of ba cilli (Figs. 4 and 5).- 1. Rest rict enumeration s to 
circular :films that have (a ) uniform diamete rs and (b ) pe r fect rims 
when viewed with the low-power objectivC'. These two requirelll ents 
a re of the utmost importance. Films that a rc not perfectly matched 
circles amI those with irregula r ma rgin s indicate a defect in prepara­
tion. Films that do not have intact rims, or that have rims with an 
embroider ed or "moth-eaten" appea rance, indicate a prohlem in :fixa­
tion to slides . They will yield low and di scr epant counts. 

2. Fo!' r outine co unts, plan to record h,'o items, v iz., the number 
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FIG. 5. Geometric relationsh i ps h('t\l"e('n an entire illm and the 30 fi elos that have been 
examin ed by method illustrated in F ig 4. 

Cnlculation: The principl es can be illustrated step by step on the following basis. 
'I'he original sampl e was diluted 5 times. Each pin head transferred 0.00056 ml. of 

sample to each mi cl'ospot. One diameter of the micros pot so produced represented 30 fi elds 
in linea l' se ries, as shown in the figure. In these 30 field s 750 bacilli were found. 

B." lllcnns of the fo rmula '7i'r" the total number of fi elds in the entire microspot is de­
tprllLinpd. On the basis of 30 fi eld s p er diameter, r = 15; 1'2 = 225; and '7i'r2 = 225 X 
3. ]4](i. The resul t is 706 fi eld s in the spot. 

Th e total number of baci lli depos ited pe l' pin head, or mi cro pot, is calcuhtted as fol ­
lows. S in ce 750 baci lli in a dium etel' of 30 fi elds were counted, the avernge Dumber p el' 
fi e ld is 25. This llulllber multiplied by th e number of fields in the tota l film (706) give 
17,650 for th e numlw r of bacilli in the spot. 

The numher of hacilli / ml. of the mluted sample is then calculated by multiplying the 
numbpr of baci lli / pin head spot by th e number of pin head deposits constituting 1 ml. 
'1'hus 17,650 X ] = 31,500,000, or 31.5 X lOG. 

0.00056 
Th e totnl number of bacilli in th e sample is determined by multiplying the latter 

figUl'e by th o di lution facto r 5. 'rhus the total llumber of bacilli/ml. ill the original sample 
is 5 X (31.5 X 106) 01' 157 X 106. 

A~ noted prp,·iou~l.v, onep the principl e of calculation is und erstood, th e use of con­
version fac tors is l·pcOIll Ill f'ndeL1. 

of square microscopic fields pel' diameter, and the total bacilli per 
diamete r. The method of starting at the left margin of a film and of 
counting along a diameter is illustrated in Figures 4 and 5 and ex­
plail1ed beneath Figure 4. 

3. From your own table of "conversion factors," multiply the ap­
propriate facto r by the 11llmber 'of bacilli per diameter. The answer 
will he expressed a million s of bacilli/ml. The basic principles of 
calculation are given in an example beneath Figure 5, while the deri­
vation of cOJlversion factors is given under Technical Notes and Dis­
cus ion. 

Criteria for taking into account the differing lengths of bacilli, 
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the problem of obtaining agreement betweell counts in replicate films, 
a s tatis tical method, and determination of the volumes tran sfe1'l'ed by 
loops or pin heads, will a lso he con sid ered under r:r echnical Xotes and 
Discussion. 

An alte l'll at ive approach, adeq uate for rough comparisOll s, is 
simply to s tamp ca refully replicated film s on g lass by mean of selected 
pin heads, to in si .. t on -+ 15 pel' cent agreement het\\'eell CO llnts in 
r eplicate films, and to draw the justified cOll clus ioll s from dir('c t COIll­
p~ risoll s hetween the average numbers of hacilli p CI' diam ete r. 

TECHNICAL NOTES AND D[SCUSS [() N 

Papers publi .. hed previously, of which r eprints a re ava ilab le, pro­
vid e ba sic data on several phases of the procedures an(1 the counting 
problem. These emphasize that counting is a tedious amI undesirable 
method for monitoring and controlling the major sources of elTor. 
W e will call upon this info rmation plus CUl'l'ent expe rience ill o r([ e1' to 
define the basis for e sential precautions and recommenciatiolls . 

A. /) eclu111 pin.fJ and disp e1"si011 .- 11hN;e <11'e ba sed 0 11 spec ial s tud­
ies that defined the useful allCl permissibl e concelltrati ons of chloro­
fOlm ("'). Th e pointed tubrs a re used to minimi ze the contact between 
samples and chloroform befo re shaking can he s tarted. 

In s tudies with lepromin, large r round-bottom' tubes allel larger 
samples failed to give equall y high counts or as consis tellt re~ ults . 
In samples that se ttl e rapidly, pipetting larger volumes docs not pro­
duce the anticipated in creases in accuracy. Since Hanks C) had de­
scribed the eluting and dispersing effects of 2 per cen t se rum for re­
coveries of declumped M. leprae from tissue residues, the addition of 
this diluent immediately after the first 10 vigorous shakes with chloro­
form was tes ted. It was shown to be useful. Four possible modifi ca­
tions of procedure were evaluated: shaking by hand and with a 1(ahn 
shaker, each ,,"ith alld without the presence of 72 mgm. of Supel'brite 
beads No. 070. The Kahn shaker, producing 60 oscillations pel' min­
ute, was inadequate, even ,,·hen operated for 15 minutes. Shaking 
with the heads for 3 minutes, both by hand and on the Kahn shaker, 
decreased the ha cterial counts. Beads, therefore, \\'ere ]l ot used 
further. 

vVith modest concC'ntrations of bacilli in t issues to be studied, de­
clumping should not be necessary. 1£ it is required, homogenates 
should not be made too dilute sin ce at least 3x dilution is ll ecessary 
after chloroform to ensure adequate disper sion s. 

B. Cleaning of slicles .-Since the microspots of samples must 
spread uniformly on glass slides, the latter must be scrupllious l~' clean. 
'Ve immerse or sto re new slides in a Coplin jar containin g 5 p CI' cent 
glacial acetic acid/ vol. in 95 pel' cent alcohol. Each slide is lifted from 
the jar, pull ed once through a fold of lint-free absorbent ti ssue 
(\Vipettes, Kimwipes, etc.) and laid on a d ean surface. 

C. Preparation of fil111 s.-The tran sfer of uniforml y repli cated 
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samplcs to glass s lides IJ,\' mcans of 0.7 lllm.loops (') ],equircs consider­
able practice, both to cOll t rol volumes a nd to avoid mic]'ospots that aJ'e 
s li ghtl y out of roulld sha pc hccause of t r cmol'S. Stamping of uni form 
sampl(\s 011 slidcs with thc pin heads is lea rncd much more easil y, giyes 
more rcp roc1u ciblt\ films, and is accomplish cd much more rapidl y. 
L oops of 28 gaugc wire ( \\'hich is an unusual s ize) can be obta i]} cd only 
0 11 s lwc ial ord cl' a lld a re expens ive . Su ita r)le pins probahly CH ll be 
ohtained a ny \\'h('l'c . They a l'e uscd hy drcssmakcl's an d, in some 
co un t rics, as papc r cli ps. Atypical llill S arc di sca rd ed. 

n. 1JJ0nitol'in,q of film s 1UitllOll t ('OUlIti11,q. - r],w o pre\'ioLls studi cs 
e' :! ) ha \'c dcmonstrHtcd that thc distrihution of bactcrial COll C(' llt1'H­
tiolls CO ill Cidcs ~\\'i th the di s tribution of opaq uc lll at(' rial s (IlHliil ink, 
Congo i cd, 01' bl ood cclls) ill c1l'i ccl films. rl1hc a l' t of lllakill g ll C<11'­
perfect l'eplicatiOll s of microspots sh ould bc acqui l'ed by c l'i tical in­
spection of film s of a s<1mple 01' of 2 pel' ccnt sC l'um con tailling 1 
pCI' CC ll t In (lia ink or 0.2 p el' cent Congo r cd . 

In spcct ion of (hi cd Hlm s will l'cvcal fairly (lcnsc mal'ginal rim s 
SUI'l'OLllldillg a cClltl'a l platca u. Bactc1'ial counts in the rim s tC' nd to 
1)(' 2.5 t imcs as high as tl10 unifol'm coun ts acr oss thc c(,11tl'a l platcan. 
Shonld in spccti on of fi lms 01' r ecord cd counts sh ow a ccn t ral ])cl1k, the 
tru e ha cte rial llUmber s may be ovcr-cstimatcd by as much as 20 PCl' 
cent. This diffi culty has hccn cnco un t('l'cd only in h omogc natC's of 
dcnse Suspcl1 sions of tissue cdls. It was eliminatcd by in corporating 
bilc in 0.05 pel' ccnt con ccl1tl'atioll in the clispcr sing m edium e ). 

Thc marg inal rims alld the junctures bct\\'ccn these rims alld th e 
central p lateaus are thc r cgion s in which stain cd films should 1)(' ex­
amined by low POWCI' microscopy, if OI1 C Sll SPCCtS proh lcll1 s .ill film 
rc ten tion. 

E. Ca lib-ratio11 of loops and pin heads.-This has hCC11 dOll O by 
either of two mcthods, each dependent upon th e t ransfe r of tcst solu ­
tion s having wctting propcrties similar to thosc of lcpromin anel 2 pC'l' 
CCllt se rum and r equiring preliminary practice until almost: ]w rfcct 
]'cplication of microspots has been achievcd. 

1'. Titration of alkali vs acid: R eagents: O.Oi)N N<10H. O.OlN H e l , 
and distilled water , each containing 0.002 PCl' ccnt phellol]'cel, anel h c]'c­
after dcsignated as NaOH , H e l and H~O. The alkali and aciel nccd 
not bo previously "s tandardized . " Add a fcw elrops of an a lknlin C' 
buffe r to 10-20 11l1. of thc H"O, adjus ting this to the sCllSiti\'c vis ual 
range of phenol ]'ccl (-+- pH 7.4). Place ± 1 m1. in a 10 mm. t uhc to 
sc rve as the end-point color standard. B y mcans of sc rologic pipcttcs 
(\\'ipin s tips, etc.) titrate the NaOH against thc HCI until a CO J1\'Cr ­
sion factor ca n 1)(' cc rtifi cd . F01: practicc \\'ith small \'olumes, it is 
cOllvcni ent to u se 0.0-1: m1. NaOH '1}S ± 0.2 ml. .H C1 from a sc r ologic 
pipettc. Dilute the acid 0]' alkali so that thc HCl ]'cqui]'cd is cxactly 
5 times the volumc of NaOH. 

~\Vith a 0.7 mm. loop 01' a pin h ea d trHnsfcr -1:0 microspots of 
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XaOH Lo a sliLle. With the se rologic pipeUe, add Bel to form Hll es­
sentially neutralized pool of phenol red 011 the slide. Tip thi s to a 10 
mm. tube containillg 0.5 m1. of the ILO; rin se the slide with 5 drops of 
fLO; aeld more He) to match the pH color standard in a similar tube. 
Repeat until the I'OW of small tuhes shows essential agreement or per­
mits averaging of r esults . Calculation: yolume of H C] / 200 = the 
vo]ume of NaOH pe l' microspot. 

2. Optical density of Congo red solutiow.; : lit'agent: 1 1)(' 1' cell t 
Congo red in di stilled wate r. Congo rea is chosen fo r two reasons : 
its solution s have suitable wetting properties, and 11egat-ive]y charge(l 
dyes are no t adsorbed hy gla ss. A caliuratioll curve for rea(ling op­
tical densities in the Coleman ,Ir. spectrophotometer at 300 mfL in 
13 mm. tubes was COll st ructed after determining that there is a straight 
line relatioll ship between optical densities and the pel' cent concentra­
tion of dye ove r the range sugges ted. Thereafter two dilutions of the 
dye served as control : 0.1 m1. of dye + 49.9 m1. wate l' = 0.002 70 dye; 
0.1 ml. dye stock + 499.9 ml. water = 0.0002 % dye. III tubes or cu­
vettes of greater diameter 0.001 % amI 0.0001 % Congo red JIlay he 
preferred. 

For 0.7 mm. loops: Tnl11 sfer ]0 micl'ospots of 1 per cent Congo 
r eel to separate s ites on the wall of a clean glass beaker; add exactly 
10 ml. of water; pour a sample into the reading tube or cuvette ; r e­
cord the optical density and determin e the per cent content of dye from 
the plotted calibration curve. 

For pin head s : From a 0.03 m1. aliquot of 1 per cent COllgo reel 
in a spot plate tran sfer 10 microspots to the elld of a clean slide ; 
immerse this end of th e slide ill 10 ml. of water in a small beaker, 
a 11(1 proceed as ahove. 

Calculations : These a re based on simple proportions as follows. 
The volume of 10 microspots : 10 ml. of water = the per cent of dye 
determined: 1% Congo r ed. Since the first two elements in this 
formula cancel, and the last element is 1, the per cent of dye deter­
mined by optical density = the volume of solution pel' microspot ill 
ml. Example: ']~en 0.06" pin heads yield a 0.00056 70 dye solution. 
This equal s 0.00056 ml. of sample/ microspot. 

F. Fixa tion of film s :- If diffi culty is experienced, r eplace the 
formalin vapors with formalin in the concentration of 10 pel' cent in 
alcohol. Dry the micros pots by warming, place the slides in a Coplin 
jar of the fixative for 10 minutes, and then heat and stain as described. 
Insoluble material. (India ink or blood cells ) can be employed to com­
pare the retention of particles in protein film s during exposure to 
va rious reagen ts (L). 

G. Staining and differentiation.- The problem of losses from the 
surface of films, the choice of reagents for retention of film .', the effect 
of formalinization on differentiation, determination of end-points for 
differentiation, and the fact the mycobacteria are not transferred from 
slide to slide in Coplin jars, have been examined in detail ('). 
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H. Fa cto',.,'; intfu (,lIcing the (fr-CUHI C!) of roulI ts.-S in ce counting is 
employed as a substitute for weight or other estimates of bacterial 
mass, the va riable length of bacilli should be taken into account. ,Ve 
a r e g uided by two conside rations. First, typical or average myco­
bacte ria usual ly cOlltain 4 r egularly spaced chromatin bodies or 
"granules." In the case of iII. leprae, the leng th is 2-3/-', a conv011i('n t 
s tandard for on(' unit. Bacilli of 4-6/-' ill lenoth are count('d as "two," 
dc. Secondly, alTall gl'm (,11ts of bran ching or cOll junctions bct\\"('cn 
ha cilli y ield "joints," "V's," " vV's," "X's," "Y's," etc. Each u11i t, 
if not of rxceptional lellgth, r ece ives a COllllt of "011 e. " In coullting 
mate rial from tJ·ra tpd patients or sampl es ri ch in short o\"o[<ls or 
grallulcs, this systPnl would overpstimate bactrrial mass. 

1. Agreement betw een counts in replica te ftlm s.-rrh o laho r of 
count[]l g loads to empirical comp romises rather than statistical satis­
factions. "Ve try to achirve r easonahle reliability hy counting across 
only two carefully selected film s per sample. 

If tho counts in a second film agree with the first wi thin - 10 
pe r cent, these are averaged, assigllillg also an average 11umhr r of 
fi elds per diamder of spot . If the two counts di sagrre by mor0 than 
15 per cellt, a third film is counted. If two counts now agree within 
-I- 10 per COllt and one disagrees, and r eexamination of the lattr r hy 
low power shows a defective film, that count is disregarded . If all 
film s appear identical, the three counts must be averaged. Ca r eful 
preparation and in sp ection of film s, therefore, is an important J1lrans 
of saving lahor. 

In order to obtain this deg ree of agreemrnt, the numhe rs of 
bacilli that must be obsrrved per diamete r vary with the mate rial amI 
the mycobacterial species . With uniform dist ributioll s of· ,· ing-le 
ha cilli in homogenates of M. lepra em'U ritlrn , 200-400 baci]]i suffice C' ). 
In dec]umped and dispersed lepromins the ]lUmber tends to be in the 
order of 800. In lcpromins contain ing large tissue pa rti cles, the r e­
quired number s run into the thousands. The example cited below of 
750 bacilli per diamete r of spot and 158 x 106 bacilli/ml. corresponds 
with the 160 x 106 r ecommended by the 1963 Congress in Rio de 
Jane iro as a provisional standa rd for lepromin . In clin ieal l1l icro­
scopes I'; uch lepromin s may yield 1,100-1,200 hacilli per diameter of 
I'; pot. If bacilli are so numerous as to make countin g burdensome, 
work can be saved by recording the numbers of bacilli seen on Oldy 
two of the four horizontal rows of small squares in the field, and then 
multiplying by two. ,Vhen bacilli are in low numbers, a choice must 
be made between coun t in o· additional film s or concentrating samples 
by centrifugation . 

The usc of convenient stati, tical m ethods has been illustrated 
elsewher e (3) . The necessary booklet of table, can be obtained from 
Dr. F. Wilcoxon (6). In standardization procedurrs, we adjust I';am­
pIes to agreement of counts, even though stati tical analysis indicates 
that two counts do not differ significantly. 
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J. Calcul,ations (mel conver'sion fa ctors.- The prillciple employed 
for calculation of the lllUllbel' of bacill ijml. of sample is to di s regard 
measurements in millimeters, etc., since the size of each microspot 
film has been measured in terms of the number of fields pel' diameter. 
Irrespective of the microscope used, on e-half of this number se rves as 
"1'." in the usual formula, 7r r". In this way the calculated area of cir­
cle represents the total number of fields covered by the known volume 
of sample placed in each film. An exampl e of such calcula tioll s has 
been g iven beneath Figure 5. 
. Conversion factors : For cOllveniell ce ill routin e work \\' e prepare 

for each microscope a table that r equires Oldy that the llUmber of 
bacilli ob erved pe l' diameter be multiplied by the appropriate " con­
ve rs ion factor." 

1. "Ve do not convert the total bacilli pel' diameter into average 
bacill i/fi eld and then multiply by the number of fi elds per film. The 
number of fi eld s/ film is expressed as multiples of the fi elds/ diameter. 
For exampl e (based on the use of our Leitz Ortholllx Microscope): 

F ields / film Fields / dicl1nete1' Multipl es 
706 30 23.5 
754 31 24.3 
804 32 25.1 

2. ,Ve derive a constant which takes into account the dilution of 
samples (5x) and the volume of sample per pin head (0.00056 mI.). 
For example, 5 -7- 0.00056 = 8,928. 

3. The product of this constant and an appropriate multiple COll­
verts the number of bacilli per diameter into bacilli pel' ml. For ex· 
ample, with 1 bacillus/ diameter: 23.5 x 8,928 = 209,808 bacillijml. 
r:rhis number when rounded off and expressed as million s = 0.210 X 

10(; hacilli/ml. 
An exampl e of the conve rsion tabl e used for the Leitz Ortholux 

microscope, therefore is as follows : 

Multiply hy 
Fields/ Conver sion bacilli/ 

diameter fa ctors diameter Bacilli/mI. 

30 0.210 x lOr. K 750 158 x lOG 
31 0.218 x lO r. x 750 163 x lOG 
32 0.224 x lOr, x 750 168 x 106 

Since microscopes used in clinical laboratories tend to y ield ± 20 
fi elds pel' diameter, they \\' ill y ield different conver s ion factors, which 
must be calculated hy the inves tigator. 

SUM MARY 

Thi s paper summarizes the basic considerations, material s and 
procedures required for rapid and convenient determination of the 
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concent rations of rnycobactel'ia in clinical and expel'imelltal materials. 
Majo r features descri bed are the declumping and dispersion of M. 
Zepm e 'when necessary, rapid preparation of replicate films on glass 
slid es, safeguards against losses of material during staining and dif­
ferentiatio11, and c011venient microscopic sampling of films by a pro­
cedure measUI'illg the area covered hy eacl~ film and eliminating the 
calibrat ion of microscopi c fi elds. 

E ste tl'nhajo l'f'snrne las ('onsidf'racionf'S hasicas, materinl e.' y procf'dirnientos re­
qU(,J'idos pal'a nna df'tf'rminacion l'apicla y conv('niente de 111. concentracion de mico­
bacterias I'll rnaterial es cllnicos y I'xperimentales. Los mayores aspectos descriptos son 
desagrnparniento y dispersion del lIf. lep l'ne, rapid a preparacion de pcliculas replicadas 
sobl'e pOl'taohjetos de yidrio, seguridad contra la perdida de material durante la 
colorac ion y diferenriacion, y convenirn te seleccion de p eliculas pOl' un procf'd imiento 
que mide las areas rubiertas pot' ('ada pelicula y elimina la ca li bracion de campos 
micl'oscopi(·os. 

RF.SUJ\{E 

Cet article resume l('s considerations de base, l'equipment et la technique ponr 
la determination rap ide et faci le des concentrations de mycobactcri('s dans des echan­
ti ll ons cliniqncs et expCrimf' ntanx. L('s points prineipaux qui sont dccrits ont trait a 
la scpa ration ('t n la dispersion de iIf. lep'l'a e lorsque cela s'avere nccessaire, a Ill. prepa­
ration rapid(' de f rottis repl'oductibles sur drs lames porte-objects, aux precautions a 
prendre contre la perte de material dunlllt la coloration et la diffeJ'enciation, et a un 
facile ec han tillonnage microscopique du f rottis par un procede qui mesure la surface 
Coun:'lte par chnque f rottis et climine de la sorte la mesure de la snpt'rflcie drs chnmps 
microscop iqnes. 

REFERENCES 

1. HA~KS, J. II. Retention and difff'l'entiation of curbolf uclis in -sta ilH'd mycobac­
teria in diagnostic films. American Rev. Tuberc. & Pulmon. Dis 74 (1956) 
597-607. 

2. HANKS, J. H. Quantitative aspects of sampling leprosy skin lesions by OIl' scraped 
incision method. Intemat. J. Leprosy 24 (1956) 424-433. 

3. HAXKS, J. H . Assay of the fate of mycobacteria in cell and tissne cultures. Amf'li ­
can Rcy. Tuberc. & Pulmon, Dis. 77 (1958) 789-801. 

4. HA~KS, J. H. Enumeration of My cobacterium /ep ra e fo r the standardization of 
lppromin. Internat. J . Leprosy 27 (1959) 134-140. 

5. HANKS, J. H. and JAMES, D. F. The enumera tion of bacteria by the microscopic 
method. J. Bact. 39 (1940) 297-305. 

6. ,VILCOXON, F. SOllie Rap id Approximate Stnti stical Proce(lul'es. Stamford, Conn ., 
Americnn C~rannmid Co., 1949. 


