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A Logarithmic Index of Bacilli In Biopsies 

j I. Method l 

D. S. Ridley and C. R. F. Hilson ~ 

The assessment of leprosy patients, both 
initially and when under treatment, re
quires it numerical indication of the num
bers of bacilli present in the skin . Much 
reliance is customarily placed on the re
sults of skin smears taken from several sites. 
Because the IJacterial index of a skin smear 
was thought to reflect the density of bacilli 
in a granuloma, but not the size of the 
granuloma, it was felt that an index com
pounded of both these factors would serve 
a useful purpose (2) . The assessment of 
both can be made from suitably stained 

, histologic sections, and the resulting biopsy 
, index (:l) has been used in therapeutic 
~ trials, in the elucidation of classifica tion, 

and for other research purposes. 
The most accurate assessment of the bac

illary content of the skin is made by count
ing in homogenates of weighed portions 
of biopsy material (1). This investigation 
necessitates taking a sample of skin in ad
dition to that used for the usual histopatho
logic examination. It would clearly be of 
value if the latter could be carried out so 
as to provide a reasonably similar es timate 
of the bacillary content. The biopsy index 
fall s short of this requirement largely be
cause it is subject to the mathematic defect 
that it is a compound of an arithmetic with 
'1 logarithmic component. One of us (C. R. 
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F. H . ) has proposed tha t the best way to 
overcome this defect would be to adopt a 
logarithmic scale for both components. This 
has the disad vantage that the calculation 
of the index would be a little more com
plica ted, and that the ra te of fall of the in
dex due to trea tment of the patient would 
be much slower. Nevertheless, the greater 
accuracy of such an index as a measure of 
the numbers of bacilli in a lesion ""ould 
outweigh these disadvantages for most pur
poses. The object of this paper is to de
scribe a modified index th at is mathemati
cally sound. 

THE LOGARITHMIC INDEX OF 
BIOPSIES (LIB) 

The LIB represents the number of bacilli 
per unit area of a section. It is determined 
by using the relative area occupied by a 
granuloma to correct the figure for the den
sity of bacilli in the granuloma. It is calcu
lated as follows. 

The density of bacilli in the granuloma, 
as seen in a well stained histologic section 
5p. in thickness, is assessed On a 6+ log
arithmic scale as in the original biopsy in
dex ( JB ) or in the bacterial index (BI ) of 
a smear (;{). The frac tion of the dermis 
occupied by the granulom a is estimated as 
accurately as possible by use of a low 
power (x4) objective. It is important that 
the biopsy specimen go through the whole 
thickness of the skin as far as the subcuta
neous fat. The proportional area of the 
granuloma r:an be estimated visually to 
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within about one-tenth ; e.g. , the granuloma 
may oCCIIPy three- tenths or four-tenths of 
the whole dermis in the section. For the 
assessment of very small granulomas ( one-, 
tenth or less) an eyepiece grid:! is a help, 
although there is in any case a fairl y wide 
random error with granulomas of this size. 
The logarithm to the base 10 of this fra c
tion is taken, and added to the bacterial 
density figure. In arithmetic terms, this is 
multiplying the bacterial density by the 
granuloma fraction. The answer is the LIB. 
With a little practice it can be assessed 
easily from the cxamination of a section 
in two minutes. 

The density of baci lli is defined in the 
same way as the BI : 

6+ = 1,000 or more bacilli per Beld of 
the xlOO objective 

5+ = 100 or more bacilli per Beld of 
the xl00 objective 

4+ = 10 or more bacilli per Beld of 
the xl00 objective 

3+ = 1 or more bacilli per fi eld of 
the xlOO objective 

2+ = 1 or more bacilli per 10 
Belds of the xlOO objective 

1+ = 1 or more bacilli per 100 
Belds of the xlOO objective 

Tn practice, 6+ is uncountable. The 
other values are easily assessed. Greater 
accuracy is achieved if, when the count is 
in the upper range of a "+ number," haH 
units are introduced. For example, if bacil
li are es timated to be in the region of 50-90 
per Beld, the BI would be 4.5, or more ac
curately still , since this is a logarithmic 
scale, 4.7. Half units are also convenient 
when bacilli are distributed unevenly be
tween parts of the granuloma. 

The logarithms required for the area of 
a granuloma have negative va lues since 
they refer to fractions of 1. Thus log .0.6 is 

conven tionall y expressed as 1.8, which 
means - 1 + 0.8, 'vvhich is in effect - 0.2. 
For simplicity the logarithms will he ex
pressed in this latter form: 

' SlIpplied by CraliclIies Ltd. , H o lhom \,iadll(l . 
London, E.C. I , Engl and . 

Log. 1.0 = 0 
Log. 0.9 = - 0.05 
Log. 0.8 = - 0.1 
Log. 0.7 = - 0.15 
Log. 0.6 = - 0.2 

Log. 0.5 = - 0.3 
Log. 0.4 = - 0.4 
Log. 0.3 = - 0.5 
Log. 0.2 = - 0.7 
Log. 0.1 = - 1.0 

If the area of the granuloma is less than 
0.1, . the logarithms shown above are in
creased by - 1.0; e.g., log. 0.05 = - 1.3; 
log. 0.01 = - 2.0. 

The results for the bacterial density and 
the granuloma proportion are now brought 
together in a "biopsy formu la," and the 
LIB is calculated from them, as illustrated 
in the examples below. The value of the 
biopsy formula is that it shows both the 
components of the LIB and a t the same 
time provides a kind of "numeric picture' 
of the les ion ; also in serial inves tigations 
on a single patient the individual values 
can be seen as they change with time. But 
it must be remembered that the shrinking 
granuloma is expressed as an increasing 
negative quantity. 

Examples. Bacilli in granuloma 100 per 
Beld (5+); granuloma six-tenths of dermis ; 
log. 0.6 = - 0.2; biopsy formul a 5- 0.2; 
LIB 4.8. Bacilli in granuloma 4+ ; granu
loma one-fifti e th of dermis; log. 0.02 = 
- 1.7; biopsy formula 4- 1.7; LIB 2.3. 
These would be typical 'values for a lep
roma before trea tment and after three years 
of trea tment. For borderline leprosy a typi 
cal formula would be 3- 0.3, LIB 2.7. The 
last two examples show how the same or 
similar LIB va lues can be derived from 
very different bacterial density and granu
loma values: the difference between LIB 
2.3 and 2.7 indicates on the arithmetic 
scale a 2.5-fold difference in total bacillary 
content. In this instance it is the result of 
a 10-fold difference in bacterial density in 
one direction combined with a 25-fold dif
ference in granuloma proportion in the 
opposite direction. 

Whereas the IB and the BI ca n he no 
more than indices, the LIB forms the bas is 
of a crude count. The antilog of the LIB 
would be the number of bacilli in 600 to 
1,000 fi elds of the xl00 objective, assuming 
that the granuloma was · evenly distributed 
and that half units were used when re
quired. With one microscope, using a wide-
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fi eld x8 ocular, the diameter of the fi eld of 
view of a x 100 objective was 0.17 mm. and 
its area 0.025 sq. mm. rhe volume of ti s
sue represented by 1,000 fi elds of a 5p. sec
tion is therefore 0.125 cmm. From this it 
can be calculated th at an LIB of 1.0 indi
cates 80 to 250 bacilli per cmm. of delmis 
and an LIB of 6.0 indica tes 8 million or 
more per cmm. Thus the bacillary contcnt 
represented by these indices would usuall y 
he of the order of 10" per ml. and 10 10 pcr 
ml. respeqtive ly, assuming a simil ar cali 
bration of other microscopes. This range 
is consistent with the fi gures derived from 
counts ' on homogenates ( I ), if it is re
membered th at LIB 6.0 is a theoretic maxi
mum seldom met in practice. 

By a similar procedure the index could 
be modified to expres~ the number of viable 
(solid-s taining) bacilli present. If the per
centage of solid organisms was 20, the pro
portion would be 0.2, the log of which is 
- 0.7. If the LIB was 4.3, the LIB (viable) 
would be 4.3- 0.7 or 3.6. Similarly the BI 
could be modified as an index of viable 
organisms. 

DISCUSSION 

Serial biopsies should be taken if possible 
from the same infiltrated areas. Nodules 
are not satisfactory, as there is too much 
random variation in their size and states of 
activity. If the LIB is to be foll owed up 
over a long period, the les ion must initially 
be of moderate size, i.e., the granuloma 
should occupy at leas t two-tenths of the 
dermis, and the initial LIB should be at 
leas t 1.0. It is desirable that two lesions at 
a time be biopsied, although if groups and 
not individual patients are the considera
tion this requirement is not essential. Two 
biopsies also help to exclude the possibility 
that one of them may not be representative 
of the patient's cl assification, although it 
is rare to find any significant difference in 
the, histologic classification of two lesions 
in the same patient (4). 

SUMMARY 

A loga rithmic index for bacilli in biopsies 
is described. It is probably the most ac
curate index of bacterial content ye t de
vised , and numeric equivalents of index 
values are given. The index can be modi
fi ed to express the quantity of viable bacill i 
in a lesion. 

RESUMEN 
Se describe un indi<:e logaritm i<:o para los 

baci los en las biopsias. Este es probablemente 
el ind i<:e mas exacto de conten ido baderi ano 
has ta ahora inventado, y se da n los equiva
le ntes numericos de los valores del index , E I 
index p uede ser modificado para expresa r ]a 
cantidad de baci los vivos en una lesion. 

RESUME 
On a decrit id un index logarithmiq ue p our 

evaluer Ie nombre de baci lles dans des biop
sies, C'es t probablement !'index Ie plus fidele 
encore mis au point pour estimer Ie contenu 
bacterien. On donne des equivalen ts Il U

meriques des valeurs de cetindex. L'index 
peut ihre modifie pour exprimer la quantite de 
baci lles viables dans une lesion. 
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