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That acid-fast bacilli can be found in the nasal excretions of many 
leprosy patients has been known for about 70 years. Goldschmidt was 
probably the first to observe this, and he reported it in 1891 (3) . It was 
soon described by several others, including Robert Koch (6), who noted 
that the nasal smears contained acid-fast bacilli when leprous ulcers 
were present. Many of the early investigators found that positive 
smears were much more frequent in "nodular" than in "anesthetic" 
cases. 

The analogy between the positive nasal smear in leprosy and the 
positive sputum smear in tuberculosis is, of course, a striking one, yet 
it has led to two areas of confusion. The first of these has to do with 
the "portal of entry" in leprosy. Many assumed that the nasal mucosa 
was the site of the first lesion; Sticker was a prominent proponent of 
this notion (14). There has been no observational support for the idea, 
however, and the primary cases of nasal infections without skin infec
tion have been carefully sought but not found (e.g., 1, 13 ). The second 
source of confusion has to do with the diagnostic significance of the 
positive nasal smear. Since acid-fast bacilli may occasionally be found 
in the nasal excretions of nonleprous persons, the nasal smear does not 
have the same diagnostic significance as the sputum smear in pulmo
nary tuberculosis. There is general agreement that leprosy should not 
be diagnosed on the basis of a positive nasal smear alone. Indeed, there 
seems no need to do so, since it is highly probable that leprosy bacilli 
would be demonstrable in the skin whenever they are to be found in 
the nasal excretions. 

The existence of ' these two points of confusion has led to some 
tendency in more recent years to discredit the importance of the 
presence of leprosy bacilli in nasal excretions. The findings reported 
here, which are of a quantitative nature, serve to reemphasize the nasal 
excretion of leprosy bacilli. It has been found that the number of bacilli 
excreted per day is roughly the same a s the number of tubercle bacilli 
shed in the sputum per day in pulmonary tuberculosis. The leprosy 
patient excreting such large numbers is the one with typical untreated 
lepromatous disease. 

1 This article was prepared for THE JOURNAL 011 request of the editor. Part of the data, 
here revised has appeared elsewhere (10). 
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MATmUAL S AN D MET HODS 

The pati ents studied have been nt the U. S. Publ ic H en lth Service Hospital at Car
ville, Louisiana, and at the Central Luzon Sanitarium at Tala, near Manila, in the 
Philippines. The nasal passages were washed with 500 ec. Hanks' balanced salt solution 
(BSS) by Jl1 eans of a nasa l siphon. (The fluid courses up one side of the septum, crosses 
in the nasopharynx, descends on the other side, and leaves the nose through rubber 
tubi ng into a receptacle.) Bovine albumin 0.1 per cent was then added, and the wash
ings centrifuged in a horizontal hea d a t 800 G fo t' 1 hour. The supernate was di sca rded, 
and the sediment resuspended in a few cubic centimeters of the BSS. Care was taken 
not to lose sediment into the supem ate, and to recover the edilUent completely from 
the centri f uge vessel. The resuspended sediment was digested in 2 per cent NuOH, by 
shaking with glll ss beads fo r 15 minutes Il t room temperature. Centrif ugation was then 
performed for 1 hour at 1000 G in an angle head, and the sediment was re uspended in 
2.0 cc. BSS . 

The number of acid-fast bacilli was counted by a technique that has bcen modified 
in certa in details during the period of more than 3 yea rs. The current procedure, which 
in most respects is a modification of techniques described by others, especially that by 
Hilson and Elek (5 ) , follows: 

One volume of the resuspended sediment is mixed with 1 volume of formol-milk (5 ) , 
and microdrops of 2 microliter are placed ou microscope slides with a micropipette hav
ing a pointed tip.2 This is done expedi tiously, and the sample is stirred each time the 
pipette is to be r efill ed in order to minimize settling of clumps. The drops are put on 
slides that have been cleaned by vigorous rubbing with an alcohol-moistened towel, and 
plaeed on a leveling table. Correction for the fluid on the outside of the pipette tip is 
achieved by touching the tip to Il n approx im ll tely 2 microliter dt'op of the sa mple on a 
spare slide befor e the drop to be examined is put in place. Each slide receives about 
6 drops, and is left to dry at room temperature on the leveling table. 

The prepara tion is then exposed to formaldehyde vapors in a petri dish fo r 3 min
utes, plll ced on the lid of a boiling water ba th f or 2 minutes, coated with phenol-gelatin 
(5), placed on the lid of the boiling water bath f or 2 minutes, exposed to f ormaldehyde 
vapors fo r 3 minutes, and fin ll lly put back on the lid of the boiling water bath 
for 2 minutes. Staining is then done with carbol-fuchsin at room tcmp('rature fo r 20 
minutes, destaining in 70 per cent ethanol with 1 per cent H CI, and countersta inmg with 
methylene blue for 1 minute. 

The first drops of phenol-gelatin and ca rbol-f uchsin a re placed gently but dil'ectly 
on the microd rops to prevent lif ting of the material f rom the dry slide by the spreading 
meniscus, but ca re is taken at all later steps to direct the stress of solutions away f rom 
the drops. It has been found essential to prevent overheating of the slide, both during 
fixation and staining. Serious decreases in numbers of acid-fast bacilli were noted on 
slides that had been overheated. An extensive comparison of steaming earbol-fuchsin 
with the cold procedure given above showed that brighter staining followed cold staining. 

Round microdrops were selected with a hand lens. The acid-fast bacilli in a strip 
acro s the equator of a drop was carefully counted, and the di ametet' of the drop meas
ured in terms of microscope fields. The number of acid-fast bacilli counted in the equa
tor ial strip is multiplied by D/ 1.27 (where D is the diameter of the drop expressed in 
microscope fi elds) , to g ive the estimate of the number of acid-fast bacilli in the micro
drop (2 microliter) . At least 2 microdrops are counted for each specimen. Each micro
scope fi eld is examined in its entire depth of focus with Kohler illumination and apochro
mat objectives. Optica l resolution allows acid -fast bacteria to be distinguished readily 

2 Specialized Instrument Company, Belmont, Califo rni a, pa rt No. 300'816. 
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out to the edge of the field. With less ideal microscopic conditions the field can be stopped 
down to the portion that does allow adequate resolution by inserting a diaphragm into 
the eyepiece. . 

In a typical example, 56 and 49 acid-fast bacilli were counted in two microdrops 
which were 34 and 38 fields wide, respectively. Accordingly, the number of acid-fast 
bacilli in the 2 cc. washing was 

34+38 
(56 + 49) X X 103 = 2.98 X 106• 

2 
The reproducibility of the result appears to be within 20 pel' cent if enough organ

isms are counted to lessen t,he effect of sampling variation. The approximate lower limit 
of detectability, representing one acid-fast bacillus seen in 2 drops, is about 3 X 104 

organisms in the 2 cc. Further details on technique and reproducibility have been 
published (10. 11). 

The studies were initiated at Carvi ll e, and the experience gained there allowed a 
more intensive study of 24 routine admissions at Tala in November and December 1958. 
There the patients were interviewed and examined in cooperation with the professional 
staff, and a classification of the disease was made by them based on clinical appearances 
and results of a preliminary bacteriologic examination. In the nasal examination a 
head-light and nasal speculum were employed. The smears reported in Table 1 were 
made and graded by one experienced technician. The sites chosen were earlobe, nasal 
septum, and two optional locations. The smears represented material removed after the 
surface had been wiped clean. Lepromin tests were made at one time with a single batch 
of lepromin. 

The study has been continued at Carville. The type diagnoses were those entered 
on the patients' charts. Most of the data, other than nasal washirtgs, were also taken 
from the patients' charts. It was not feasible for me to see the patients at the time of 
admission, but they were interviewed and examined during occasional visits to Carville. 

RESULTS 

R elationship of nasal count to clinical featu1'es.-The r esults with 
the patients at Tala are arranged according to diagnoses and nasal 
counts in Table 1. The patients with counts greater than 1 X 106 had 
advanced lepromatous leprosy with ulcers in the nose, had experienced 
distinct nasal symptoms for long periods, and were completely non
reactive to lepromin at 22 days. Of 14 patients with a diagnosis of 
lepromatous leprosy, 8 had counts of 1 X 105 or greater. Of 7 patients 
with a clinical diagnosis of borderline, and 3 with tuberculoid leprosy, 
none had counts greater than 1 X 105•3 The nasal counts predicted the 
clinical findings more closely than did either the skin and septum 
smears, or the lepromin reaction. 

The results from the patients at Carville arc classified in Table 2 
according to diagnosis and amount of antileprosy treatment. As in the 
Tala group, counts greater than 1 X 105 were seen only with patients 
with lepromatous leprosy. 

3 The cases diagnosed as tuberculoid were not of typical mild kinds which are treated 
as outpatients, but were severe and active cases, with relatively extensive lesions, which had 
been admitted for hospital treatment. 
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TABLE I.- The patients studied at Tala, arranged accordiJng to diagnosis and numbers of 
acid-fast bacilli in the nasal washings.a. 

Duration of 
nasal symp-
toms (yrs) 

Duration Nasal Lepro- Nasal Oh-
Diag- Case disease AFB Smear sep- mm exam i- stl'UC- Bleed-
nosis No. (yl's) count skin tum 2d. 3w. nation IOn ing · 
--
L:~ 1 5 8.4 X 106 4+ 4+ 0 0 VIc. 5 -

2 4 3.6 X 106 v5,1+ 4+ 0 0 VIc. 1 0 
3 6 2.0 X 106 2+ 4+ - - VIc. 1 1 
4 5 mo. 1.6 X 106 4+ 4+ 2 0 VIc. 2 2 

L2-3 5 2 2.7 X 106 vs,4+ 4+ 4 0 VIc. 9 mo. 9mo. 
6 10 5.0 X 105 3+,4+ 2+ 2 0 V Ic. 1 0 

L2 7 5 6.8 X 105 2+ 3+ 2 0 VIc. 1 1 
8 8 8.2 X 104 2+,3+ 2+ 2 1 Nod. 1 mo. 1 mo. 
9 2 mo. 7.4 X 104 2+ 3+ 2 0 0 0 0 

10 11 4.8 X 104 1+,2+ 3+ 2 0 VIc. 1 mo. 0 
11 1 <3 X 10~ 2+ 2+ - - 0 0 0 
12 4 <3 X 10~ 3+,4+ 4+ 2 1 Nod. 0 0 

L1 13 2 2.2 X 105 vs,l+ 2+ 0 1 VIc. 0 0 
14 6mo. <3 X 104 1+ 1+ 2 3 0 0 0 

B3 15 10 mo. <3 X 104 3+ 4+ 1 2 Nod . 5 mo. 0 
16 2 <3 X 104 vs 1+ 3 4 Nod. 3mo. 0 

B2-3 17 11 <3 X 104 1+,2+ 2+ 5 6 0 1mo. 0 
B2 18 6mo. 4.8 X 104 vs,1+ 2+ 3 2 Er 0 0 

19 2 <3 X 104 v5,2+ 3+ 3 4 Nod. 0 0 
20 11 <3 X 104 2+ 2+ 1 0 Nod. 2 mo. 0 

B-12 21 10 mo. <3 X 104 v5,2+ 2+ 3 0 Er. 0 0 
T2 22 3 mo. <3 X 10~ -,2+ V5 2 0 0 0 0 

23 7mo. <3 X 104 vs 2+ 7 7 VIc. 1 mo. 0 
24 8 mo. <3 X 104 -,2+ - 3 2 0 8 mo. 0 

"The diagnosis is given as L ( lep romatous), B (border line), or T (tuberculoid); the 
clinical seYerity as 3 (advanced), 2 (moderately advanced), or 1 (slight) . The AFB (acid·fast 
bncilli ) count giYes the llumber recovered in the llasa l washings. 'rhe numbers of bacilli in 
smea rs of skin and nasal septum were graded 1+ to 4+; vs means very scanty bacilli. The 
lepromi n reac tion is given in mm. induration. The results of t he nasal examin ation indicates 
whether ulcers '''ere seen (Ulc.), nodUles only (Nod.), erosion only (Er. ), or no pertinent 
fiudings (0). <3 X 10~ means "negative" in the sense that 110 acid·fast bacteria were seeu 
during th e sta ndn I'd microscopic search. 

The division between lepromatous and borderline is somewhat 
arbitrary in some patients, and two leprologists will not always agree 
as to the classification. The impression has been gained that diffuseness 
of the margins of the lesions and the convexity of those lesions 'with 
definable borders have predictive value for high nasal counts. 

It was pos,sible to correlate the facial appearance with the nasal 
counts by the simple procedure of arranging admission photographs of 
Carville patients according to ' nasal counts. The patients with counts 
greater than 1 X 106 had the diffuse infiltrative changes with rounding 
of the face and few or no nodular changes ("lepra bonita") or the typi-
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cal leonine facie '. Either of these types of involvement, both character
istic of advanced lepromatous leprosy, were 'een only in patients with 
high counts, or in patients whose treatment had been underway a few 
months-i.e., long enough to render the nasal count negative. 

Effect of treatment on nasa,l counts.-In Table 2 are presented the 
results with the Carville patients according to diagnosis and history of 
treatment. Nearly all of the lepromatous patients without treatment 
(17 of 20) had counts greater than 105 • ]n contrast, none of the 16 
lepromatous patients who had been treated for more than 2 months had 
counts at this level. Those treated for less than two months, or with 
reactivated lepromatous disease (that usually associated with il'l' cgu ial' 
intake of drug), had varying counts. 

After several months of treatment, 10 Carville patiellts were rc
called for a second washing with the results shown in Table 3. 'rhe 

TABI~E 2.- The patients s tudied at Ca!'1:ille classified ac()o"ding to diagnosis and amount 
of antilep"osy t?·ea tment.8 

2.2 X 107 

2.0 X 107 

1.6 X 107 

1.6 X 107 

1.0 X 107 

7.2 X 106 

5.0 X 106 

1.7 X 106 

1.2 X 106 

9.9 X lO r; 

20 lepromatous patient 
without treatmen t 

6.7 X 105 

6.6 X 105 

5.1 X 105 

4.2 X 105 

3.8 X 105 

1.3 X 105 

105 

3.4 X 104 

<3 X 104 

< 3 X 104 

8 lepl'OmaloU8 patients 1vith 
"eacti'vated disease 01' in'eglllM' h'ea tment 

3.4 X 106 <3 X 104 

5.7 X 105 <3 X 104 

4.8 X 105 <3 X 104 

1.4 X 105 <3 X 104 

6 bOI'del'line patients 
3.4 X 104 ; no treatment 
<3 X 104 ; no treatment 
<3 X 104 ; no treatment 
<3 X 104 ; no treatment 
<3 X 104 ; no treatment 
<3 X 104 ; 13 days 

7 lepl'Omatotls patients with 
less than 2 months tl' eat1lleU/, 

1.5 X 107 ; 3-4 tabs. diasone 
3.1 X 106 ; 1 tab. DPT/d~', 1 JlIO. 

6.4 X 105 ; 14 days 
3.2 X 104 ; 7 weeks 
< 3 X 104 ; 14 days 
< 3 X 104 ; 1% month 

16 lep"omatolts pali:ents 1vith 
g1'eate1' than 2 months /t'eatm ent 

<3 X 104 ; 2 mo. <3 X 104 ; 1 yr. 
<3 X 104 ; 3 mo. <3 X 104 ; 1¥-l yr. 
<3 X 104 ; 3 mo. <3 X 104 ; 1% yr. 
<3 X 104 ; 3 mo. <3 X 104 ; 3 yr. 
<3 X 104 ; 41110. < 3 X 104 ; 3 yr. 
<3 X 104 ; 6 mo. < 3 X 104 ; 6 yr. 
<3 X 104 ; 1 yr. <3 X 104 ; 9 yr. 
<3 X 104 ; 1 yr. <3 X 104 ; 9 yr. 

4 tub erculoid pat'ients 
<3 X 104 ; no treatment 
<3 X 104 ; no treatment 
< 3 X 104 ; no treatment 
<3 X 104 ; 1% yr. 

a Th e number of acid,fast bacilli in th e nasal washing and the length of treatment is 
given for each patient. 
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counts had dropped markedly during sulfon e therapy, in some cases in 
3.5 months. 

:M ore recently it has been possible to follow several patients with 
washings every few weeks, and the counts have become negative «3 
X 104 ) after 3 months of sulfone therapy (unpublished data). 

Effect of repeat ed washings on nasal counts.-Three patients of 

TABLE 3.- Decrease in numbe'r of acid-fast bacilli 'reco'Vemble in nasal wa-shings during 
sUlfon e therapy. 

Case Original count Count after treatment Months of treatment 

1 ].6 X 107 8 X 103 3.5 
2 1.6 X 107 4 X 103 3.5 
3 1.5 X 107 3.6 X 105 3 
4 1.7 X 106 < 1 X 10~ 11.5 
5 6.7 X 10" 4.5 X 104 3 
6 4.2 X 105 1 X 103 12 
7 3 X 103 4 X 103 3.5 
8 

I 

<1 X 103 1 X 103 3 
9 < 1 X 103 3 X 103 8 

10 <1 X 103 1.2 X 104 8 

TABLE 4.-Repeated nasal washings d'id 110t lowC1' the nurnbel' of acid-fast bacilli recovC1·ed. 

Date of Patient 

washing Gal Sa Ca 

Nov.2± 8.4 X 106 1.6 X 106 

Nov. 27 2.2 X 105 

Dec. 3 1.6 X 107 3.9 X 106 2.3 X 105 

Dec. 4 8.2 X 106 1.3 X 107 8.1 X 105 

Dec. 5 8.6 X 106 1.6 X 105 5:1 X 105 

Dec. 6 7.3 X 106 6.9 X 10(\ 6.3 X 105 

Table 1 were selected for repeated nasal washings. In addition to the 
washings shown in Table 4, one additional washing was made on Decem
ber 1 or December 2 for shipment to the base laboratory. Repeated 
washings did not signi:ficantly lower the numbers of acid-fast bacilli re
covered. The numbers observed apparently represent a minimal 
estimate of the number of organisms excreted per day. 

R esnlts of inoculation of foot-pails of mice.-The multiplication of 
M. lepr-ae from nasal washings and from skin-biopsy specimens is 
described more fully in another paper (12). 

DISCUSSION 

These studies of nasal washing were originally undertaken for the 
chief purpose of developing a new source of M. leprae for attempts at 
isolation of the agent. It seemed to me that continuous excretion of the 
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bacilli from an open, draining lesion provided evidence tha t th (' ~T wer e 
viable. This was in contrast to the situation in the typical clo ::;ed lesion 
of the skin, where ther e was no assurance that the bacilli wer e all:Tthing 
more than an accumulation of nonviable acid-fast" skeletons. "7 How
ever, leprosy bacilli from both these sources have now been obse rved 
to multiply when injected into mouse foot-pads. The consistency of 
the r esult was greater with bacilli from nasal washing , but the dif
fer ences in viability between those from nasal excretions and from skin 
specimens are obviously not of an all-or-none na ture. 

Evidence on the excretion rate and viability of a pathogen applies to 
considerations of the natural transmission of the disease. The lIumber 
of leprosy bacilli in the nasal washings of patients with untreated 
lepromatous leprosy is of the same magnitude as the number of tubercle 
bacilli in tuberculous sputum. The mechanism by which the leprosy 
bacilli are carried to a new host might be the normal movement of 
hands to nose, face, and environment, in which case entry of the bacilli 
into the new host through the skin might occur. Ano.ther possible 
mechanism would be the more direct one in air-borne droplets or par
ticles, and in this case entry via the nasal mucosa would seem possible. 
'J~he nose is an effici ent sampler of bacteria in air. Normal breathing 
at r est passes about 10 liter s of air per minute through the nose (4), 
and of the particles in the inspired air a high proportion of those 
g-reater than 2,... in diameter are deposited on the nasal 'mucosa (8). 

Another human infection', n eonatal staphylococcal disease, is marked 
by the presence of large concentrations of the disease agent in the 
nasal secretions. During epidemics of this infection, the organism can 
be r eadily isolated in the nursery from air, blankets, floor, etc. R ecently, 
Eichenwald et al. (2) have shown that viral r espiratory infection s can 
convert a nondisseminating nasal carrier to a highly infectious " cloud 
baby," which is their designation for the efficient disseminator that 
causes high staphylococcus counts in the air and rapid spread of 
staphylococcus infections to other infants in the nursery. 

Considerations of the nasal excretion rate of leprosy bacilli appear 
also to apply to antileprosy therapy. The r esults obtained so far are 
consistent with the idea that sulfone therapy causes a characteristic 
drop in excretion rate, so that in about 3 months the number s of bacilli 
fall to undetectable levels. This phase of the subject r emains under 
investigation. 

The evidence that the large number s of acid-fast bacilli in the nasal 
washings of leprosy patients are M. leprae rather than some incidental 
organism is as follows : (a ) the large number s wer e associated with lep
romatous leprosy, and not with other form s of the disease; (b) the 
number s were correlated with the severity of the disease ; (c) the large 
number s wer e found in patients with the nasal symptoms and nasal 
ulcer s characteristic of the disease ; (d) smears made directly f rom the 
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ulce rs contained many characteristic organisms ; (e) the acid-fast bacilli 
in the washings were frequently present in globi and packets ; (I) the 
high counts were r educed after sulfon e therapy; and (g) the acid-fast 
bacilli would not grow on artificial media, nor would they grow in tis
sue culture under conditions found suitable for the growth of the cul
tivable mycobacterial di sease agents. (9) Further evidence is presented 
in another paper (1 2), which describes the growth of leprosy bacilli 
from biopsy specimens and nasal washings in a characteristic and r e
producibJ e fashio]1 in the foot-pads of mice. 

The findin gs described her e lend a support to two of the basic tenets 
of modern leprosy control, fir st the importance of the lepromatous case 
as an infectious SOUl'ce, and second the effectiveness of sulfone therapy 
in r endering patients noninfectious. 

SUMMARY 

1. A technique is described whereby the leprosy bacilli are washed 
from patients ' nasal passages, then concentrated and counted. 

2. Counts of 105 to 107 bacilli wer e observed in most of the patients 
with untreated lepromatous leprosy. The highest counts were observed 
in patients with advanced lepromatous leprosy and nasal ulcer s, and 
hi stories of nasal obstruction s and bleeding. 

3. The counts apparently represent minimal estimates of daily ex
CI'etion, since r epeated daily washings did not lower the numbers signifi
cantly. 

4. After 2 to 4 months of sulfone therapy, the counts were much 
lower. 

ltESUMEN 

1. Describese una tecnica con la que se lavan los ba cilos Icp rosos de las vias nasa les 
de los enfermos, y luego se conrentran y cuentan. 

2. Se observaron numeraciones de 105 a 107 de bacilos en la mayoria dc los enfermos 
que tenian lepra lepromatosa sin tratar. Obsel'varonse las numeraciones mas altas en 
los sujetos que tenian lepra lepromatosa avanzada y ulce1'as nasales e historias de 
oclusion y hemorragia nasales. 

3. Las numeraciones representan aparentemente calculos minimos de la excrecion 
diaria, dado que repetidos lavados diarios no rebajaron mayor cosa el numero. 

4. Al cabo de 2 a 4 meses de sulfonoterapia, las numer aciones eran mucho mas ba jas. 

, 
RESUME 

1. Une methode est decrite pour laver les bacilles de la lepre des fosses nasales des 
malades, les concentrer, et les compter. 

2. Chez la plupart des mala des atteints de lepre lepromateuse non traitee, on a 
denombre de 105 it 107 bacilles. Les' chiffres les plus hauts ont ete releves chez de 
malades presentant une lepre Jepromateuse avancee et des ul ceres nasaux, ainsi que des 
antecedents d'obstruction des conduits nasaux et de l'epistaxis. 
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3. Ces chiffres semblent constituer une evaluation minimale de l'excretion, jour
naliere, car des lavages quotidiens repetes n'entrainent pas une reduction significative 
de ce nombre. . 

4. Apres 2 it 4 mois de traitement par les sulfones, les chiffres sont beaucoup plus 
bas. 
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