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d CAKEFUL niid painstaking review of the literature in English, 
French, Gerinan, aiitl Ititliau, siiicc the discovery of the tnbercle 
bacillus, has rcvealet? that  there are reported but three series of 
experiiiieiits with rcference to the cfl'ect of direct sunlight 011 the  
vinbirity niitl virulence of the tubercle bacillus. There staiids recorded, 
however, a lniig list of esperinients made to deteriiiiiie the efyeet of 
other natural itgelits in destroying the viruleiice of this bacillns, such 
<as pntrefiictive cli;uiges, the influence of soil, desiccation, and, lastly, 
esposure to the orciin;rry climatic conditions, in which, with other 
e~enieiits, direct sunlight has been more or less of mi importaiit 
factor. 

I11 the i i n t u d  course of eveii ts, wlien tuberculous miiterial is 
expectorated l)y it coiisumptive, id1  of the above conditions ol)erate i i i  

n greater or less degree to briiig about the attennation, and, fi~ially, if 
the process is not interfered with, the coniplete destrrictioii of the 
infecting po\ver O Y  such material. 

In nttcmpting to test any one of the above conditions separately, 
in as far ;is this is possible, one is met a t  the outset by the difficulty 
that in nature t l m c  conditions co-oprate f u r  the iiiost ]'art simnl- 
taneously 1 ant1 thus the siiigling out of :uiy one particular process, 
and sul!jectiiig it tu exl~criiite~it, might be met with the criticism that 
s w h  cc)nditioiis n-oultl not occur natitmlly, and that therefore such 
conc1usions woulcI not IJC nppIicnblc. Ncverthel~ss, siiicc tlie esl'eri- 
inelits of Dowites mid Ifliuit wit11 mixed eultiircs, a i i d  Arluing with 
pure caltiircs, tlircct suitlight has been regar(lct1 as the iiiost powerful 
natnral agelit in tlestroFiiig the virulence of pathogenic tacteria ; a i i t l  
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we feel that  we are justified in selecting this one natural agent as a 
criterion to determine, in a large measure a t  least, the time nature 
would trike to render such material innocuous. 

The first recorded experinients in this direction are those by 
Feltz.’ He niade a mixture of soil and tuberculous sputum, rich in 
tubercle bacilli. This wits exposed to the direct rays of the sun, 
commeucing on 1 3 t h  September 1 S8’i. After 137 clays’ exposure 
such inaterial caused tuberculosis when inoculated into guinea-pigs, 
but beyond this length of tiine i t  had lost its virnlence. The saiiie 
autlior ninkes tlie extraordinary statement that  a portion of the mine 
mixture of soil and tuberculous sputum, when exposed to the cliniiging 
cliriiatic i d  atmospheric conditions as they occur naturally, retainccl 
i ts  virulence for but a little over two mouths. The mixture wis 
subsjected to the incleinencies of the weather hy exposure in a box, the 
lid of which was pierced with numerous holes. 

I n  the saiiie year that this publication appeared, i t  was the privi- 
lege of one of us (Jlitchell) to hear Robert Kocli make the statement 
before the Tenth Interiiational J ledicd Congress at  Itcrlin, that  the 
tnbercle bacillns \\-as killed by direct snlilight in frum ii few minutes to 
several Iionrs, iLccording to the thickness of the h y e r  in which it was 
exposed, i ind tliitt cliffused d:iyliglit acconiplishecl the sanie in five days. 
This sttteiiient occiirs in the Trcciisnctioizs of the Congress,2 but x e  
have I m n  iin:tl~le to find any record of the experiments thcniselves, 
ant1 we infer that  he used 1)iire cultures of the bncilliis. Wh:itever 
of this niay be trne, with referelice to the tubercle bacillus in pure 
culture, this stateineii t surely does not apply to the tubercle bacillns 
as i t  is contained in expectorated tuberculous matter, the condition 
chiefly with which thc sanitarian Iins to ded .  W e  felt that  such a 
statement, froin so eminent an authority as Professor Koch, has given 
many sanitarians a false sense of sccority, and i t  n-as mainly to dcter- 
mine for ourselves if such was the case that these experiments were 
insti tiitc-d. 

The nest  recorded esperirnents are those by I l l i gnace~ .~  This 
author a l k J p k t 1  the riietliotl of spreading sputum, rich i n  tubercle 
bacilli, on linen and woollen cloths, stretching tlicni 011 a frame, and 
exposing theiii to the direct rays of the sun. The exlmilnents were 
commenced ::1st July 1595,  and ended 22ii(1 Septeiiiber of the same 
year. After different lengths of exposiire, either small pieces of cloth 
were cut froin the frames, moistenecl, and then inoculated sub- 
cutaneously iiito guinea-pigs and rabbits, or the cloth was so;ilied in 
sterile water, alicl sqiieezetl out as tlioronglily as possil~le, m t l  this 
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liquid injec led into the aniiiial. Bfignaceo’s conclusions were as 
follows :- 

“ (a )  Sunlight exercises a deleterious effect on the tnbercle bacillus, 
just  as i t  does on other hacteria. 

“ ( b )  Tubercle bacilli, as found in tuberculous sputum, and spread 
o n  linen or woollen cloths, are not able to withstand the influence of 
direct sunlight for more than tmenty-four to thirty hours, providetl i t  
is not spread in too thick a layer. 

‘‘ ( 6 )  The viruleiice of the tubercle bacillus diminishes gradually 
after from ten to fifteen liburs’ iiisolation, and eventually, in the above 
given tiine, entirely loses its virulence.” 

Since our work in this direction lias been eoinpletetl, Gardiner, 
in an article on (‘ Tubercular Infection,” 1 mciitions Iia\-iiig exposed 
tuberculous sputum to the direct rays of the sun for one and three- 
quarter hours, two hours and five minutes, and tivciity-four hours. 
The illaterial first exposed caused general tuberculosis : the second 
generul tuberculosis in one, arid local tuberculosis in two animals ; the 
third caused local tuberculosis. 

In  short, then, our knowledge of the influence of insolation on the 
tubercle bacillus or on tuberculous sputum is as follows : According to 
Feltz such material is still virulent at 137 days : according to Koch 
the b;icillus is killed in froin :i few iiiinutes to several hoiirs ; Alignaceo, 
from twenty-four to thirty hours : Gardiner, experiments not coiii- 
prehensive enough to draw conclusions. 

Our esperiiiients were coninieiiced in tlie latter part of September 
1897. The plan was to deposit on a sandy soil as much tuberculous 
sputum :is a patient in the second or third stage of phthisis usually 
expectoriites when walking about. This was then exposed to the 
direct rays of the siiii for varying lengtlis of time, and its virulence 
tested by the inoculation of guinea-pigs. 

After several atteiiipts wc were fortunate in fiiiding ii sputum 
which IWS expectorated in large quantities, ;tiid which the microscopical 
examination showed to be reiiiarkably free from all bacteria other than 
the tubercle bacillus. This was of especial importance, as i t  was 
intended to iiiake the iiijectioiis intraperitoneally, and acute septic 
infection had especially to be guarded against. That we were 
siiccessful in this regard is shown by the results obtained, its only one 
of the animals injected snccunibed to septicmiin. This sputuni was 
obtained from a patient in the practice of Dr. S. A. Fisk. The patient 
was in the third stage of phthisis, arid lias since died. Our teclinique 
was as follows : The morning sputum was allowed to reniain for two 
hours in a sterilised filter paper and funnel, so as to drain off as much 
oi the saliva as possible. Then this mixture was stirred with n sterile 
glass rod, so as to make it as homogeneous as possible, and thus lessen 
thc chance of exposing or iii,jecting bronchial secretion not containing 
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tubercle bacilli. Four gyms. of this sputum were then weighed, 
placed 011 a. santlp soil, and exposed to the sun's rays. The soil 
was placed in the lower half of a Petri dish, and sterilised for 
two hours a t  150" C. When the allotted hours of exposure had 
terminated, tlic SlJUtUl l l ,  \vhicli after tlie first several lioiirs of espo- 
sure had fornied a firm crust, aiicl could easily IJC lifted e ) ~  ~ H C I S S C ,  

was taken from the soil with a sterile spatula, an(l dissolved in 
6.5 C.C. or' sterilisecl distilled water. One C.C. of this iiiixture was 
injected intral)eritoiieally. 13eginiiing on tlie 2 8th September, the 
sputum was exposed daily froni 10  A.M. to 4 r.11. t ( J  the direct rays 
of tlie sun. IY'hen tlic clay was hazy, 01' the suii under a cloud, 
the bonrcls on which the Petri dishes and tlieir sl)utuiii were 
exposed were placctl in ;i clarli c1i;im)Jer. The s;me C~:LII I  bcr, which 
was n large uniisccl incubator, served also as n resting place for the 
sputa a t  all times when they were not exposed to tlic sun. The clays 
on which the exposures were made are given in the table below. The 
dishes were csl)~)sc"d to thc siin on a broad ledging, running along the out- 
side of the bacteriological liiboratory of the Denver Health 1)epartinent. 

I n  order to test the virulence of the sputuin, two guinea-pigs were 
inoculated its controls. One died after twenty days and the other 
after six weeks, both presenting the typical lesions found in tuber- 
culous guinea-pigs. A t  the conclusion of the esperinients, two pigs, 
which were bought a t  the sanie time and kept under the saiiie con- 
ditions as the inoculated guinea-pigs, were killed and found healthy. 
With the sputuin, which was exposed to the different insolations, two 
pigs each were inoculated. The hours of esl)osure were as follows :- 
1, 2, 4, 7 ,  10, 15,  20, 25, 30, 3 5 ,  45, and 5 5 hours, arid the time take11 
to obtain the fifty-five hours of sunshine was, froiii 2Sth Septeniber 
to 22nd October lS97 .  A t  the autopsies, which wcre conducted with 
great care in  every case where an animal had been inoculated, sections 
were made of one or more of the orgaiis and esaniiiiecl for the tubercle 
bacillus, and, provided this test failed, sections were stained and studied 
Iiistologicall p. 

The autopsies revealed that sputum, which had been exposed up 
to thirty-five hours, was still virulent. However, in only one of the 
two aninids injected with the sputum, insolated for thirty-five hours, 
was tuberculosis produced. The other aninisl was tuberculous, it is 
true, but from what follows it will be seen that this animal suffered 
froin inhalation tubercnlosis. 

An abstract from the autopsy of the first pig inoculated with the 
thirty-five hour iiiaterial sliows tlie foIlowiny :-Spleen and liver con- 
tain few tubercles ; tubercle bacilli demonstrated in sections of the 
spleen ; histologically, dso,  typical tubercles were present with the 
exception that there were no giant cells. Diagnosis, general tuberculosis. 
This guinea-pig gave birth to two young 011 9th December, about seven 
weeks after she was inoculated, and a t  tlie time she was killed she 
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was fairly well nourished, and had suckled her 3’01111g with apparent 
comfort?. The tuberculous virus after this length of exposure, although 
it could still produce tuberculosis, I d  greatly lost its virulence. The 
two pigs born were killed about a inoiith Inter, and were found 
healthy and fairly welt nourished. 

An abstract from the autopsy of the secorid animal, iiiocuhted 
with the inaterial exposed for thirty-fire hours, shows the foIlowiiig :- 
Feritoneum clear ; liver and spleen normal ; lungs contain a few 
tubercles ; broiichinl glands enormously enfazrgececl. Sections of spleen 
show no tubercle bacilli ; histoIogicaIIy, normal tissue found. Section 
of bronchial glands contain tuberde bacilli. Diagnosis, inhalation 
tuberculosis. 

At first sight i t  may seem a difficrdt or even a dangerous pro- 
ceeding to  classify as infected with tuberculosis from inhalatioii an 
animal inoculated with material which, in fact, W;LS also under trial 
as to its own power to cause a tubercular infection. Such is not 
the case, however, as the a.rti6daly contracted (when sneh j s  not 
caused by inhalation), arid the naturally contracted, tuberculosis af 
guinea-pigs aild rabbits are as easily distinguished, one from another, 
as i f  they were separate diseases, =provided one does not n b v  a.nimnls 
to live too long a time after work with tuberculous material has coin- 
nieuced. If such nuin ids  are guinea-pigs, we believe that all animals 
that have not died withill eight weeks shwld bc killed, as lip to this time, 
if t,he aninids are tuberculous, it can be readily told whether the disease 
has been syontaneo~~sly acqliircil or is the result of the inoeulat io~~ 

&ch, iu speakiog 9f this subiect in his epoch-making work oil ‘‘ ‘l’lic 
Etiology of Tnbercdosis,” 1 says: “Among many hundreds of gliines- 
pigs arid rabbits which were boirght for esperiinen tal prposes, were 
esperi~oented upon 2nd finally came to autopsy, not R single aninial 
was eIicounterec1 which was tuberculous. Only, after esperirnents 
with tnberculoos rimtcrial had coinmeneed, a d  there were a large 
nttmljer of tuberculatis animals in separatc cages, bnt in the smile 
room with other aniuinls, it was observed that isolated cases of tuber- 
culosis aceiirred among the latter nniinnls. I n  such animals the 
titbercalar symptoms were never noticeable rrtitil  the : m i R l a l  had beer) 
,It least from three to four months in R rooni with tuberculons animaIs. 
It was also characteristic tha t  whex the number of artificially infected 
aiiinials diminished, the number of c:tses of sporitaneous tuberculosis 
diminished likewise, and zicc ce73(i. . . . The ch:~ngcs which are found 
in nninials deal af spntaneous tubexulosis differ in ii very chnractw- 
istic 11ianner froin those originating from a ~ i  artificial infection, so 
that the different way and manner of the infection may be recog- 
nised with d l  positiveness. In i~iiimnls afflicted with spoutaneoiis 
iubercuIosis there were re&wly foniid in the lungs one or seyeral 

~;smlhls~rmlc., 1 P91. 
I ‘  Spontni ie  TobertulVse t1er ~leersclirr.eincIien 11. Iiaiiiiic~lien,” XiUh. a. (1. k. 
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litrge tuberculous foci in advanced casea.tion, and at the sanie time 
considerably enlarged ;md caseous bronchial glands. Several times 
the foci in the lungs were missing, and only the enlarged glands with 
caseous glands contents were present. The tuberculous changes of 
the other orgnns were proportionately less advanced.” I n  animals 
inoculated with tnberculoiis material, otherwise than by inhalation, 
“ the bronchial glands were so small that  they could scarcely be found. 
Also, in these cases, the liver and the spleen suffered the greatest tuber- 
ciiloiis changes, while the tubercles in the lungs were relatively small.” 

The changes thus described by Koch are what we found in the 
two animals, which we claim died of inhalation tuberculosis. The 
abdominal organs were healthy, and only the lungs and bronchial 
glands were infected. If the material, which in all of our animals 
was injected iiitraperitoiieally, had been virulent, it would not have 
been probable or even possible that it would have passed by the peri- 
toneurn, the spleen, and the liver-three choice places for develop- 
ment-to infect only the hungs. In  both of the cases with the 
cnlargecl tuberculous glands, the peritoneum, spleen, and liver were 
free froin disease. 

The aniinals which were inoculated with the sputum exposed from 
one to twenty-five hours were all tuberculous, with the exception of 
one of the two iii,jected with sputum which had been exposed seven 
hours, m d  this pig died nine days after the inociilation of nn acute 
septiwmic infection. I n  the other aninid, the seven-hour exposed 
sputuiii caused general tuberciilosis. 

I n  the sections of the organs tnlcen from the animals, which were 
inoculated with sputum exposed from one up to seven hours, the 
tubercle bacilli were present in such great numbers that it seemed 
:tlriiost iiicredible that animals which are so susceptible as guinea-pigs, 
were able t.o live as long as  they did. From the ten-hoiir on up to 
the thirty-five hour exposure, the tubercle bacilli conlcl only be 
demonstrated after considerable search, and in some cases, where 
c*h;u.ncteristic tubercular lesions were present, histologically, no bacilli 
c+ould be detected. 

The sputum esposed above thirty-five hours, i.6. a t  forty-five arid 
fift,y-fi\;e hours, failed to cause tubercnlosis. In one of the “ forty- 
five-hcur ” injected pigs we found the liver, spleen, and abdomin:il 
 content.^ free from tubercular disease, both inacroscopically and 
~iiicroscopically, whereas the lungs contained a few large tubercles, 
;tiid the bronchial glnnrls mere enormously enlarged and tuber- 
c:ulous. According to Koch, we must classify this as inhaiatioii 
tuberculosis also. I t  is worthy of note that both this aninial 
;tntl the other which contracted tuberculosis were in cages standing 
nliliost directly on the floor, whereas the other cages were elevated 
solliewhat. 

Oiie of the “ fifty-five-hour ’’ exposure gninea-pigs succumbed from 



pneumonia 011 5th December, and a t  the autopsy no sigiis of tuber- 
culosis could be detected, a i d  since deatli occurred nearly seveu weeks 
after the iiioculatiori there was srriple tiine for tubercular development, 
provided the sputum inocalatecl had been virulent. Wheii we ex- 
amined sectioiis of the piieuinonic lung under the microscope, iinstained 
and in salt solutiou, we thought we hail to do with a genuine fibrinous 
pneumonia, its the alveoli aplmrecl almost entirely oeclrtdecl ; however, 
when sections were staiiied and mounted, i t  was found that the 
occlusion WRS clue to the cnorinonsly caugestcd vessels iiild the swolleii 
iiiucous membrane. 

One OP two of the aniiiials of the eai,lier iii,jectioiis, which were 
very feeble and eluaciated, mtl  would rrquestioirabiy have died in 
a sbort time, if left to themselves, were purposely killed, in order, 
if possible, t o  obtain a pure culture of the tubercle lmcillus. Out of 
ntlout forty tubes inoculated with portions of dissected-out tubercles, 
we succeeded in starting m e  pure culture. 

A sumiuarg of tftesc results sbows- 
1. That the tubercle bacillus, as expectorated on a sandy soil, is 

still virulent after thirty-five hours' exposure to the direct rays of t h c  
sun in this altitude. 

2. That such sputum Iias suffered hut  little apprecidde diiiiinntiou 
iii virulence after twenty hours' exposure. 

3.  That after front tweiity to thirty-five hours' exposure, the 
virulence is gradually diminished a i d  finally lost if the esposuw 
exteiills beyond the last-mentioned time. 

The cowlusion which \ y e  draw as to the iiifectionsness of sputum, 
as expectorated bg consumptives in tliis altitude while engaged in 
their daily avocations, is tlint such sp tu i i i  has ~t111ple time to 
become desiccated and blown in the iPimosyltere before being robbed of 
its power to came tile tuberculosis, if inhaled by susceptihle individuals. 

Now, since there ~uquestionably exists a great degree of immunity 
against tuberculosis in this region and : L t  this altitude, its explanation 
inust be sought 011 other grounds ttiari that exposure to sunlight robs 
the expectorated matter of its virulence, before it is blown about and 
inhaled. It is then in order to turn our attention to the effects of 
the cliniatological phenomena as we find tlieiii here on the vital forces 
of the individual. 

A study of all the various meteoro1ogic:d conditions as we find 
them at sea-level, and the deviatioris frorii these normals as we find 
them in high altitudes, would be far beyond the proviiice of this paper., 
bnt a few of these clianges which bear directly on this subject may be 
considered here. First, as to the absence of riioisture in the atnio- 
sphere. I n  high altitudes both the absolute and the relative moisture 
is low, arid this, together with the iiiuch lesseiied attiiospheric ixessare 
and almost constant winds of greater or Iess degree, greatly facilitates 
evaporation. Thus thew are created coiditioiis extremely fi~vourable 
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for the abstr;ictioii of inoistnre by the atniosphere, from whatever 
substances i t  comes in coutact with. I n  the so-called dry region of 
New Mexico, ,lrizona, Colorado, and Wyoming, this desiccating power 
of tlie atmosphere is eitreme, iiinch grenter than a t  corresponding 
altitudes in otlier regions. The moist surfaces of the lnngs, in common 
with other iiioist siirfnces, miist siilt'er consideriiLly inore loss froni 
iiioistiire in this altitiiclc than a t  lower ones ; and it is this constant 
battle for Iiioistiire coinpensation, es1)ecially ;is it  occurs in the lungs, 
that  we believe to be one, ntntl by no iiieans the least, of the factors 
which either :ii(ls in gr:inting siicli ii large iiieasure of ininiiuiity against 
titberciilosis Iiere, or in arresting or r e t i d i n g  siich processes in their 
incipiency. Wtl know that tlie titbercle lxicillns grows hit  poorly or 
not a t  nil1 on media deficient in nioistiire, niid while i t  hardly seems 
possible that tliere conld be nioistiire enoiigh ex tracted to leave the 
alveolar linings in a state too dry to offer a sititaGle nidiis for the 
inv:ding bmilliis, yet it is not irnln-obable that this constant and rapid 
pulnioiiary cvaporation creates conditions estreiiicly unfavonrable to 
its clevtlopnient. 

This absence of moisture in the ;ttniosphere acts beneficially on 
the aiiinial organism as t i  whole, especidly in the swiiiiier months, 
thereljy giving mi increased bodily vit;ility, when in other regions in 
the sanie teiiiperatnre the individiial experiences a bodily enervation. 
For exaiiiple, i f  we take the a c t i d  tcniperaturc, as measured by the 
ordinary thermometer, for two cities nearly on the same parallel of 
latitncle as Denver and Washington, one in a dry momitninons region 
and the other a t  sea-level, we find that the teinperature in the hot 
siiniiiier months, as given by the ordinary theriiiometer, differs but 
slightly : 1)iit the sensation of teiiiperatnre, the heat that  the individual 
feels, is not ineasnred by the ordinary tlieniionieter but by the wet- 
bulb thermometer, and the reading of this tliernioinetcr in the two cities 
mentioned woiiltl diff'er considenibly, as the following table will show. 

During tlie hot s1)ell of August 1S96,  we find the following 
differences registered bet\vecii the air teniperatnre :is shown by the 
ordinary therinonieter, and tlie sensible tenipernttnre as shown by the 
wet-bulb theriiionietcr :- 

r > 3  I 
I b 1:. I 
roo ,~ I 

7 2 0  
I 



Or, to take a single clay, we find that 011 12th August wliile the 
people in Deliver appxrcntIy mere suffeering from *;I temperatme of 9 0“, 
iu reality the heat they felt was 3 2 O  less. On the same date in 
Washington there was but 10’ difference between the two teuiyerattlres. 
This clifferrnce in temperatures the year aroitnd, but more iiiarked in 
sumiiier, exercises a decidedly toiiic effect 011 the system. Sunstrokes 
origiiintiiig here are unknown. 

The nest meteorological pheiioii~enon which apparen tly con tiibutes 
so mnch, both directly and indirectly, to  the p1:~cing of tlie huniau 
organism in a position to resist the in\-asion of tuliercle bacillus by 
way of the Itiiigs, is the lessened atmospheric pressiire. Froin a little 
less than 15  h. at sca-level this prcsss”x is diniinishec\ aboiit one-lid€ 
Imincl for each 1000 ft. ascensioii. At henver, with its altitnde of 
,5290 ft,, from a comparison of the hrometric readings here with 
those a t  sea-level, tlie ;ktinospheric. pressure is forind to be 12.04 11,. 
per sq. in., n loss of nearly 3 1L. 

We know that when tlie aniniai organisin is snb,jected to  increased 
atmospheric pressure, the blood is caused to rececle from the capillaries 
of the skin and iiiircoirs membrane, thus producing an nnn.mia of these 
parts. The reverse of this is true wheii the organism is subjected to 
n diiuinished atniospheric prcssure. In extremely high altitudes the 
diminished air pressure c;iiises ;1 great dilatation of the capillary vessels 
of both skill and iriiicoirs nie~iiI)raiie, cnusing R inec1r;inical hyper:uniin. 
Indeed these yessels are often riiptnred, nncl we may h:ive lixmorrhagu 
from the 1i1iicoiis i~ i e i~~brane  of the nose, iiio~ith, or e l m  the lungs ; 
the tyrnl)anmi is biilged outward, the respiratory ruicl cardiac nlove- 
iiieuts are qnickencd, and muscnlar motions are facilitated. 111 short, 
we have the conditions clescribed by :td\-entirrons Iiiouiitain-climbers, 
and kiiown as mal dc ntodape.  

At Deliver, with its reductioii of nearly 3 lb. to the sq. in., we 
have all of the above symptoms produced, liut on a scale of so Inl1ch 
less intensity that they ;ire scarcely noticeable ; nevertheless, altbough 
this force works almost irnperceptibly, i t  \i-orks nolie the less surely. 
This tliniiIiislieil pressure, while it operates 011 the skin and ~ W O U S  

membrane as a whole, acts particularly on the lungs, causing a 
clilatation of its capillary vessels and a slon-ing of the l~lood strean1 ; 
the thorax is expanded, and there is an increased frcquencby of  
respiration as the anionnt of oxygen is diminished in the rarefied air, 
and there is the necessity for the greater coiisamptioii of the s m e ,  sf) 
that the blood may receive its normal aniount of oxygen. The heart’s 
action is also increased so as to aid in this conipensation. Thew 
changes a11 contribute directly tu the specific nourisllment and resist- 
ing power of the lungs. The dirniuislied pressure on 
the surface of the body e&uses the body \vnrnith to be easily and 
contiilnously lost and in large quantities. To compensate for this, 
other things being equal, the appetite is better, the nietabolic changes 

Nor is this all. 
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more rapid a i l d  coniplete, and the need for nourislment greater. 
Moreover, :is a result of the constant evaporation from the surface of 
the body, the specific gravity of the blood is greater; also, we are 
told, that  in ii given cluantity of blood, both the number of red blood 
cells and the percentage of Iiamoglobin is inc~easei l .~  All of which 
changes are directly beneficial to the resisting power of the 
blood. 

111 reviewiiig this work, we find that there are two elements which 
militate against the spread of tuberculosis in high altit,ucles--jl) the 
powerful influence of the solar rays, acting through a thin atmosphere, 
riipidly destroys the virulence of the exposed tuberculous inatter ; 
( 2 )  the vital functions are so operated on by the various meteoro- 
logical phenoniena, that  they are especially fortified against the 
invasion of the tubercle bacillus. W e  believe that our experiiiients 
clearly denioiistrate that the immunity does not proceed froni the first 
of these theories, and that me have every Iogical right to attribute 
it to the second proposition. When we consider that  there are 
mechanical cllanges induced by tliis climate, which increase the 
exposure area of tlie bloocl in the lungs, and that the bloocl stream is 
slowed, so that, so to speak, i t  may the better give battle to the 
invading eneniy ; aiicl that  also, as a direct result of cliiiiatic conditions, 
this blood irndergoes changes which iiiake it stronger in the eleiiien ts 
of resistance, tlic “ alexines ” of Buchner or the “ protective proteids ” 
of Hankin, the inference seeins almost absolutely correct. These 
conclusions are further supported by the fact of the healing or 
retarding i i f  c;ises of  phthisis which come to this region in the early 
stages. 

I n  conclusion, n-e think that these experiments are ample warrant 
for a greater degree of precaution in the disposal of tuberculous 
matter. We know of  niany physicians here wliu personally believed 
that the cliniatological conditions of tlieniselves were amply sufficient 
to render the virus iniiocuous ; and lbrior to tliese espcriinents we 
ourselves were of tlie opinion that a much shorter time was required 
than has proved to be the case. W e  trust that  these obscrvations 
may be the iiieans of awakening renewed interest in prophylaxis. 

It is with pleasure that we desire to acknowledge our thanks to 
Dr. S. A. Fisl; for the interest and financial aid with which he has 
followed this work ; to Health Commissioner W. 1’. Mumi  for having 
so kindly placed a t  our disposal the facilities of the 1,aboratory of the 
Denver H e d t h  L)epartment ; and to Mr. F. H. Urandcnburg, local 
observer of  the Uiiitecl States Weather Bureau, for valuable nieteoro- 
logical data. 

The data wit11 referciice to t h e  effect of high al t i tude 011 the  system are taken froni 
“ IVitterung 11. Iiliiiia,” “ Grmndriss der Hygiciir,” Fliigge. 
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