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viii INTRODUCTION

the exceptions. So that hitherto it has only been
after a considerable mmterval and through indirect, or
incomplete and too often inaccurate translations, that
many of us in England and America have learned
about the revolutionising work our Italian colleagues
have been carrying on. More than one important fact
has been common knowledge in Rome several years
before it had percolated to London.

To many of us the Sydenham Society’s transla-
tion of Marchiatava and Bignami’s book “On the
Summer and Autumn Malarial Fevers,’ by Dr.J. Harry
Thompson and Dr. Edmonstone Charles, came as a
revelation. Since the publication of this work in
1894, and 1n great measure in consequence, many
of the profession in Britain, in the United States of
America, and in their numerous tropical dependen-
cies, have applied themselves to the study of the
malaria parasite and added their quota to the
common stock of knowledge on the subject. The
Italians, however, have maintained their leading
position, and when, two years ago, Ross’s brilliant
mvestigations placed the mosquito-malaria theory on
an incontrovertible basis, they were the first to
confirm his work, to extend it, and to throw them-
selves energetically into the hygienic measures it
so plainly indicated.

Amongst other Italians Professor Celli, whose
name has been so long and so honourably associated
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with the scientific study of malaria, on satisfying
himself of the truth and practical value of the new
departure, grafted a series of studies on the mosquito
in its relation to malaria on to the work he was already
engaged on in connection with the epidemiology
of paludism. These studies, as this work bears
ample evidence, have been conducted on the most
rigid scientific lines. Throughout they bear the
stamp of a master hand. Although in several
respects they are not complete, nevertheless they are
stepping-stones which may be trod on with confidence,
and with the assurance that they will in time lead to
the solution of the problem so many ofus are straining
after—the prevention of malaria. Some Important
points he has already solved. He has indicated
clearly the direction which should be taken in
attempting the solution of others; and he has set
a valuable example as to the methods by which
the still unsolved problems should be grappled with.

Although Italy has considerable practical interest
in the malaria problem, her interests in this respect
are insignificant as compared with those of Great
Britain and the United States. Professor Celli’s
work therefore appeals to English-speaking peoples
even more than to his own countrymen. The
present translation accordingly cannot fail to be
welcomed in Britain and America and in their
tropical dependencies. It informs us fully of what
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the Italians have done and of what they are doing
m the study, and in the prophylaxis, of malaria, and
it will enable us to take full advantage of the infor-
mation they have gleaned with so much labour. Tt
will not fail to stimulate many of us to fresh efforts
towards the practical application of, and to add to,
the knowledge that has been accumulating in Rome
during the last few years.

During a recent visit under Professor Celli's
guidance to the Roman Campagna, I had an oppor-
tunity of seeing for myself one of the fields of obser-
vation deseribed in this work, and to learn from
Professor Celli’s lips some of his methods and his
objects. I saw the peasants whose sordid lives he
describes so graphically, and I saw in operation the
economic system which, together with malaria, has
reduced these wretched people to what is practically
a position of slavery. Professor Celli's exposé of
this system must surely lead to obvious and much-
needed reforms in the conditions of land tenure and
of agriculture at present in vogue in the Roman
Campagna, and to efforts directed to the improve-
ment of the sanitary conditions under which the
peasants there live and labour. Some system of
gratultous or partially gratuitous distribution of
quinine by trustworthy agents, together with efforts
to popularise and instruct in its use, might be
attempted. The suggested deportation to healthy
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2 HPIDEMIOLOGY

of Pliny, Latifundia Italiam perdidere, can be
translated into this other, ¢ Malaria has ruined and is
ruining Italy” It is even to-day the most insur-
mountable obstacle to colonisation and, in general,
to the acclimatisation of the European race in tropical
and subtropical climates.

In the course of ages what vicissitudes has this
epidemy undergone in Europe ?

While, as a rule, one can say that it has been
decreasing in the regions of the North, in those
of the South, on the contrary, there has been little
or no diminution. In London, when Sydenham
wrote (1666-88), the pernicious fevers were any-
thing but rare; nowadays even a case of mild
tertian or quartan is very seldom seen within the
confines of the great metropolis. Torti in 1712
described 1n Modena, where he practised, all the
most classic forms of pernicious fever; to-day in
that city cases of malaria are very rare, and they are
of a mild form. At Turin in 1864 there were fifty
deaths from pernicious fever, while to-day every
trace of malarial fever has disappeared therefrom.
Frerichs in 1865-6 described, in Silesia, morbid
changes in the liver produced by the most severe
malaria, which now is very mild there.

In Northern Europe, in England, in Germany.
and in France, as in Northern and Central Italy,
examples of vast and successful schemes of agrarian
sanitation are numerous, while unfortunately not one
can be cited from Rome down to the most southern
parts of TItaly, where for centuries no marked
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permanent amelioration in the prevalence of this
epidemy has taken place.

+ We shall speak in due course of the wonderful
conquests man has effected over malaria; here we
shall sketch briefly the history of Roman malaria in
the various epochs.

Pre-Roman epoch.—Colossal drainage works were
executed by the first inhabitants of Latium.

In the Roman Campagna, beneath a thin layer
of humus, the hills are constituted principally of
voleanic tufa which being finely porous retain the

Fic. 1.

rain-water ; hence the permanent humidity of the
subsoil. To remove this humidity and to obtain
drinking water the ancients excavated for hundreds
of kilometres a network of tunnels, the greater
part the height of a man. Di Tucci, the engineer,
and Professor Tommasi-Crudeli some years ago de:
seribed them. Figure 1 shows a portion of a
hill pierced by these tunnels, or drainage in three
levels, which collected at the bottom of the hill
the subsoil water that filtered through the tufa,
and which certainly must have been used as potable

R 2



4 EPIDEMIOLOGY

water; in fact, in the second level of the canalg, in
a constriction which communicates with the lowest
level of this drainage, a filter has been found, that is
(fig. 2) a thick slab of perforated lead, which is the
earliest example of the employment of a filter in the
history of our Western civilisation. Other hills have
a similar drainage in two levels, or in one only.

By these and similar drainage works malaria
‘in the Agro Romano must certainly have been much
attenuated, because, in places which afterwards
became deserted and have remained so up fill to-day,
there arvose and flourished, through
the work of the first Latin settlers, La-
vinwwm, Lawrentum, (Gabii, &ec., and
through that of the Etruscans, Falerii,
Veu, Capene. It could not, however,
have been abolished, inasmuch as the
worship of the goddess Fever was here a very ancient
custom and widely diffused. And Cicero cites the old
tradition that, to found the city, Romulus selected a
place in regione pestilenti salubrem.

Roman epoch.—In the earliest times, to dry the
Velabrum ( Velabra suo stagnabant flumine, as Propertius
says)inthe valley between the Capitol and the Palatine
(fig. 28), the famous Cloaca Mazima was constructed,
which was at first nothing more than an enormous
drain, and as such it still exists. The ancient system
of subterranean drainage was modelled on the same
lines, and good examples of it still remain. Thus the
city was made healthy, draining subterraneously the
waters that abounded on the surface (fig. 28). But,
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in regard to the surrounding Campagna, Livy, after
the siege of Capua, says that the Roman legionaries
did not wish to return any more wn pestilenti atque
arido circa wrbem loco, as was always, even then, the
Agro Romano. |

Doubtless afterwards, for a radius of several
kilometres round the metropolis, they built, as now,
villas for the patricians, and suburbs, and cultivated
extensively flowers, fruit, vegetables, and instituted
dairy farms and poultry yards. But that they
rendered the whole of the Agro Romano absolutely
healthy cannot be admitted, for in the reign of
Augustus, Strabo indicated a wvast littoral zone as
being unhealthy, and Horace wrote that the October
wind adducit febres et testamenta resignat ; and during
the journey from Rome to Brindisi, while his com-
panions stopped a little beyond the city to partake
of their collation and drink the water of the spot, he
himself abstained for fear of the fever. Later on
Frontinus (year 91) praises Nerva because cause
gravioris ceeli, quibus apud veteres wrbis infamis aer
Juit, sunt remotee. 1t is certain, however, that they
were not in reality removed, inasmuch as, according
to Juvenal, it was always lefifer autumnus.

It 1s also certain that at a long distance from the
city large tracts of land remained, as they still remain, -
as fields and woods for pasturage, which always has
been the principal industry preferred by man on this
soll.  Reading the letter that Pliny wrote to Gallus
concerning his villa of Laurentinum, and following the
two ancient ways, the Lawrentina and Ostiense, which
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he describes, we find that the Roman Campagna was
then much as it is to-day, with its fields and
woods, with flocks of sheep and herds of horses and
cattle. |

Therefore, even in the time of the apogee of the
Roman power malaria was not stamped out in the
Campagna. And with the decline of the Empire,
and after the transference of its seat to Byzantium,
malaria increased. Later on the Ostrogoths, at the
siege of Rome (537), interrupting the aqueducts,
and devastating the Campagna, left it in a state of
desolation.

Mediceval epoch.—Foreign invasions having been
suspended towards the sixth century, even here
the good eflects of the agrarian labours of the Bene-
dictines were felt. Meanwhile the Church, which
had become master of the whole territory, divided
it into six patrimontes (patrimonium Appice, Labi-
canum, Tiburtinum, Tuscice, Sabinum, Urbanum).
Each of these patrimonies was inhabited and culti-
vated, and for this purpose was subdivided, as
Tomassetti has shown, into masses, domoculte, colo-
nies, and hamlets.

The masses were habitable centres or rural
towns. The domocultw were agrarian institutions,
each of which contained several farms variously
cultivated, and had a considerable collection of
habitations surrounding a church, sometimes a group
of small villages on the site of the ancient inhabited
centres.

The agricultural colonies arose on the ruins of
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the ancient villas, and especially in the suburb that
was richest in these ruins.

The hamlet was a large farm cultivated by private
initiative, and had had so many habitations and such
importance that twenty farms of the Agro Romano
are still known by their names.

The history of the domoculte deserves to be more
thoroughly studied, because even to-day it would be
difficult to find a system more suitable for the
colonisation of our Campagna.

Pope Zachary (741-752), requiring corn, founded
the first five domocultee, which were built on ancient
inhabited sites. Adrian I. (772-775) restored some
of the aqueducts and founded other domoculte.
There were, according to Tomassetti, ten of these in
the Roman Campagna, along the principal ways ; ac-
cording to others, they were twenty and even twenty-
nine. Around each the Campagna was cultivated
by settlers and given in feud to the convents and the
Roman nobility. For a certain time a part of the
products were given to the poor. This system was
maintained in spite of the Lombard invasion (756),
and yielded only to the destructive ineursions of the
Saracens (846-876), after which period the domoculte
were enclosed and fortified with towers. The colonies
were also fortified, while, with the same object of
defence, Leopolis was built at the Vatican, Laurentio-
polis at San Lorenzo fuori le Mura, Johannipolis at
San Paolo, Gregoriopolis at Ostia. These latter two
towns were subsequently destroyed by malaria.

Meanwhile the barons summoned from the
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Castelli Romani into the plain established fortified
places with towers (see fig. 31) to oppose the con-
tinuous incursions of the Saracens, and finally made
themselves masters of all the territory. Here, with the
predominance of feudal militarism and the consequent
neglect of agriculture, the prolific medieval agrarian
period ceased, and the land from that time till to-day
has remained in the hands of a few rich owners. The
incessant incursions of the Saracens, and later the
invasions of the Hungarians (924) and of the
Normans (1017), as well as the eternal wars between
the nobles and with the Popes, kept the Campagna
a desert, frequented only by the shepherds who
descended thither in the winter with their flocks from
the mountains of Abruzzo. _

Modern epoch.—Contrary to what has frequently
been stated, several attempts at agricultural improve-
ments were subsequently made, but unfortunately
without result. Sixtus IV. (1471-84) issued an edict
that permitted any person whomsoever to till those
lands where at least a third part had not been culti-
vated by the proprietor, who received compensation
from the tiller, which was fixed by judicial experts.
Thisarrangement was subsequently confirmed by Julius
IT. (1508-13), Clement VII. (1523-34), and Alexander
VIII. (1689-91), for a radius more or less distant from
the walls of the city. Paul V. (1605-21), besides
having improved the Tiber by reopening the canal of
Fiumicino, to induce the proprietors to adopt close
culture, authorised the bank of Monte to advance
them money at a low rate of interest, and he under-
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took to transport into the Agro the Moors who,
expelled from Spain, went to settle in Africa. And
Clement XI. (1700-21) went so far as to lend the
agriculturists money without charging them any
mterest.

Towards the end of the eighteenth century, Pius
VL., while he associated his name with the drainage
of the Pontine Marshes (already attempted with some
success by Leo X., Sixtus V., Innocent X. and XIL.,
and Clement XI1.), in 1783, ordered, together with the
new census of the Agro Romano, that every year a
certain extent of land should grow corn.

In 1798 the Republican Government in Rome
promulgated laws for the populating and cultivating
of the deserted Campagna. And afterwards, in 1801
and 1802, Pius VIL, to remedy the scarcity of corn,
enacted agrarian laws, truly Jacobinical, decreeing
fines and rewards. He taxed heavily those whose
lands remained uncultivated, and with the profits
arising from this taxation he helped those who sub-
divided their land for the purpose of having it
brought permanently under cultivation by agricul-
turists, and he exempted them from service. This
led to the formation of villages and scattered home-
steads, To the colonists he also conceded rewards
in money for each ftree they planted, dots for their
danghters, payment for the bringing-up of orphans
and foundlings, exemptions from litigations, ready
and gratuitous medical assistance. And because the
unhealthiness of the air and other causes rendered
the cultivation of the distant lands more difficult, he
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very reasonably began by imposing the new taxes
on those who, within a reasonable period of time,
had not cultivated the farms sitnated within a kind of
milliary circle round Rome.

But all these laws remained a dead letter, as sub-
sequently was the case with the ediet issued by the
triumvirates of the Roman Republie, by which the
crown lands were given in emphyteusis to the
families of the peasants who wished to cultivate them.
Political vicissitudes, the omnipotence of private
property and its concentration in a few hands, the
absence of eflicacious hydraulic sanitation, all tended
to damage or destroy the provident dispositions of the
agrarian laws in every age.

The various tentatives made by private indi-
viduals were also fruitless. It would be very
useful for some one to write a precise history of
them ; I confine myself to mentioning the extensive
works. now nearly all abandoned, for the irriguous
cultivation of several valleys, and some of the attempts
at colonisation. For instance, in the second half of the
seventeenth century, when John Baptist Donmi pub-
lished (1667) his able work De restituenda Salubritate
Agri Romani, the Borghese family put into practice his
wise counsels at Pratica, the site of Lavinium, one of
the above-mentioned inhabited centres of antiquity,
where they constructed a village and brought thither
families of +agriculturists from the Marche and
Tuscany, to whom they granted suitable farms in
perpetual emphyteusis and at a very moderate
rental. These families went thither in numbers and
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undertook the cultivation of the farms with ardour.
Piazza, in the beginning of the eighteenth century,
found 130 families there, while Nibby, the archwo-
logist, when a little more than a century later he
visited Lavinium for the purpose of describing the
topography of the environs of Rome, states that he
found there barely twelve permanent families. The
Sacchetti family also endeavoured to put in practice
Doni’s proposals, establishing near Ostia a colony
of Tuscan peasants, all of whom soon died from
malaria. Inthe following century (eighteenth) similar
attempts, of which we have testimony in the mansions
still existing at Castel Fusano and Cervelletta, had a
hike result; the same can be said for other tenta-
tive experiments made during the present century.
After 1870, under the impulse of Garibaldi, laws
were made and important works instituted for the
straightening and embanking of the Tiber, for the
drainage of the Agro Romano, and for the agrarian
improvements within a radius of ten kilometres from
the Millvarium Aurewm around the city—notably the
works of drying the ponds at Ostia and Maccarese
and of the hydraulic connection of all the basins of
the vast Campagna. But, unfortunately, the hygienic
improvements in respect to malaria were very few.
And we can also affirm that, in the districts of
intense and severe malaria, the attempts at reclaim-
ing, undertaken from the most ancient epoch
up to our day, owing to the interruptions of the
works or to their being badly executed, or to the
enormous intrinsic difficulties, ended by being almost



12 EPIDEMIOLOGY

all fruitless. This specially applies to the sanitary
conditions of the Agro Romano, which, in respect to
malaria, have been little or not at all improved by
what has been done there during the last quarter of
a century.

Geography of Malaria.—If we cast a glance
over a map illustrating the geographical distribution
of malaria, we immediately see that a great part of
the world is affected with this pestilence, which, in
respect to latitude, reaches the isotherm + 4° in the
northern hemisphere, and in the southern, on account
of the marshy lands and favourable temperatures, it
extends to about the isotherm + 16°. Between these
two isotherms, the low-lying grounds, the plains at
or below the level of the sea, and the basins of the
large rivers are nearly all malarious.

Even in Europe malaria is much diffused. The
lower basins of the rivers in the Iberian Peninsula ;
the western coasts and the wvalley of the Rhone, in
France; the Netherlands; some parts of the Rhine
valley, the mouth of the Elbe, the Baltic coast in
Germany ; the regions of the large rivers which dis-
charge into the Caspian Sea, the Sea of Azof, and
the Black Sea, in Russia; the basin of the Danube ;
the rivers and valleys of Thrace, of Thessaly, and of
Greece, are all malarious.

In Italy various malarial maps have been pub-
lished, one by the Direction of Statistics, on the basis
of the mortality from this disease in the communes
of the kingdom ; and two on the basis of the mor-
bidity along the railway lines.
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The first was compiled by Raseri. In it, unfortu-
nately, the zones completely free from malaria are very
few ; in fact, one can say, speaking generally, that 63
provinees out of the 69, and about 2,823 communes
out of the 8,258, with eleven millions of inhabitants,
are exposed to this scourge.

Across our peninsula it is known that the isotherm
+ 15° divides the temperate from the warm climate.
The distribution of malaria in Ttaly is also divided
by the same isothermal line: to the north of it the
disease is rarely seen and is mild in character ; to the
south the disease 1s common and severe.

Sicily, in many of its coasts and valleys, is ruined
by this pestilence.

Sardinia is so devastated by it that we can say
the problem of this island is the problem of malaria.

Following the line of the coast, one sees malaria
commencing at the Venetian laguna and extending
to the mouth of the Po; from there it follows the
littoral of Ferrara and Ravenna, is interrupted from
Rimini downwards—not completely, however, inas-
much as malarial zones are met with in the mouths
of some of the rivers, and sometimes also in their
lowest valleys. Malaria reappears higher up, and
becomes continuously more severe along the southern
coasts of the Admatie, and then runs along those “of
the lonian and of the Tyrrhenian Seas. However.
along the shores of the Gulfs of Salerno and of
Naples it ceases; but again at Pozzuoli the dread-
ful scourge recommences, and extends through the
Pontine Marshes, the Agro Romano, the Tuscan
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Maremma to Viareggio. The Ligurian littoral is
healthy.

From the coasts entering into the continent we
find that the valleys of many rivers, including the
principal ones, such as the Po, Tiber, Garigliano,
Ufanto, are all more or less malarious.

We have, then, two maps of malaria along the
railway lines, where, as 1s readily understood, it is
easier to obtain exact sanitary statistics of the rail-
way personnel, inasmuch as they get an indemnity for
malaria and medical attendance. One of these maps
was published with a report made by Senator Torelli
on malaria along the railways in Italy ; the other was
compiled by myself from the official data of the rail-
way administrations (fig. 3).

The two maps are more or less in agreement.
In both malaria is distinguished, and subdivided
into mild, severe, and very severe.

Nevertheless, this classification must be altered,
inasmuch as to-day, scientifically, we can admit only
two categories, that is, mild malaria (spring quartan
and tertian) and severe malaria (sstivo-autumnal
fever).

We have, besides, the malarial maps of certain
provinces, namely, of Capitanata and of Basilicata ;
that of Calabria is being prepared, and that of the
province of Rome—compiled according to a type of
monthly statistical bulletins, which for ten years have
been sent as postcards by the parish doctors (medict
condotti) to the prefecture—has been published by
Santori. In asimilar bulletin (see Table I.) are rapidly
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noted day by day, month by month, with a few strokes
of a pen or pencil, the cases of primary, recurrent, and
pernicious fevers. The recurrent fevers have to be
considered apart, in order more distinetly to ascertain
the course of the epidemy in the various months of
the year, which can be exactly indicated only by the
primary fevers. To avoid mistakes, it is necessary,
however, that these primary fevers should not be
confounded with the recurrent fevers with long
intervals.

These, if the data be not very accurately ob-
tained, may very easily simulate the primary
fevers. Consequently, since 1888 I have adopted a
criterion which to-day I have still greater reason to
maintain—this 1s, that one must reckon as recurrent
every case of fever which repeats itself m the same
individual from the July of one year to the end of
June of the following year, or during all the cycle
of the same yearly epidemy. It is true, perhaps, that
some of the consecutive attacks may be also due to
a new infection in the same patient, for example,
when the =mstivo-autumnal fevers are seen to follow
the spring forms, or when the tertian passes into the
quartan ; but still in such cases a mixed or double
infection may have occurred at the beginning, and
in the relapses one species of malaria is extinguished,
the other survives. So that, all things considered,
by reckoning the recurrences by the method I have
mentioned, a mimimum of error results,

One must also note separately the sub-continued
fevers, so as not to ascribe to malarial infections the
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ETIOLOGY 19

where this pestilence is most prevalent (Basilicata,
(falabria) are those which contribute most largely to
permanent emigration.

To sum up, one can therefore positively assert
that malaria annually costs Ttaly incalculable treasure.

ETIOLOGY

The etiology of malaria presents very special
characters that differentiate this disease from all the
infective diseases of bacterial origin.

It is not easy to form a clear conception of the
conditions which relate to the etiology of this disease
unless we enter to some extent into the fields of
zoology and comparative anatomy, because we are
in the presence of a parasitism produced by the
class of Protozoa and more especially of an order of
this class called the Sporozoa

Order of Sporozoa.—These parasites are repre-
sented by true and proper cellular elements, which
consist of protoplasm, a nucleus, a nucleolus or
karyosoma. They have the characteristic of living
at the expense of other cells, that is, of being true
endocellular parasites or eytophages. They have
also an amaeboid phase of life, during which, in the
absence of a cell wall, they are animated by character-
istic protoplasmic movements. In fine, they multiply
by spores, hence their name.

There are many interesting species of this order
of sporozoa, which is subdivided into wvarious sub-
orders ; but we shall only mention those which will
give us a clear idea of malarial parasitism.

b
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ETIOLOGY 21

sub-order of Coccidia are of most interest to us, both
because they give rise to infections (cocecidioses) not
only in domestic animals (rabbit, cat, mouse, ox), but
also in man (thirteen cases—some of these are doubt-
ful, and two fatal). and because their study has
opened the path to the modern knowledge of malarial
parasitism.

As early as 1882 R. Pfeiffer found in these
Coccidia a dimorphism, or an alternating generation,
with two evolutionary cycles: the one endogenous
and asporular, which determines the reproduction in
the tissues of the hosts; the other exogenous and
sporular, which permits contagion and ensures the
conservation of the species. It was Schaudin,
Simond, and Siedlecki who subsequently described
very exactly these two cycles of life.

To fully understand them it is necessary to
familiarise oneself with the special zoological nomen-
clature that is employed.

" The cells of the protozoa which have the faculty
of uniting are called gamefes. These gametes are
already differentiated into two sexes: the larger
gamete, or macrogamete, represents the ovule or the
ovoid as it is called ; the smaller gamete, or micro-
gamete, represents the spermatozoon or the spermoid.
The cell from which the microgametes are derived is -
called microgametocyte ; the female and the male,
that 1s, the ovoid and the spermoid, fecundating,
form a zygote from which the resistent cystic stag;e
is derived, so that in all the coceidia the sexual
phenomena precede this stage. This zygote is con-
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verted into a cyst (sporocyst) which in its turn
becomes filled with spores (sporoblasts), from which
the sporozoites, that is, the cells capable of recom-
mencing the endocellular parasitic cycle, are derived.

And now we shall follow briefly the first re-
searches of Schaudin on the Adelea (fig. 4 A-£).

The parasite which 1s found within an intestinal
cell begins to undergo modifications: the karyosoma
or nucleolus of the nucleus breaks up, and the

Fic. 4. i

chromatin is diffused in the protoplasm, so that
many centres of chromatin are formed (fig. 4 A).
The cell protoplasm subsequently divides up and
arranges itself arvound these centres of chromatin
(fig. 4 B). Tinally each of these particles becomes
an elongated falciform corpuscle with a nucleus
and protoplasm, and thus (fie. 4 ¢) a body 1s
formed by a mass of these corpuscles which are the
macrogametes. The cells that produce the micro-
cametes, or the microgametocytes (fig. 4 p-g), de-
velop 1n a perfectly analogous manner.
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Thus both may, without leaving the intestine of
their host, re-enter a cell of the intestinal parietes
and recommence their parasitic life separately and
respectively as macrogametes or microgametes.

This is the asexual, or, as it i1s also called,
asporular cycle of life and of multiplication.

As we shall see, the heemosporidium of malaria
likewise completes its asexual or asporular cycle
within the red blood-corpuscle of man, while it attains
its other more complete or sexual or sporular cycle
m the body of the mosquito.

This second cycle of Schaudin can also be studied

Fia. 5.

in the Adelea, and has been thus described : a sexual
act takes place, analogous to that which oceurs in
the higher animals; the microgamete, or the male
element, gains entrance to the macrogamete, or
female element, and fertilisation results. Only one
microgamete can enter the macrogamete. In the
zygote or body that results from this fecundation—
as is well seen in the genus Klossia—numerous
centres of chromatin are observed (fig. 64), around
which the protoplasm is distributed in as many
spores, which are enclosed by a species of membrane
and represent the resistent forms or sporoblasts ;
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that 1s to say, they are true spores, which may take
on an extra-cellular life, until lodging, for example,
in the intestinal tube, they emit the sporozoites

I'1a. 6.

that penetrate the walls of the cells of the host and

recommence their endocellular parasitie life.
Schaudin has observed other very interesting

facts relative to fecundation in another coceidium
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belonging to the genus Zimeria (fig. 7 a-1). In this
genus there is also seen a polynuclear body, brist-
ling with many nuclei loaded with chromatin. From
these we pass to the formation of very motile proto-
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plasmic bodies (fig. 7 B) that are the spermoids; one
of them penetrates (fig. 7 ¢) the ovoid, and from the
fecundated gamete or zygote are subsequently formed
cysts containing the falciform bodies which represent

the sporoblasts (fig. 7 D—E).
Similar facts have been more accurately studied

Fig. B.

by Siedlecki in another coccidium, the Klossia
octopiana (fig. 8 A-x). This coccidium, within
the cell where it lives, usually undergoes division
of its karyosoma (fig. 8 A-B) into numerous
minute bodies, and the chromatin is distributed in
as many centres (fig. 8 ¢); in each centre nuclei are
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ters common to the sporozoa of this sub-order were
defined by myself and Sanfelice in the following
manner :—

1. Life at the expense of the red corpuscle.

2. Cellular structure, with a nucleus provided
with an abundant quantity of chromatin.

3. In the blood a cycle of life is subdivided into
two phases: the one phase endoglobular, which
undergoes endogenous multiplication by gymno-
spores or amebul@ or sporozoites without previous
encystment ; the other phase that ends by becoming
free in the plasma. From this latter phase is in-
itiated, as we shall see, the cycle of sexual life within
a dipter or an acarus.

4. Marked inoculability from animal to animal of
the same species and variety.

Among the distinguishing characters we note the
reduction or non-reduction of the hemoglobin into
melanin, the stage of ameeboid activity more or less
clear and persistent, the duration of the life-cycle in
the blood; and we can also add the manner in
which the life-cycle is completed in the definitive host.

The sub-order of hsmosporidia is subdivided in
its turn into two families, these into genera, and these
genera into species. As, however, the genera and
species are not yet complete, and the various names
may cause confusion, I prefer to speak of the different
kinds of malaria met with in various animals, indi-

cating for each the diverse parasites up to now found
in their blood. We begin with
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While the parasites of the red corpuscle in cold-
blooded animals reduce the heemoglobin very little,
and, in general, do not destroy the red corpuscle,
those of birds, on the contrary, and still more, as we
shall see, those of man, nourish themselves at the
expense of the hemoglobin, converting it into
melanin, and thus finally destroy the red corpuscle
itself.

In the pigeon (Columba lvia) there is up till
now only one well-known parasitic species, whose

I'1a. 10.

development 1s rather slow (fig. 10 A—p), requiring
at least eight days for its completion. Small,
roundish, immobile forms of a palish grey colour,
without pigment granules, first appear in the red cor-
puscle; they immediately begin to elongate, frequently
showing a constriction, generally in the middle, re-
sembling the figure of 8 (fig. 10 a—c). Still elongating,
they lie ordinarily at the side of the nucleus in the
direction of the long axis of the red corpusecle, and
acquire granules of coarse black pigment. When
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reside at one of the poles of the red corpuscle, and
tend at once to become spherical. The asexual
multiplication (fig. 11 6¢-k), and also the gametes,
which emit flagella, can be readily observed
(fig. 11 n-M).

In the screech-owl (Athene noctua), besides a
parasitic species very similar to the preceding,
another is found (fig. 12 a-0) with small forms and
rapid development, in which asexual multiplication

quickly takes place (phase of endoglobular life),
while other forms (fig. 12 1-u) enlarge within the
red corpuscle and then become free (phase of free
life, or of the gametes), and some of them emitting
flagella or spermoids (fig. 12 x-o).

The parasites of the red corpuscle are ob-
served in the blood of other birds (sparrow, star-
ling, owl, &e.), than the pigeon, the screech-owl, and
the lark. All, however, can be referred to one of
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spermoid can be detected. Such fecundation was
first observed by MacCallum (see fig. 13 A~r). This
author has distinguished the female forms or macro-
cgametes from the male forms or microgametocytes ;
the former (fig. 13 a-c) are a little cloudy, refractile,
and contain fine pigment granules; the latter
(fig. 13 p-¥) are almost hyaline, and contain coarse
pigment granules; from these protrude flagella or
spermoids, one of which the author has seen pene-
trate and fecundate a macrogamete (fig. 13 c).

After this fecundation the second life-cycle of
the heemosporidia of birds commences. Major Ross,
of the Indian Medical Service, at the suggestion of
Manson, the celebrated parasitologist, who had
already described the life of the filaria in the body
of the mosquito, made mosquitoes (Culex pipiens)
bite infected birds, and by systematically dissect-
ing a mosquito each day, of those which had
bitten the birds, he discovered the phases of the
life-cycle of the heemosporidia in that insect.

We shall now proceed briefly to describe the
development of what we may call the cycle of Ross
(fig. 14 A-¥). On the first day there are only the free
forms, many of which have protruding flagella. Tt
is very probable that if fecundation has not already
taken place in the body of the bird, it takes place -
now between the spermoids and the ovoids in the
middle intestine of the mosquito. On the second
day (fig. 14 A) these forms become more spherical
and begin to show a capsule, that is to say,
they are transformed into cysts. The contents still

D
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show pigment; vacuoles and refractile granules
appear in the protoplasm. On the third day
(fig. 14B) the vacuoles and the refractile granules
increase ; on the fourth day (figz. 14 ¢) the cysts
appear larger, the vacuoles have increased in number,
and the granules of pigment are still seen. Succes-
sively (fig. 14 B—F) the cysts continuously enlarge, the

Fic. 14,

so-called vacuoles become larger, some round, others
ovoid ; in the protoplasm there remain undivided
bodies called residual nuclei or nuclei de reliquat.

Between the fourth and the sixth days Ross gives
a figure (fig. 14 ) which should have been put last,
inasmuch as the vacuoles are elongated in the form
of sporozoites.
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Ross has not described the final stages of develop-
ment so accurately as it has since been followed in the
mosquito infected with human malaria. He has how-
ever observed sporozoites in the salivary glands of the
mosquito, and has seen that the infected mosquitoes
infect healthy birds. He has thus arrived at the dis-
covery, confirmed by Koch and by us, of the trans-
mission of malaria to birds by means of moscuitoes.
To sum up, the perfect heemosporidium is that seen in
the mosquito, which therefore represents the definitive
host of the parasite, while the bird is the temporary
host, because in its blood the asexual life only of
the above-mentioned heemosporidium develops.

B

MALARIA OF MAMMIFERS

The first heemosporidia of this form of malaria
were found in oxzen. In the places where human
malaria prevails, especially severe malaria, there also
exists bovine malaria which attacks preferably
imported breeds, but at the same time does not alto-
gether spare the indigenous ones.

In the Agro Romano it is a very old disease,
which was formerly confounded with heemorrhagic -
infections, and particularly with anthrax: and it is
only lately that it has been identified by us as
malaria. Owing to the frequency of hemoglobinuria-
in the Roman Campagna, it is vulgarly ealled piscia-
sangue (bloody urine). The symptoms of the infec-
tion are high fever and hemoglobinuria, and these
are followed by death, which sometimes occurs, in a
large percentage of cases, in a very short time.

DY
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a special way (see Part IL.— Verification of the Dia-
onosis’), we have seen that one of the two endo-
globular bodies, frequently ring-shaped, is stained
blue and the other near it is stained pink : possibly
one has to deal with two forms already sexually
differentiated, namely, the two gametes.

Smith and Kilborne have demonstrated that this
malaria is transmitted to oxen by the bite of a
special tick, the Ripicephalus annulatus, which is
about the size of the head of a pin, and, after biting
an ox and sucking its blood, becomes very large, falls
off and subsequently lays an egg. The daughter
ticks are capable of transmitting the disease, infect-
ing other cows with their bites. This has been
clearly demonstrated by Smith and Kilborne, and also
confirmed by Koch. This tick, which is the definitive
host of the hs;mosporidium of bovine malaria, is
found everywhere in the countries where this disease
prevails ; that of the Roman Campagna is identical,
according to Grassi, with that found by Smith and
Kilborne in America.

In calves Kolle has found other endoglobular
parasites, somewhat diflerent from the preceding,

In sheep there is a form of malaria due to
a parasite which was deseribed by Bonome and
called amebosporidium. 1In fact, it has an amaeboid -
stage more evident than that of bovine malaria, and
also shows clearly the asexual multiplication in the
circulating blood.

I have observed a form of malaria also in the
young lambs of the Roman Campagna. It is known to
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resemble those of man. Thus he has distinguished
two larce pigmented forms, which finally invade
almost all the red corpuscles, and resemble the haemo-
sporidia of the tertian and quartan fevers of man ; and
a third, smaller and non-pigmented variety, which
resembles some of the @estivo-autumnal forms of man,
that is to say, it presents itself as small white spots
containing particles of heemoglobin which have nof
been converted into melanin. These three forms have
such a slow cycle of evolution that it is difficult to
follow it to sporulation; the gamete phase 1s, however,
very distinct and persistent in the lethargic period.
The definitive hosts of these parasites of sheep, dogs,
and bats are not known.

In the monkeys of Africa also, Koch has found
endoglobular parasites, more recently described by
Kossel.

Endoglobular parasiticism is, consequently, very dif-
fused in the animal kingdom, from the batrachia to man.

HUMAN MALARIA

It is known that Laveran made the first funda-
mental discoveries of the parasites of malaria in
November 1880. They, however, were not accepted
by the scientific world until Marchiafava and T had
demonstrated that the melanin which is characteristic.
of this infection was formed within the parasite, and
had pointed out the resemblance which these bodies
have in amcebold movement and cell structure to
the protozoa, and that they multiply by fission. Golgi
subsequently demonstrated their eycle of endoglobular
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The spring quartan and tertian parasites give rise
to the mild forms; the mstivo-autumnal tertian, and,
more rarely, the @stivo-autumnal quotidian, which is
also called true quotidian, to distinguish it from that
pseudo-quotidian which results from a double tertian
or a triple quartan, give rise to the severe forms.

The spring forms of the parasite are characterised
by their slow development in the red corpuscle for
two or for three days, according as to whether they
are the tertian or guartan; by the large size they
attain in the red corpuscle, being able to occupy all
or almost all of it; by the abundant pigmentation
which appears early ; and by the fact that the entire
asexual life-cyele, from the invasion of the red cor-
puscle to the multiplication by fission with formation
of gymmospores or amebule, can be followed in the
circulating blood. Both the tertian and the quartan
parasites also present the life-cycle, which eventuates
in the presence of large pigmented bodies free in
the plasma, which in man are unable to proceed to
their final stage of development, but are the
beginning of a further phase of life, that is, the
sexual lfe-cycle which is completed in the mosquito,
and are now called gametes. In man these free
forms have a nucleus which is sometimes visible
even in the fresh preparations; some of them.
emit filaments that formerly were called perfect
parasites by Laveran, flagella by us, agonic forms
by Grassi and Feletti, and now are called micro-
gametes or spermoids. Those which emit these sper-
moids are the male free forms or microgametogens
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focus, according to whether it sinks down or rises
to the surface of the red corpuscle. From the
stage of active movement the parasite next passes
to the stage of rest, presenting a discoid or an
annular form ; in this case it presents itself under the

Fic. 18.

latter form, which is pretty distinetly seen in the bot--
tom of the red corpuscle. It completes its asexual
life-cycle (fig. 18 a-M) in 48 hours. To follow the
whole of this cycle of development is, however,
more difficult than in the spring forms, because
the parasite, when it has reached the phase of multi-
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plication, collects in the internal organs, where fission
into ameebule or gymnospores takes place,

In the cireulating blood, however, one sees suffi-
ciently often, whatever Koch may say, the round
pigmented forms, with scattered granules, and a par-
ticle of black pigment in the centre, which precede
fission, but the fission forms are hardly ever seen ; so
that to see the entire asexual life-cycle it is necessary
to puncture the spleen during life, or examine
the blood of the spleen, liver, bone-marrow, or
cerebral capillaries after death. 1In cases of comatose
pernicious fevers, which are the most frequent with
us, we find the capillaries of the brain full of these
parasites, pigmented or in fission ; sometimes not a
single red corpuscle in these capillaries is spared.
It givesrise to a true parasitic thrombosis of the cere-
bral capillaries, the observation of which readily ex-
plains the severe cerebral symptoms that we see in
many cases of pernicious fevers (comatose, soporous,
bulbar, apoplectic, meningitie, &e.).

This form of tertian 1s also called malignant, inas-
much as it may become malignant, the paroxysms
being prolonged and approaching one another till it
simulates a continued fever and becomes sub-con-
tinued ; 1t 18 also called @stivo-autumnal tertian, be-
cause it is observed only in the summer and autumn,
never in the spring. Indeed, it is known among us
that the spring fevers never give rise to a pernicious
fever. A double tertian, or a triple quartan may give
rise to at most the apparently quotidian fevers with
anticipating attacks, but never to pernicious fevers.
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Only the @stivo-autumnal fevers, therefore, if
they be not treated early, become pernicious.

In the wmstivo-autumnal tertian some forms are
also observed in the blood, very rapidly altering
the red corpuscle, which becomes shrivelled,
spinous, smaller, and of a darker colour than the
others—similar to that of old brass. It is an early
necrosis of the red corpuscle, which has lost its
elasticity. To these altered corpusecles, each of
which contains an estivo-autumnal parasite, Marchia-
fava and I have given the name of brassy (ottonatr)
red blood-corpuscles, to indicate their colour. This
early necrosis of the red corpuscle demonstrates the
greater perniciousness of this parasite towards the
red corpuscle. ;

The red corpuscles, in stivo-autumnal fevers,
may be altered or destroyed by haemolysis even
without being invaded by the parasite, and then one
sees that grave symptom hemoglobinuria, which is
very frequent in severe tropical malaria, rarer in the
Roman Campagna, where, as we have seen, it is more
commonly met with, in the malaria of other mam-
mifers.

In this sstivo-autumnal tertian, while the life-cyele
that leads to asexual multiplication develops (fig. 18
A-M), other forms (fig. 18 N—v) appear, which become
the so-called crescents of Laveran, that is parasites of
a crescentic shape with nucleus and with the pig-
ment collected i the centre. Tt is sufficient to
see one of these crescents to be certain that one has
to do with an @stivo-autumnal fever. They may
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become ovoid, fusiform, or round. Some of the round
forms emit flagella, which Grassi and Dionisi now
call microgametes or spermoids; these are always
less numerous than in the free forms or micro-
gametogens of the spring tertian.

A lengthened discussion has taken place concern-
ing the significance of these crescents. Canalis
believed he had seen them in sporulation, which,
however, was only the vacuolisation of the proto-
plasm. In 1889 I and Guarnieri demonstrated
their abundant chromatin, and I compared them to
the falciform corpuscles of coccidia. These forms may
remain in the circulating blood and in the blood
spaces of the viscera—that is, in the spleen, and
especlally in the bone-marrow—for whole months,
without being febrigenous, even when the endoglo-
bular forms of the parasite have disappeared. In
the human organism, therefore, they appeared to be,
and in fact are, sterile,

Besides some of the crescent bodies, Guarnieri
and T have described certain minute bodies, that we
can now compare to the polar corpuscles which are
emitted before fecundation, 1t being known that in the
reproduction of the protozoa a part of the chromatin
of each gamete is expelled before conjugation.

But it is only since the latest studies on the coceidia
that the true signification of these crescents, and of the
flagellated bodies which are derived from them, has
been fully understood. Here, also, we can now
say, we have female and male forms, the macro-
and micro-gametes : the latter or spermoids are the
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flagella that are emitted by the above-mentioned
bodies of the erescent phase ; the macrogametes are
spheres which await fecundation by these spermoids.
Fecundation may, as in birds, occur in the blood of
man after extraction; but it certainly takes place in
the stomach or middle intestine of the mosquito that
has sucked human blood containing the heemosporidia
of this phase.

In fresh preparations the young forms of this
sexnal cycle, or the young crescents, are, according
to Bastianelli and Bignami, the size of a non-
pigmented amceba with a distinct contour, and a
strong and very characteristic refrangibility ; the
pigment disseminated or massed has always, however,
the typical needle-shaped appearance, which is seen
in the adult erescents.

By special staining the protoplasmic body is
stained a more intense blue at its periphery, and the
pale central part contains the chromatin in the form
of minute rods more or less mear one another.
These, with the growth of the erescents, increase in
number, while the pigment collects towards the
centre, hiding the part containing the chromatin, or
the nucleus. They are afterwards differentiated into
the two sexes,

The male bodies, that is, those which emit micro- -
gametes or spermoids or flagella, become round, their
nucleus does not exhibit a definite outline, the
chromasomes or nuclei migrate to the periphery of
the parasite, and from each of them originates a
long thin filament ; the protoplasm also takes part

E



50 EPIDEMIOLOGY

in the formation of the spermoids surrounding the
filament of chromatin, so that the miﬂmgamedte or
spermoid consists of a thread of chromatin surrounded
by a halo of protoplasm.

The female bodies or macrogametes, on the
contrary, preserve the crescent or spindle-shaped
form longer; the chromatin is less in amount, is
situated m the centre of the nucleus, and has the
shape of a granule; the nucleus is surrounded by
the pigment, and the protoplasm is stained a darker
blue. So that the special staining also tends to
demonstrate the diverse function these two species
of crescent bodies possess.

In conclusion, this hemosporidium of severe fevers
also has, as we have seen to be the case in the
heemosporidia of birds, and in the hemosporidia of
the spring fevers, two cycles of development, that is,
one asexual, in the blood of man, the other sexual in
the maddle intestine of special mosquaitoes.

That the quartan, the spring tertian, and the
aestivo-autumnal tertian are distinet parasitic forms
can also be demonstrated by the inoculation of
malarial blood from diseased man to healthy man.
The inoculation of a minimum dose of malarial
blood, much less than a drop—even a puncture
made with the needle of a Pravaz syringe stained
with malarial blood, is sufficient to reproduce not
only the fever, but even the febrile type together
with the species of heemosporidia which is mmoculated.
According to Bastianelli and Bignami this constancy
of species is maintained and recognised also in the
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body of the mosquito during the cycle of sexual life
of the heemosporidia.

In the summer and autumn one may have, though
it is rare, a true quotidian, or an stivo-autumnal
corresponding to a parasite very similar to that of
the estivo-autumnal tertian, but completing its
eyele of development in twenty-four hours. This
form is described as being smaller still than the
tertian form, with granules of pigment which are
searcely visible.

There is also another parasitic form which Marchia-
fava and I have very rarely observed, and it has
been confirmed in tropical climates by Marchoux :
it develops very rapidly—in less than twenty-four
hours—and 1s non-pigmented, but it proceeds to
multiplication without having first converted the
heemoglobin into melanin. It is the form which has
been called Hemameba tmmaculata by Grassi and
Feletti.

Between tropical malaria and the malaria of our
warm climates there is no substantial difference :
the parasitic forms which multiply without producing
pigment, and which give rise to hsmoglobinuria,
have also been observed among us. Still more
closely, according to Koch, the tropical fevers of
German Africa resemble our mstivo-autumnal.

The malaria of cold climates is distinguished
from that of hot climates, because in it only the
mild guartan and tertian prevail or are observed,
which among us are, as we have said, chiefly seen
in the spring.
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are observed in malarial infections: one is acute
anemia, more or less severe, which is due fo the
great destruction of the red corpuscles produced
by the endoglobular parasites, and consequently is
observed especially in estivo-autumnal fevers. In
the spring forms, on the other hand, it develops
slowly, either because, as a rule, the parasites are
fewer, or because they do not exercise such a de-
structive action on the red corpuscle as those of
the severe fevers, in which many corpuscles are de-
stroyed even without being invaded by the parasite,
perhaps by an exaggerated hemolytic power of the
blood-serum.

The other -characteristic fact of malaria 1s
melanemia, with the consecutive melanosis of the
viscera, which depends, as we have demonstrated, on
the conversion of the hemoglobin into melanin by
the active work of the parasite within the red cor-
puscle.

The febrile period coincides, more or less, with
the endoglobular life-cycle of the parasite in the
sense that the rigor, or the febrile onset, coincides
more or less with the asexual multiplication, and with
the discharge into the blood-stream of the gymmo-
spores or amabulae.

These amebule, after having invaded new red -
corpuscles, grow slowly during apyrexia, and prepare
the new parasitic generation. If there be more than
one generation of them, we shall have, for example,
triple quartan, double tertian, which are pseudo-
quotidian, and the fevers with paroxysms antici-
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because it explains sufficiently well many facts which
are observed in malarial infection; others believe
that they have seen a proof of it in the augmented
urotoxic coeflicient in the urine of malarials; but
this urotoxic power can increase in the urine in any
febrile or non-febrile state—for example, in mus-
cular fatigue—Dby the greater quantity of waste pro-
duets which are eliminated with the urine, and which
have nothing to do with toxins.

For the demonstration of these toxins direct ex-
periments, however, are necessary. Therefore we have
searched for a pyrogenic toxin, bleeding oxen affected
with malaria during the onset of the fever, obtaining
the serum from the blood, and inoculating large
quantities—60-90 c.c.—in very small healthy calves.
And we have succeeded in producing only a very
slight or no rise of temperature.-

We have made analogous experiments also in
man. Already Gualdi and Montesano, and later
Mannaberg, had inoculated without effect small
quantities of blood-serum taken from those suffering
from malaria.

But we, during the summer and autumn of 1898,
having had a large number of patients suffering from
malarial fevers in the hospitals, were able to take a
small quantity of blood from many of them at the .
begimning of the fever, and thus collected together
notable quantities of the serum of malarial blood
abstracted during the cold stage. We first inocu-
lated young children with 50 c.c. of it subcutane-
ously, at another time another 50 c.c. mtravenously.
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complete or perfect life is the sexual one. This
takes place in the body of the mosquito.

Several other cases are well known in which a
parasite completes its entire development in two
diverse beings.

It is well known, for example, that the armed
tenia presents itself in the human intestine in
its most perfect form, that is, the tapeworm, while
its prior stage develops, instead, in the hog—that is,
from the larva develops the vesicular worm which
corresponds to the cysticercus. The adult form of
the teenia echinococcus is found in the dog; the prior
form, or echinococcus cyst, in the viscera especially
of the hog, equines, cattle, sheep, and also of man.

After what has been said on the biology of the
cocceidia, and on the cycle discovered by Ross for one
of the heemosporidia of birds, it is easy to understand
what happens to the parasite of human malaria
within the special mosquitoes which are its definitive
host, and which appertain, as we shall see, to the
genus Anopheles.

Perhaps in 1897 Ross partly saw the first stages
of development of the wstivo-autumnal parasites in
the body of a dappled-winged mosquito. But it is
Grassi, Bastianelli, and Bignami who have given us
all the details of the development of the stivo-.
autumnal and spring tertian parasitic forms in the
mosquito, and the latter two authors also of the
(quartan.

It 1s to be premised that, in the mstivo-autumnal
fevers, the formation of the gametes takes place in
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less heaped, and dispersed more regularly in rays, and
by the residua of segmentation being more numerous.
So that this fact which is observed in the intestine of
the mosquito is also in favour of the plurality of
the species of hsemosporidia of human malaria. In
the quartan also, according to these authors, things
are very similar to those of the mild tertian.

The temperature at which the hsemosporidia
develop in the mosquito’s body must be above 16° C. ;
however, the maximum temperature is about 30° C,
It is probable that those of the quartan develop at
a lower temperature, but this requires further proof.

Be this as 1t may, 1t 1s now proved beyond doubt
that the cycle of perfect life, that by which the species
external to man is assured, is completed by the hamo-
sporidia of human malaria in the intestine of the
mosquito.

SOURCES OF MALARTAL INFECTION

Man is an undeniable source of infection, both
experimental and natural. Tt is known that when a
healthy man is inoculated even with a very minute
quantity of malarial blood, it reproduces not only
this infection, but also the type of the fever with the
relative heemosporidia.

But from the point of view of the mode of natural
infection, it is known that a malarial person can
mix freely with other patients or with healthy indi-
viduals without conveying to them the disease; to-
day, however, we must add: provided there are no
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From the moment it was proved that certain
mosquitoes were the culture medium of the malarial
germs in the envirenment, it became undeniable
that these insects shared with man the property
of being, with the production of this virus, a source
of infection, which therefore circulates, so to speak,
from man to mosquito, from mosquito to man, and
80 On.

And here at once a very important problem
arises from the epidemiological point of view: In
this circulation or transmission of malaria by the
work of mosquitoes is the presence of man really
indispensable # What has happened originally we
do not know, neither do we know how and where
the parasitic chain commenced which extends from
the cysticercus to the tenia.

But to-day, how does the case stand? It is
said that in some islands, with many mosquitoes and
other favourable malarigenous conditions, but unin-
habited, this infection has developed only after the
arrival there of malarial man. Certainly if malaria
could be transmitted independently of malarial man,
the struggle against this scourge would be much
more difficult; because in such ecase it would be
necessary to admit its hereditary transmission from
mosquifo to mosquito, and as long as one of these
mosquitoes survived in a locality it would be able
successively to infect others, indefinitely perpetuat-
ing the infection.

If, instead, a mosquito be not born infected, but
is infected by solely biting a malarial person, the
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mosquitoes born of infected mothers bite healthy men
in non-malarious places ; but these experiments, re-
peated here in the Santo Spirito Hospital and in the
Laboratory of Comparative Anatomy, have given
only negative results.

So that up to now neither morphologically nor
experimentally is it possible to demonstrate the
hereditary transmission of the infection from
mosquito to mosquito, neither by the eggs, nor by
the larvae which have eaten spores. We do not
as yet know resisting forms or forms capable of
living in the environment, external to the body of
the mosquitoes.

Where malaria exists there mosquitoes abound ;
but, vice versa, malaria does not exist in every place
where mosquitoes abound. This fact has been
explained by Grassi, who has undertaken an ac-
curate study of medical zoology, searching for
mosquitoes in all Ttaly, both in the malarious
and in the immune districts; and he has demon-
strated that in the malarious districts there live par-
ticular species of mosquitoes which are absent in the
immune districts.

Of the European (‘ulicide very numerous species
exist, which have been described by ancient and re-
cent authors, frequently insufficiently or confusedly.
Ficalbi, Professor of Zoology in Messina, has recently
brought a little more order into this chaos, rejecting
many species, describing accurately others, and ac-
cepting the three genera admitted by Meigen in 1818 :

F
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appendages, the palpi (pa), and two antenn® (a)
more or less ramified.

Now in the genus Anopheles (fig. 21), both in
the male and female, the palpi are as long as the
proboscis ; while, on the other hand, in the genus
Culex (fig. 20) the palpi in the female are much
shorter than the proboscis. '
As generally, only the fe-
males suck blood, the differ-
ential diagnosis between the
Anopheles (long palpi) and
the Culices (very short palpi)
1S easy. |
~ (Grassi has demonstrated
that the mosquitoes capable
of harbouring the malarial
parasite and of infecting
man belong to the genus
Anopheles, and of this genus
the mosquito, which is never
wanting in malarious places, :
and is consequently the main Bl
cause of malaria, is the Ano- T 2
pheles claviger of Fabricius,
also called maculipennis by Meigen, because it has on
each wing four black spots arranged in the form of
a capital T (fig. 22) the horizontal bar of which is
partly wanting.

Thus also Grassi, Bignami, and Bastianelli have
demonstrated that the Anopheles  superpictus, the
Anopheles pseudopictus, the Anopleles bifurcatus ave
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places—transmit human malaria is not probable ;
it is likewise improbable that other insects which
suck the blood of man and of other animals, such
as the genera Ceratopogon, Simulia, Phlebotomus, do
so. The extensive experiments made with this last
by our colleagues up to now exclude it. The same
may be said of similar experiments made with that
minute insect, very common here in the Campagna
before the dog-days, that is, the so-called serapica
(midge).

It remains to be seen if also the non-pigmented
species of parasite, which are rarely met with in
man, more frequently in the pipistrel and other
mammifers, are transmitted by the agency of the
mosquito, or, as Grassi supposes, by that of an
acarus.

Neither is another question, very interesting from
the epidemiological point of view, definitely solved,
namely : Can animals which, like the pipistrel, have
hemosporidia very similar to those of man be a
source of huinan malaria ? Dionisi, who has studied
them carefully, inoculating them in man, after an
incubation of 15-20 days, has seen intermittent
febrile attacks arise ; without, however, parasites in
the blood, and, in one case, not even in the spleen.
Adding some morphological differences and the im-
possibility of cultivating them in mosquitoes, we
have sufficient evidence to say that human malaria
is not connected with that of pipistrels.

It was also interesting to investigate whether in
the mosquito a spontaneous cure of its malarial
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infected. We selected nestlings that, with repeated
examinations of the blood, were proved to be
healthy ; we kept them in a healthy place, and made
Very numerous injectians, of earth from malarious
districts, under the skin, into the veins, the peri-
toneum, and the trachea; but we never reproduced
the malarial infection.

Also with the ameebae cultivated from malarious
soils and then inoculated in various animals I always
obtained negative results. |

Moreover, Silvestrini at Sassari had previously
inoculated men with the soil and water of malarious
places with equally negative results.

It appears, then, clearly that the hypothesis
according to which it has been held by many, and is
still held, that water is a source of malarial infec-
tion, is not supported by experiments. Even Manson
and Laveran, while making the mosquito intervene,
adhered to this theory. Furthermore, Laveran from
the beginning firmly believed that he had found
pigmented parasites analogous to those of human
blood in marshy waters.

But water also, be it even marshy or stagnant,
must be rejected as a direet source and, as we shall
see, a direet vehicle of infection.

Water can be, and certainly is, as we shall also .
see, the place where the eggs, the larvae, and the
nymphe of the mosquitoes, that afterwards become
the source and carrier of infection, live. Con-
sequently it also now takes its place among the
predisposing or immunising epidemic causes.
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dem feecunditas mirabilis. Here among us, where
the winter is mild, we always find the larve of Culex
in certain waters, even when shallow, and those of
Anopheles in deep waters. From the spring onwards
we see new generations of eggs, while the larve are
transformed into nymphe, and these, if the surround-
ings be favourable, in a few days are transformed
into the winged insect, leaving the nympha case in
the water.

The larvee of Culex are sometimes met with in
enormous quantities in very muddy, and even putrid
waters ; when they come to the surface to breathe
they occupy an oblique position, with the head down-
wards and the tail upwards; this is due to the fact
that the single breathing tube in mosquitoes of this
genus opens at the caudal extremity.

In the favourable season the whole cycle of a
generation is completed in thirty to thirty-two
days; and, therefore, from April to the end of
September there are ordinarily four or five genera-
tions of mosquitoes. Ficalbi calculates that from
a mother-stem n four generations two hundred
millions may be born, and twenty milliards in five.
Fortunately, however, there are natural agents
which destroy them.

The aérial mosquitoes live in damp and dark .
places. By day they hide under bridges, in caves,
cellars, stalls, woods, and trees ; in the evening they
issue forth into the open air, in certain places in
veritable swarms, and, being hematophagous, attack
man and other animals. In the winter very many
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also in superficial waters, always, however, In
stagnant, or almost stagnant, clear waters. As a
rule, the so-called ground waters, rising to the
surface and running slowly (trenches or canals), or
slowly renewed (lakes, marshes, ponds), constitute
the best pabulum vitee of the Anopheles larvee.

These waters, having generally a constant
temperature, are relatively warm in winter and cool
in summer, and freely nourish what we shall see
is the so-called palustral vegetation. The larvee
and nymphee of the Anopheles are always isolated
and are never found in such numbers as those of
the Culices.

They are immediately recognisable, and are
distinguishable from those of the Culex, inasmuch
as, besides being isolated, one by one, they have a
zigzag movement, and when they come to the surface
to breathe they always take a horizontal position,
because their breathing tubes open directly and
separately on the back.

The variety of colours of the larvee of Anopheles
1s original and characteristic.

Figure 23 shows a larva and figure 24 a nympha
of Anopheles, both enlarged about 3 diameters.
The shape resembling the point of interrogation,
and the lively capers which the nymphs exhibit in.
water, are known ; and it is important to note the
great necessity that the larvee and still more the
- nymphe have for air.

The eggs of Amopheles claviger at 20°-25° (.
require about 30 days to become perfect insects.
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Just as the larve have enemies—fish, for instance
—s0 also the aérial mosquitoes have their enemies
in birds, and certain dragon-flies, which feed on them ;
but, owing to their great fecundity, they are assured
of an exuberant maintenance of their species.

Both the larvee, and especially the nymphe,
offer notable resistance to natural physico-chemical
agents, for example, to the desiceation, chilling, putre-
faction, saline or sulphurous condition, and movement
of the water in which they live. Of the studies
that we are making in this connection with Dr.
Casagrandi, we can already give the following
results :—

TaBre ITT.—ResisTaNCE OF LARVE AND NymMPHE (GEN. ANOPHELES)
TO NATURAL AGENTS.

; [
Maximonm duration of life |

Apents e ———
Larve Nymphm
| Desiceationat20°C. . . . .| 2dags Survive |
ey R R R R gl
g e BEA0TCE : 3 ; 2 min. 2 min, |
Earth—very dry . : . . = Develop |
W moist . : : : . 4 days P J
at saturated . - : $ - Survive 3 '
Ice—discontinuous . : . : 48 hours ¥
| 4 continuous . X p 4 s a2 24
Putrefaction—animal . F ; . | 86-48 hours Develop
' i vegetable y . . Survive 5
Sea water ; : ; 3 : 7 hours
: mixed with fresh water 2 : 1 18 :
" ¥ 11 L8 n 1 : 1 Tg’ 13 "
11 11 s " 1:2 Survive T

The larvee and nymphe of the genus Culex resist
all these natural agents a little longer than those of
the genus Anopheles. -

The above table shows that it is not necessary
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particularly when the surface of the water is
covered with a film of bacteria. This confirms the
statement of Minzi, Colin, and Tommasi-Crudeli, that
putrefaction in waters is not favourable to the
development of malaria. It remains, however, to be
seen whether the Anopheles cannot sometimes, in
exceptional cirecumstances, adapt themselves to live
even in muddy and slightly putrid waters. Grassi, for
example, has found this unusual habitat of theirs,
which Ficalbi calls foveal, very common in Grosseto,
that is,in puddles and in receptacles containing dirty
water, left to themselves, and we also have on one
occasion found them in the muddy water of a channel
in a market-garden.

Salt waters per se are certainly not favourable to the
larvee of mosquitoes. Lancisi had already seen it when
“marina aqua . . . sola sew impermizta resideat” In
fact, the nymphee develop even in sea water, while
the larvee, both of fresh and of sulphurous water,
die there m 6-8 hours. In mixtures of fresh and
salt water, on the other hand, the larvaee do not
die for a long time ; this to a certain extent justifies
the old opinion of the Tuscan medical school,
according to which malaria develops from similar
mixtures. Indeed, it is remarkable that the larve of
Anopheles can survive in muddy waters, even when
the sodium chloride reaches 2 per cent.—that is,
almost as much as sea water contains.

May they not have a progressive and oradual
adaptation to living even in very salt waters ? We
do not yet know. For the larvee of Culices it is
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VEHICLES OF MALARIAL INFECTION

Popular experience among us has given a name
to this disease which is universally recognised, and
which tells us that the air must be its vehicle. We
shall see how this fact, very anciently known and
undisputed, must be interpreted to-day.

But meanwhile we shall see immediately, by the
licht of epidemiology, what the laws are which
govern the diflusion of malaria in the air.

Of the various hours of the day, it 18 known
that the most dangerous for catching the fevers
are those, as we have already said, of the night, and
especially of the evening. By day 1t 1s rarely
that one, if he be awake, contracts the fevers in
malarious places.

It is equally certain that a focus of malaria has
round it only a limited radius of influence. That
malaria 1s autochthonous is justly maintained by
all; it is the type of the local epidemies. Baccelli
has rightly said that we trample upon malaria.
In the Roman Campagna there are various centres
sufficiently  habitable, though sometimes near
notoriously unhealthy places.

From a focus of malaria can its diffusion take
place in various directions, that is, in a horizontal
direction, in an obliqgue direction from a low-lying
place to one more elevated, and in a wertical
direction ?

There are many examples which demonstrate
that malaria spreads but little in a horizontal direc-
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TapLe IV.—Dirrusion oF MaLarza v Ao HorizoNtar DIRECTION,

Communes | Rice-fields Radins of influence Observations
I metres | :
Golese . 3 | Baganzola-Cervara | 1,000-2,000  In a radius of
Torrile . . | 8. Andrea . o 2,000 300-400 me-
Uolorno . | Bosco . : =) 1,600 tres all the
{Fienil brueciato . | 500 | houses were
Lumaeca veechia . | 8500 attacked.
Casali . . |4 Casa bassa . A 700-800 |
‘ 5. Pietro . : 1,500
Campana . . 4,000-5,000 |
| Lissa . . | Campana . : 4,000
| 8. Martino . | Golese . : - 4,000

In an obligue direction also the propagation of
malaria from a low-lying place to one more elevated
is limited. A good example has been found by
Tommasi-Crudeli near Girgenti, where in consequence
of a marshy river there is a malarious focus close to
the famous ancient temples situated below the town.
The custodians of these temples who sleep in the
house nearest the marsh are subject to malaria;
those who sleep in a house a little further away, and
in a somewhat higher position, escape the infection.

The Pontine Marshes are a vast focus of severe
malaria.

Figure 25 is an excellent map of this territory.
On the right is seen the zone of the Lepini Moun-
tains ; on them, and more precisely on the hills that
rise above the low malarious plain, are human
habitations. Those who work in the marshes go up
there fo sleep, faithful to the popular tradition which
teaches that the best means of protecting oneself
from fevers is to sleep in an elevated place.

Thus the town of Sermoneta, which is situated

G 2
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of malaria in the vertical direction in the same
Pontine Marshes. The town of Norma (fig. 25) is
built on the top of a rock 343 metres high, which
rises as perpendicularly as a wall, and up there the
inhabitants do not suffer from the disease.

Under Norma lies Ninfa, once a flourishing town,
and in the Middle Ages the seat of Papal consistories.
Of that town nothing remains but the ruins and a
solitary house with a mill. The people who work
there are so subject to the fevers that they are obliged
to be changed every week during the most dangerous
months.

Consequently, malaria is an eminently autochthonous
or local epidemy, and is only transmitted to a limited
distance in any direction.

These axioms of malarial epidemiology are not in
accord with certain theories which have been held
for a long time in the medical schools, that is, that
malaria can be fransported to great distances by
winds. Here in Rome, formerly they had great dread
of the secirocco (south-east wind), and of warm
winds generally, fearing that they transported
malaria from Africa. In Sicily the strong scirocco
brings with it some of the African sand; little
wonder, 1t was said, is it that such winds transport
the germs of malaria also, which must be very much
smaller and lighter.

Many facts, nevertheless, were opposed to this
theory. Tommasi-Crudeli has justly observed: ¢ If
the winds can transport malaria from Africa across
the Mediterranean, why do not malarial epidemies
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they deemed it urgent to drain these marshes, and
proceeded to hurried works of sanitation without
thinking how strange it was to incriminate that wind
with malaria which, freshly blowing in the summer
afternoons, renders Rome one of the most delightful
cities in Italy, even in the hot season.

The wind, therefore, cannot transport malaria ; on
the contrary, it acts on the malarial virus, as
on other wvirus, clearing and dispersing the patho-
genic germs in the atmosphere. Analogously we know
that the fragile mosquitoes do not resist the wind,
and when this blows they do not come out from
their diurnal hiding-places, nor do they attack man,
even at sunset. Our rustics know well that in the
evenings in which the wind blows they can sit outside
their habitations without being molested by the bites
of mosquitoes.

It is possible, however, that licht winds may
sometimes cause the diffusion of mosquitoes. Ficalbi
admits it, but the subject requires further study.

A direct outcome of the above-mentioned wind-
borne theory of malaria was another which claimed
that woods filtered the malarial germs in such a
way that a wind passing through a wood came out
purified of them. The celebrated Lancisi was also
the supporter of this theory, which he maintained
with great ardour @ propos of the disforesting of the
woods near Cisterna (fig. 25).

This town and the surrounding territory belonged
for a very long time to the Caetani family, which
in 1714 was much in debt, and consequently
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dunt, and suspected that the said vermes sanguineis
vasis sese inferant !

In America, where also this intimate connection
between malaria and mosquito is commonly recog-
nised, Nott, so long ago as 1848, maintained that
yvellow fever was transported by means of the
mosquito, and he supposed the same for malaria.

Here among us Angelo Alessandrini, towards
1870, in an agrarian and hygienic study on Rome
and Latium, wrote that the mosquito, ‘with the
vehicle of the unhealthy air from the open country,
passes into inhabited places, invades the habitations,
lides itself during the day to hum in the night in
search of man in repose, . . . and, by means of its
bite, inoculates its poison.’
~ Another American physician, King, putting to-
gether the facts gathered from popular tradition
with the facts revealed by epidemiology, maintained,
m 1883, that malaria is transported by the agency
of mosquitoes,

In 1884 Laveran, by analogy with the already
cited studies of Manson, asked the question: ¢Do
mosquitoes take a part in the pathogenesis of paludism
as in that of filariasis?’ The thing, he adds, is not
impossible ; and it is to be noted that mosquitoes
abound in all marshy localities.

In Fliigge’s treatise on hygiene, even in the first
edition (1889), it is stated that malaria might be
transmitted by insects as well as by the usual
vehicles (air, water).

In 1891 Laveran modified, after the publication of
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In the same year (1896) Mendini, in his * Guida
Igienica di Roma,’! supported the hypothesis of the
inoculation of malaria by mosquitoes ; and in 1897
Coronado of Havana gave great importance to these
arthropoda in the propagation of malaria.

Up to then, however, only indirect arguments
were forthcoming. The direct experimental proof
was given only recently with the above-mentioned
studies of Ross on the malaria of birds, and with
the studies made in the Santo Spirito Hospital by
Grassi, Bastianelli, and Bignami on the malaria of
marn.

For some time Bignami caused healthy men to be
bitten by mosquitoes captured in malarious places ;
these were afterwards found to be of the genus
Culex.  But he did not succeed in reproducing
the fever. Then came Grassi, who suggested using
the Anopheles, and by their agency malarial fever of
the @mstivo-autumnal type was experimentally repro-
duced for the first time in man, and subsequently
the spring tertian was also reproduced by the same
means.

The objection that these experiments prove
nothing in a positive way, Inasmuch as at Rome,
and in the Santo Spirito Hospital, malaria could be
contracted spontaneously, falls to the ground before
the mildest criticism. The experiments have always
been made on persons who for years have been

! This book has been translated and edited by me, with the title
of Dr. Mendini's Hygienic Guide to Rome, (The Scientific Press,
London, 1897.)—[TRANSLATOR. |
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going thither are not certainly all taken ill immedi-
ately and contemporaneously ; much less do they
suffer from pernicious fever on the first day of the
disease. The very severe forms of malaria become
pernicious during the second or third attacks, but
they are never such at the first attack.

The principal argument brought forward by
Boudin was that the above forms yielded like en-
chantment to guinine. |

But are the pernicious malarial fevers cured in
the proportion of '/, even when treated with
very large doses of quinine ? And even when the
gravity of the infection is overcome by this invalu-
able drug, do not they usually recur for months and
months ?

It is evident, therefore, that the above outbreak
was not due to a malarial infection, but rather to an
acute poisoning from which many died; and the
greater number were cured after some days, but
certainly not by the quinine given them.

There are other examples in medical literature of
ship epidemics of malaria which were said to have
been caused by drinking infected waters, but they
are cited I such an uncertain and frequently
erroneous way that they do not merit scientific
cdiscussion. Up till now, therefore, no one has
been able to adduce an undeniable example of the
transmission of malaria by means of the water of
malarious places. Yet it has been maintained that
malaria is synonymous with malacqua !

Epidemiology, on the contrary, demonstrates

H
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shall see, in consequence of their special individual
resistance.

Experiments have also been carried out on a large
seale, by making men, living in healthy places, ingest
water from malarial centres. These experiments
were initiated by me, with the feeling that while
it was very important to solve a problem of such
hich human interest, on the other hand, it had
been known for a long time that decaying materials
are innocuous when introduced into the stomach of
man or of the lower animals; and that if malaria
subsequently developed through drinking these
waters, by making the diagnosis immediately by the
examination of the blood, and administering the
specific remedy directly the first attack appeared, no
harm would ensue.

The marshy water was administered by ingestion,
inhalation, and enteroclysm. On the next page we
give a table of all the experiments of the kind made
during recent years, from those which I conducted in
1886 until the present time.

More than sixty persons were subjected by
various authors to the ingestion of marshy water.
The quantity of water drunk was large, up to 2-3
litres a day, and it was taken from intensely malarious
places, and always in the summer and autumn
months. All the experiments, from mine to those of
Brancaleone, Zeri, Salomone Marino, demonstrate
that the fever is not taken by the ingestion of marshy
water.

It may be objected that the malarial germs,

H 2
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Even in plants endocellular ameeboid parasites are
known ; it is sufficient to mention the famous Plas-
modiophora Brassicee of Woronin, which in 1885 was
then, for us, the best example of analogy for main-
taining the parasitic nature of those endoglobular
bodies that, by analogy, Marchiafava and I called
plasmodia of malaria.

But of this last hypothetic vehicle it 1s not now
necessary to speak.

After having passed in review all the possible
vehicles of this epidemy, we can conclude that
up to now the certain vehicle, and at the same time
the certain source of the malarial infection, are special
mosquitoes, and the air is the velicle of malaria,
inasmuch as it is the vehicle of the malarial mosquitoes.

PATH OF PENETRATION OF THE MALARIAL
GERMS INTO THE ORGANISM

The most undeniable is the skin, bitten by the pro-
boscis through which the infected mosquito inocu-
lates its sporozoites. A single mosquito in one or
more nights can bite and infect many persons. How
this happens is demonstrated by fig. 26, after
Ficalbi, which gives us a clear idea of the biting
apparatus of the Culex pipiens.

This apparatus is hidden within a sheath (1),
terminating in an olive (2), and consists of six
pieces : the lip (3), the epipharynx (4), two man-
dibles (5), and two maxillee (6). The lip terminates
in a sharp oblique point; the two maxillee terminate
in a serrated extremity. When the mosquito bites,
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pernicious fever, Bignami has never been able to
discover in the peribronchial glands anything
resembling a malarial germ.

Consequently the skin is the only certain path of
entrance that now remains. But as long ago as
1853, Marmocchi, in his ¢Universal Geography,
wrote : ¢ As the marsh-miasma insinuates itself into
our bodies to infect them, . . . on the guidance of
simple logic it appears very probable that the
poison is inoculated in the human body not by the
paths of the respiration, but through the pores of
the skin.' And this path is more than sufficient ;
the germs immediately gain excess to the eir-
culating blood, and here enter the red cor-
puscle and multiply in it, passing through their
asexual cycle of life, and preparing the gametes
for the preservation of the species external to
man.

It is remarkable that the Anopheles mosquitoes,
which are undoubtedly injurious, do not when flying
make a humming sound, and that their bites are less
irritating than those of the Culex. Very frequently
persons living in the Campagna are not aware that
they have been bitten by them.

CAUSES OF PREDISPOSITION OR OF
IMMUNITY.

No epidemy can be thoroughly understood if
we do not recognise the enormous importance of
the indirect epidemic causes, which predispose to or
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In the beginning of the century (1803) Mori-
chini believed that the difference between the
temperature of the days and nights in the summer
disposed to malarial diseases.

Later on Santarelli (1808) and Folchi (1845)
maintained positively that the humidity and cold
of the nights were the undoubted cause of malarial
fevers, because they suppressed the perspiration.

Nevertheless, following Brocchi (1820), Minzi
recognised (1844) that chilling by itself alone was
not the cause of fevers. ¢It is not impossible, he
added, °that a specific modifier, . . . unknown to
the senses and not recognisable by physical and
chemical means, exists in the atmosphere of marshes,
and is the element indispensable for intermittent
fevers ; but daily observation proves that it remains
completely inactive if particular circumstances do
not concur in promoting its morbid efficacy.’

Chilling of the body is a predisposing cause both
to the onset of the primary infections and also to the
succession of the malarial recurrences. Indeed, a
febrile attack has been several times observed to
supervene after a cold bath, in persons liable to
malarial paroxysms.

. Recently also Oldham (1871) and Baker (1888j
have supported the hypothesis of chilling as a cause
of malarial fevers. According to this latter author
the presence of intermittent fevers in all parts of the
world is proportionate to the difference in tempera-
ture between the day and night, that is, to its mean
diurnal oscillation. This relation was observed
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highest mortality from malaria occurs between five
and twenty years of age. Exact data as to the
morbidity and mortality of children from this disease
are still wanting.

Does an immunity from malaria exist 7 We shall
first consider congenital, natural, or race immunity ;
secondly, acquired immunity, and finally artificial
immunity.

Natural tmmunity.—Are there races immune
from malaria ? '

Comparative epidemiology proves that in the
lower animals there are immune races. For
example, bovine malaria rarely attacks the indi-
genous oxen of the Agro Romano, while it deci-
mates those imported from Holland, Switzerland,
Lombardy, &c. A few years ago, here at Tor di
Quinto, they tried to institute a large dairy farm, and
about one hundred Dutch cows were imported into
that malarious district; a very severe epidemic of
malaria destroyed the whole herd, one solitary cow
surviving! 1 have studied and described similar
outbreaks near Rome, for instance, at Cervelletta,
and Bocea di Leone,

But among the human races are there some
refractory to malaria ?

Some colonial medical practitioners have been .
able to study contemporaneously the behaviour of
two or more human races in a malarious locality.
A valuable work of the kind is that of Maurel.
From his studies it results that practically no human
race s tmmune from malaria, not even the black
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aria, suffer much from the disease, and unfortu-
nately often die of it, notwithstanding that they live
in fairly good hygienic conditions ; while, on the con-
trary, in that same region live also the so-called
capannari (hut-dwellers), who for centuries have
descended from the mountains into the Agro
Romano and remain there for many months in the
year; and though they live, as we shall see, in huts,
have insufficient food and clothing, still they sufler
from malaria to a much less extent than do the
romagnoli.

Therefore the fact of a natural relative immunity
of some races against malarial infection is evident.

How does this relative immunity come about ?
For the most part it is undoubtedly due to those
acquired habits, especially in relation to habitation
and work, which experience has taught are the most
efficacious for preserving oneself from the fevers.

There are also individuals immune in the most
absolute degree by organic causes peculiar to them-
selves. For example, at Sezze, in the Pontine
Marshes, we have obtained the precise histories of
four individuals who are absolutely immune from
malaria, notwithstanding that they have lived there
for years without taking the least precautions—they
work very laboriously, have insufficient "and bad
food, frequently sleep on the marshes, in the open ;
air, and in such a manner as to be continually bitten
by mosquitoes ; still they have never had malaria,
are very healthy, have a rosy colour, and their liver
and spleen are normal in size.
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subsequently regained his health. For many years he
has lived safely in the midst of the destruction of his
family, and he is the sole survivor of his companions
who came with him to work on that line. I have
met with three other typical examples on the Rome-
Tivoli railway.

One of these three, having been brought almost
to death’s door by malarial cachexia, went to the
mountains to regain his health, was cured there, and
then returned to his work ; and he has not since been
attacked by fever, not even in the year 1898, when
all the members of his family were stricken with
the disease.

This oceurrence is, however, rather rare ; in fact,
as far as I know, it is the first time that it has at-
tracted the attention of students of malaria. This
mmunity 1s not so stable as that of congenital
origin; for example, one of the three who after
grave cachexia had been immune for ten years, in
1898 was taken ill with fever, from which, however,
he was quickly cured. In other cases also I have
seen the febrile infection run a very mild course in
those persons who enjoy a relative immunity following
a recovery from malarial cachexia.

In cases still more rare one may acquire an
immunity after a mild and short attack of malaria,
which has been cured with quinine.

Consequently an immunity following malarial
infection exists, but it is not generally so persistent
as a congenital immunity.

Can we obtain an artificial vmanunity ? This is
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introduction of malarial blood after the inoculation
of the supposed immunising serum.

Acting on the idea that the antitoxins In
infective diseases collect and concentrate especially
in certain organs, we have made attempts at preventive
opotherapy, utilising the organs of animals typically
immune, that is to say, the buffalos and oxen of the
Agro Romano. We have experimented with the
juice of the following organs: brain, lymphatic
glands, spleen, bone-marrow, liver, and pancreas.
These organs were pounded up with sterile sand, and
then subjected to the high pressure of 500-600 atmo-
spheres in a hydraulic press. First the blood was
expressed, then the intercellular plasma; the final
pressure yielded the true cellular juice, which was
moculated. But neither the preventive nor the
curative opotherapy had any effect. The same can
be said of the preventive inoculations of large
quantities of blood of bovine malaria, and of the
serum of the blood of the same cattle cured of their
malaria.

We also wished to ascertain if there were any an-
tagonistic substances in the Culex, and if so, whether
they checked the growth of the hamosporidia of
human malaria, and also if they existed in the non-
infected Anopheles, or developed only in those who
were infected. 1In the hope that these substances
were present and that an artificial immunity might
thus be transmitted to man, we prepared, with the
most scrupulous antiseptic precautions and repeated
filtrations, the juice of many of the above-mentioned

I
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without producing all the disturbances, and without
possessing the disagreeable taste of the latter drug.

Of these preparations used as immunising sub-
stances against experimental spring malarial infec-
tion (mild tertian and quartan), the iodide and
antipyrin had negative results ; the bromide, pheno-
coll, and arsenic yielded once a positive result, and
on another occasion a negative one; the carbolic
acid once a doubtful result ; the euchinin and methy-
lene blue twice positive results. The last two drugs
immunised man from inoculations of from one
to two grammﬁs of wstivo-autumnal blood. We ought
therefore to experiment with them on a large scale,
as immunising against the natural malarial infection.
Euchinin, however, is still too dear, and also produces
some of the disturbances of quinine. Methylene blue
is perhaps more practical. At any rate it has been
proved that by means of medicinal substances an
vmmunity even against the most severe experimental
malaria can be produced in man.

In some cases in which we have had, as I have
said, negative results, the incubation period was pro-
longed. Nevertheless, these experiments strengthen
our opinion that the incubation period in experi-
mental malaria 1s very much longer than has
been generally stated by authors, The periods of
its maximum duration, according to Bignami and
Bastianelli, are as follows :—

Quartan, 15 days.

Spring tertian, 12 days,

Aistivo-autumnal tertian, 5 days.

12
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Locar or Prvsican Causes oF PREDISPOSITION
OR OF IMMUNITY.

These factors also have enormous importance in
relation to the production of malaria. Up till a
few months ago this was believed to be one of the
most typical soil diseases, like tetanus and anthrax.
This can no longer be maintained sic ef simpliciter ;
but, on the other hand, it is undoubtedly, as we have
said, a typical local or autochthonic epidemy. It is
interesting, therefore, to study the local causes which
favour or do not favour its production.

In studying these causes we shall divide them,
with Pettenkofer, into conditions of place and con-
ditions of time.

CONDITIONS OF PLACE.

It is necessary, above all, to examine the three
principal factors; that is, the soil, the water, and
the air.

Soil.—Malarious soils are found all over the
surface of the globe, with the exception of those
situated beyond the polar circles; there is no quality
of soil which can be said to be a priori incapable of
favouring the development of malaria.

Even on madreporic soils, and also on oranitic
soils, the development of malaria has been observed,
Tommasi-Crudeli has stated that malaria arises
on soils of the most varied composition and situated
in every kind of position, both voleanic and
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example, fractures in volcanic ground, the erosions
produced by water flowing along valleys, and broken
country form channels through which the ground-
water wells up to the surface.

The Roman Campagna, with its undulations,
valleys, and its innumerable perennial streams
and torrents, is a typical example of what we
have described, and therefore, also, a typical focus
of malaria. '

Consequently, for a soil to be favourable to the de-
velopment of malaria it is necessary that water remain
on its surface. The amount of water may be very
small, as Tommasi-Crudeli has justly maintained ; but
it must last at least during the period of the larval
stage of the malarial mosquitoes. If after this period
the soil for a certain time become dry, malaria may
still persist, because adult mosquitoes do not require
water.

Water.— Water is necessary to the development of
malaria, inasmuch as it is necessary to the life of the
larvee of the malarial mosquitoes.

From Lancisi's time onwards only extensive
marshes and large ponds have been considered the focus
for the development of malaria, and great importance
has been attributed to the putrefaction of these waters,
and to the effluvia they develop. Then arose the
Tuscan medical school, which proclaimed the neces-
sity of mizture of fresh with salt water.

We shall examine briefly the bearing of these
hypotheses.

The total surface of the marshes of Italy,
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occurs in many parts of the littoral where the
coast is very low, so that when the sea rises the dis-
charge of the fresh waters into it is obstructed, and
swamps and marshes are formed, frequently with the
putrefaction of the plants or animals which habitually
live only in one or other of the mixed waters. This
stagnation may constitute a condition not altogether
unfavourable to the development of malaria, inas-
much as a certain quantity of sodium chloride and
of the products of putrefaction is not, as we
have said, hostile to the life of mosquitoes; but
certainly it is not a condition necessary to the
produetion of malaria, because the places infested by
this pestilence are not unfortunately confined to the
coasts, but extend into the centre of the continents.

Therefore it is certain that neither extensive marshes,
nor putrefaction, nor the mizture of salt and fresh
waters are conditions indispensable for the local pro-
duction of malaria.

The most favourable and most common condi-
tion is, we repeat, still or slowly running spring
water.

The Roman Campagna teaches us this in an un-
deniable manner. _

If we cast a glance over fig. 27, which represents
a section of it, we see on the one part the Latial
Mountains, the remains of the ancient volcanoes, now
the Lakes of Albano (4) and of Nemi (8); on the other
the Lake of Bracciano (c), and between them an un-
dulating plain to the valley of the Tiber (p). (E) re-
presents a diagrammatic section of the Latial volcano.
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of malaria. At its sources in the mountains, where
there are no woods, during every heavy rainfall the
river swells, overflows its banks, and bursts into the
plain ; therefore, we also accept the idea that woods
and forests in the mountains should be considered
sacred and inviolable. In the valleys, also, a water-
course may expand, owing to there being a shght fall
into the sea. For example, the very large amount
of water of the Pontine Marshes (see fig. 25) cannot
discharge itself directly into the sea, because along
the shore a wide sandbank is interposed; hence the
watercourses have to take a very circuitous route to
the south ; and in this channel the fall is so
slight that the water appears almost stagnant. Dis-
charging canals, as we shall see, have been con-
structed, but they are insufficient, so that in the
season of heavy rains the rivers swell, a great part
of the region is inundated, and the marsh re-forms
there,

Along the Tuscan littoral another phenomenon
happens : the waters go directly into the sea, but
they are driven back by the sea currents, and thus
the marshes are formed,

Morasses or marshes, and true lakes, are also
formed by the welling up of the subsoil water to the
surface. For instance, if a hollow be surrounded by -
mountains, and 1f in that place the subsoil water be
abundant, it collects in the hollow, is increased by
the rain-water of all the basin, and forms a lake or
a marsh according to circumstances, One also has
marshes and true lakes of more or less salt water,
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That the air has all this importance can be easily
demonstrated by repeating an old experiment of
Lancisi. He obtained some marshy water containing
the larvae of mosquitoes. And this is what he says :
¢ Vermiculos qui aperte in phiala mirabile agilitate
movebantur ; quique st tnvicem piscium nstar move-
bantur ; mox eadem diligentissime per ceram, quam
dicunt hispanicam, clausa breve motum amisisse’
(loe. eit.).

We have repeated this old experiment under
rigorous anaérobic conditions, and we have seen that
the larve and nymphe really die in ten to twelve
hours. And this occurs because the larvae, and still
more the nymphee, require, as we have said, plenty of
air. In fact, to kill them 1t 1s sufficient to limit the
free afflux of the atmospheric air, for, as we shall
see, oily substances spread out in a thin layer on
the surface of waters, act mechanically by preventing
the free exchange of atmospheric air, and thus
asphyxiate the larvee and nymphee of mosquitoes.

Therefore the presence of air is indispensable to
the life of the malarial germs in the environment,
inasmuch as it is indispensable to the life of the
larvee and nymphee of mosquitoes in water; and any
soil is capable of becoming malarious when the water
and the air, and certain conditions of vegetation,
as we shall presently see, concur in enabling the
malarial moscuitoes to live. -

In the absence of the above-described local
conditions mosquitoes could not develop, and then
there would be no malaria.

K
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For the common mosquitoes it 1s known that it
is not necessary ; they deposit their eggs in all kinds
of water ; the Anopheles, on-the contrary, prefer clear
waters rich in marsh plants, such as reeds, rushes,
cresses, and especially alge such as the conferve,
possibly because this kind of vegetation above the
surface of the water affords shelter to the larvee from
the wind, heat, and cold.

Among the agricultural operations which favour
the development of malaria, irrigation must first be
mentioned. For instance, the irrigated meadow lands,
the so-called marcite, which are very common in
Lombardy, are fields carefully levelled, with afferent
and eflferent channels for the flow of water; forage
plants, especially the leguminose, are grown in them,
and they are highly manured. In these fields the
vegetation is very rich, so much so that in good
climates such as ours they yield eight to ten crops a
year. Examples of this kind of cultivation exist also
round Rome ; some lands reclaimed by the Lombards,
as at Cervelletta and Bocca di Leone, for example,
are cultivated by this system.

When the water enters the afferent channels it
spreads over the field, part of it is absorbed, and the
remainder runs away in the efferent channels in a
continuous flow; and if the land be permeable so as
to absorb the water quickly, this method of irriga-
tion is not liable to produce malaria; the mos-
quitoes do not deposit their eggs there, and the
larvee cannot live. But in practice it often happens
that the water stagnates or becomes sluggish in one

K 2
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statistics compiled in 1881 we take the following

figures :—

Heotares
Land irrigated in Italy . . . 1,500,000
cultivated with rice i . 200,005

1

But, what is worse, there is a tendency to extend
this industry, which is very remunerative ; there are
already some instances of it in the Pontine Marshes.
Now it is certain that, in some places where malaria
had disappeared for a long time, it has made its re-
appearance with the cultivation of rice. Thus the
valley of Potenza, near Macerata, previously healthy,
became malarious after the cultivation of rice there ;
indeed, so bad was the disease that this culture was
suspended by governmental decree. One of the pro-
prietors insisted on continuing it, but the people rose
up in arms, and the last remaining rice-field was
destroyed.

Also from the investigations already mentioned,
made in the province of Parma, the injurious influence
of rice-fields on the production of malaria, even when
these are in sites of mild or latent malaria, is un-
deniable. Imagine what must happen in sites of
intense and severe malaria !

After what we have said of the life of the Ano-
pheles larvee in the environment, it is evident that
rice-fields with their clear and slowly running waters
and their typical paludal vegetation are the best
habitat of these larvee, that is, the best they could
wish to live in.

There are, it is true, different kinds of rice-fields.
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a priori to maintain that the larve would survive
the brief dryings of the rice-fields of the third type.
And, in fact, this has been found to occur.

The movement of the water, even when the supply
is abundant, does not free a rice-field from the larve.
These escape from the parts where the current is
strongest and take refuge in those where it 1s weakest
or where the plants are thickest. It is not possible,
therefore, to render a rice-field healthy by the move-
ment of the water.

But to better understand the relations between
rice-fields and malaria, it is necessary to describe the
different agricultural operations, which in the various
seasons require the presence of man, according to the
ordinary and more rational method of culture.

In the early spring they begin to divide the land
into squares, The water finds its own level, and
according to this level a number of squares are made
which are surrounded with banks of earth ot sufficient
height. The afferent and efferent channels for the
water are also systematically arranged in such a way
that in every square the water enters through an
opening in one of the banks and runs out through
another opening in the opposite bank. This afflux and
efflux is easily regulated by slight movements of the
earth. Inasmuch as the water when it enters is cold
or fresh, and the low temperature injures the plants,
it is advisable to alternate the entrance and the exit
of the water.

The rice is sown under water at the end of March
and in April. The water is then cut off for a short
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also in the former, the water remains in the hollow
parts and continues to be the habitat of the larvae of
the Anopheles mosquitoes—in our climate during the
whole winter.

Some authorities hold that rice-fields of every
description are permissible in all places more or less
submerged, because the soil is already marshy, and
if malaria appear there after the making of the rice-
field, it was there before. Furthermore, they have
proposed to convert marshy places, including many
parts of the Pontine Marshes, into rice-fields.

But it must not be forgotten that the cultivation
of rice, besides requiring more or less the presence of
man, especially during the weeding and gathering of
the rice, makes its injurious effects felt at a distance.
Moreover, if rice-fields be instituted on a large scale,
hydraulic sanitation will never be carried out. And
then malaria undergoes annual variations through
various causes; for example, in very dry years, in
consequence of many collections of water being dried
up, it becomes attenuated, while with the rice culture
system the infection would be every year more regular,
and therefore more severe.

So that extending this culture of rice in malarious
regions, and, worse still, in those of severe malaria,
is an absolutely reprehensible proposal ; and it is to
be hoped that private interests will not outweigh
those of public health.

It 18 believed by some that the culture of textile
plants also has direct correlation with malaria. Some
of these plants grow in dry soils, but then they
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Nevertheless this agricultural operation, when water-
courses are employed, may produce stagnant pools
favourable to the life of the specific mosquitoes, even
bevond the site where the maceration is carried on;
and, vice versa, when it is performed in large tanks of
masonry, and especially if these tanks be constructed
in such a manner that the water is constantly running,
very probably the specific mosquitoes will not develop
in them. This question, however, requires further
study. It is certain that in some regions they practise
this maceration without the development of malaria,
as 1t 1s also certain that while the macerating waters
are favourable to the development of the Culex larvee,
they are, on the contrary, as we have said, the grave
of the Anopheles. Therefore the dread which they
inspire as foci of this disease is also the result of the
prejudice that has so long prevailed in the medical.
schools, regarding the decomposing swamps as being
the cause of disease, and especially of malaria.

Among the various plants which grow in humid
soll, canes merit special mention. These, in the
Roman Campagna, in the valleys where they are
planted along the watercourses, form most suitable
breeding-places for mosquitoes, including the Ano-
pheles.

On the other hand, the irriguous culture of agrumi
(oranges, lemons, citrons, and limes), so extensive in
Calabria and Sicily, appears (as it is usually carried on)
to have no injurious influence as a source of malaria.
It nevertheless requires to be better controlled.

In general, is the temporary irrigation of the






CAUSES OF PREDISPOSITION OR IMMUNITY 141

Anopheles bifurcatus, which live preferably in thickets;
so that any one who sleeps in them, even during the
day, generally in a malarious spot, very easily
catches the fevers during those periods of the year
when they prevalent. In certainwoods,in the summer,
it is impossible to pass through them during the day,
owing to the enormous numbers of insects, and among
them mosquitoes, which attack men and animals.

Our woods along the coast rarely consist of true
trees with high trunks, so that the evaporation of the
subsoil water can take place rapidly, but of thickets in
saturated soils that remain humid and even marshy
in the hottest and driest summers. These woods
surely are not to be considered sacred !

In 1884 a Commission was nominated which
studied in our coast-line regions the influence that
disforesting had on public health, They state that
¢in all the wvisits made and inquiries undertaken
at all these places in the Roman province, where
sanitary reports, complaints of communes, and
publications issued during these last eighty years,
assert that the total or partial destruction of woods,
thickets, and hedges had occasioned an increase
of malaria, after careful investigation, not only were
they unable to find any proof that disforesting was
injurious to health, but they found that some facts
indicated an opposite effect.’

“In fact, in the places where the woods have
been destroyed or diminished malaria has not
increased ; and, furthermore, in some places it has
become mitigated as the result of improved agriculture
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malarial, because, as he has written, by these trees
giving off ozone the malarial germ would be destroyed.
This explanation to-day no longer holds; and
besides, in the neighbourhood of Rome, there are
magnificent pine woods in intensely malarious sites,
as, for instance, at Castel Fusano near Ostia.

Up to the present we know no plant inimical to
mosquitoes. The Ricinus communis, which has been
extolled as a culicifuge, and other plants such as
Iris fetidissima, Delphinium Staplisagria, Sambucus
ebulus, Chenopodium Vulvaria, Solanwmnigrum, Pistacia
Lentiscus, Daphne Guidiwmafford, on the contrary, as we
ourselves have seen,an excellent refuge for mosquitoes.
Nevertheless, it is not impossible that plants may be
found that give ofl an odour noxious to these insects,
which, as is known, have a very keen sense of smell.
For example, the Roman wormwood in flower is
capable of causing, in a closed chamber, their apparent
death mn six hours, and actual death in twenty-four
hours. The other wormwoods or Artemisice exercise
a similar, but not such an energetic, action.

Finally, we shall say a few words of the
relations between malaria and infensive culture.
Market gardens are a type of this culture. Around
Rome we have a number of splendid examples of
these market gardens, situated in valleys which
formerly were malarious, but now seem to be healthy.
This also 1s a subject for study. For the present
it may be said that we have found the so-called
garden mosquitoes, that is, those which prefer market
gardens, such as the Culex hortensis, €. annulatus, and
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other hand, that fairly strong salt waters are not
favourable either to the malarial or the non-malarial
mosquitoes. The waters of the Lake of Fogliano, for
example, have scarcely 1':33 to 0°15 % of salt—that 1s,
much less than sea water—and consequently the larve
of mosquitoes live and develop there. Again Lake
Trajano, near the delta of the Tiber, in the Isola
Sacra, contains only (-427 gr. 9f of sodium chloride.

But in Italy we have also salines much infested
with fevers, that of Cervia near Ravenna, and that
of Corneto, on the Tyrrhenian littoral, for instance.

Now it is necessary at once to note that these two
salines are situated in a littoral territory surrounded
by malaria.

We have already seen how the larvee act in sea
water, and we shall see now how they act in salt
solutions of various strengths.

~We may state briefly that the larve, both of
common mosquitoes and of Anopheles, in a 5 o7 solu-
tion of salt—which is about double the quantity found
in the Mediterranean water (the mean is gr. 2:722 o)
—die in about two hours if they be very young, after
fifteen hours if full grown ; the larve of Anopheles
dying sooner than those of the common mosquitoes.
In saturated solutions of salt the larvee die in half an
hour, and the nymphe in the short space of an hour.

In the salines the water, by evaporation, con-
stantly becomes more concentrated and certainly
injurious to mosquitoes, and it will be necessary to
see whether they get habituated to such conditions
of life, originally so unfavourable.

L
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Frequently also the ratlways ave fomites of
malaria amongst us. They for the most part run on
low lands, and are, therefore, frequently malarious.
In the construction of the lines, cuttings and embank-
ments are made, and consequently the level of the
subsoil water of a district is altered, the water-
courses are intercepted, and marshes and morasses
are produced.

Very pernicious also are those so-called cave di
prestito (pits from which soil is obtained for making
embankments), which are deep, and have no outlet
for water, and are so much used and abused by our
railway contractors. Thus many sites are created
suitable for the development of mosquitoes, and
therefore of malaria. Indeed, after the construc-
tion of the railways, malaria became widespread
among us even in some territories which before were
little or not at all infested ; and in those that were
malarious, it was frequently aggravated, especially
during the first years of construction.

We shall now see what are the other local causes
which regulate the epidemic course of malaria,
namely, the

INFLUENCE OF SEASON

There is no doubt that the seasons have an’
influence on the production of malaria ; so true is it,
that malarial fevers are commonly called after the
particular seasons during which they prevail.

Lancisi has also indicated this correlation,
observing that ¢ [ftague principio wstatis febres ut
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or less constant, in February and March the primary
fevers hecome somewhat diminished, increasing again
in April and May, to diminish in June. But in reality
I am not by any means certain that all these fevers
indicated as such are primary; on the contrary, 1
believe that the majority of them are long-interval
recurrent fevers.

In July, towards the middle, as a rule, or a little
after, there is suddenly a great predominance of the
primary fevers, generally of the severe @stivo-autum-
nal form, and to a less extent of the spring form.
This is the beginning of the true epidemic period.

So that with regard to the primary infections,
the mild or spring form undergoes a first or slight
increase in the spring, a second and greater increase
in the summer and autumn. The severe form, on
the contrary, has a distinet interruption of four
or five months, and reappears in July, continuing
more or less till towards the end of the year.

These are the only results to be obtained from the
statistics of our large hospitals, but if, as I have
done this year with Dr. Del Pino, the individual cases
of fever in the same locality are studied daily during
the first six months, including an examination of the
blood, one finds that almost all the cases of malaria
which are met with from March onwards are re-
currences with more or less long intervals, sometimes
of several months. For example, up to the end of
June, in 21 recurrences (12 of quartan, 6 of tertian,
3 of mstivo-autumnal fevers), we have had but one
solitary case, which was possibly primary, of mild
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Minzi's figures refer to eleven years, those of
Corneto embrace twenty years; both give us the
number of cases of malaria month by month which
have oceurred during these two periods.

TapLE XI.—Cases oF Mararia IN THE HospiTaL ofF CORNETO
TarquINIA, FROM 1878 To 1899.!

January. . . 9288 July: « « .« 209
February : . 226 August . : . 448
Margh . . « 198 September . . 584
April . - . 214 October . ‘ . 639
May % ] . 1B7 November . . 871
June . : . 185 December . . D35

At Corneto it is characteristic that the maximum
number of cases of fever occurs in November, perhaps
because it is in this month that there are a greater
number of people in the Campagna.

At Terracina there is a malarial epidemic cor-
responding to that at Rome, but with a difference;
for it would appear that what we may call the
spring recrudescence is more marked here. It begins
with 503 cases in January, falls somewhat in
Febrnary and March, then rises again in April, and
reaches the minimum of the six months in May and
June.

At Cagliari the course of the malarial epidemy,
month by month, from 1890 to 1899, was similar to
that of Latium, with the maximum, however, in
October. Consequently we can speak generally of «
special epidemic type peculiar to warm climates.

As an example of the annual course of mild

—

! The data of the first seven months of 1880, the last five months
of 1879, and the first nine months of 1887 are wanting.
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Whether the temperature has an influence on the
sudden appearance of the epidemy in July we
do not exactly know; on the other hand, it has
certainly been observed that if in the late autumn
the temperature falls suddenly—if the cold season
sets in early—the primary cases of estivo-autumnal
fevers cease more quickly, and wvice versa.

Have cold winters and frosts especially any
influence on the annual periodic course of malaria, In
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the sense of regulating the number of insects, and,
therefore, also of mosquitoes ?

One sees in Table XIIL that the rainfall, with the
other meteorological data in relation to malaria, also
deserves study.

Professor Tacchini has likewise collected the data
of the rainfall for the months of March. April, and
May, to see whether there is any relation between
the spring rains and the malaria in summer.

M
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the malaria in summer has not always been altogether
verified, just as it was not verified by Santori in his
study of malaria, in the last decennium, in the pro-
vince of Rome. Thus the year 1893, with a very dry
spring, was more malarious than 1892 with a wet one.

It may very well happen that a considerable
amount of rain falls, which, however, for many
reasons does not remain on the surface. In 1898, for
example, it rained a good deal in the spring; but
between one rain and another the ground was always
dried rapidly, either by the #ramontana or by some
hot sunny days, so that the ground was as dry as if
it had never rained. If, however, in addition to the
rain, the air was humid and the sky cloudy, the earth
would have been much moister.

It is necessary, therefore, to take into considera-
tion such complex meteorological factors as the
rainfall, winds, and temperature, in order to obtain
an exact idea of the relations which exist between
meteorology and the dampness of the soil. And it
will be necessary especially to consider the correlation
between the rainfall and the level of that subter-
raneous water which we know has so much import-
ance in the local production of malaria. What is
the radius of influence of the rains on this subter-
raneous water? How long after is this influence
felt 7 Have the local rains any influence on it ? How
and when do the distant rains influence it ?

Perhaps it will be necessary to take into con-
sideration also that very notable meteorological
phenomenon of the dew here in the Campagna.

M2
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of the individual cases of fevers, recording the results
of microscopical examination of the blood, the life
and habits of the mosquitoes, the meteorological data,
and the work and life of the campagnoli.

In June and the early days of July, that 1s, between
the end of the old and the beginning of the new
epidemic year, we found, as we have said, the quartan
recurrences prevalent, less frequently the tertian, and
much less frequently still the mild summer fevers.

With the new epidemic year this order of things
18 reversed, that 1s, the summer fevers prevail, but
the cases of mild tertians are less in number, and the
quartans are slow in appearing.

The course of the epidemy in this year is given
111

TaBLE XV,—PRIMARY CASES 0F MALARIA AT CERVELLETTA

OCCURRING DURING THE Secoxp Harr or 1899

f July Ang. | Bept Oct, Nov. Dea.
| . —_— - - —— | —_——— -
Astivo-autnmnal Fevers 10 80 ! 15 7 3 1
|Mild Tertian : - 3 7T | B8 2 1 1
IQunrtan : ] = 1 1 3 2 b

Consequently the quartan has a special epidemic
course, inasmuch as it is the last to begin and, as
we have seen, the last to recur, and it reaches its
maximum when the other fevers fall to their mini-
mum ; all this corresponds with the fact that in some
tropical regions this form of malaria is very rare, or
1s altogether absent. The mild tertian and the mstivo-
autumnal fevers, on the contrary, have a similar but
not identical course, since in the years and places of
severe malara the latter are notably in excess of the
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appeared in the rice-fields, where they increased
from day to day by successive generations; in July
and August, besides having increased in the rice-
fields, they were found in all the clear and slowly
running watercourses; here they remained till the
abundant autumn rains washed out, so to speak, and
cleansed the watercourses; and at the end of the
year they were found only in the rice-fields and in the
deeper collections of waters.

The mature mosquitoes, in their turn, were still
rather easily found during March in grottoes, huts,
and stalls: in the huts some of them were full of blood.
In April and May they were very scarce in these places
and were no longer full of blood. In the first half of
June they reappeared in considerable numbers in the
grottoes and huts ; in the second half jof this month
they were more numerous and had begun to bite ; in
the huts the females were more numerous, and were
full of blood, in the grottoes the males were found,
but always without blood. Towards the end of June
we found the first infected Anopheles, and these in-
ereased in number during July, August, and September.
After the autumn rains they diminished greatly in
number, and when the cold weather appeared we found
them as usual hibernating in the stalls and houses.

Therefore, the ecorrelation between the malarial
epidemy and the life of the Anopheles mosquitoes is
very evident, and now more than ever is it necessary
to study in malarious places the season of the malarial
mosquitoes, and to investigate its course and varia-
tions. Here must rest the ultimate cause of the
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Dr. Memmo has calculated by direct experi-
ments the nutritive substances introduced and assimi-
lated, in the form of polenta, polenta cake, or bread,
the percentage of loss with the feeces, both of the
total ration and of the azotised substances, and the
balance of the calorie.

When his figures are compared with those of
the ordinary average workman of Voit, we find

TaBLE XVI.—ALIMENTATION OF THE ABRUZZESE PEASANT IN THE
Romaxy CAMPAGNA.

| Daily ration in grams of T.a55 | Balance
nutritive substances with the | ©f the calorie
—— e —| feeces ——e :
Introdueed | Assimilated | % i l; | E |
o o [ | | 1Bl B |
| 8 ;- = | = !';"'" -— ]
‘§||%§ : |5 (g8 3 (<3| % |
12 BIE|8| 5|e|d8! © (85| =
B2l 2|B|&8| 2 |415%8 WE
| 5 | é i | .'...% 3 _,:-E . |p =l &
| < | 8 | = | &[5 % i~ | B
Maize, third quality = 61 48 805 48 36 761 8 | 30 |3629| 57 | 1822
. first  ,, | 98|50 /778 (72|48 (781 T | 18 8691| 58 | 1858
Ordinary average, i T e N T ilnEaid [
e 118 56 500 105 12 lEEﬁB| 40 ‘1399.
| | | | | B

the nutrition of our peasant is deficient in albumi-
noid substances, while it has, on the other hand, an
excess of carbohydrates, which makes it passable ; it
18 true, calculating it in calorie, 1t exceeds that of
the above-mentioned workman, a surplus which,
however, is much reduced and becomes a deficit
whenever the work gets fatigning or excessive.

The defect, then, of the azotised substances
manifests itself in the inexorable and lasting phy-
sical and moral injuries which give rise to the
starved appearance of our poor peasants and in
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many small huts, each for one family, but in all other
respects similar to the former. Figure 31 represents
a collection like a willage of these characteristic
habitations of our Campagna, situated along a
road which terminates at one of those medizval
towers raised for defence against the Saracens (see
page 8); fig. 32 shows one of them, with the people
who 1mhabit 1t round about.

Fig. 81.

Many other poor people are, if possible, housed
even worse. In 1875 Dr. Balestra deseribed in vivid
colours the miseries of our campagnoli, and vainly
appealed to the sympathy of the rich landlords and
tenants. Vitelleschi, in his report to the Couneil for
the Agrarian Inquiry in 1883, protested in vain that
here, near the seat of one of the most ancient centres
of civilisation, at the gates of the capital, a spectacle
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presents itself much more painful than that of man
who lives in savage habitations. 1In 1881, for a
more or less stable population of 12,734 persons
there were only 556 houses in the Campagna. And
when the unfortunate ones, driven by the cold and
huneer from the mountains to the plain, meet with
some old house or broken-down building, they take
refuge in it, huddled together without distinetion

Fig. 82

of sex or age, and without any of the comforts
almost indispensable to human life. And these, adds
Vitelleschi, are not the most unfortunate, inasmuch
as many others, not finding a building of any kind,.
live as modern troglodytes in grottoes excavated
in the tufaceous hills. Many of these inhabited
grottoes (see fig. 33) are to be seen in the Campagna :
the census of 1881 gives 469 of them !
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Again in the summer, that is, in the months most
dangerous for the fevers, during the hay-making
and reaping, when the casual workers come in
thousands, nearly all are obliged to sleep in the
open air under a piece of stufl’ supported by four
poles; a few take shelter in small and unsuitable
premises, where they are frequently so overcrowded
that a hundred persons are made to sleep on

Fra. 83

boards supported on trestles in a room large enough
for ten, just like poor emigrants in emigrant ships.
The houses, besides being scarce, are generally
constructed without any special prophylactic precau-
tions against malaria, except that frequently. when
possible, they are placed on high ground. Some of

the medizeval cottaves are, as we have already said,
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built upon ancient monuments along the ancient
ways.

The surface of the Campagna varying much in
character, and malaria being, as we have said, auto-
chthonous, it is not surprising that fairly inhabitable
places exist here and there. Some of these were, as
we have seen, famous in ancient times (see page 4),
but they were afterwards abandoned. Others, such
as Laurentum and Veli, were transformed into
medieval domocultw (see page 6), to which new
ones were added in the more healthy localities, which
gradually became the modern communities of Anzio,
Castelnuovo di Porto, Formello and Campagnano.
Later, other inhabited centres such as the Castelli
Romani were established in the hills above the
Campagna. Similarly, all the villages and towns
in the whole malarious zone of the provinee of Rome
were built on hills in order to protect them from the
underlying malaria.

It is notable that in these towns malaria fre-
quently prevails in the houses which face the un-
healthy quarter.

It is also notable that sometimes sporadic cases,
so to speak, or distinctly domestic epidemies, occur
in houses situated in healthy places, but put into
communication with a malarious district by means
of the hay-carts and closed carriages which travel -
between the two places; this fact, for instance, has
been verified at Velletri, in the house, situated in a
healthy locality, where the diligences from the Pon-
tine Marshes stop.

N
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Rome proper that carrier of contagion, the malarial
mosquito, does not exist.

We have seen that the forms of the parasite which
complete in this insect their cycle of sexual life are
those extraglobular forms which to-day we more ap-
propriately call gametes, and which, as we have
already seen, belong to the endoglobular phase
which terminates with the free life in the plasma. They
do not appear so much in the circulating blood during
the primary attacks of fever, as after the subsequent
attacks, and there they remain for a long time, some-
times for months, especially in the @stivo-autumnal
fevers. Therefore it is not only in the first acute
period, so to speak, of the infection that the patient is
dangerous to others, but also during the whole time of
convalescence, which is often prolonged. And a truly
rational prophylaxis of malaria will be possible only
when sanatoria are instituted where the convalescents
can be retained until by repeated examination of
the blood, and perhaps also of the spleen, the absence
of the free forms or gametes has been verified. Iflater
on, as 1s probable, a way be found of preventing
with culicifugal substances the biting of malarial
individuals by mosquitoes, then this isolation will
be much facilitated, and it will be possible to obtain
it without the removal of the patient, by placing
some protective material on the exposed parts of
the body, or any of the substances that drive
away mosquitoes, and consequently prevent the bites

of these insects, which are the propagators of the
infection.
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its value was recognised by such able men as
Sydenham and Torti. The latter, who obtained such
splendid therapeutic results, even in the severe forms
of malaria, was accused by his colleagues of causing
the death of the pernicious cases of malaria with
this treatment.

Great therapeutic progress was made in 1820,
when the alkaloid was extracted from the crude bark
by the French chemists Pelletier and Caventou.

In order to make a thorough disinfection of the
malarial blood it is very advisable to study the action
of this drug, so that one may be able to know the
manner and the time in which it should be adminis-
tered.

In 1869 the pharmacologist Binz made some
admirable studies on this subject. He had a truly pro-
phetic instinet ; he divined that the cause of malaria
was a protozoon, an amceeboid organism, because
quinine, so efficacious against malaria, has a specific
action on amceeboid organisms, suddenly arresting
their movement.

And, indeed, this has been verified. Under the
microscope Marchiafava and I saw that, on adding a
trace of a solution of quinine, the heemosporidia, which
previously exhibited active ameeboid movements,
became still, and were expelled from the red corpuscle.

So that the action quinine has on the malarial
parasite tends to confirm the fact that it is a proto-
zoal organism. This, moreover, was one of the argu-
ments that Marchiafava and I brought forward in
1885 in favour of the new etiological theory of
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o necrotic action on the protoplasm of the parasites.
In fact, by the Romanowsky method of staining, one
sees, after a malarial patient has been subjected to
the action of quinine, an alteration in the protoplasm
of the parasite, especially in the chromatin, which is
no longer seen, or is very scanty. Perhaps the
quinine acts by combining with the protoplasm
and that this action takes place even through the
red corpuscle, but we do not know in what way the
latter participates in it.

What is the proper time to give quinine to a
patient suffering from malaria ?

Sydenham said that it should be given after the
attack, while Torti suggested giving it before the
attack. .

In reality, quinine, when given in a sufficient dose
—namely, 2 grammes of the sulphate or bisulphate—
has always a good effect ; moreover, in severe fevers
one must not wait to give it at this or that parti-
cular moment, but should give it immediately, if
necessary even by the subcutaneous injection of the
dihydrochloride, and continue to administer it in
divided doses up to 1-2 grammes a day. But when
one can wait to study carefully the rhythm and the
precise hour of the febrile invasion, it can be given
according to either Torti’s or Sydenham’s precepts.
In the first case—namely, that in which quinine is
oiven a little before the attack-—this will supervene
just the same, sometimes, however, in a milder form,
at other times without being weakened in the least.
Nevertheless, another paroxysm will not oceur, or if






MEANS DIRECTED AGAINST INFECTIVE CAUSE 193

administration of the drug, even the gametes of the
tertian and quartan continue to circulate in the blood.

Upon these forms of the parasite, which are the
most dangerous from the epidemic point of view,
quinine has no influence.

In fact, by making Anopheles bite men under-
ooing quinine treatment and having crescents In
their circulating blood, the sexual cycle develops mn
spite of the treatment. Consequently complete disin-
fection of malarial blood cannot always be obtained,
and therefore a complete rational prophylaxis by
means of this disinfection, notwithstanding what Koch
says about it, is not easy, nor is it always possible.

Fortunately it is known that, by giving quinine
to malarial patients at the beginning of the fevers,
one can generally prevent or notably reduce the
formation of the gametes.

Therefore, by the employment of an early and
well-continued specific treatment, we can and ought
to prevent as much as possible the development of
the forms destined to transmit the infection from
man to man, through the mosquitoes.

Unfortunately for the ecarrying out of this dis-
infection of the blood, the difficulties are not few
among the poor people of the Campagna, who remain
in the place where they have been infected and
during the favourable season continue to be re-
infected. And not rarely cases of intolerance of
(uinine are met with.

Consequently it is more than ever necessary
that sanatoria should be built in healthy and elevated

0
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Destruction of the larve.—Attempts at the de-
struction of the larvee have been already made else-
where. . In America there are regions where no
one can live on account of mosquitoes; so much is this
the case that prizes have been offered to any one who
finds the most practical means for destroying them.

They have had recourse to the breeding of fishes
in ponds, hoping that these would destroy the
larvee ; but it did not prove successful—as was to
be expected, because there are examples of various
malarious regions in which the larvae abound in
ponds that have been used for breeding fish. It has
been proposed also to rear in ponds and other
collections of water dragon-flies, knowing that
both the larvae and imagoes of this insect are
carnivorous, that is to say, the larvee of the dragon-
flies destroy the larvee of the mosquitoes and the
dragon-flies the mosquitoes. But even this means is
unsuccessful, inasmuch as mosquitoes are so prolific
that they can be destroyed only to a small extent by
dragon-flies. )

A remedy, which was also proposed in America,
and which acts much better, is, as we shall see,
petrolenm.

Table XVIII. shows the substances which act on
the larvee of mosquitoes.

From it we see that the vegetable kingdom sup-
plies some very energetic larvicidal substances: for
example, infusion of tobacco leaves, and powdered
unexpanded flowers of Dalmatian chrysanthemums
or pyrethrums ( Chrysanthemuwm ; Pyrethrum cinerarice-
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where the larvee of Anopheles develop, does not occur,
or occurs to a much less extent.

Consequently these aniline dyes are of great
practical value, especially as they are not poisonous
to man nor to mammals, so that the water that con-
tains them in solution can be drunk by cattle.

They are, however, poisonous and deadly to many
insects which live in marshy waters and cause
damage to crops.

These waters, tinted with the aniline colours, are
not in the least injurious to plants ; so that this system
of disinfection can also be applied to the water of
rice-fields.

Larvicide is much more active, and cheaper than
callol. It is sufficient to say that its cost for dis-
infection per cubic metre of water varies from lire
0-0056 to 0-0012,

In Table XX. we see the effect of various sub-
stances on the larvae and nymphe of the genus Cule,
from the most potent to the least eflicacious. We
see that water saturated with sulphurous oxide kills
the larvee in ten minutes and the nymphe in twenty -
five minutes. The sulphurous water can be readily
obtained by burning sulphur and passing its vapour
through water. We can also obtain the liquid
sulphurous oxide in metal tubes, where it is under
high pressure, and by opening the tap it can be
passed into the water to be disinfected. Perhaps its
manufacture on a large scale will reduce its cost, but
at present it is too dear to be employed for this

purpose.
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when it is near, is the best and most practical form
of disinfectant for the larve.

The powder of the unexpanded flowers of chrysan-
themums is capable of killing the larve rapidly.
It is a true larvicidal and nymphicidal poison, and
is very soluble in water. We shall see also that,
in the form of fumes, it is excellent against the
mature mosquitoes.

Petroleum, in the strength of 0-20 ecec. per 100
c.m.q. of surface, acts well, killing in four hours both
the larvee and nymphee ; but if it be weaker than
0-10 ee. per 100 e¢.m.q. it takes six hours, and below
this all larvicidal action ceases.

Ordinary oil also acts in the same manner, and
on forming a thin layer on the surface of the
water it kills the larvee in ten hours. Both the oil
and the petroleum have a mechanical action only,
that 1s, by intercepting the air from the larvae, which
require much oxygen, and therefore come frequently
to the surface to breathe, If this stratum prevents
the exchange of air they die, but if the whole surface
of the water is not covered, space is left by which
the larvee are enabled to gain access to the oxygen
in air, and they do not die. So true is this that the
nymphe, which resist chemical disinfectants longer
than the larve, in water with oil on the surface die
in a shorter time than the larvae (in four hours, see
Table XX.). This is to be expected, because they
require more atmospheric oxygen than the larvee, and
have to come to the surface more frequently than
the latter. One readily understands why, directly
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will suceeed in making the malarious place itself
produce a substance which is capable of destroying
the mosquitoes which infest it.

The selection of the larvicide for any particular
place will depend upon circumstances. It must never
be forgotten, however, that the most suitable time
for destroying larvee is the winter and the begin-
ning of spring, when they are fewer in number in the
water, and new generations are not being developed.
In the winter also it is necessary to insist on the
destruction of the mosquitoes themselves in houses
or in any place where they are found. '

A more perfect knowledge of the habits of these
insects, of the places where, and of the time during
which they ovulate, will assist in devising means for
their destruction, which, even under the most favour-
able circumstances—that is, when sanitation will have
done all that it can do—will be a very difficult under-
taking on an extensive scale.

Destruction of mosquitoes—For a very long time
attempts have been made in this direetion. In
America, for example, besides raising dragon-flies
on a large scale with the hope that they would
destroy mosquitoes, it has been proposed to light
lamps in the places infested with these insects,
standing them in a vessel containing a culicidal sub-
stance, with the idea of destroying the great number
of mosquitoes that would be attracted by the light.
But even this means has failed. Again, in all places
that are infested by mosquitoes, many culicidal sub-
stances are sold—in Italy, for example, la razzio,
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that this prevents the malarial mosquitoes biting
them. |

Then come substances that are less powerful,
pepper, naphthalin, and onion, which, though being
very similar to garlic, produces apparent death of
mosquitoes after a much longer interval, and never
kills them.

As to fumes, we would observe first of all that
the peasants and shepherds of the Agro Romano
unconsciously adopt a prophylactic means against
malaria by lighting a fire in their huts. These small
and badly ventilated habitations become immediately
filled with smoke, and the mosquitoes which are
in them either rapidly fly away or become stupefied.

However, as appears from Table XXI., wood-
smoke is much less eflicient than the fumes of
many other substances, requiring a few minutes to
stupefy the mosquitoes, but many hours (from twelve
to forty-eight) to kill them.

The most efficient culicide is tobacco smoke ;
this instantly produces apparent death, and actual
death in two or three minutes. In malarious places
one frequently hears it remarked that ©it is necessary
to smoke, in order not to get the fevers;’ which is
not very far from the truth, inasmuch as tobacco
smoke drives away mosquitoes. Nevertheless, a rela-
tively enormous quantity is necessary for killing
them, which certainly camnot be produced, even
in a small room where many persons smoke, and
where they end by making themselves feel ill. There-
fore in houses it is preferable to burn larvicide,
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tablespoonfuls of it in the evening in a room 36-40
c.m. stupefied the mosquitoes until morning; by
burning larger quantities, they were found dead in
the morning on the windows and floor. The fumes
of this powder are not disagreeable to most people,
and if valerian be unpleasant to some, it can be
omitted, or its odour can be masked.

In any case the task of the destruction of mos-
quitoes in the houses of malarial patients becomnies at
least as necessary as the destruetion of pathogenic
bacteria, inasmuch as 1t has been proved that malaria,
during that period of the year when the mosquitoes
re-enter the houses, is a true domestic disease.

Consequently, the problem of the destruction of
mosquitoes, as a means of antimalarial disinfection, can
and should be brought into the practical field of public
health. Considering the enormous sums spent by nations
and private individuals to protect vines from the oidium,
peronospora, and phyllozera, it is to be hoped that
something will be done to protect man from the malarial
mosquito.

(B) For Preventing the Penetration of Malarial
Germs into the Human Organism.

Many prophylactic measures can be adopted for
this purpose, some of which have been for a long
time employed by popular experience. :

First of all it is necessary to avoid sleeping in the
open air, also absolutely to avoid leaving the house
between sunset and sunrise, or migrating during

P
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permanently fixed to the windows and to the doors
in such a way that they shut antomatically.

In order to better protect bedrooms it 1s ad-
visable also to put up a door on the staircase made
of this network. In this way we made, during
last summer, an extensive and decisive experiment
in the railway cottages between the stations of
Prenestina and Cervara on the Rome-Tivol line, and.
in a portion of the Rome-Civitavecchia line, which
are notoriously the most malarious of the Latial rail-
ways. The results were in comparison with the
unprotected cottages so obviously favourable, that
during the next malarial season we shall repeat the
experiment on a more extensive scale. So favour-
able were they that, in the above-mentioned cottages
between Prenestina and Cervara, only those men who
were on night serviee contracted fevers.

Along the same malarious raillways we have
advised the wearing of a ecowl similar to that worn
by bee-keepers, and gloves connected with the sleeves
of the coat for those men who have to work at night
or in the evening. The cowl would certainly be
more useful than the respirators recommended to he
worn in malarious places. The men, however, had
not the patience to wear them.

There are, in addition, a number of chemical or
mechanico-chemical means, which consist in applying
on the skin of the hands, face, neck, and other exposed-
parts culicifugal ointments, soaps, or washes. These
i certain places have been in use for a very long
time. There are malarious regions where the inhabi-
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MEANS DIRECTED AGAINST INFECTIVE CAUSE 213

Finally, where electricity can be easily and cheaply
obtained, an electric ventilator placed near the bed
may be useful, it being known that mosquitoes avoid
strong currents of air.

It remains however to be seen whether, when
they are very hungry for blood, and when they are
in clouds, the mosquitoes will not overcome their
disgust for these culicifugal substances in the various
forms of pomades, soaps, washes, and perfumes.

We now come to the

MEANS DIRECTED AGAINST THE
PREDISPOSING CAUSES.

1. AgamnsT THE ORGANIC PrEDISPOSING (CAUSES.

We have already seen that the chilling of the body,
and all those conditions which predispose to rheuma-
tism, predispose also to malaria in a marked degree.

Therefore the custom of the inhabitants of
malarious regions of wearing, when they can, heavy
woollen clothing both in summer and winter, espe-
cially when they have to go out at night or in the
early morning, is a wise one ; and thus proper clothing
comes to be a powerful prophylactic against malarial
infection, inasmuch as it protects one from chills.

Is it possible to produce an artificial immunity
against malaria ?

We shall not repeat here what we have already
sald about natural or hereditary immunity, or of the
immunity that may be acquired from previous infec-
tion, or of the trials made by us to immunise
against experimental malaria. We have seen that
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from the fevers, 119 had mild fevers, and the re-
maining 136 were not influenced by the drug.

The arsenical prophylaxis therefore is of some
utility.

A quinine prophylaxis, as we have already said,
has also been attempted, both with liqueurs which
contain a very small quantity of this drug, and with
therapeutic doses, that is, giving 1 gramme or 1}
grammes of quinine every five or six days, thus hoping
to kill the parasites during the incubation period. But
if it be given in small doses it has no eflect ; if in
large doses, as we have said, it cannot, as a rule,
be tolerated, especially in summer, even when taken
every five or six days.

Perhaps the preventive administration of euchinin,
which has not the bitter taste of quinine, and does not
produce such severe cerebral and digestive disturb-
ances, will be more feasible. At present, however, it
1s too expensive.

There 1s not much reliance to be placed on the
substitutes for quinine, nor on phenocoll; on the
contrary, much 1s to be expected from medicinal
methylene blue. With this drug and euchinin we
intend to make prophylactic experiments on a large
scale.

This is what has been done up to now against
the organic causes of predisposition to malaria.

We can and ought also to combat the local causes
predisposing to this disease. Consequently we shall
now proceed to speak of the prophylactic means
directed
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Nevertheless, the real efficiency of this system 1s
still a debatable point.

A few words on the requlation of lakes.

The water level of lakes frequently undergoes
great variations during different seasons of the year,
and consequently, between the period of high
water and that of low water, the land becomes marshy
round the shores. These oscillations may also vary
from year to year; for example, the ancient Lake of
Fucino underwent during some years very great
variations in its water level.

In consequence, in ancient times, and up to the
Roman epoch, the necessity was felt of regulating the
water of lakes, so as to keep its level more or less
constant.

For instance, tradition narrates that, in conse-
quence of the overflowing of the Lake of Albano, in
a certain year, the city of Alba Longa, situated on
its banks, was inundated and destroyed. A subter-
ranean emissarium was therefore constructed to take
away the surplus water. Be this as it may, it 1s
certain that this emissarinm still exists, and has con-
tinued in use from ancient times: a similar one is in
use for the Lake of Nemi. Thus in these lakes a
constant level of the water 1s maintained.

Other lakes have an emissarium above ground—
the Lake of Bracciano and that of Bolsena, for
example ; others, finally, have the emissarium partly
above and partly in the ground, as Lake Trasimeno,
for instance. This lake, undergoing great variations
in water level, at certain seasons of the year overflowed
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was divided into basins, and the proprietors of the
land united together to open canals for the discharge
of stagnant water. Much has been already done
in this direction, but much also remaing to be done ;
the maintenance of the canals, which, as is known,
owing to the rich vegetation of the marsh plants be-
come very easily obstructed, is frequently neglected.
And, besides, the water sometimes has an insuffi-
cient fall.

This unfortunately is the great defect of the
discharging canals of the Pontine Marshes.

Here the draining off' of the water directly to
the sea is prevented at the coast by a dune, a true
mountain of sand. In very ancient times the so-
called Rio Martino (see fig. 25, section of this Rio) was
excavated through the dune, but on account of the
steepness of its sides it must have been quickly buried.

Consequently, very long canals with gradually
sloping sides have been excavated, which traverse
the Pontine territory and open into the sea at
Terracina. In the midst of the ancient marsh (see
fie. 25) a principal collecting canal called linea Pia,
in honour of Pius VL., was cut. Into this open on
both sides transverse canals a mile apart. And then,
after collecting the water at the foot of the hills,
the River Sisto runs towards the sea dyke, as well
as the River Ufente and the River Amaseno from
the Lepini Mountains. However, in consequence
of a miscalculation it was found necessary to intercept
the bed of the River Teppia below Sermoneta, And
in spite of this in some months of the year it again
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have little fall, hence the complete, or almost complete,
stagnation of the water ; and we now know that this
is sufficient for the development of generations of
mosquitoes,

At any rate, it is true that the Ravennate agricul-
tural colony of Ostia, while inhabiting a site where
the reclaiming has been most successful, while living
sufficiently well as regards food, lodging and clothing,
and the hours of work, suffers severely every year
from the malarial scourge; and even during the
summer and autumm of 1898 not a single member
of this colony escaped the fevers, and some have died
of them ! Therefore up tonow no hygienic improve-
ment has taken place there. And yet it was said
that these drainage works would save the Roman
Campagna from malaria !

The reclaiming in the province of Ferrara, at
Codigoro, for instance, and that of the low plain of
Fondi, in the province of Caserta, have been done by
means of these hydrovorous machines.

The reclaiming by natural and artificial drying
of the marshes at Padua, Treviso, Verona, and Rovigo,
all of which are regions of mild malaria, has been
successful.

The secret of the success of these hydraulic
improvements depends on the increased velocity of
the water in the discharging canals.

But for an hydraulic sanitation to be complete it is
necessary to consider also the

Regulation of the Ground-water. We
state once more that it is especially in this water
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such as broken stones, pebbles, or true lateritious
material. In the Roman Campagna, where tufa is
easily obtainable, they use large blocks of this
stone, and place one along each side and another

Fia, 39.

on top so as to enclose a triangular space in
the trench which acts as a drain. Large pebbles
thrown into the bottom of the channel are also used
(fig. 37). '

When using pebbles and lateritious material, large
socles are placed in the bottom in such a
manner as to form a drain with a triangular
section, into which the water percolates
through the fissures between one brick and
another, and above these pebbles are thrown
(ig. 38). Fissured or perforated drain-pipes
are also used (figs. 39, 40).

It is understood that the drainage quickly
and thoroughly removes surface-water, and o
eventually rain-water, even when abund- :
ant ; that is, it prevents or diminishes the formation
of pools or marshes by rain-water.

By this system of drainage the best sanitation

Q
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MEANS AGAINST PREDISPOSING CAUSES 237

It appears, on the other hand, more reasonable
and frequently more feasible to regulate all the so-
called marrane (ditches), embanking and deepening
them, or, better, conveying away their perennial
ground-water in drains, and adapting the ditches for
the reception of the storm-waters. If these ditches
were paved, at least in some parts, the work would
be more lasting, and certainly hygienically much
more useful, than what has been done up to now
to remove this principal cause of malaria in the
Roman Campagna.

In some regions of Italy the system of absorbing
wells has been adopted for the draining away of the
subterranean waters. These are made in districts
where under the impermeable stratum there is one of
pebbles, gravel, &ec., which readily lets the water
pass through. When therefore they bore through the
impermeable stratum, in many parts the level of
the ground-water is enormously lowered, because
a great part of it disappears in the underlying earth.

We have thus mentioned the principal methods
for the regulation of water in malarious places.

But after water, air is, as we have said, another
local condition predisposing to malaria. To destroy
the larvee and nymphe of mosquitoes it is sufficient,
as we have also said, to limit the free access of
atmospheric air to the surface of the water in which -
these insects live. It is not necessary, therefore, to
withdraw all this air. The so-called atmospheric
sanitation or covering is sufficient for this object.

Q2
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Thus all the lower basin of the River Volturno has
been reclaimed by means of the floods of this river
and of the Savone.

This system of natural covering therefore has
been extensively employed. It takes a long time,
sometimes even centuries, but it leads to positive
results. It does so, not because it covers the
malarious soil with healthy mould, as was said when
it was believed that the malarial germ existed directly
in the soil, but because in time it increases the dis-
tance between the level of the ground-water and the
surface of the soil, cutting off or limiting the free
afflux of the air. Hence the necessity for levelling
the surface of the soil, regulating the surface
water, and covering the ground-water. While this
natural covering process 1s going on, the injurious
effects it produces have been and are complained
of.

Artificial covering is, on the other hand, only ap-
plicable for small marshes ; for example, it might be
used in many places for rendering healthy the
pits from which soil has been obtained for making
the embankments of railways.

Covering can, so to speak, also be made with
water. If a stratum of water be made to cover
a malarious site, so long as the water remains at a
constant level there will be brought about a relative
Improvement.

The campagna of Mantua affords us an interesting
example of this. Near that city the Mincio spreads
out into three lakes (the upper, middle, and lower),
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the water at a constant level, and by these means the
surrounding lands were no longer inundated.

This submersion in certain cases is only relatively
beneficial, and its real value will have to be tested
in the light of the new theory regarding the origin
and propagation of malaria by means of mosquitoes.

Thus perhaps will be explained what seems to
be a paradox, namely, that the suppression of an
epidemic of aquatic origin is brought about by the
presence of water !

Certainly the natural covering, utilising the in-
undations of rivers, is a true method of sanitation,
because in this case the covering material is earth, and
in the place of a marshy soil a dry, and therefore
perfectly healthy, soil is gradually being formed.

If the basin to be filled up is large, and the river
is only slightly muddy, this improvement takes place
very slowly, but its effect is certain and definite.
Thus, for instance, the sanitation of Val di Chiana
has now for many years been partly finished, and its
good eflect is stable and lasting.

When dealing with the sanitation of the marshes
of Ostia and Maccarese this project of covering has
also to be discussed. There the conditions are very
favourable, inasmuch as these marshes are situated
on either side of a large and particularly muddy
river, namely, the Tiber, which, even when it is
not in flood, carries with it a large quantity of fine
sand, and when in flood its waters are extremely
muddy.

Unfortunately this system has not been adopted,
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good, indifferent, or negative, according to circum-
stances. :

We have said that from direct experiments
it has been shown that a velocity of 63 mm. per
second is compatible with the presence of the larvee
of Anopheles.

These experiments, however, must be continued,
inasmuch as they have revealed the secret of the
above-mentioned contradictory results, and they will
enable us to formulate schemes for sanitary improve-
ments in the future. For the present we can say that
the theoretical minimum velocity of 0°20 mm. per
second should be always obtained and maintained
in practice in the canals and in their secondary and
terminal branches. Otherwise they should be covered,
and thus converted as much as possible into drains.

Nevertheless, no hydraulic improvement, even
when carried out on the most approved system, can
ever be completely successful unless it ismade complete
by means of the so-called agrarian sanitation.
Before a district can be brought under cultivation
many hydraulic works have to be carried out ; the
surface and subsoil waters have to be regulated by
discharging canals and drainage, because many plants
will not grow in damp soils.

These agrarian hydraulic works are the comple-
ment of the more important works of hydraulie
sanitation. Even the levelling, ploughing, &ec., of
the soil, contribute to render it healthy by making
1t more permeable to the water.
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Of all the cultures, therefore, the best is what
is called intensive culture, which is also one of the
most remunerative when it can be adopted. Tom-
masi-Crudeli has observed that in many malarious
localities intensive cultivation has sometimes attenu-
ated, sometimes suspended, and sometimes perhaps
even suppressed, the production of malaria.

In malarious sites dry cultures are advisable ;
vice versa artificial meadow-lands are not advisable,
or at least they should be managed by certain rules
according to which the water in the channels should
not be allowed to become stagnant, but, on the con-
trary, should be made to run in such a manner as to
prevent the growth of the palustral vegetation and to
sweep away the eggs and larvee which may eventually
be contained in it. For this purpose the constant
supervision of the channels would be necessary.

Rice-fields in malarious places should be absolutely
condemned, until a cheap larvicidal subsiance is found
which is not injurious to the plants, as, perhaps,
according to our experiments, are the best of the
above-mentioned larvicidal dyes (p. 197).

Is it advisable to plant trees, and in general is it
advisable to maintain or plant woods, in malarious
sites ?

That the planting of woods is not a protection
against malaria has been demonstrated by the
example already recorded of the Tre Fontane, where
in spite of the eucalyptus wood, which has grown
vigorously, this disease still remains.

Imagine then what must happen in those woods
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along the littoral, inhabited by myriads of mos-
quitoes and by all kinds of insects, with numerous
marshes even in the height of summer! Here dis-
foresting would be a real hygienic improvement, in-
asmuch as the land could be levelled and drained,
and thus placed under cultivation.

In fact, there are localities round Rome where
malaria used to be rife (Coneca, Campomorto, for
example), which to-day are more healthy, because
the trees have been cut down to a great extent and
the ground cultivated. The same has happened, as
we have seen, at (isterna.

Now a few words on urban sanitation
against malaria.

There are towns immune or practically immune
from malaria, although they are situated in the midst
of a pestilential region, such as Grosseto, and more
especially Rome.

Here in Rome the first great sanitary improve-
ments were made in the epoch of the kings ; the justly
famous Cloaca Maxima at first served only to dry the
two Velabri, like an enormous drain made of colossal
blocks of tufa, which were not cemented, and between
which the water percolated. It was only later that
1t was also used as a sewer for part of the city.

In the same way a similar form of drain was also
excavated for draining the Caprea marsh; and suc-
cessively all the sewers of ancient Rome were used
for the same purpose. When these were abandoned
and buried in the Middle Ages, the ground-water
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asmuch as the mosquitoes cannot fly, as we have said,
to great distances, and the suburban houses, and per-
haps also the walls of the city, are to a certain extent
a protection from the insects of the surrounding
Campagna. Finally, a town can also be healthy in
an intensely malarious territory if it be built in an
elevated position, particularly when the site rises
perpendicularly from the underlying Campagna.
With this hygienic aim, which to-day can be per-
fectly explained by the habits of the mosquitoes, the
villages and small towns of the Roman province
since the Middle Ages have been built, as we have
said, upon elevated sites, all, or almost all, of which
are precipitous.

We shall now say a few words about the sanita-
tion of the malarial industries (fish-ponds,
peat bogs, salines, railways). We have mentioned
that the railways have helped to maintain and
create local conditions favourable to the development
of malaria, both by the excavation of pits (cave di
prestito, p. 147) into which the subsoil-waters drain
and form marshes, and also by the embankments or
terraces which intercept the watercourses which tend
to discharge themselves into the valleys. Frequently
these railways have been constructed without any
regard to hygienic principles, and without even
thinking how to avoid aggravating the state of things
in reference to malaria which exists in a great part
of the Italian territory.

Therefore the first laws of sanitation in Italy
should be directed to the sanitation of the railways,
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and in pre-established amount, as much as they
required for food, clothing, and hose, with the
obligation of maintenance. To each of them was
given a certain quantity of wheat, which he had to
grind himself, besides salt and condiments, or olives
and salt fish, wine and oil. The quantity of the food
supplied depended upon the nature of the work, in
consequence of which the intendant, who worked
less, received a smaller ration than the slave.’

Therefore, the great principle that the alimenta-
tion should be proportionate to the amount of work
was even then recognised !

Nowadays, on the contrary, no prophylactic
measures are instituted from this point of view.
With difficulty, and solely for the application of the
law of the agrarian sanitation of the ten-kilometre
zone round the city, a regulation of rural police and
hygiene was issued on August 26, 1885, in which some
of the articles refer to alimentation. One of them,
Article 41, is very just, which preseribes that ¢ the food
exposed for sale or given by the proprietors or tenants
of the farms to the workmen, if unwholesome, shall be
immediately seized and destroyed, if it cannot be,
at the request and care of the proprietor, innocu-
ously utilised for other use than human consumption,
with the directions and guarantees which in indi-
vidual cases shall be deemed necessary by the
authorities.’ :

Then come Articles 4-5, dealing with luxuries
with regard to meat, which is only known among
the workers of the Agro Romano as that obtained
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from dead animals, They prohibit trichinosed meat,
as if trichina existed among us; and other meats are
also prohibited, for instance abbacchi (very young
lamb) and lamb not fully developed, whose flesh i;
too fresh! Would that the peasants could eat these
kinds of meat !

We now come to clothing.

As Mommsen has stated, in the Roman Cam-
pagna from ancient times the people have clothed
themselves with wool, even in the summer. This
kind of clothing was provided for the slaves, and
Columella justly insisted that it should be given to
them in a good condition,

But to-day, to provide sufficient food and clothing
for the peasants working in malarious places, a law
is necessary which would fix, above all, the minimum
wage to be paid to them. At any rate co-operative
supply associations, or similar institutions, should
insist that the greatest possible proportion of the
daily wage be expended for food and clothing.

The ancients also recognised the importance of
proper housing as a prophylactic measure. It is
certain that among the means adopted by them for
combating malaria, great consideration was given to
the construction of country houses. Two students of
antiquity, Augusto Castellani and Efisio Tocco, have
studied the question of the housing of the Romans in
the Agro. We know how the Roman houses were
constructed, splendid typical examples of which we
see at Pompeii. The house was a kind of sanctu-
ary, surrounded by a wall, without or with few
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windows communicating externally ; the doors of the
separate rooms opened info one or two courtyards,
which were freely open above.

In the same way, in the houses of the Campagna
the enclosing wall was high, and in the centre was a
large courtyard into which opened the doors and
windows of the house, while communication with
the outside was eflected by means of one large
entrance door; the house was ventilated only from
the courtyard. This, perhaps, does not represent
an ideal form of ventilation, but it would con-
stitute even to-day a good system as regards
a prophylactic measure against malaria, because
mosquitoes cannot rise easily mueh above the ground,
and consequently they would have greater difficulty
still in invading the rooms of a house constructed
in the mode just described.

After the Renaissance, when the agricultural
revival took place, of which we have spoken, large
villas, with annexed buildings, were constructed from
1600 to 1700, which to-day are often used for the
most humble purposes, and which are frequently
squalid and almost in ruins. There were 64 disused
houses in the Campagna in 1871, and 231 in 1881.
There has therefore been in our time a falling off in
the numbers of habitable dwellings.

When a new house is built, or an old one restored,
it is done asif it were situated in a very healthy -
locality, whereas habitations in malarious places
should be built with special precautions. First of all,
they should be erected on the highest site possible,

R



C
= N
. ]
s
v i r e
L
e
v i -
F -
= -

e
. -y -
%
L v
.9
-
-
- L )
I s’ I
=o'l = -
- = [E:
- - —
. -
- - -




MEANS AGAINST PREDISPOSING CAUSES 243

and by similarly protecting the door in such a way as
to prevent the insects from entering, these wooden
houses would be very suitable for protecting the
peasants from the fevers in places where there are
at present no houses, or where they are scarce or
are unsuitable for this purpose.

Finally it is advisable not to have trees around
houses in malarious places. During the day they har-
bour mosquitoes, which in the evening get in through
the windows, especially when the rooms are lighted.

Tt is desirable that our architects should study
this question, and design houses suitable for malarious
places, guided by the new theories and by the old tradi-
tional experience of our peasantry regarding malaria.

The regulations for the public health of the Agro
Romano lay down that, above all, every farm
must have sufficient habitations for the people who
work there. This law should absolutely prohibit
what occurs at harvest time, when, owing to the
large numbers employed, a great part of them have
to sleep in grottoes or in the open air. The regula-
tions speak of ¢habitations constructed on elevated
sites on dry ground,” and this is right; but then
follows a strange prescription : in a place protected
from the injurious influence of unhealthy winds, as
if a house built on a high place would not be beaten
by all the winds, and as if some winds were still
considered unhealthy in the sense Lancisi believed -
they were.

‘When the soil is humid, says the same law,
‘ works for the discharge and drainage of the waters

R 2
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the impoverishment of the workers by the so-called
caporali. But unfortunately no one thinks about it !
We have only a law on the cultivation of rice.
This law dates from June 12, 1866; the first and
fundamental article says: ¢ The cultivation of rice is
permitted at the distances from the blocks of houses
and under the conditions prescribed in the interest of
public health by special regulations that, after con-
sultation with the communal and sanitary authorities
of the province, are determined by the provineial coun-
cils and approved by the King, after consulting the
Superior Council of Health and the Council of State.’
It is, therefore, in the power of the provinces to
control the cultivation of rice by means of local .
regulations. Now, in these regulations we find
articles which vary very much according to the
humour of the provinces, especially as regards the
minimum distances from the rice-fields within which
houses are permitted to be inhabited. We have seen
(page 82), from the studies of Professor Riva and of
Dr. Ambrosi on the zone of influence of the rice-
fields, that this sometimes may be as much as 3, 4,
and occasionally 5 kilometres. Now the local regu-
lations of the provinece of Cremona, which, perhaps,
are the best of the kind, establish a minimum
distance that varies according to the number of the
inhabitants of the individual blocks of houses. These
distances are given in the following table :—

TapLe XXIIT

Distance in metres ll 3,000 | 2,000 |

—

Number of in-
habitants

| e

i
b
)

Above 10,000 to | 8,000 to | 3{1 ‘ 30 to
|

10,000 = 8,001 | 801 | 3
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with potable water, that the rooms must be dry
and well ventilated, with sashes and glass i the
windows. These are good regulations, especially
that of the glass (network would be better) in the
windows, as a prophylaxis against malaria.

In general, however, it may be said that our
legislation on the cultivation of rice is defective
both in the fundamental law and in its practical
application. It does not take into consideration the
geographical division of malaria into zones of severe
malaria and zones of mild malaria. If the cultivation
of rice can be with due limitations and precautions
tolerated in the zones of mild malaria, it should
be absolutely forbidden in the provinces of Italy situ-
ated below the isotherm + 15° where severe malaria
prevails.

And even in the localities of mild malaria the
cultivation of rice should be permitted only where
there are marshes in low-lying lands which cannot
possibly be drained, and where no other kind of cul-
tivation 1s possible. Thus its cultivation would be
limited, and it would be all the better for public
health, because we remember that in many instances

malaria has disappeared where the cultivation of rice
has been given up.

To regulate the maceration of textile plants we
have, in the sanitary law of 1888, an article (article
37) which decrees that this maceration can only be
carried on under certain conditions of place, time,
and distance from inhabited houses ; conditions which
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must be determined in each province by the local
public health regulations or by special regulations,

In a supplementary article to the general sanitary
law, published in 1890, it was decreed that those
communes in which the maceration of rice was carried
on were obliged to prepare within a year these special
regulations or to add the relative chapters on the
maceration of textile plants to the local public health
regulations, indicating in which places, at what
distances, and with what precautions this industry
must be practised. The same article says that the
communes must take specially into consideration the
banks, the exchange of water, and a convenient
outlet for the used water; and that they must
impose a minimum distance of 200 metres between
the place of maceration and the houses. If the
communes declined to comply with these regulations,
the prefect would intervene, on the advice of the
provincial Council of Health.

The local regulations of the commune of Rome, in
agreement with what has been established in the
oeneral sanitary law, decree that °the maceration
of textile plants is permitted only in the open
Campagna, at the distance at least of 200 metres
from the houses, canals, wells, or other reservoirs of
potable water, when it is carried on in running
water, and is not that which feeds the aforesaid canals,
wells, or reservoirs. The maceration must take
place exclusively in suitable tanks with impermeable
bottom and sides, according to the project approved
by the mayor.” But if this maceration be a cause of
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malaria (which certainly has not been demonstrated)
the 200 metres are not suflicient to protect the
houses, nor is slowly running or stagnant water
sufficient.

But, besides this, cultivation of hemp and flax
does not exist in the Roman Campagna.

We shall conclude with a few words on the laws
on agrarian tmprovements, and on the so-called in-
ternal colonisation.

Of these improvements several have been made
according to the various laws that have been
approved from 1882 onwards. In Venice, for
instance, the land has been successfully reclaimed on
a large scale ; in the rest of Italy there 1s a great deal
to be done, inasmuch as there still is, as we have
already said, an enormous number of marshy hectares
to be drained. Unfortunately some reclaimed lands,
like those at Ostia and Maccarese, are anything but
hygienically successful, and unfortunately also the
last law will fail if the modern researches are not
taken into consideration.

For the execution of these works, some conditions
relative to the health of the workers have been included
in the law of September 7, 1887. Article 92 says
that ¢ in approving the project the rules necessary : as
to the seasons during which the works have to be
stopped ; the hours of the day during which the
workmen must abstain from work; the habitations

that must be built to house the workers, shall be
established.’



250 PROPHYLAXIS

Article 93 says that ‘regulations of the same
kind can at any time be sanctioned with prefectual
decree in respect to the maintenance of the reclaim
mg works.’ |

But, besides the regulations for the seasons, the
hours of work, and the habitations, it is also necessary
that other regulations—for the selection of the indi-
vidual workers, for example—should be established.
These workers should be selected from the families
most resistent to malaria, and a doctor should
exclude (especially by the examination of the
blood) those who have even the least trace of
malarial infection, inasmuech as with their recurrent
attacks they are dangerous to those with whom they
live. Regulations should also be made with reference
to the sheds for working in. The shed, the centre of
activity, should be situated on an elevated and
healthy site, or at least on a site properly drained,
so as to eliminate the surrounding stagnant or almost
stagnant waters as much as possible. A minimum
wage should also be established, and should be con-
verted into food and clothing without the interven-
tion of middlemen. .

The cases of fever, also, should be included with
the cases of accident through work ; and the patients
should be treated, and even taken to sanatoria, or to
healthy places, until complete convalescence is esta-
blished, at the employers’ expense. This would also
prove a useful general prophylactic measure.

In all ages (see pages 1-12) attempts have been

ol
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made to colonise malarious places, but these attempts
have frequently failed.

Experience has proved, over and over again, that
the error lay in sending to places of very severe
malaria agriculturists accustomed to live in healthy
regions. We have already spoken of the annihilation
of the Venetian colony introduced into the Pontine
Marshes. A similar disaster has happened recently to
families of agriculturists from the Marche brought
here to live in very unhealthy places along the
littoral. _

Man cannot combat against this terrible enemy
malaria, if, first of all, the land has not been thoroughly
drained and kept in this condition. When this has
been done, then the colonisation which leads to the
agrarian improvement can be attempted.

This reclaiming of the land has been tried in
various places by prison labour. For example, a
colony of this kind was employed at Castiadas, in
Sardinia, and the results have been fairly good.
Another was tried near Rome, at the Tre Fontane,
but it had to be removed because all fell ill with
malaria. And yet, without doubt, prisoners are
working under better conditions as regards clothing,
food, housing, and hours of labour, than the peasants
of the Agro Romano.

With all the more reason, therefore, attempts at
colonisation with people from healthy places, made
without any criterion but that of profit, should be
prohibited by law, because a colony of men trans-
ported from a healthy region to a very pestilential
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one absolutely canmot stand it. Some economists
maintain that malaria does not in the least prevent
the intensive cultivation of land, and consequently
its colonisation. But history teaches us that if
man has frequently sacrificed himself for the re-
demption of unhealthy places, it is nevertheless
very true what Varro says, that unhealthy lands
can only be cultivated at the risk of the life
of the worker and the substance of the owner.
Before the cause and the prophylaxis of bovine
malaria was discovered, the industry of dairy farming
has been here many times attempted, but always in
vain. The same can be said of the many fruitless
attempts at colonisation. And until we shall be able
to discover a complete prophylaxis for man as we
have done for mileh cows, 1t will be necessary not
to accept those ideas so readily spread abroad on the
so-called internal colonisation, because a malarious
district cannot be easily or quickly rendered
healthy. And yet there are people who loudly de-
claim against the enormous extent of land un-
cultivated ; but in reality in Italy, with our in-
dustrious and hard-working peasants, the only
zones left uncultivated are those where no person
can live.

‘Certainly the State ought to promote more than
it does works of hydraulic sanitation. When it
has done this, then colonisation can be attempted,
proceeding step by step from reclaimed land to land
still unhealthy. And this is actually being done in
the Agro Romano, inasmuch as from Rome and from
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the small but ommipotent band of proprietors,
privileged more than they deserve, nor to improve the
agrarian contracts, nor to prevent the organised
spoliation of the tillers of the soil. It conse-
quently has been a dead letter and will remain so,
as long as private property possesses the right of
utt et abmz, and with impunity temmns the greatest
enemy of public health.

Therefore 1t is more than ever urgent that
hygiene should dictate to the legislature, and that
the latter should put in force an easy and ready
prophylaxis for our poor peasants living in malarious
places. Then the problem of the sanitation of
many fertile lands will approach solution. For the
present at least, the treatment for the disease should
be immediate and efficacious by means of quinine
obtained free or at a very low price, which should
be fixed by the creation of a State monopoly.

Finally, a last word must be said on education
as a prophylactic measure against malaria.

It 1s certain that when the sources of infection
of this, as of every other avoidable disease, the life-
history of the infective germs in the environment, the
vehicles, the mode of penetration, and the various
prophylactic means are known, much will have been
attained. Knowledge and power are necessary for
combating epidemic diseases; but the knowing how
to combat them is a great deal. @ And as the
individual prophylaxis in malaria is very often
practicable and efficacious, one understands how the
spread by means of education of the most certain
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vo, 75 6d.

Ug{:hSIUNHL PAPERS ON MEDICAL SUBJECTS, 1855—-18g6.
VO, 125

THE HARVEIAN ORATION ON HARVEY IN ANCIENT
AND MODERN MEDICINE. Crown 8vo, 25 64.

MEDICINE, OLD AND NEW : an Introductory Address delivered on
the occasion of the Opening of the Winter Session, 1899-1900, at St. George’s
Hospital Medical School, on October 2, 1899. Crown 8vo, 25 64.
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DUCKWORTH.— WORKS bty Sir DVCE DUCKWORTH, M.D.,
LL.D., Fellnw and Treasurer of the Royal College of Physicians, &.

TI:IE SEQUELS OF DISEASE : being the Lumleian Lectures delivered
in the Royal College of Physicians, 1896, Together with Observations on
Prognosis in Disease. 8vo, 10s. 64.

THE INFLUENCE OF CHARACTER AND RIGHT JUDG-

MENT IN MEDICINE : the Harveian Oration, delivered before the
Royal College of Physicians, October 11, 1898, Post 4to, 25. 6d.

ERICHSEN. THE SCIENCE AND ART OF SURGERY: A
TREATISE ON SURGICAL INJURIES, DISEASES, AND
OPERATIONS. By Sir JOHN ERIC ERICHSEN, Bart., F.R.S.,
LL.D. (Edin.), Hon. M. Ch. and F.R.C.S. (Ireland), late Surgeon Extra-
ordinary to H.M. the Queen. Tenth Edition. Revised by the late
MARCUS BECK, M.S. & M.B. (Lond.), F.R.C.S., Surgeon to University
College Hospital, and Professor of Surgery in University College, London ;
and by RAYMOND JOHNSON, M.B. & B.S. (Lond.), F.R.C.S., Assistant
Surgeon to University College Hospital, &ec. Illustrated by nearly 1,000
Engravings on Wood. 2 Vols. royal 8vo, 48s.

FOWLER AND GODLEE. THE DISEASES OF THE LUNGS.
By JAMES KINGSTON FOWLER, M.A., M.D., F.R.C.P., Physician
to the Middlesex Hospital, and to the Hospital for Consumption and Diseases
of the Chest, Brompton; late Examiner in Medicine at the University of
Cambridge, and on the Conjoint Examining Board in England ; and RICK-
MAN JUHN GODLEE, M.5., F.R.C.5., Fellow and Professor of Clinical
Surgery, University College, London ; Surgeon to University College Hospital
and to the Hospital for Consumption and lhseases of the Chest, Brompton ;
Surgeon in Ordinary to Her Majesty’s Household. With 160 Illustrations.

8vo, 255,

FRANKLAND. MICRO-ORGANISMS IN WATER, THEIR
SIGNIFICANCE, IDENTIFICATION, AND REMOVAL.

Together with an Account of the Bacteriological Methods Involved in their
Investigation. Specially Designed for the Use of those connected with the
Sanitary Aspects of Water Supply. By Professor PERCY FRANKLAND,
Ph.D., B.Sc. (Lend.), F.R.S., Fellow of the Chemical Society; and
Mrs. PERCY FRANKLAND, Joint Author of  Studies on Some New
Micro-Organisms Obtained from Air.” With 2 Plates and numerous Diagrams.

8vo, 165, net.

GARROD.—woRKS by Sir ALFRED BARING GARROD, M.D.,

F.R.5., &c | Physician Extracrdinary to H. M. the Queen; Consuwlting FPlysician to
King's Collepe Heospital; late Vice-President of the Royal Collepe of Physicians.

A TREATISE ON GOUT AND RHEUMATIC GOUT
(RHEUMATOID ARTHRITIS). Third Edition, thoroughly revised
and enlarged ; with 6 Plates, comprising 21 Figures (14 Coloured), and 27
Illustrations engraved on Wood. 8vo, price 21+

THE ESSENTIALS OF MATERIA MEDICA AND THERA-

PEUTICS., The Fourteenth Edition, revised and edited, under the super-
vision of the Author, by NESTOR TIRARD, M.D. Lend., F.R.C.P.,
Professor of Materia Medica and Therapeutics in King's College, London, &c.
Crown 8vo, price 125, bd,
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GRAY. ANATOMY, DESCRIPTIVE AND SURGICAL. By
HENRY GRAY, F.R.S., late Lecturer on Anatomy at St. Gcmge's
Hospital. The Fourteenth Edition, re-edited by T. PICKERING PICK,
Surgeon to St. George's Hospital; Inspector of Anatomy in England and
Wales ; late Member of the Court of Examiners, Royal College of Surgeons
of England, With 705 large Woodcut Illustrations, a large Empmtmn of
which are Coloured, the Arteries being coloured red, the "'i"eins. lue, and the
Nerves yellow. The attachments of the muscles to the bones, in the section
on Osteology, are also shown in coloured outline. Royal 8vo, price 36s.

HALLIBURTON.— WORKS by W. D. HALLIBURTON, M.D.,
FRY., F.R.CP., Professor of Physiology in King's Collere, London.

A TEXT-BOOK OF CHEMICAL PHYSIOLOGY AND
PATHOLOGY. With ro4 Illustrations. 8vo, 28s.

THE ESSENTIALS OF CHEMICAL PHYSIOLOGY. For the
Use of Students. Third Edition. With 77 Illustrations. 8vo, §s.
*.* This book treats of the subject in the same way as Prof. SCHAFER'S
‘‘ Essentials ™ treats of Histology. It contains a number of elementary and
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of the facts related to the exercises which are intended to be performed by
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LANG. THE METHODICAL EXAMINATION OF THE

EYE. Being Part I. of a Guide to the Practice of Ophthalmology for Students
and Practitioners. By WILLIAM LANG, F.R.C.5. Eng., Surgeon to the
Royal London Ophthalmic Hospital, Moorfields, &c. With 15 Illustrations.
Crowu 8vu, 35, 6.4

LEUMANN. NOTES ON MICRO-ORGANISMS PATHO-

GENIC TO MAN. By SurceonN-Cartaiy B. H. S, LEUMANN,
M.B., Indian Medical Service. 8vo, 3s.

LIVEING. HANDBOOK ON DISEASES OF THE SKIN,
With especial reference to Diagnosis and Treatment. By ROBERT
LIVEING, M.A. & M.D. Cantab., F.R.C.P. Lond., &c., Physician to the
Department for Diseases of the Skin at the Middlesex Hospital, &c. Fifth
Edition, revised and enlarged. Feap. 8vo, price 55

LUFF. TEXT-BOOK OF FORENSIC MEDICINE AND
TOXICOLOGY. By ARTHUR P. LUFF, M.D.,, B.Sc. (Lond.),

Physician in Charge of Out-Patients and Lecturer on Medical Jurisprudence
and Toxicology in St. Mary’s Hospital ; Examiner in Forensic Medicine in
the University of London ; External Examiner in Forensic Medicine in the
Victoria University ; Official Analyst to the Home Office. With numerous
Illustrations. 2 vols., crown 8vo, 24s.

MOORE. ELEMENTARY PHYSIOLOGY. By BENJAMIN
MOORE, M.A., Lecturer on Physiology at the Charing Cross Hospital
Medical School. With 125 Illustrations. Crown 8vo, 3s. 64, .

NEWMAN, ON THE DISEASES OF THE XIDNEY
AMENABLE TO SURGICAL TREATMENT. Lectures to
Practitioners, By DAVID NEWMAN, M.D., Surgeon to the Western
Infirmary Out-Door Department ; Pathologist and Lecturer on Pathology at the
Glasgow Royal Infirmary ; Examiner in Pathology in the University of Glasgow ;
Vice-President Glasgow Pathological and Clinical Society. 8vo, price 8s.
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NOTTER AND FIRTH. HYGIENE. ByJ. L. NOTTER, M.A.,
M.D., Professor of Hygiene in the Army Medical School, Netley, Colonel
Royal Army Medical Corps; and R. H. FIRTH, F.R.C.S., late Assistant
Professor of Hygiene in the Army Medical School, Netley, Major Royal
Army Medical Corps. With 93 Illustrations. Crown 8vo, 35, 64,

PICK. SURGERY: A TREATISE FOR STUDENTS AND

PRACTITIONERS. By T. PICKERING PICK, Consulting Surgeon
to 5t. George's Hospital; Senior Surgeon to the Victoria Hospital for
Children ; H.M. Inspector of Anatomy in England and Wales, With 441
Illustrations. Medium 8va, 255

POOLE. COOEKERY FOR THE DIABETIC. By W. H, and
Mrs. POOLE. With Preface by Dr. PAVY. Fcap. 8vo, 2s. 6.

POORE.—WORKS by GEORGE VIVIAN POORE, M.D., F.R.C.P.
ESSAYS ON RURAL HYGIENE. Crown 8vo, 6s. 64.
THE DWELLING HOUSE. With 36 Illustrations. Crown 8vo, 35. 64.

QUAIN. A DICTIONARY OF MEDICINE; Including General
Pathology, General Therapeutics, Hygiene, and the Diseases of Women
and Children. By Various Writers. Edited by RICHARD QUAIN, Bart.,
M.D.Lond., LL.D.Edin. (Hon.), F.R.S., Physician Extraordinary to H.M. the
Queen, President of the General Medical Council, Member of the Senate of the
University of London, &c. Assisted by FREDERICK THOMAS ROBERTS,
M.D.Lond., B.5c., Fellow of the Royal College of Physicians, Fellow of
University College, Professor of Materia Medica and Therapeutics, University
College, &c. ; and J. MITCHELL BRUCE, M.A.Abdn., M.D. Lond., Fellow
of the Royal College of Physicians of London, Physician and Lecturer on the
Principles and Practice of Medicine, Charing Cross Hospital, &c. New
Edition, Revised throughout and Enlarged. In 2z Vols. medium 8vo, cloth,
red edges, 40s5. nef.

QUAIN. QUAIN'S (JONES) ELEMENTS OF ANATOMY.
New Edition. Edited by EDWARD ALBERT SCHAFER, F.R.S.,
Professor of Physiology in the University of Edinburgh; and GEORGE
DANCER THANE, Professor of Anatomy in University College, London.
In 3 Vals.

*." The several parts of this work form coMPLETE TEXT-BOOKS OF THEIR
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Vor. L, Part I. EMBRYOLOGY. By E. A. SCHAFER, F.R.S5. With
200 Illustrations. Royal 8vo, gr.

Vou. L, ParT II. GENERAL ANATOMY OR HISTOLOGY.
By E. A. SCHAFER, F.R.S. With 291 Illustrations. Royal 8vo, 125. 64.
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STE\'ENSDN WOUNDS IN WAR: the Mechanism of their
Production and their Treatment. By Surgeon-Colonel W, F, STEVENSON
(Army Medical Staff), A.B,, M.B,, M.Ch. Dublin University ; Professor of
Military Surgery, Army Medical School, Netley. With 86 Illustrations,
8vo, 18s.

TAPPEINER. INTRODUCTION TO CHEMICAL METHODS
OF CLINICAL DIAGNOSIS. By Dr. H. TAPPEINER, Pro-
fessor of Pharmacology and Principal of the Pharmacological Institute of the
University of Munich. Translated from the Sixth German Edition, with an
Appendix on Micro-Biological Methods of Diagnosis, by EDMOND J.
McWEENEY, M.A., M.D. (Royal Univ. of Ireland), L.R.C.P.I. &c. With
22 Illustrations. Crown 8vo, 3s5. 6d.

THORNTON. HUMAN PHYSIOLOGY. By JOHN THORNTON,
M.A., Author of ¢ Elementary Physiography,” ‘* Advanced Physiography,”
&c. With 267 Illustrations, some of which are Coloured. Crown 8vo, 65,

TIRARD. DIPHTHERIA AND ANTITOXIN. By NESTOR
TIRARD, M.D. Lond., Fellow of the Royal College of Physicians ; Fellow
of King's College, London ; Professor of Materia Medica and Therapeutics at
King's College ; Physician to King's College Hospital; and Senior Physician
to the Evelina Hospital for Sick Children. 8vo, 75 64.

WAKLEY. THE LIFE AND TIMES OF THOMAS WAKLEY,
Founder and First Editor of the LZasncet, Member of Parliament for Finsbury,
and Coroner for West Middlesex. By S. SQUIRE SPRIGGE, M.B.
Cantab. With 2z Portraits. 8vo, 6.

WALLER.— WORKS by AUGUSTUS D. WALLER, M.D., Lecturer
on Physiology at St. Mary's Hospital Medical School, London; late External Examiner
at the Viclorian University.

AN INTRODUCTION TO HUMAN PHYSIOLOGY. Third
Edition, Revised. With 314 Illustrations. 8vo, 18s.

EXERCISES IN PRACTICAL PHYSIOLOGY.

PART L. —Elementary Physiological Chemistry. By Aucustus D.
WALLER and W. LEGGE SyMES. 8vo, sewed, 1s. net.

Part 11.—/n the Press.
PART 111.—Physioloey of the Nerwous System ; Electro-Physiology.
8vo, 2s. 64. net.

LECTURES ON PHYSIOLOGY.

FIRST SERIES.—On Animal Electricity. 8vo, §s5. net.
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WEICHSELBAUM. THE ELEMENTS OF PATHOLOGICAL

HISTOLOGY, with Special Reference to Practical Methods.
By Dr. ANTON WEICHSELBAUM, Professor of Pathology in the
University of Vienna. Translated by W. R. IJ&W?{'JN, M.D. (Dub.),
Demonsirator of Pathology in the Royal College of Surgeons, Ireland, late
Medical Travelling Prizeman of Dublin University, &e. With 221 Figures,
partly in Colours, a Chromo-lithographic Plate, and 7 Photographic Flates,
Koyal 8vo, 215, net.

WILKS AND MOXON. LECTURES ON PATHOLOGICAL

ANATOMY. By Sir SAMUEL WILKS, Bart., M.D., F.R.S., President
of the Royal College of Physicians, and Physician Extraordinary to H. M. the
Queen, and the late WALTER MOXON, M.D., F.R.C.P., Physician to,
and some-time Lecturer on Pathology at, Guy's Hospital. Third Edition,
thoroughly Revised. By Sir SAMUEL WILKS, Bart.,, M.D., LL.D.,
F.R.5. 8vo, 18s,
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FITZWYGRAM. HORSES AND STABLES. By Major-General
Sir F. FITZWYGRAM, Bart. With 56 pages of Illustrations. 8vo,
25, 6d. net.

SCHREINER. THE ANGORA GOAT, published under the auspices
of the South African Angora Goat Breeders’ Association) ; and A PAPER
ON THE OSTRICH (reprinted from the Zoolggist for March, 1897). By
S. C. CRONWRIGHT SCHREINER. With 26 Illustiations from Fhoto-
graphs, 8vo, 105 64,

STEEL.— WORKS by JOHN HENRY STEEL, F.RC.V.S., F.ZS,
A.V.D., late Professor of Velerinary Science and Principal of Bombay Veterinary Collere.

A TREATISE ON THE DISEASES OF THE DOG; being a
Manual of Canine Pathology. Especially adapted for the use of Veterinary
Practitioners and Students. 38 I[llustrations. 8vo, 10s. 64,

A TREATISE ON THE DISEASES OF THE OX: being a
Manual of Bovine Pathology. Especially adapted for the use of Veterinary
Practitioners and Students. 2 Plates and 117 Woodcuts. 8vo, 155

A TREATISE ON THE DISEASES OF THE SHEEP; being
a Manual of Ovine Pathology for the use of Veterinary Practitioners and
Students, With Coloured Plate, and 99 Woodcuts. 8vo, 125

OUTLINES OF EQUINE ANATOMY ; a Manual for the use of

Veterinary Students in the Dissecting Room. Crown 8vo, 7s5. 64.

“STONEHENGE.” THE DOG IN HEALTH AND DISEASE.
By “STONEHENGE." With 84 Wood Engravings. Square crown 8vo, 7s. 6d.

YOUATT.—WORKS by WILLIAM YOUATT.

THE HORSE. Revised and Enlarged by W. WATSON, M.R.C.V.S.
With 52 Woodcuts. 8vo, 75 64.

THE DOG. Revised and Enlarged. With 33 Woodcuts. 8vo, 6s.
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BEDDARD. THE STRUCTURE AND CLASSIFICATION OF
BIRDS. By FRANK E. BEDDARD, M.A., F.R.S., Prosector and

Vice-Secretary of the Zoological Society of London. With 25z Illustrations.
8vo, 215 net.

BENNETT AND MURRAY. A HANDBOOK OF CRYP-

TOGAMIC BOTANY. By A. W.BENNETT,M.A, B.Sc., F.L.S.,

and GEORGE R. MILNE MURRAY, F.L.5. With 378 Illustrations.
8vo, 16s.

CLERKE. THE SYSTEM OF THE STARS. By AGNES M.

CLERKE, Author of “ A History of Astronomy during the Nineteenth
Century.” With 6 Plates and Numerous Illustrations. 8&vo, 2Is.

CLODD.—woORKS by EDWARD CLODD, Author of *“ The Childhood
af the World," &%,

THE STORY OF CREATION. A Plain Account of Evolution.
With 77 Illustrations. Crown 8vo, 3+. 64,

A PRIMER OF EVOLUTION: being a Popular Abridged Edition of
*“ The Story of Creation.” With Illustrations. Fep. 3vo, 1s. 64.

CROOKES. SELECT METHODS IN CHEMICAL ANALYSIS
(chiefly Inorganic). By Sir W. CROOKES, F.R.5., V.P.C.S., Editor of
“ The Chemical News.” Third Edition, re-written and enlarged. Illus-
trated with 67 Woodcuts. 8vo, 21s. net.

CURTIS. A TEXT-BOOK OF GENERAL BOTANY. By
CARLTON C. CURTIS, A.M., Ph.D., Tutor in Botany in Columbia
University. With 87 Illustrations. Royal 8vo, 12s. net.

DU BOIS. THE MAGNETIC CIRCUIT IN THEORY AND
PRACTICE. By Dr. H. DU BOIS, Privat-docent in the University ,OE
Berlin, Translated from the German by Dr. E. ATKINSON. With
o4 Illustrations. 8vo, 125 net.

EBERT. MAGNETIC FIELDS OF FORCE : An Exposition of
the Phenomena of Magnetism, Electromagnetism, and Induction, based on
the Conception of Lines of Force. By H. EBERT, Professor of Physics
in the University of Kiel. Translated by C. V. BU RTON, D.Sc. Part L
With g3 Illustrations. 8vo, 10s. 6d. net.
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HOFF., THE ARRANGEMENT OF ATOMS IN SPACE. By
J. H. VAN 'T HOFF. Second, Revised, and Enlarged Edition. With a
Preface by JOHANNES WISLICENUS, Professor of Chemistry at the
University of Leipzig ; and an Appendix, ** Stereochemistry among Inorganic
Substances,” by ALFRED WERNLER, Professor of Chemistry at the Uni-

versity of Ziirich, Translated and Edited by ARNOLD EILOART.
Crown 8vo, 6s. 64.

HUDSON AND GOSSE. THE ROTIFERA OR “WHEEL

ANIMALCULES.” ByC. T. HUDSON, LL.D., and P. H. GOSSE,
F.R.5. With 3o Coloured and 4 Uncoloured Plates. In 6 Parts. 4to, price
105. 6d. each; Supplement, 125. 6. Complete in Two Volumes, with
Supplement, 4to, £4 4s.

*+" The Plates in the Supplement contain figures of almost all the Forei
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JOUBERT. ELEMENTARY TREATISE ON ELECTRICITY
AND MAGNETISM. Founded on JouBert's ¢ Traité Eltmentaire
& Electricitd”’ By G. C. FOSTER, F.R.S., Quain Frofessor of Physics in
University College, London; and E. ATKINSON, Ph.D., formerly Pro-
fessor of Experimental Science in the Staff College. With 381 Illustrations.
Crown 8vo, 7s. 6d.

KOLBE. A SHORT TEXT-BOOK OF INORGANIC CHE-
MISTRY. By Dr. HERMANN KOLBE, late Professor of Chemistry
in the University of Leipzig. Translated and Edited by T. 5. HUM-
PIDGE, Ph.D., B.Sc. (Lond.), late Professor of Chemistry and Physics in
the University College of Wales, Aberystwyth. New Edition. Revised by
H. LLoyp-Swarg, Ph.D., D.Sc. (Lond.), Professor of Chemistry in the Uni-
versity College of Wales, Aberystwyth. With a Coloured Table of Spectra
and 66 Woedcuts. Crown 8vo, 8s5. 64.

LARDEN. ELECTRICITY FOR PUBLIC SCHOOLS AND
COLLEGES. With numerous Questions and Examples with Answers,
and 214 Illustrations and Diagrams. By W. LARDEN, M.A. Crown 8vo, 6s.

LINDLEY AND MOORE. THE TREASURY OF BOTANY,
OR POPULAR DICTIONARY OF THE VEGETABLE

KINGDOM : with which is incorporated a Glossary of Botanical Terms.
Edited by J. LINDLEY, M.D., F.R.S5,, and T. MOORE, F.L.5. With
20 Steel Plates, and numerous Woodcuts. 2 Parts, fcp. 8vo, price 125

LOWELL. MARS. By PERCIVAL LOWELL, Fellow American Academy,
Member Royal Asiatic Society, Great Britain and Ireland, &c. With 24
Plates. 8vo, 125 64.

* » The book is written in a style suitable for the general reader, and the
mc;t recent speculations as to the planet being inhabited, the possible canals,

pases, &c., are discussed.
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PROCTOR.—WORKS by RICHARD A, PROCTOR—continued.

THE MOON ; her Motions, As-

pects, Scenery, and Physical
Condition. With Plates, Charts,
Woodcuts, and Lunar TPhoto-

graphs. Crown 8vo, 3s. 64,

LARGER STAR ATLAS for
the Library, in 12 Circular Maps,
with Introduction and 2 Index

Pages. Folio, 155, or Maps
only, 125, 64.
NEW STAR ATLAS for the

Library, the School, and the Ob-

servatory, in 12 Circular Maps
(with 2 Index Plates), Crown
8vo, 5=

OTHER SUNS THAN OURS :
a Series of Essays on Suns—0ld,
Young, and Ilead With other
Science Gleanings, Two Essays
on Whist, and Correspondence
with Sir John Herschel, With
9 Star-Maps and Diagrams.
Crown 8vo, 3s 6d.

HALF-HOURS WITH THE
TELESCOFE : a Popular Guide
to the Use of the Telescope as a
Means of Amusement and Instrue-
tion. With 7 Plates. Feap. 8vo,
25, 6d.

THE SOUTHERN SKIES:
a Plain and Easy Guide to the
Constellations of the Southern
Hemisphere, Showing in 12
Maps the position of the principal
Star-Groups mnight after night
throughout the year. With an
Introduction and a separate Ex-
planation of each Map. True for
every Year. 4to, §5.

MYTHS AND MARVELS OF
ASTRONOMY. Crown 8vo,
34, bd.

HALF-HOURS WITH THE
STARS : a Plain and Easy Guide
to the Knowledge of the Con-
stellations, Showing in 12 Maps
the position of the principal Star-
Groups night after night through-
out the Year. With Introduction
and a separate Explanation of
each Map. True for every Year.
4to, 3s. 6d.

THE STARS IN THEIR SEA-
SONS. An Easy Guide to a
Knowledge of the Star Groups, in
12 Large Maps. Imperial 8vo, 5s.

OUR PLACE AMONG IN-
FINITIES : a Series of Essays
contrasting our Little Abode in
Space and Time with the Infini-
tiesaround Us. Crown 8vo, 3s. 64,

ROUGH WAYS MADE
SMOOTH. Familiar Essays
on Scientific Subjects. Crown
8vo, 35 64.

THE EXPANSE oF HEAVEN.
Essays on the Wonders of the
Firmament. Crown 8vo, 35 64

PLEASANT WAYS IN
SCIENCE. Crown 8vo, 3. 64.

NATURE STUDIES. By
GRANT ALLEN, A. WiLsoN,
T. FosTER, E. CLODD, and R. A.
ProcTor. Crown 8vo, 35 64,

LEISURE READINGS. BykE.
CrLopp, A. WiLsoN, T. FOSTER,
A. C. RunvarDp, and R. A.
ProcTor. Crown 8vo, 3s5. 64.

STRENGTH : How to get Strong
and keep Strong, with Chapters
on Rowing and Swimming, Fat,
Age, and the Waist. With 9 II-
lustrations. Crown 3vo, 2.
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REYNOLDS. EXPERIMENTAL CHEMISTRY for Junior Students.
By J. EMERSON REYNOLDS, M.D., F.R.S5,, Professor of Chemistry, Univ.
of Dublin. Fep. 8vo, with numerous Woodcuts.

PART I.—7ntroductory, 1s. 6d.  ParT 1L —Metals and Allied Bodies, 3. 64,
PART IL.—ANon-Metals, 25. 6d. PART IN.—Chemistry of Carbon Compounds, 4s.

ROMANES.— WORKS bty GEORGE JOHN ROMANES, M.A.,
LEL. RS

DARWIN, AND AFI'ER DARWIN : an Exposition on the Darwinian

Theory, and a Discussion on Post-Darwinian Questions. Part I. THE DAR-
winIAN THEORY. With Portrait of Darwin and 125 Illustrations. Crown 8vo,
10s. 64, Part II. PosT-DARWINIAN QUESsTIONS : Heredity and Utility.
With Portrait of the Author and § Illustrations. Crown 8vo, I10s. 64.
Part III. PosT-DARWINIAN QUESTIONS : ISOLATION AND PHYSIOLOGICAL
SELeEcTION. Crown 8vo, §s.

AN EXAMINATION OF WEISMANNISM. Crown 8vo, 6s.

ESSAYS. Edited by C. LLOYD MORGAN, Principal of University Col-
lege, Bristol. Crown 8vo, 6s.

ConTENTS : Primitive Natural History—The Darwinian Theory of Instinct
—Man and Brute—Mind in Men and Animals—Origin of Human Faculty—
Mental Differences between Men and Women—What is the Object of Life?
— Recreation—Hypnotism—Hydrophobia and the Muzzling Order,

SLINGO AND BROOKER. ELECTRICAL ENGINEERING
FOR ELECTRIC-LIGHT ARTISANS AND STUDENTS.

(Embracing those branches prescribed in the Syllabus issued by the City and
Guilds Technical Institute.) By W. SLINGO and A. BROOKER: With
346 Illustrations. Crown 8vo, 125,

SORAUER, A POPULAR TREATISE ON THE PHYSIOLOGY
OF PLANTS. For the Use of Gardeners, or for Students of Horticulture
and of Agriculture, By Dr. PAUL SORAUER, Director of the Experimental
Station at the Royal Pomological Institute in Proskau (Silesia). Translated

by F. E. WEISS, B.Sc.,, F.L.S., Professor of Botany at the Owens College,
Manchester. With 33 Illustrations. 8vo, gs. net.

THORPE. A DICTIONARY OF APPLIED CHEMISTRY,
By T. E. THORPE, C.B., B.5c. (Vict), Ph.D., F.R.S., Treas. C.5,,
Professor of Chemistry in the Royal College of Science, London. Assisted

by Eminent Contributors. To be published in 3 vols. 8vo. Vols. I. and IIL.
£2 25. each, Vol. III. £3 3s.

TILDEN. A SHORT HISTORY OF THE PROGRESS OF

SCIENTIFIC CHEMISTRY IN OUR OWN TIMES., By
WILLIAM A. TILDEN, D.Sc.Lond., D.Sc.Dub., F.R.S., Fellow of the

University of London, Professor of Chemistry in the Royal College of Science
London, Crown 8vo, §s. net. ’
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TUEEUF. DISEASES OF .PLANTS DUE TO CRYPTO-
GAMIC PARASITES. Translated from the German of DR. CARL
FREIHERR VON TUBEUF, of the University of Munich, by WILLIAM
G. SMITH, B.Sc., Ph.D., Lecturer on Plant Physiology to the University of
Edinburgh. With 330 Illustrations. Royal 8vo, 185 net.

TYNDALL.—WORKS by JOHN TYNDALL, F.R.S., &«.
- FRAGMENTS OF SCIENCE. 2z Vols. Crown 8vo, 16s.
NEW FRAGMENTS. Crown 8vo, 10s. 6d.
HEAT A MODE OF MOTION. Crown 8vo, 12s.
SOUND. With 204 Woodcuts. Crown Svo, 10s. 6.

- RESEARCHES ON DIAMAGNETISM AND MAGNE-CRYS-
- TALLIC ACTION, including the question of Diamagnetic Polarity.

Crown 8vo, 125,
ESSAYS ON THE FLOATING-MATTER OF THE AIR
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