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Summary. — Following investigations on arbovirus veetors in Cen-
tral Ttaly, nine strains of the same virus have been isolated from Haema-
physalis punctata collected in a hilly country in the Latina province,
where goats and other domestic animals graze. A study has been conducted
on bionomies of this vector and related species, which appear to be active in
this area from autumn throughout all winter. These tick species are
successfully reared in laboratory. The isolated viruses are now under study
and it has been stated that they do not belong to the TBE complex.

Riassunto (Studi sui vettori di arbovirus nell'ltalia centrale : ricerche
sulle zecche). — Dal 1964 & stata condotta una ricerca sulle zecche della
Provinecia di Latina, per stabilire ’eventuale presenza di vettori di arbo-
virus. In un lavoro precedente, & stata dimostrata sierologicamente la circo-
lazione di alcuni arbovirus, uno dei quali & trasmesso dalle zecche. In effetti,
ulteriori ricerche hanno permesso di isolare alcuni virus da Haemaphysalis
punctata Canestrini ¢ Fanzago,

I virus isolati, in numero di 9, sono risultati eguali tra loro, ma diversi
dal virus della Encefalite Centro-europea da zecche (TBE).

Delle zecche del genere Haemaphysalis, H. punctata risulta essere la
specie pit abbondante ; mentre H. sulcata e H. otophila sono notevolmente
piit rare. Tutte e tre le specie abitualmente si nutrono su animali domestici
(capre, pecore e bovini) sebbene alcuni esemplari di H. punctata siano stati
anche raccolti su Frinaceus curopaeus. Le zecche digiune sono attive dal

(*) Communication presented at the 13th International Congress of Entomology
Mosecow, Augunst 2-9, 1968.
(**) Guest of the Department of Parasitology.
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Inrilll'ipin dell’autunno ¢ durante tutto Finverno : sono state anche raccolte
su terreno parzialmente coperto di neve e ghiaccio, La loro attivita cessa
durante i mesi pin caldi, ma riprende in Settembre, quando la temperatura
¢ poco inferiore a qlll'“u estivi, L zona di raccolta ¢ collinosa. con
altitudini di 200-900 metri tra i monti Ausonii ed & parzialmente coperta
da pascoli ¢ hoschi. frequentati da animali domestici. specialmente capre.

Haemaphysalis spp. ed altre zecche vengono ora allevate in labora-
torio usando  principalmente il riceio (FKrinaceus europaeus) quale ospite
per tutti gl stadi.

INTRODUCTION

The lack of available information on arbovirus eirenlation in our
country prompted recent trials for the isolation of these viruses from
several arthropods. Preliminary work carried out in Central Ttaly with
human and animal sera demonstrated the eirculation of viruses : at least
one of these viruses is known to be transmitted by ticks (VEra~t er al..
1967 : BaLpucar ef al.. 1967). In fact. further study has enabled us to obtain
several isolates from Haemaphysalis punctata Canestrini & Fanzago collected
in a hilly country in the Latina provinee (South of Rome). among the
Ausonii mountains, where we had previous serological evidence of the
circulation of a virus of the Tick-Borne Encephalitis complex (T.B.E.).
These hills are of voleanic nature : their surface is partly covered with
bushes interspersed with bare or almost bare rocks (Plate 1), It is a rather
poor area, inhabited mainly by shepherds, who practise agriculture by
primitive means, The land is partly covered by low woods of vak, Robinia.
Crataegus. wild pears and various other trees and shrubs. Tt is one of the
few areas in Central Ttaly which still retains a rich wild fauna such as hoar.
porcupine and smaller mammals, as well as local and migratory birds.

The Ttalian species of Ixedidae have been reviewed inoa monograph
(Starkorr, 1958). Nevertheless more information is needed on their distri-
hution, taxonomy and biology : particularly no information was avail-
able for our country on ceology, seasonal activity and relation to diseases ;
rearing expericnce was practically nil,

MATERIALS AND METHODS
Collection of ticks.

Tick collections have been made at weekly imtervals in various parts
of the area. Ticks have been collected on grazing animals or on captured
wild hosts ; some species were also captured in fair number on the ground
and on the vegetation as unfed active forms. with a white blanket.

Awn, Tat. Super. Sanita (1969) 5, 21-28,
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All the specimens were classified alive, using a Petri dish filled with ice,
on whose surface each specimen was placed and ohserved under a bino-

cular microscope.

Rearing of ticks.

The fed specimens and part of the unfed ones were used for rearing
experiments, using hedgehogs, 4-10 day old baby mice, sheep or lizards
as laboratory hosts. The hedgehog (Erinaceus europaeus) was the most sui-
table host found for all stages of Ixodes (ricinus and hexagonus) and of
Haemaphysalis (punctata and otophila). It was also suitable for larvae and
nymphs of larger ticks but not for adults, since the engorged females are
hurt by the spines of the host. It is easily adapted to live in small cages,
even for two years, provided it is given abundant food (70-80 grams of raw
meat, milk and fruits). The hosts were maintained in cages placed in plastic
containers partially filled with water (Fig. 1).

Fig. 1. — Rearing ticks by hedgehog. Fig. 2. — Rearing ticks by suckling mice.

The females of large species were fed on sheep by means of pierced metal
dishes fixed to a flank of the host.

Baby mice, 4-10 day old, were particularly adapted for larvae and
nymphs of H. otophila which engorge in a few hours. For ticks which feed
more slowly (Ixodes or H. punctata) it is necessary to introduce the mother
mouse from time to time into the cage ; but she tends to reduce the number
of ticks infesting her litter. Smaller cages than those used for hedgehogs
were |>n|plll'_\f!?(l {\Fig. .3}

Lizards (Lacerta muralis and L. virtdis) have shown to be suitable
hosts for rearing larvae and nymphs of Ixodes ricinus.

Lnn, {3, Super. Sanila (1969) 5, 21-28.
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Firus isolation and serological tesis,

Maost of the unfed specimens were pooled in groups. ground i Hank -
solution with 0.75 %, bovine albumin (or 10 ", rabbit serum) and inoculated
into one-day-old mice, m order to attempt virus isolation. The techuigques
followed for virus isolation and identification, as well as for serological tests,

are deseribed in a previous paper (Bavpucer et al.. 1967).

RESULTS
Collection of ticks.

During three years of research, ten species of ticks lave been found.
viz : Haemaphysalis punctata, H. otophila. H. sulcata. lxodes ricinus, 1. hexa-
gonus. Rhipicephalus sanguineus. R. bursa. Boophilus calearatus. Derma-
centor marginatus. Hyalomma marginatum,

Of these speeies, Ixodes ricinus, known as one of the main veetors of
viruses of TBE complex, and on which consequently we had first coneen-
trated our interest, was not the most abundant. Tt is active throughout the
year, except during summer : it has two peaks of activity, one in December
and one in April (Fig. 3). Adults and nymphs are mainly parasites of large
mammals and may bite man with a certain frequency : larvae and nymphs
have been often found feeding on small wild mammals (Apodemus. Rattus.
Erinaceus), on birds (Turdus) and on reptiles (Lacerta muralis, Lacerta viridis
and various species of snakes).

Haemaphysalis were scarce during the mitial period of our rescarch,
but since September 1967 specimens were colleeted in great number.  The
three species of this genus are primarily parasites of large domestic animals
(sheep. goats, cattle, horses, donkeys) : only few specimens were collected
on small wild mammals.

H. punctata was by far the most abundant @ several larvae and nymphs
and one female of this species were collected on the hedgehog, A total of
5,849 specimens were collected mainly during September. October and No-
vember. 1967, 1t appeared more rare, or less active, during the other months,
The peak of activity, assessed through the colleetion of the unfed forms.
is i November. After a sudden awakening, there is a gradoual decrease of
activity until May (Fig. 3).

H. otophila seemed to be active mainly in winter. Most collections were
made in January. even when soil was partly covered by snow. It has been
collected on domestic animals, but so far onlv 660 specimens have heen
found.

Ann, sl Swpey. Sepifa (146G0) 6, 2028
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H. sulcata seemed quite rare. We collected only 162 specimens. Of 120
found on hosts (mainly on goats and cattle during winter.,) 114 were males
and 6 were females.

I
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Fig. 3. — Seasonal activity of Haemaphysalis punctata and Ixodes ricinus in Central Italy
expressed as number of nctive unfed specimens collected per man-hour (monthly
averages).

Isolation of viruses.

1.467 I. ricinus ticks were processed and no viruses were isolated from
them.

From a total of 2,170 adults of H. punctata, collected in September,
October and November 1967, and pooled in groups of about 33 specimens
cach, we isolated 9 viruses. From 931 specimens (among which 247 were
H. otophila) collected in the same area during the next five months, no iso-
lates were obtained (Table 1).

All pooled ticks were unfed. having been collected either on the soil
hy the blanket method or on domestic animals (mainly goats), hefore
engorging.

The nine isolated viruses have not yet been identified. nevertheless :

1) They have been recognized by serological tests as nine strains of
the same virus:

2) They do not belong to the TBE complex :

3) Sera of a high percentage of domestic animals grazing in the area
(about 70 2,) have hemagglutination-inhibition antibodies against this
virus :

Lom, Ist. Super. Sunitd (1969) 5, 2]1-28,
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FoA)Woe dosnot as fwet haos | the, frotontxa b pathbgenicity of this virus
for man : however wadow pereentage of homan seva o the arca contams

antibodies avainst the new isolate,

Taprr 1
Arbovirus isolation from « Haemaphysalis punciata
from September 1967 until April 1968
Month Nuhery wil boks Sy S b M
ol sl ol fsenlintas bileetiom  raty

Septembier fhid ;s | h.59Y,

October . . : [0 4 | (U ;TP B 1IN A L
Nowvemilwer Hal 20 | W "
Drevember . I35 | L

January . a2 3 T

Febriary o 1 (* 3 i

Mareh H ) | i

April 12 3 1

Tokak .. = 5 v 5 = : 3000 ) "y 4 .29,

(*y OF which 217 H. otophila

Rearing of ticks.
g 0

The technique of rearing has received special attention in view of ros-
sible laboratory trials for experimental tronsmission of virnses. We have
now established laboratory strains of most of the species found,

Colonies of H. punctata, H. otoptale, 1. ricinus, . hexagonus. R, sangui-
neus. K. bursa. Dermacentor marginatus have heen established using hed-
gehogs. sheep. baby mice or hzards as laboratory hosts. Data on the deve-
1n|nm-l|t of tieks under experimental conditions were collected, especially
for 1. ricinus. . punctata and H. otophila.

The duration of feeding varied n‘m;lrkahll\ in cach species and it was
also affected both by the hiological stage of the parasite and by the species
of the host. As a rule. a blood meal was taken up in shorter time by the
carly stages as compared with the adult ticks.  The shortest feeding time
oceurred in larvae of H. otophila. which may engorge on baby mouse only
in two hours, the longest in Lo oricinus nymphs. whose blood meal on lizard
may last a maximum of 31 l]il_\!‘i.

Moulting of engorged ticks took place after o maximum of 310 (1. ricinus).
300 (H. punctata), 22 (H. otophila) davs respectively. with a very wide range
in the first two species,

Paroen duty Sugrer, Sodfa Ly 5, 21-2%
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Resting periods after moulting did not exceed a few days in all cases.

Fasting larvae of I. ricinus were more resistant (one year at a tempe-
rature of 49-10°C) than nymphs and adult ticks of the same species.
H. punctata and H. otophila resulted comparatively less resistant.

TasLe 2.

Development of ticks under experimental conditions (220C, 95% r. h.) and on va-
rious hosts: days for egg haiching, time of feeding and moulting, minimum re-
sting period and maximum length of life of unfed ticks at low temperature.

I’ | Eri | Feoding time l Moulting ‘ Minimum ‘.\Lnximnm

o | Sobng | lngut
| i ’, g LAl i
‘ hatehing in days | i days | IﬁLdayu | in days
| QQ 7-15 (hh) _ 7 166
. | n. 58 (hh) 50-310 11 310
' - 11-31 (L)
‘ I, ricinus . . . . . | 38-74 48 (bm)
. 48 (hh) 15-90 9 365
| 8-22 (L) [
! 2.9 (bm) |
| QQ 6-30 (sh; hh) — 5 240
‘ H. punctata . . . . | 2480 | n. 4T (hh) | 7-300 | 5 250
I. 35 (hh) 14-210 2 -
|
‘ QQ 4-14 (sh: hh) — 3 180
n.  3-24 hours 17-22 3 75
i ) (bm; hh)
B ophtle. o . oo pa S0 I 2-22 hours | 15-20 2 =
‘ (bm)
3-24 hours
| | (hh) 1
n. = nymphs | = larvae.

(In parenthesis, hosts : hh — hedgehog, I — lizard, bm = baby mouse, sh = sheep).

On the basis of the data collected (Table 2), the duration of one gene-
ration, under experimental conditions, may range, in theory, from 143 to
1.383 days in I. ricinus, from 70 to 1,122 days in H. punctata and from 70
to 349 davs in H. otephila.

CONCLUSIONS

The isolation of an arbovirus from a tick has never been reported in
[taly. Nevertheless, among the ticks known as members of the ltalian fauna
is Ixodes ricinus., which is considered one of the most important vectors

dan. dat. Super. Sowild (1984) 5, 21-24,
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ol viruses of the TBE comples o Eorope (Paviovsey. 1940 Morirscn.
1905 ¢ Hoocsrraar, 1906 Kozven et al.. 1967) 0 Haemaphysalis ticks =0
far are considered at most as secondary veetors of the same vieuses, Our
data show the cirenlation in Traly of o virns which s transmitted by Haema-
phyvsalis punctata and which most probably was never found in Europe.
Thus far. the data on tick biology, distribution and  activity as well
as the mmprovement of reanng methods may help further knowledge of
virns ceology. In fact more information is needed on o the eireulation of
the virus in nature and on the presence of veetors other than Haema-
physalis punctata and on varions possible reservoir hosts. Furthermore
the pathogenicity of this viros for homans and domestie amimals has sl
to be investigated,

Addendum. After the preparation of the manuseript. Dr. ). Casals
(Yale Arbovirus Research Unit. W H.O, Reference Centere New  Haven.
Conueetieut. US A to whom the prototype virus strain was sent for
identification, informed vs that this viens is indistinguishable from Bhanja
virus, which was isolated in ITndia and Nigeria from Ixodid tieks. and abou

whiose propertics no !IIIII“.‘-IH‘II data are available at present.

November 12, 1964
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Plate. 1. \usonii mountains. Landscapes of the area where virus-carrying H. punctata

ticks were found.

Anmn, [al. Super, Sanitd (1069) 5, 21-28,



Sterile male method integrated by insecticides for the control
of Musca domestica L. in the island of Vulcano, Italy (")

P. Luici MAGAUDDA (**), Giuserpe SACCA and Dreco GUARNIERA (**)

Department of Parasitology

Summary. — A trial for the control of Musca domestica L. by the
release of chemosterilized males, integrated by insecticide application, is
in progress in the island of Vulcano, South Tirrenian sea. The experiment
has shown that, after a drastic reduction of the fly population from 500,000
to 10,000, obtained by insecticides, the weekly release of 20,000 to 50,000
sterile males has apparently produced the eradication of the flies from the
island. After the re-introduction of a new fly population, it has been
observed that, although the competition from sterile males in the field does
not always act according to the expectation, nevertheless the reproductive
rhythm has been slowed down remarkably.

Riassunto (Il metodo dei maschi sterili, integrato con insetticidi,
per il controllo di Musca domestica L. nell’isola di Vuleano). — Un espe-
rimento di campo per la lotta chimica ¢ biologica contro M. domestica &
in corso nell'isola di Vuleano. [l programma consiste nella riduzione della
popolazione naturale mediante 'impiego di un insetticida, seguita dalla
immissione in natura di maschi sterili, resistenti allo stesso insetticida,

Come risultato di una fase preliminare, sono state raceolte le seguenti
informazioni : _

1) 'uso appropriato di un insetticida (striscia al Vapona, contenente
DDVP come « fumigante residuo ») ha dato una riduzione drastica della
popolazione estiva, da 500.000 esemplart a circa 10.000 ¢ la completa eradi-
cazione della popolazione invernale. stimata in 20.000 esemplari :

(*) Communication presented at the 13th International Congress of Entomology,
Moscow. August 2.9, 1968,

(**) Istitnto di Parassitologia Medica dell’ Universita di Messina.

Lo, Fsb. Supere, Sanida (19609) 5, 20-38,
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2) maschi sterilizzati con sciroppo zuccherine contenente lo 0,05 ©
i Tepa sono stati liberati i natura i numero approssimatiyamente eguale
a ||uv“u della lmpnhmiunr- naturale, Essi hanno dimostrato di poter competere
i maniera soddisfacente con 1 maseht normali. cansando la sterilita di un
numera di femmime  proporzionato,

Nell'ottobre 1967, dopo Pinterruzione completa della lotta ehimica.
maschi sterili furono liberati in numero ereseente. Esst causarono la sterilita
di cirea 1'85 0 delle femmine ¢ in seguito sostituirono gradualmente Ta popo-
lazione naturale.

Furono lanciati eirea 100,000 maschi al mese da dicembre 1967
aprile 1968 ¢ cirea 200,000 da maggio m poi.

119 aprile furono raecolte aleune femmime in una localita vieinng al
porta : esse erano probabilmente la prole di femmine normali re-introdotte.
Costituivane il 4.6 %, di tutte le mosche raccolte sul posto. tuttavia. un
terzo i tali femmine deposero ova fertili.

In luglio. nelle tre localita dell’isola. le femmine era rispettivamente il
280, I'8°, ¢ I'l 9, della popolazione.

Si & osservato che quando le femmine in natura erano poche, la per-
centuale di qlu'”:- sterili era eecessiva rispetto all’attesa. Questo fatto impre-
visto pud essere dovuto alla concentrazione in piccole zone circoseritte
(focolai di riproduzione) delle mosche appena schiuse. e quali probabil-
mente comineiano a disperdersi quando gia qualche accoppiamento ha avuto
luogo @ pertanto Pazione competitiva det maschi sterili. uniformemente
distribuiti. incomineia con un certo ritardo.

Tuttavia si & osservato che anche in luglio la popolazione naturale.
¢ ancora sensibilmente lontana dal massimo estivo. (78 quindi da pensare
che vi siano una somma di fattori che agiscano in concomitanza con il dimi-
nuite grado di fertilita, che nel loro imsieme impediscano 1l normale ritmo
riproduattivo.

INTRODUCTION

The aim of our work has been that of establishing the extent to which
an artificial population of male flics. chemosterilised by TEPA. maintained
in nature by repeated releases, is able to compete with the males of a natural
population and therefore prevent normal reproductive rhythm in the field.

Previous to present work, chemosterilants for the control of house-
fliecs were used as field baits of various kinds by LaBrecoue. Ssmrrn &
Metrert (1962) : LaBrecoue. MEwreErt & Fye (1963) : Gouvck. MEirERT
& Ganan (1903): SaccA & SteLLA (1964): SaccA et al.. (1960): LaBrEGOUE
& Merert (1966) : Mewvert ef al. (1967) : Durorr. Compiesco & ENesco
(1968).

Ani, Ist, Super, Seanita (196491 5, 29-48.
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So far no work based on the release of sterile male houseflios was reported
in the Iiterature, except by Rivosecann (1962) who earried ot a field trial
i asmall arca. releasing for a 2 months” period males sterilized by N rays.

Our work is the first field trial based on the release of chemosterilized
male hovseflies and the first one providing the integration of this method
with the chemical control. We should remind that the coneept of sterile
methoed integrated by traditional methods was repeatedly  suggested by
Kxterine (1955 0 1964), who pointed out as well the opportunity of releasing
males resistant to the chemical used in the field.

For our purpose we have choosen the island of Vuleano. i the Lipari =
archipelago. in the southern Tirrenian sea. a few miles from Sieily,

The elimate in those islands s mild and flies are slightly active esven
in winter, Valeano itsell has a surface of 105 sq. km. and 400 inhabitants.
distributed in three localities : Gelso, Piano and Porto. being the first 1wo
ones rural areas and the thivd one a touristic village. reaching 1.000 persons
in summer (Fig. 1).

The H}'-]mplt]u!inn in Vuleano ranges hetween some 200000 in winter
and 500,000 in late amtumn, when the peack 15 reached in the absenece of
any eontrol.

The main island of the archipelago i« Lipari (Fig. 1), near Valeano :
it has 7 villages reaching a total of 10,000 inhabitants.  In the village of
Pianoconte we have established our untreated control station. where the
fly population ranges from about 20,000 1o 300,000, In the main inhabited
center. near the port of Lipari. we have installed the entomological labo-
ratory for the production of the biological material,

Our program was necessarily an experiment of integrated (chemical and
biological) control. hecause it was necessary first to reduee the field fly
population by inseeticides before starting the periodie release of sterile males.
Actually only in this way could we introduce flics into the field in numbers
which were i the same time overwhelming for the field flies and not exees-
sive from the point of view of people and hvgiene,

METHODS

Tris (l-aziridinyl)-phosphine oxide (TEPA) has been choosen since it
i= one of the most effective chemosterilants and it does’nt significantly affeet
the mating competitiveness of the treated males (LaBrecouve, 1961 @ Sacea.
STELLA & Macroxe. 1904 a: b). Flies of both sexes, 0-24 hour old. were
fed during 24-36 hours on a 0.05 %, solution of this chemical in sugar syrup.
At the end of this period. females were discarded and males only were used

for field releases.

Yon. fel, Super. Sowili (LHOD B, 2043
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We have considered it advantageous to use for the production of our
sterile males a strain selected with the insecticide used in the field, DDVP,
in the form of Vapona strips, introduced into the dwellings at the rate of
L strip for 30-50 cubic metres. Insecticide treatement was discontinued
when, during winter 1966-67, flies resulted eradicated from the island (Sacca,
Macauppa & GUARNIERA, 1967); when flies were re-introduced, reaching
about 20,000 at the end of July, a slight chemical control was applied
(Vapona strips, only in the kitchens) in order to maintain their number
under a moderate level.

Weekly releases of sterile males were performed since the end of July
and, in the beginning, their number was approximately equal to that of the
fly population in the field.

In Oectober, the insecticide treatment was withdrawn and at the same
time the releases were increased and the following month 8 releases of about
18,000 males, properly distributed in the three localities of the island, have
been performed. Later on, releases were continued according to the program
(see Table 1).

Estimates were periodically carried out in order to ussess the consi-
stence of the field population, by the «mark-release-recapture » method,
according to Forp (1964). The sex ratio and the fertility rate were checked
in the field at weekly intervals.

TaBLE 1.

Summary of sterile male releases in Vulcano, percent of field collected females in
Vulcano and in Lipari (control) and percent of fertile females in Vulcano from
November 1967 until June 1968.

| | ‘Total | Frequency i?_u“’;t_ “Ed @@ gg_l _ p""_';"‘ -
] e | v [t RS |
- | | .
| ' | | ! :
! November . . . | 142,000 |twice week]y[ 5.5(3,854) | 47.5 (307) 14.6 (41)
i December . . . i 93,000 J weekly 1.5(1,382) | 48.4 (833) | 25 (12)
| January. . . .| 75,000 " | 0(443) | 29.6 (135) | =
February . . . 80,000 " L 0(1,283) | 56.9 (422) |
March . . . . 100,000 | ' | 0(3,256) | 64.4 (292) | =
| April . . . . . 90,000 | R | 1.7(2,305) | 44.9 (345) | 35 (23)
May . . . .. 191,000 twice weekly| 5.2(7,751) | 55.3 (438) | 38  (149)
| June . . . . .| 216,000 | » [ 9.3(5,655) | 51.6 (391) | 44.5 (362)

 —— .
(in parenthesis, total flies (in parenthesis, |
collected) egg  batches
i 4 examined).

L. dst, Super. Sanita (1969) 5, 29-48.
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During the prelimimary phase of the work we realized how amportant
= the careful distribution of the flies released into the field @ they actually
tend 1o concentrate i the few dwellings elose to cach release point, There-
fore, 15 release points were chosen all over the island @ furthermore, in order
to compell the Hies to disperse over a large area, speeial eare has been taken

in establishing the release pomts themselves not oo close o the dwellings

RESULTS

Iu summer 1967 we could aseertam that o the held the nomber of
females laving sterile cggs was approximately proportional to that ol ste-
rile males peleased. This seemed to confirm the competitive activity of those
males. In that phase their number was more or less equal 1o that of the
tield population (Sacci. Macavppa & Guagniera, 1967), When, in October
1967 the chemical control was discontinued. our fly population consisted of
about 40,000 mdividuals, out of which 12000 were estimated o be field
produced flies and 28.000 laboratory produced sterile males.

The results during November were encouraging, sinee durmg three
weeks all the females collected were unfertilized, Morcover, the females
our field collections represented only a small percent of the whole, showing
a wild population of a few hundreed individuals. Nevertheless, a fow fertile
imndividuals were found between the end of November and the bheginning
of December (Table 2).

Tapsre &
Fertile females collected during 27 Oct, - § Dec. 1967, preceding complete lack of field
collections (in parenthesis, total number of females laying eggs).

Loovnlity

It Tuotal
Iortis | [T I Gielso

27 October | I (9) 2 (0) 3 () Y (43)
[ lrest November | ) I (8 il i e
ard November | : 1 (2) vl 2.(3 KN
1 November | 0 (5 | {50 [T I (13)
15 November : ; W (2) {5 Wil) 0 (R
17 November | i i i [0 (1) W) | (7
23 November (2} 0 (4) I it I 1 (12)
30 Novewber . : 2 (6) I (4) RS F(le)
2 December . : [INEN I (5] 1 (6}
6 December . ] = ol i3 Wil 1 (4} 2 (8)
4 December . . . . . ) 0 (1) [ 0 I}

| Total . . i g 5 g A e e B (33) (42 12 (46) 26 (121)

T, dsl, Sapre. Sapitie (1969) &, 20938
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Sinee the 8th of December. no further females were collected in the field,
showing the apparent eradication of field population. Previous to this event,
our last field estimate gave less than 10,000 flies in the field, out of which
only 1.5 9, were females,

During the following three months. releases were continued; the field
collections (over 6,000 males) did not yield a single female, while in the
control village flies were quite abundant and the sex ratio was 1 : 1 according
to the expectation (Table 1).

In 19th April a few females were found in one locality, Porto, being
probably the offspring of re-introduced normal females. They amounted
1.6 9, of the total flies collected at the spot, the remainder 95.4 9, being
estimated as 90.8 9, sterile males and 4.6 %, normal males. Moreover, they
were less than 2 94 of the flies collected in the whole island. Nevertheless,
about 33 9, of these females laid fertile eggs (Table 1).

The following month. females slightly increased and some appeared
in the second locality, Piano (Table 1). From that time, the percent of
females in the population has gradually increased both in Porte and in Piano,
and their fertility is over 40 9. Oceasional females are collected in Gelso,
and about 209, of them are fertile.

In July. the frequency of the females in Porto, Piano and Gelso and the
percent of fertile females in the three localities appears contradietory, the
first datum being not in accordance with the second one (Table 3).

TasLE 3,

July 1968: sterile males released, percent of females in field population, percent of
fertile fermales, total population estimates and fly density (flies per fly-paper in
24 hours) in the three localities of the island of Vulcano.

o " | ) : | |
females in fertile Total population Fly density|
Neld (in females (ing

Linenlity Telensml parenthesis parenthesis| eatimates i
total flies | number (hefore peleases) fly -pupers) |
ahserved) | observed)

Porto . . . . . . 90,000 | 27.9 | 36| 8,000 (12-VII) 3 |
(Lo oon - 930 (1339) IR 13,000 (24-VII) | |

Piano . s ao,000 8.2 | 3 | 1000 (12-VIT) [ 6.4
ClOL000 - 9) (B54) | (31 12,000 (24-VIY

Gelso . . . . . . 6,000 | | | 28 1,300 (12-VIL) | 19,2 |
(h000 <9yl (ou2) o7y 1 2,300 (24-VI)

Control (Pianoconte, 174,000 (15-VII) |

Lipari) Ao, 000 (30-VI11) 3.
Fotal Valeano . 2lh, 000 TEh I 53,0

(1095) (179)

Inm, Tal, Super, Sandla (196G9) 5§, 2048,
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As a matter of fact. when the percent of normal flies increases and
becomes about the same of that of the sterile males released. the pereent
of sterile females in the population is according to the expectation. In fact.
we have now in Porto almost 30 Uy females. which means a proportion of
about 1 female: 1 normal & ;| sterile &, It is found that only 569, of
females are fertile. This is confirmation of previous field data (Sacca.
MAcAUDDA & GUARNIERA, 1967). But in all cases, when females (and there.
fore normal males) are very few, an unexpectedly high proportion of the
females are fertile and lay viable eggs, 1

A few more words regarding iy number in the field. This datum also
looked to be far removed from the expeetation. According to our estimates,
i July 1968 the fly population present in the whole island had risen. from
a few hundreds in the beginning of May. to about 4.000 (12th July) or 9,000
(24th July) (*). This is still very far from the summer peack (in the control
locality. 174.000).

CONCLUSIONS

The data colleeted seem diflicult 1o be explained. From one side. there
is a sex ratio which scems to be enough to ensure a prevalence of sterile
males. on the other side the rate of sterility in the females definitely appears
to be insufficient to ensure a control of reproduction,

We could perhaps suggest a hypothesis to explain this phenomenon :
although it is true that usually the males chemosterilized are able to compete
effectively with the normal ones, nevertheless in the field :

1) the chemosterilised specimens are seattered uniformely all over
the island, while only few occasional spots represent the breeding places :

2) in thoge, normal flies emerge in a comparatively high concentration
and perhaps they do'nt disperse rapidly after emergence

3) therefore. when they start dispersing, the sexual maturity has
already begun and some mating may have oceurred among normal flies ;

4) for that reason. the competition from sterile males. which takes
place fully only at that time, cannot be completely effective,

Whe suspected that perhaps several flies laying fertile eggs and there-
fore classified as « fertile females o were only partly fertile. due perhaps 1o

double insemination or to insen

wtion by insufliciently chemosterilised
males or recovering chemosterilised males (SAccA, SteELLa & MacRroNE.
1964) : but only few egg batches (less than 10 “0) give low percent hatching.
the remainder being either normally fertile or completely  sterile,

(*) Respectively 13.000 and 27.000 including sterile males (see Table 3).

i dsto Super, Sanifa (1964) 6, 29-38
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On the other hand. we know that our chemosterilised males 1) are
fully sterile at the moment of the release (they are actually checked each
time) : 2) do not live enough to recover a certain degree of fertility : as a
matter of fact, it has been ascertained that the field survival of our released
flies is very low : 50 9, are lost after 2-3 days and 95 9, after one week. Some
occasionnally may survive after three weeks. The short duration of their
life is due to several factors @ age at the releasing day, chemical treatment
with TEPA, etherisation for sexing, transportation in small cages ete,

In any case it has to be pointed out that, in spite of the above consi-
derations, the natural increase of population was low and flies were still very
few at the end of July 1968. One could’nt believe that, when the repro-
duetive power of the housefly is reduced as slightly as we found, this might
interfere with the normal growth of a population. But most probably there
are other factors, acting in the field and the sum of which has some effect,
One of them is certainly the delayed date on the annual population build up.

No doubt, much work has still to be carried out before reaching a con-
clusion in this matter.

Navember 12, 1908,
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Caratteristiche dell’effetto letale delle radiazioni X e 7
sugli spermatogoni B di topo

MamiLena BIANCHI (*) e Marcerro QUINTILIANI
Laboratori di Chimica Biologica

Riassunto. — E stata determinata la sopravvivenza degli sperma-
togoni B nei testicoli di topi irradiati con raggi X da 220 KV e raggi v del
Co®. La curva di sopravvivenza, calcolata in base ai dati relativi alla
irradiazione con i raggi X all’intensita di 2,9 rad/min, & una sigmoide carat-
terizzata da un numero di estrapolazione di 1.3 e da una D, di 20.2 rad.
La sopravvivenza di spermatogoni B dopo irradiazione v all’intensita di
4,7 rad/min, 0,3 rad/min e 0,1 rad/min & risultata sovrapponibile, entro i limiti
dell’errore sperimentale, a quella ottenuta con uguali dosi di raggi X.

Summary (Characteristics of the lethal effect of X and v radiation on mouse
type B spermatogonia). — The survival of type B spermatogonia in testes
of mice irradiated with 220 KV X-Rays and with Co®™ +-Rays, has been
caleulated.

The shape of the calculated survival curve for X irradiation at the dose-
rate of 2,9 rad/min is sigmoid with a D, of 20.2 rad and an extrapolation
number of 1,3.

The survival of type B spermatogonia after v irradiation at 4,7 rad/min,
0.3 rad/min, and 0,1 rad/min was found to be superimposable, within the
limits of experimental error, to that ohserved after equal doses of X rays.

La clevata radiosensibilita delle cellule germinali maschili dei mammi-
fert allo stato di spermatogoni & nota fin dai primordi della ricerca radio-
hiologica (ReEcaup & Braxe, 1906 ; Scuinz & Srotorornsky, 1925). Dosi
assai modeste di radiazioni ionizzanti provoecano la morte degli sperma-
togoni nei testicoli degli animali irradiati : morte che si verifica nella tarda
interfase o nella profase. prima che le cellule vadano incontro alla succes-
siva divisione (OAKBERG, 1955a).

(*) Ospite dei Laboratori di Chimica Biologica.

Vien. £sl. Supwr. Samifa 1LUGH) 5, S0.47
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Nel topo. secondo @ dat riportati da Oaksere nel 1957, la DL 50 degli
spermatogoni i tipo A & di 225 R di raggi ¢ ¢ quella degh spermatogoni
di tipo B & di 21.4 R. Soltanto ghi ocoeiti primari. la eui DL 50 & di 8-9 1L
hanno una radiosensibilita pine elevata (Oakperc. 1962).

L'effetto letale sulle cellule germinali appare unicamente dipendente
dalla quantita di energia radiante assorbita dalle gonadi. Non & influenzato,
infatti. dall’irradiazione delle altre parti del corpo dell’animale oltre i testi-
eoli, ne dagli vstress» derivanti dalle manualita sperimentali (OakBERc
& Cramrk. 1961).

Oltre alle caratteristiche ora ricordate, il test della sopravvivenza degli
spermatogoni presenta anche quelle di permettere Fimpiego di piceoli gruppi
sperimentali ¢ di essere indipendente. entro limiti assai ampi, dalla intensitg
con la quale la dose di radiazioni & stata somministrata (Oakpenc & Cranrk.
1961). Liimpiego di piceoli gruppi sperimentali deriva non solo dalla elevata
riproducibilita della risposta del sistema alle radiazioni. ma anche dal {atto
che ciaseuna coppia di testicoli offre una larga serie di campioni da anahizzare,

Tutte queste caratteristiche fanno si ehe la sopravvivenza degli sperma-
togoni appaia come un test assai adatto per lo studio comparativo della
efficacia biologica di differenti tipi di radiazioni. i particolare di radiazioni
secondarie che, di norma. sono prodotte in fasei aventi sezione relativa-
mente piceola e flusso alquanto limitato.

Le ricerche che sono qui riportate rappresentano appunte la premessa
ad uno studio della efficacia biologica relativa di radiazioni secondarie dispo-
nibili in fasci di bassa intensita quali neutroni di alta energia ¢ mesoni. Tali
ricerche comprendono uno studio comparative della risposta letale degh
spermatogoni B di topo all’irradiazione con raggr Noe < ¢ della influenza
delle variazioni della intensita di dose di questi ultimi di un fattore di circa
50 volte, Queste osservazioni presentano un interesse binlogico indipendente
dal loro ulteriore sviluppo. per cui si ¢ ritenuto utile di farne oggetto di una
comunicazione a parte,

Tra I'altro converria ricordare che Uindipendenza dal fattore intensita
di dose era stata fino ad ora deseritta solo per gli spermatogoni i tipo A
(OakBeEre & Crank, 1961).

MATERIALE E TECNICA SPERIMENTALE
Materiale biologico. — Sono stati usati topr adulti di sesso maschile,
del ceppo «inbred » C3H/RL/Cas.. in eta compresa tra le 9 ¢ le 12 setti-
mane, con un peso corporeo oscillante tra i 21 e 1 24 g,
Irradiazione con raggi X e . — Gli animali sono stati sottoposti ad
irradiazione totale del corpo entro tubi di centrifuga in plastica, delle dimen-
sioni di 72 < 28 mm ¢ dello spessore di 1.5 mm. opportunamente forati.

Jnn. et Super. Sandla (19689) 5, 39-45
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Ciascun gruppo sperimentale comprendeva tre animali che erano irradiati
simultaneamente, disposti su un apposito supporto di legno,

Quale sorgente di raggi X & stato usato un appareechio « Stabilipan 250 »
operante a 220 KV, 8mA, con filtrazione di | mm Cu ; SSE.V. = 1.7 mm Cu.
Le irradiazioni con raggi X sono state eseguite alla distanza di 170 em
all'intensita di 2,9 rad/min ed alla distanza di 135 em alla intensita i
4,7 rad/min.

Per i raggi ¢ & stata usata una sorgente di telegamma terapia con Co"
(Picker). Le irradiazioni con raggi v sono state eseguite alla distanza di
133 em, all’intensita di 4.7 rad/min ; alla distanza di 196 em con interposi-
zione di uno spessore di 2.5 em i piombo. alla intensita di 0.3 rad/min ;
e alla stessa distanza con interposizione di uno spessore di 5 em di piombo,
alla intensita di 0,1 rad/min. Gli spessori di piomho erano posti immediata-
mente all’useita del collimatore ¢ ciodé a 60 em dalla sorgente.

Le dosimetrie sono state eseguite con un dosimetro « Victoreen . F
stata usata una camera di jonizzazione da 25 R che era posta negli stessi
tubi di plastica ove erano ospitati gh animali. Per le misure dei raggi v,
la parte sensibile della camera era ricoperta di perspex dello spessore di
6 mm per raggiungere le condizioni ottimali di equilibrio elettronico.

Le dosi sono state convertite in rad assumendo che 1R — 093 rad.

Dopo lirradiazione gli animali erano mantenuti nelle consuete condi-
zioni di stabulazione ed uceisi per la dislocazione della colonna cervicale
a 40 ore dall’inizio della irradiazione stessa. [ testicoli erano fissati per 30 ore
in liquido di Orth. inclusi in paraffina ¢ sezionati alla spessore di 5 1. avendo
cura i racecogliere sezioni distanziate tra loro non meno di 20-25 o, Le
sezioni erano poi colorate eon acido periodico-fuesina-acido solforoso (Hocrn-
Kiss, 1948) e con ematossilina acida di Ehrlich. L’analisi istologica consi-
steva nella identificazione dei tubuli seminiferi in stadio VII, in base allo
aspetto dell’acrosoma (Lesronp & CreErmont, 1952a; b: CrLeErmont &
LesLonp, 1953 ; OakBeRG, 1956a; b). e nel conteggio degli spermatociti
primari e delle cellule di Sertoli contenuti nella sezione del tubulo in esame.
Erano presi in considerazione solo i tubuli ragliati trasversalmente,

La sopravvivenza degli spermatogoni di tipo B & stata valutata a 46 ore
dalllirradiazione, tenendo conto delle osservazioni  di OakBERG (19550)
relative al tempo necessario perche le cellule muoiano in seguito all'icradia-
zione e perché ne vengano rimossi i residui necrotict. Le nostre prepa-
razioni infatti non contenevano praticamente cellule neerotiche, Natural-
mente occorreva tenere conta, dell’andamento del processo i maturazione
¢ i differenziamento cellulare durante Pintervallo di tempo sopra men-
zionato (OAKBERG. 1956b). per cui le cellule che erano state irradiate come
spermatogoni B, allo stadio IV, erano poi ricercate come spermatogoni
primari in preleptotene allo stadio VIL I1 conteggio delle cellule di Sertoli

Vitine Asl, Swper. Sanitd (196G 5, 49-17
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¢ stato eflettuato allo scopo di controllare che la teeniea istologica era stata
eseguita correttamente ¢ che non erano intervenuti fatt atrofici tali da
alterare sensibilmente il calibro medio der tubuly semmiferi, Tal eellule
infatti sono quanto mai radioresistenti ed il loro numero per sezione i
tubulo & costante (OaknErc, 1959),

Gli animali di controllo sono stati sottoposti alle stesse manualita medie
degli altri animali irradiati, compreso un periodo di permanenza nei tubi
da centrifuga di 6 ore. Si & osservato che il numero degli spermatociti primari
non subiva variazioni rispetto ad altri animali lasciati del tutto indistur-
bati, pertanto tutti i dati relativi agh animali di controllo sono stati combi-
nati tra loro,

RISULTATI

I risultati ottenuti sono riportati nelle Tab, 1 ¢ 2.

I risultati della esperienza eseguita con i raggi N all'intensita i
2.9 rad/min sono stati utilizzati per caleolare una curva di sopravvivenza
degli spermatogoni di tipo B. E stato caleolato pertanto. con il metodo
dei minimi quadrati. il cocfliciente di correlazione lineare tra la dose di raggi X

TankLra |,

Sopravvivenza degli spermatogoni di tipo B dopo irradiazione con raggi X

| 2.0 rad/min 4,7 rod/min
] Dose in rivd Tubuli | &P tubute | S ftabate | Tubuli | S.p.Pgtabule | S0 t00ut0
[esnminati| medin - “.H.‘]HI'I”H + 1.8, I'asmullml-! medin £ LS medin - DLs,
| ' .
0 | 243 33,3 & 4.3 9.5 1.9 | 243 30,5+ 4.2 | 9,0 I.4
| | 169 | 30,7 4 1.:.. 9,3+1,9 152 | 27.3 3.2 9 9.8
|
| 9,3 ‘ 186 27,9 4+ 3,5 | 9,4 £1,8 | 192 23,3 23,8 | 924 1,7
14,0 204 |205:4,0 9,25 1,7 | 182 119,339 8,941,3

| 18,6 1 216 | 13,0 4,8 | 9,1 & 1,7 | 204 | 14,94-3,8] 9,1 17

27.9 199 11,T+35,31 9,3 1.9
! 37,2 | | ! | 208 | 7,333 8,91 1,0 |
| s | 213 | #7230 9,1 220
6.0 | 251 | 1614 94508 '
I ‘ 223 | 0,72 0.9 | 9.3 51,7 ]
| 123 | 209 l 0,340,7| 9,4 £1,7 ! | | |
S.P.P. = Spermatociti primari in preleptotene,
CS. -~ Cellule di Sertoli.
D.S. = Deviazione standard.

Ann. Isl, Super. Sanita (1969) 5, 30-47,
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e il logaritmo della percentuale di sopravvivenza, utilizzando per il caleolo
i valori che riportati su carta semilogaritmica dimostravano di soddisfare
un andamento rettilineo : nella fattispecie. quindi, + valori da 28 a 102 rad
(Kimparn, 1953). Quale numero di estrapolazione ¢ stato assunto il valore
dell intersezione della retta caleolata con asse delle ordinate.

La curva ottenuta & riportata nella Fig. 1 insieme con i valori medi
delle percentuali di sopravvivenza osservate sperimentalmente ed i relativi
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Fig. 1. — Curva di sopravvivenza degli spermatogoni di tipo B irradiati con raggi X alla

intensiti di 2.7 rad/'min.

limiti di fiducia al 95 2. Dalla figura risulta che la curva calcolata rappresenta
in modo soddisfacente 'andamento dei valori sperimentali. Detta curva
corrisponde alla equazione :

8= 1 (| g — G2 ll)l..’l

Da tale equazione si ricava un numero di estrapolazione uguale a '3 ed
una Do di 20.2 rad,

Anun, I8, Super. Sanita (1960) 5, 39-47.
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Nella Fig. 2 & stata riportata la parte della curva di sopravvivenza
compresa tra 0 e 40 rad insieme con i punti relativi alle percentuali di soprav-
vivenza osservate in tutte le esperienze qui riportate. Come si pud rilevare

1+
: )

a pa

&2

w

1
bl/

Frazione sopravvivente

480 x

Rx 29 rad/min
Rx 4,7 rad/min
R]’ 4,7 rad/min
Ry 03 rad/min
R;- 0,1 rad/min

4 b x o

011 T T T T T
8 16 24 32 40 rad

Fig. 2. — So vavivenz_a degli spermatogoni di tipo B irradiati con raggi X e raggi v
Co% a diverse intensith di dose (Nella figura & riportata la curva di cui alla
Fig. 1, nel tratto fra 0 e 40 rad).

dalla figura, in tutte le esperienze I'andamento della sopravvivenza degli
spermatogoni B appare essenzialmente uguale e quindi pud essere rappre-
sentato dalla stessa curva. Tale affermazione ha valore, naturalmente, entro
i limiti di dose che sono stati studiati nelle presenti esperienze,

DISCUSSIONE

La curva di sopravvivenza degli spermatogoni B di topo ecaleolata in
hase ai nostri risultati & molto simile a quella ottenuta da OakBerc (1957).
La curva mostra essenzialmente che gli spermatogoni di tipo B sono cellule
altamente radiosgensibili con un basse numero di estrapolazione.

Ann. Ist. Super. Sanifa (1969) 5, 39-47.
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i EsPERIEN/ZE B RICERCII

La tendenza attuale ¢ quella diomettere morapporto il numero diestra-
polazione con Lo maggiore o minore capacita che le cellule hanno di riparare
il danno da radiazioni. Vart AAL ritengono che sia il danno a livello del’ ADYN
||m'Hu che determina la morte cellulare da radiazioni ¢ che la capacita (i
riparare tale danno sia un fattore determinante di radiosensibilita (Huor-
cuINsoN, 1960 0 karvan, 1907). Potrebbe essere pereio attraente mettere
in relazione la elevata radiosensibilita degh s|nlr|‘nmluguui B con il loro nu-
mero di estrapolazione, mdice di una ridotta eflicienza dei fenomeni ripara-
tivi. Tale relazione sarebbe tuttavia per lo meno prematura, mancando 4
tutt’oggi di una chiara base sperimentale, soprattutto a livello deghi orga-
nismi superiori,

i quanto mai evidente inoltre, dall’analisi der risultat gqui esposti
la notevole riproducibilita dei dati ottenuti nelle diverse esperienze. la uguale
efficacia dei raggi X ¢ dei raggi o del Co™ ¢ la indipendenza di essi dalla
intensita con la quale ciascuna dose di radiazioni & stata somministrata.
Il reperto di una eflicacia biologica relativa uguale a | per i raggi N ¢ -
nei riguardi della sopravvivenza degli spermatogoni B, corrisponde con quanto
riportato da OaxBErG & Crark (1961) nei riguardi della sopravvivenza
degli spermatogoni A, Ugualmente pua dirsi per Nindipendenza della inten-
sita di dose. Tale indipendenza. verilicata nelle nostre esperienze entro limiti
di intensita variabili di 50 volte, era gia stata osservata dai suddetti AAL (1901)
in esperienze analoghe  sulla sopravvivenza degh  spermatogoni  di tipo
A. OagBERG & Crark (1961) hanno riportato che Dirradiazione con raggi
N a intensita variabili tra 86 ¢ 9.3 HI."'min non da luogo ad aleuna differenza
nella sopravvivenza spermatogoniale, ugualmente dicasi per i raggi - del
Cs" gsomministrati alla intensita i 0.8 R/min. L’ulteriore riduzione del-
Fintensita dei raggi ai livelli di 0,009 ¢ 0,001 R/min faceva osservare una
sopravvivenza pitt elevata a parita di dose. Non completamente in accordo
con i risultati di Oakberg ¢ Clark sono le osservazioni di Move (1958-59).
Tale A., mnfatti, misurando la perdita di peso dei testieoli, che comunemente
viene ritenuta collegata alla mortalita degli spermatogoni di tipo A, ha
osservato che il grado di atrofia testicolare cra uguale somministrando la
stessa dose di radiazioni in 30 minuti o in 14 giorni. A parte le discrepanze,
anche queste osservazioni potrebbero trovare una conveniente interpreta-
zione nella teoria della ridotta capacitda da parte degh spermatogoni di ripa-
rare il danno da radiazioni, Di nuovo, tuttavia. torna appropriata la consi-
derazione gia formulata pocanzi,

In conclusione, appare ben accertato che la sopravyivenza degh sperma-
togoni ed in particolare degli spermatogoni di tipo B. offre delle possibilita
pressoché uniche per gli studi di radiobiologia cellulare nell’animale in toto,
specialmente quando tali studi riguardino la valutazione della efficacia

biologica relativa di radiazioni secondarie disponibili i fasei di intensita

Ann, Bl Super, Sunibe JLOG4H) 5, s0-1T,
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assai limitata. B probabile che 'uso relativamente modesto che & stato
fatto fino ad oggi di tale teenica di indagine, sia da attribuire alla sua labo-
riosita ed alla necessita di un lungo e delicato addestramento. Sembra
evidente tuttavia, sia in base ai dati della letteratura, che a quelli della
nostra personale esperienza, che i vantaggi, specialmente nel campo di
irradiazioni a bassa intensita, siano tali da compensare ampiamente il

pesante lavoro di valutazione.
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