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Biology of Ceratopogoenidae and Culicoldes
Biting midges as disease vectors

Bluetongue epidemics in Europe

Methods and results of the veetor monitoring
In Belgium/Europe




Family: Ceratopogonidae (= 60 genera, 4000 species)
small (1-te-3-mm) diptera belonging to the suborder
nematocera

All members of the family have an egg, 4 larval instars, a
pupal and an adult stage.

In the northern regions the third or fourth instarmay
experience a diapause in order to survive the winter (vector
free period for Culicoides-borne diseases),

= _lanval habitats very variable, larvae feed on decaying
B Vegetation . and mushrooms, mosses;and algae orrane —

predaceous,oniemeatodes erinsectiarvae,

"Bt males and females feeding on nectar (pollinators) but
females of some species feeding on Insects or vertebrates







AV a

R = 4 W [ & WAVAWAY AW U _-..—__._.-_ I 1| -

Insects, will pierce the abdomen of
the mating male and suck out its
contents.

Such females may later be found
with the dried male genitalia still

attached to their own abdomen.

A scant consolation for the male
these remainders represent a
chastity belt (an effective mating
plug) to the female




Haematophagous species are found within the
genera Culicoides (1340 spp, woerldwide),
Austrecenoeps (1), Leptocenops (80) andinithe
subgenus LLasiohelea (50) from the'genuss
[Forcipomyia. '
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Man probably not a preferred host but the following species
occurring in Belgium are known to feed on ' men: C. impunctatus
(Scotland), C. pulicaris (Wetteren), C. riethi (Ghent), C. vexans




In persons more-
allergic to midges

4 days feeding interval for
C.obsoletus in Southern England
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reuﬂded Py Beautiiul mangroves breeding place of
Culicoides barbosail and C. furens (crepuscular act|V|ty)
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becquaerti, diurnal activity

Beach now
mostly replaced
by grass




ulicoides an

Fiveﬁsﬁgcies of biting midges
use faeces of Loxodonta spp
as breeding place and

spent most of their life
behind the elephant’s ears
feeding.




Biting midges as
2 VECiors

WorIdW|de bltlng

Eﬁ midges are known to

~ transmit 66 viruses,
15 protozoa and 26
filarial nematodes




~ genus Culicoides (family of Ceratopogonidae), virus replication
In host as well as in vector

p—

The virus (24 or 257? serotypes) infects wild and esincated
ruminants but essentialy sheep, less frequently goaitide,
camelidae and antilopes.




—— —

= Wildlife seems to be the feeding host of specific species o
biting midges (e.g. in southeastern USA C. lahillei
predominant species collected frem deer during
nemorrhagic disease epizootics In white-tailed deer instead
of C.variipennis) (Smith,K.E. 1996)

Studies in Germany showed that midges of the C. pulicaris
and C. obsoletus groups prefer to feed on cattle.even; if
other livestock or deer were nearby (Bartseh,S., 2009)

BTV RNA was detected in experimentally infected red deer
hleed .up 0,100 days p.I. (Lopez-Olvera, 2010)

EEiidliie probablysdeesniconstitute asBir resernvolr n
S BElgiumrsincENr2008 overall seroprevalence. im deer
followed the decreasing seroprevalence inr(vaccinated)
cattle (as observed by Linden, 2010).

——




after infection.

2. Transplacental transmission towards calf ocantstransmission
by ingestion of placenta is probable.

3. Viral RNA was found in offspring of infected ngels.

4. |s there really a vector-free
period in Belgium?

.5, Overwintering of virus due to
~ Its persistence in T cells ?
(Takamatsu et al., 2003)
Skin fibroblasts increase longevity of (infectedgdils but when
stimulated by insect bites may cause lysis of Tscalld liberation of
virus from T cells and by doing so stimulate trarsson.




6. Via transplacental transmission

‘after import, 8 of them were c
Calving:
% One cELISA -ve/PCR -ve heifer delivered 1 calf
<'¢ Two cELISA +ve/PCR -ve heifers delivered 3 calves
Re-testing + confirmation at Pirbright:
Y& The cELISA -ve/PCR -ve heifer converted to PCR +ve
Test results indicate early infection — only one stable
Calf: cELISA +ve/PCR —ve (Colostrum)
v 3 calves cELISA +ve/PCR +ve
An In contact Scottish heifer converted also from PCR -ve to +ve
Infectious BTV isolated from 1 calf & the 2 PCR +ve heifers
Vector-free period — no vectors captured in the stable
P.S. In NL this transmission occurred in about 20% of the non-

vaccinated cases and calves were PCR+ during at most 5 months
(Santman 2011).




observed sporadical outhern Europe.

ey

Since 1998 regular epizootics in the Mediterrareaaa (serotype
1,2,4,9 and 16) and since 2006 / 2008 also in Nidedtern Europe

(serotype 8).

4 distinct routes towards Europe:

- from the East via Turkey / Cyprus
- via North Africa (Algeria, Tunisia) towards Ital¢,orse, Mallorca

~=via Morocco towards southern Spain and Portugal -
- via an unknown route towards north-western Europe

+ utilisation of attenuated vaccines in some coasir

Exchange of genomic segments possible betweenehtfeerotypes
but also between vaccine and wild strains.
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Bluetongue

Restricted zones” as of 01 January 2011 4

Zone {serotypes)
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This map includes information on the bluetongue virus serotypes circulating in each

restricted rone, which permits, for the purposes of Articles 7 and & of Regulation Ho
126672007 , the identification of the restricted zones demarcated in different Member States
where the 2 amea bluetongu e virus serotypes are circulating.

b Lower risk area for serotype §
@ Lonwer risk area for serotype 4 &8
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1. Climatic changes ?
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Global warming (more important for the -f_lighel‘_laIiES, dufing
winter and night) combined to increased rainfalbvokes:

A larger distribution area for some vectotsi(nicolg
e An increased vectorial capacity or competericabeculosis

* An increased activity, more frequent feeding ameased

density of the vector (more transmission)

—

—

~ Active flight of the midges (small distance), warisport of
Infected animals or animal products, via transpbrhfected
midges by car or plane or spread of midges wghwind.




Start of the 2006 BTV 8 epidemic

Area of primary infection

[ Hainaut

] Liege

[ timburg (k)
I Luxemboury k)
[ ] Mamur

] Cost-Viaanderen

] Reg. Bruxelles—Cap. ! Brusse Is Hidst Gew.
Bl 'aams Brabant

[ Wiest-\izanderen

About 700 declared and officially
confirmed outbreaks in 2006 W%E
0 100 200 Kilometers A

In the past BT serotype 8 only observed in Africa, Asidmerica




| J1l anc
18/08/06 of animals from countries other than niegylting ones.

2. Importation of infected animal products: semembly érom Italy,
Canada and USA .

3. Attenuated vaccine of SA = 3 bottles with diffdrearotypes: A-1
4,6,12&14/B-3,8,9,10&11/C-2,5, 7, &39

4. Importation of infecte@ulicoides

-_'A) World Equestrian Games from 20/08 until 03/@/@B25 horses
~originating from 61 countries e.g. Mexico, Maurgjitsouth Africa
and Argentina in the area of primary infection.

B) Dally tropical plants are imported from sub-SameAfrica via the
alrport of Maastrich




2007 Cross-sectional serologic stucly
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InrJanuary 2007 seroelogic survey in cattle
Overall herdseroprevalencef

True within-herdseroprevalencesf 23.8 %

BT seropositivityunevenly distributed throeughout

Belgium, with a gradient decreasing towards thelsou
and the west of the countriylerocet al, 2008).

—




Bluetongue outbreaks in Belgium in 2007




Overall heroseroprevalencef
Trrue withirsherdseroprevalencess

BT seropositivityunevenly distributed with lower
seroprevalencan the South East and the extreme \West of the

country.
JanuaryFebruary 2008 surve
(Mérocet al, 2008).

- Serious problem cf of the disease (in 2007 the %
... of farms reporting BT was on average 11.7%:] +
“(time between infection and confirmed diagnosismftery long
especially in cattle)




Was in 2008 (- 2010) vaccination of the whole Beigherd necessary?
Oblldatory vaccination of all sheep and bo vmeSJIEEHd of year

In 2008 50 outbreaks/cases reported (3 ovine -04hb) of which
27 were imported and 23 genuine cases (8 in W-VIgamdLux)

Registered vaccinations of cattle in 2008
PROVINCE Situation on 23/10/08* Situation on 22/0%/09
ANTWERPEN 41% 72%
WEST VLAANDEREN 21% 90%
OOST VLAANDEREN 53% 95%
HAINAUT 34% 89%
LIEGE 36% 91%
LIMBURG 37% 86%
LUXEMBOURG 35% 90%
TOTAL 40% 88%

% bovines having received *1 dose or ** 2 doses otwex(3 to 4 w)




Clinical symptoms in cattle

B -
vessels; provoking thrombosis
and necrosis

| Dermatitis iy
- ' e :
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_' Lamene}s due to cor
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Hyperaemia of the muzzie,

nasal discharge and salivation,
Abortions and malformed calves

Echymoses on the heart and hemorrhage
at the base of the pulmonary artery




Diminished milk production and
diminished fertility




Inflammation,
ulceration and necrosis
of oral mucosa

Pneumonia
Pulmonary oedema
Mortality, abortions




pe®  swollen tongue:

Facial oedema

__Hyperaemia of
“'muzzle and lips







\/ ector. meniterine

1) with UV traps

e ———

“Ex.-John Hock (CDCtrap) or OVI trapw .

UV-light attracts midges, -‘”-Jlj

Ventilator sucks midges down = == 38f Tl

Connection
towards
battery

———I—r

- Midges fall'in a solution which
preserves the insects and/or vir
for further analysis

—
[
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the parameters influencing eclosion —

e Insects trapped at a height of 12 m

 May give information on the physiologic
or ecologic parameters which may
stimulate theCulicoideso take flight and
disperse

 Numbers of midges captured with these
traps are low (1'to 10/day) but the
diversity of captured Culicoides species |
high and the trap catches continuously




S O

. A ¥ e :.’2‘{.‘-

475 F ] . >
:-""6‘-; L g, |l B Nees ——

T 1 R P
& e i

=/ g > . SR

N ) SRS

e "
Attraction by carbondioxide, warmth and humidity

Captures day and night (sor@elicoides s@re diurnal)

Efficacy relatively good when outside temperatuoss




Sampling.of biting.midges

A. Sampllng at outbreak sites

L ——— __

Aim: to ldentlfy theCuhcmdespresent at the
outbreak sites and to examine the presence
virus in the vector.

.. Culicoide Virus PCR +: the vector may have
~ fed on an infected animal

* Head of Culicoide Virus PCR+: the virus has
4 left the intestine and has reached the head

‘ .« » Culicoide + successful transmission : certain
that theCulicoidesspecies is a competent

OVI trap vector




| To study the phenology of the Culicoides spp
or to determine the vector-free period (EU:
less than 10 parous females/night/trap)

To correlate apparent density with ecological
conditions

To ascertain the endophilic/exophilic
behaviour of th€Culicoides spp

To correlate apparent density with disease
transmission rate -

o study the physmlogy of the captured
Insects (nulliparous, parous, oviparous, fed

From 2007 until last year mainly in sentinel
dairy farms monitored by the FAFSC




A2jor cjuestions

Which biting midges are present in Belgium and \hhim-ong the
may play a role as vectors?

What about a vector-free period?

Is there a relationship between local vector presémbundance
and bluetongue incidence / prevalence?

CanCulicoides sppresence and abundance be predicted by so
ecological parameters?

Can stabling of livestock or other strategies lm®n@mended to.
reduce infection risk? -

e




pecies, activity, variations in abundance

_ulicoides (essentially females) were captureoadr the country.
About 45 differentCulicoides sppvere captured in Belgium among
them 5 known as vectors of bluetong@e ¢bsoletus/scoticus, C.
dewulfi, C. chiopterus, C.pulicalis

Culicioides obsoletus/scoticasnstituted more than half of all
captured midges and were present in all outbrgagk!si

Outdoor trapping: below 5°C almost no activity. n&dimes midges
$essent|ally nulliparous) captured outdoors indatedf winter.
ndoors:C.obsoletusindC. dewulfiseek shelter in stables during

winter and prolon%their activity period by doing 8ut, in summer

also, midges may be numerous inside stables wineareks are kept.

~ Lower apparent density of midges in Western Belgoamoborates
lower seroErevalences observed In shéé{a from tﬁ%erle during the
national CERVA survey (01-06/2008) In the SouthtEawer
Infective midges may be present due to the coldeirenment?

Numbers of vectors captured varies considerablira|yamaximal
capture/mc};ht: between 160 and 1600'01) and tempqimkix.capture
from April to October but also large differences between years)




Maximum apparent densities in OVI traps at sentinel sites

Traps
Maximum capture
B Max._2007
Max. 2008
B Max._2009

I Belgium




= Traps
Maximum capture
Il Wax._2007
[ | Max._2008
I Max._2009

- BT outbreaks 2007
I Belgium
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Nouveaux foyers déclarés dans élevages

$ & S
F & & ¢ &

—e— Fem Avaritia Fem Culicoides Foyers FCO

It is hard for the vector to get infected but once infected transmission is easy!



4 Al to excrgine f giceje aguncagcs [ oresgicecisgs geciior
—ietal)is influenced by ecologic parameters (dirsurenment,
climatic datajandcovenn a radius of 5, 2 or 1 km around
monitoring site, etc..)

= |nfluences on apparent abundance were recordeadrfgyerature,
rainfall, wind, distance from farm, soll type, cthoess

= |nfluences on species composition were recondecaiofall,
temperature anlzindcoverfound in the aréa around the trap,

BUT!
SERETokable bias on abundance because:of relativepnoyioitienid,

. C.obsoletus:himthercaichesiandivecalse all longitudinal
Smeniioring had been carried out In dairy farms.

= Not all species have the same activity periodsthns not all
species are captured as effectively violacklighttraps.
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ANNEX V

Criteria for the definition of the seasonally vector-free period (referred to in Article 9(3))

For the pumpose of determining a blietongue seasonally-free zone, the smsonally vector-free period for a determinate
epidemniologically relevant geographical area of a Member State (epidemiologically relevant geographical area) shall be
defined by the competent authority using at least the following ariteria:

1. General eriteria
{@ A bluetongue monitoring andlor surveillinee programme must be in place.

{b) The specific criteria and thresholds used for the determination of the seasonally vector-free period shall be defined
considering the Culicoides species proven or suspected to be the main vectors in the epidemiologically relevant
geographical area.

{g) The criteria wed for the determination of the seasomal vector-free period shall be applied considering data from
current and previous years (histodeal data). In addition, the aspects linked to surveillance data standardization shall
be taken into consideration.

2. Specifie eriteria

f@ Mo blustongue virus circulation within the epidemiologically relevant geographical area, as demonstrated by
blustongue surveillance programmes or other evidence suggesting a halt in bluetongue virus.

{t) Cessation of vector and likely vector activity, as demonstrated though entomological surveillance as part of the
blustongue monitoring andlor sumveillinee programmes.

{¢) Captures of Culiarides species proven or suspu.lcd to be the vectors of the serotype present in the cp)d-::rmduglc.d]])
rekvant geographical area below a maximum threshold of vectors c.u]k:s.led that s]'u]] be de:hnud for the epi-
du'nu]uglu]])- relevant geographical area. In the absence of soun H
maximum threshold, total ahsence of Culicoides imizmla speeimeficand less lhan hw: paroy
be used

3. Additional criteria

{@ Temperture conditions that impact on the behaviour of the vectors activity for the epidemiologically relevant

geographical area. The temperature thresholds shall be defined in consideration of the ecological behaviour of

Culicvides species proven or suspected to be the vectors of the serotype present in the epidemiologically relevant
geographical area.

Purpose offlegislation'is'to
permit safe animal
movement for as long as
possible with a low risk of
revocation

One ofithe enly examples
where entomological
survelllance is explicitly
USEdas hasis for policy




Based on UV Ilght traps placed oUtSIdE

= Complete absence of parous females of any
Species
= < 5 parous females of any species
we<Mi0females of any species
= Completerabsencerof@rimicola

= <5 parous females of C. imicola




CompaiseneitelinilichsSIeREElaIlm

>5
parous <

>10 ©

>0
parous <

Startvectorlow abundance

<5
parous <

<10 ¢

0 parous

7

Average
2007

nr traps

Average
2008

~NF traps

13/04/07

14

2/05/08

11

15/04/07

24

277/04/08

22

—

11/04/07

14

24/04/08

12

4/11/07

14

31/10/08

10

nmm—

22/10/07

24

26/10/08

15

19/11/07

14

13/11/08

10

For Belgium no important differences between the three
criteria when used to define the end of the period of low
vector abundance but to define the start of this period the
difference Is almost 3 weeks according to the criterion used.
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Tierconvert point data on the start/ end of the
activity'period for C.obsoletus s.l. collected
In different European countries into surface

maps an inverse weighted distance

Interpolation technigue was used

Output raster limited to contours of France,
UK, Germany,, Belgium, Denmarnkiand
S Syedensoutput prxel size 10km?
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Exceptional'warm
spring > earlier
activity in areas
with sandy soils, In
valleys (Rhine) and
in the warmer
south?

—
=

Legend

¢ Traps Start 2007
Week start activity in 2007
<VALUE>
CIK
B s- 10
[ J10-13
[ ]13-14
[ ]14-15
[ J1s-16
[ J16-17
[ ]17-18
-9
" I 1¢- 20

=ul [ 20-22
) [ ]22-24
[ ]24-31




Start act|V|ty mldges 13,2008

VOKHERtEPS
1] Cent_r_al +
Southern Erance

Start = later than
in 2007

Altitude plays role
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Legend

e Traps Start 2008
Week start activity in 2008
<VALUE>

T

[ e-10

[ ]10-13

[ ]13-14
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e % d | In Soutn=YWest

[

s ana parts o
UK mildges until
December (NAO+-?)

End activity
surprisingly soon in
Mediterranean area

Legend

¢ Traps End 2007
Week end activity in 2007
<VALUE>
-25
-28
-30
-32
-34
-36
-38
- 40
-42
- 44
- 46
- 48
- 51
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N0 data 1ol
GErRMany ane
Denmark

More uniform
image when winter
is harsh (NAO-)

Legend

e Traps End 2008
Week end activity in 2008
<VALUE>
B -2
) 25- 28
[ J28-30
[ ]s0-32
[ ]32-34
[ ]a4-38
[ 36-38
[ Jas-40
g B 42- 44
) =% .46
- 48

[ ]4s-51




Potential interesting parameters. for

" Legend
,"AItitude
. <VALUE>

VP [10C

|2

M

liric

— - -

Accumulated
temperature or
other temperature
related data

Latitude

Distance from
coast

Distance from
Mediterranean Sea

Altitude

Ecological zone
Others?
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~_attention

Be aware of
bluetongue!




